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The year 2014 marked the 50th anniversary of the Wilderness 
Act of 1964. Public celebrations of the Wilderness Act were held 
across the United States to focus on the success of the National 
Wilderness Preservation System (NWPS). In 2014 the NWPS 
included more than 796 management units and had 110 million 
acres of publicly owned lands managed by the four federal land 
management agencies (Forest Service, National Park Service, 
Bureau of Land Management, Fish and Wildlife Service).

“Wilderness” is a word that carries various connotations and 
denotations among different people and cultures. Often, wilder-
ness suggests a special place with human appeal or aversion that 
invokes an associated emotional, psychological, and mental state 
because of the natural and undeveloped characteristics of the 
area, whether real or perceived. Humans have a deep historical 
and cultural connection with “wild nature” because we have been 
shaped through human evolution by it, and in turn, we have 
modiied it. Whether a person has a direct experience with wil-
derness, views wilderness in art and photography, or reads about 
the adventures of others in wilderness, the human reaction is 
complex and forms the basis for experiences and both conscious 
and subconscious memories.

In the United States and several other countries around the 
world, the term wilderness is associated with a legal deinition 
for places that are legislatively protected.10 The places selected 
and designated for protection follow certain general guidelines, 
and this political process is inluenced by very strong and diverse 
groups of stakeholders and the general public. The management 
objectives for these areas include a variety of values, from pres-
ervation of the ecologic conditions and processes to human use 
and enjoyment (Figure 118-1). Although there is widespread 
public support for wilderness, there are divergent and polarized 
viewpoints on how to deine wilderness, ranging from extreme 
protectionists who believe that humans have no place in wilder-
ness to the utilitarian interests that hold that wilderness is a 
setting for economic development for recreation and tourism 
activities.

Although there are a variety of deinitions, the United States 
has a legal deinition of wilderness, even if somewhat vague, that 
is the basis for the creation of the NWPS. The purpose of this 
chapter is to outline the legal designation, management, and 
preservation of wilderness areas in the United States.5

HISTORICAL DEVELOPMENT OF THE 

WILDERNESS CONCEPT

The term wilderness historically was used to describe places that 
were untamed and not under control of humans, whereas civi-
lization was the place of human control.5,12 Areas of civilization 
that were cultivated and heavily inluenced by human activities 
often bordered or were surrounded by areas that had minimal 
human inluence. As world population has grown and more land 
area has come under human inluence, wilderness has been lost 
to the point that it is now scarce in many areas of the world.

There are few places that are not now, or have not been at 
one time, under human control, habitation, cultivation, or inlu-
ence. A gradient of human inluence and impact exists from 
urban centers and rural areas to some wild country (e.g., wilder-
ness) that has little or no human inluence (Figure 118-2). The 
so-called human footprint on the world is large and expanding 

rapidly with population growth, road building, food production, 
power generation, industrialization, and human habitation. Some 
identiiable “last of the wild places” exist on each continent and 
might continue to do so with careful conservation of resources 
and protection worldwide of some remaining representative or 
remnant areas of each ecologic community type.14

In the United States, older adults have commented on the 
change in the landscape and extent of development in the country 
during their lifetime. The early history of the United States during 
European immigration was one of cultivating and taming the wild 
places and taking dominion over the land for human habitation. 
Wilderness was seen as a place for exploration and primitive 
travel, and most of the population often feared and avoided it. 
As the amount of land with wild conditions began to diminish, 
it was more appreciated as a change from cities and civilization. 
The public’s interest in wild places evolved as these areas became 
scarce. Special places were irst set aside as National Parks, such 
as Yellowstone, Yosemite, and the Grand Tetons. These areas 
were at irst seen as park destinations for development of recre-
ation and tourism, rather than as preserves.

The early interest in wilderness began with employees in the 
federal land-managing agencies, such as the U.S. Forest Service 
and U.S. National Park Service. After World War II, a greater 
public interest began to emerge to save areas for wilderness 
character. The emerging concern to save certain places by des-
ignating them for protection as wilderness was partly the result 
of interest in recreation experiences, coupled with a growing 
concern about rapid industrialization and population growth 
transforming the landscape through human activities. The U.S. 
population was more than 300 million by 2010.

Some would argue that few places in the world are “wilder-
ness” in the strictest sense of the word. Thus, the more common 
use of the term wilderness is in relation to our perception of areas 
that are little known or predominantly under the inluence of 
natural processes and forces. Although the term had been com-
monly applied to any large, remote area with natural character-
istics, conditions, and processes, by 1964 it gained a new legal 
deinition that was applied to federally owned land areas desig-
nated as wilderness by congressional action in the United States.

WILDERNESS LEGISLATION AND 

POLICY IN THE UNITED STATES

The U.S. Forest Service and U.S. National Park Service did not 
begin to set agency policies to protect primitive and roadless 
areas from development until the 1920s. During the following 
decades, roadless area inventories and administrative designa-
tions of wilderness occurred with increasing public interest. As 
recreational use and interest in these lands increased, profession-
als in the agencies and the public raised concerns that the 
administrative regulation (1) allowed too many development 
activities, such as mining, grazing, motorized access, and water 
resource development; (2) shifted boundaries or removed desig-
nation to permit resource development; (3) promulgated different 
regulations and management in different areas; and (4) had 
neither a distinct policy for wilderness preservation nor a national 
system with coordinated management.

The concept gradually evolved that legislative protection was 
needed to create a more permanent and coordinated national 
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enduring resource of wilderness. For this purpose there is hereby estab-
lished a National Wilderness Preservation System to be composed of 
federally owned areas designated by Congress as “wilderness areas,” and 
these shall be administered for the use and enjoyment of the American 
people in such manner as will leave them unimpaired for future use and 
enjoyment as wilderness, and so as to provide for the protection of these 
areas, the preservation of their wilderness character, and for the gathering 
and dissemination of information regarding their use and enjoyment as 
wilderness. (U.S. Public Law 88-577, section 2a)

This paragraph is referred to by land management agencies 
as the “guiding management intent” because it speciically refers 
to human “use and enjoyment,” provided the areas were “unim-
paired” and that management would ensure “preservation of their 
wilderness character.”

Section 2c of The Wilderness Act18 includes an important and 
often-quoted deinition of wilderness that has led to much con-
troversy and debate because although it is poetic in form, it has 
left room for interpretation, especially during legal hearings and 
court cases in the 50 years since its passage:

A wilderness, in contrast with those areas where man and his own works 
dominate the landscape, is hereby recognized as an area where the earth 
and its community of life are untrammeled by man, where man himself 
is a visitor who does not remain. An area of wilderness is further deined 
to mean … an area of undeveloped Federal land retaining its primeval 
character and inluence, without permanent improvements or human 
habitation, which is protected and managed so as to preserve its natural 
conditions and which (1) generally appears to have been affected primar-
ily by the forces of nature, with the imprint of man’s work substantially 
unnoticeable; (2) has outstanding opportunities for solitude or a primitive 
and unconined type of recreation; (3) has at least ive thousand acres 
of land or is of suficient size as to make practicable its preservation and 
use in an unimpaired condition; and (4) may also contain ecological, 
geological, or other features of scientiic, educational, scenic, or historical 
value. (U.S. Public Law 88-577, section 2c)

The deinition emphasizes that wilderness is in contrast to 
civilization, human inluences, and habitation. The deinition is 
an ideal that is tempered by four conditions to make it practical 
and applicable in a world that has historic human activities and 
impacts that may no longer be noticeable to visitors.

One of the conditions refers to “outstanding opportunities for 
solitude or a primitive and unconined type of recreation.” This 
phrase is often referred to as the “guiding principle for recreation 
and visitor management.” A careful reading of the deinition of 
wilderness makes it clear that preservation is the overall principle 
and reason for designating an area “wilderness.” Certain types 
and amounts of recreation are permitted, provided the area is 
“protected and managed so as to preserve its natural conditions.” 
This is an important principle to keep in mind when discussing 
recreation use and management (Figure 118-3), especially when 
it relates to primitive facilities and trails, backcountry travel, rec-
reational equipment (e.g., removable climbing gear, backpacking 
stoves), and management interventions.

The use of helicopters and other motorized equipment during 
search and rescue operations is often regarded as a necessary 
exception to the natural preservation principle of wilderness, 
with the humanistic and legal rationale being that human health 
and safety should take precedence. However, the extent and 
frequency of search and rescue operations have led to such an 
intrusion in high-use mountain areas that “outstanding opportuni-
ties for solitude” are being diminished. Balancing human interest 
in risk-taking activities, such as helicopter drop-offs for high-
altitude skiing or multiday high-wall rock climbing, with human 
self-preservation instincts for those injured or needing rescue will 
remain a controversial subject in wilderness management.

Creation of the NWPS with the Wilderness Act in 1964 was just 
the beginning of legislative designations. By 2014, more than 170 
different laws were passed by the U.S. Congress designating new 
areas or adding acreage to existing areas.5 In addition to the 
Wilderness Act, subsequent legislation over 50 years has clariied 
congressional intent to protect and manage the wildest remaining 
U.S. lands as wilderness and has expanded the NWPS. It is dif-
icult to identify any natural resource issue—or any issue—for 

system for wilderness preservation and management. From 1956 
to 1964, more than 50 versions of a wilderness bill were intro-
duced in the U.S. Congress, heavily debated, supported, and 
challenged by different interest groups. Political compromises 
were deemed necessary to have a wilderness bill inally passed 
into legislation, and so certain human activities were permitted 
in some areas, even though they would be nonconforming  
with the intent of the wilderness legislation.5,15 These activities 
included mining, grazing, aircraft landings, and water resources 
development.

In 1964 the U.S. Congress passed The Wilderness Act (U.S. 
Public Law 88-577).18 This legislation created the NWPS and was 
heralded by the environmental community and the general public 
as one of the most important pieces of conservation legislation 
in U.S. history.15 A historian of wilderness policy and legislation, 
Scott16 commented that “before there was a Wilderness Act, wil-
derness was, at best, an afterthought. Only the U.S. Forest Service 
had actually delineated wilderness areas, propelled by visionaries 
within its own ranks.”

The Wilderness Act18 deines a broad statement of policy for 
designating wilderness under the Act and recognizes the need 
to set aside signiicant natural areas for present and future gen-
erations because of the rapid loss of such resources, as follows:

In order to assure that an increasing population, accompanied by expand-
ing settlement and growing mechanization, does not occupy and modify 
all areas within the United States and its possessions, leaving no lands 
designated for preservation and protection in their natural condition, it 
is hereby declared to be the policy of the Congress to secure for the 
American people of present and future generations the beneits of an 

FIGURE 118-1 Day hikers en route to a summit attempt on snow-
capped South Sister Mountain (3158 m [10,358 feet]) in the Three 
Sisters Wilderness, a 286,708-acre area managed by the U.S. Forest 
Service in west-central Oregon. (Courtesy Chad P. Dawson.)

FIGURE 118-2 Wildlife is both an attraction and a danger to visitors 
in the Okefenokee Wilderness, a 353,981-acre wildlife refuge swamp 
and wilderness area managed by the U.S. Fish and Wildlife Service in 
southern Georgia. (Courtesy Chad P. Dawson and Brian Dawson.)
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formed the American wilderness will be evident in the wilderness 
that current stewards leave for future generations.

POTENTIAL THREATS TO WILDERNESS

Designating an area as wilderness is only the irst step and must 
be followed by stewardship to maintain those areas that represent 
all that is left of many ecosystems, as well as natural landscapes 
that have not been cultivated, mined, developed, urbanized, or 
otherwise heavily altered by human activities. Numerous types 
of internal and external conditions, inluences, and changes 
threaten wilderness resources and values, now and in the future.9 
Three examples of categories of threats are summarized here to 
highlight the concern about the future sustainability of wilderness 
conditions and processes.

Wilderness areas in many states are increasingly isolated frag-
ments or remnants of historic ecosystems. As the surrounding 
landscape becomes more developed and inhabited, wilderness 
areas become ecologic islands that can continue with various 
processes, provided they are large enough or are not discon-
nected from other natural areas. This concern is most pro-
nounced in the eastern United States, with its smaller wilderness 
areas, but the threat is felt throughout the country as the natural 
landscape is replaced by human inluences, habitation, and 
manipulation.

Exotic and non-native species of plants and animals are invad-
ing wilderness and are direct threats to naturalness and wildness. 
Efforts to control and manipulate these invasive species can have 
additional impacts on wilderness conditions that are also undesir-
able. Invasive plant species, such as knapweed, cheatgrass, and 
purple loosestrife, can rapidly change an ecosystem and funda-
mentally alter its historic patterns and conditions for native plant 
and animal species.

Increasing commercial and public recreation use of wilderness 
and efforts to control its impacts are serious threats to wilderness 
resources and values. High visitor use has obvious impacts that 
can be identiied, but what may not be as easily observed are 
changes to opportunities for solitude and the impacts of regula-
tions and enforcement on social conditions. Regulation takes 
away some of the freedom of choice and spontaneity to explore 
that many visitors associate with wilderness experiences.

Nineteen categories of internal and external threats have been 
identiied as change agents that affect wilderness conditions and 
values5:

1. Fragmentation and isolation of wilderness areas as eco-
logic islands

2. Impacts on threatened and endangered species
3. Increasing commercial and public recreation use
4. Permitted livestock grazing
5. Invasion of exotic and non-native species
6. Administrative access, facilities, and intrusive management
7. Adjacent land management and use
8. Private and public land inholdings within wilderness
9. Established mining claims

10. Wildland ire suppression activities
11. Reduced air quality
12. Reconstruction and maintenance of water projects and 

reduced water quality
13. Advanced communication and navigation technology that 

reduces solitude
14. Motorized and mechanical equipment trespass and legal 

use
15. Aircraft noise and airspace reservations
16. Urbanization and encroaching development
17. Global climate change
18. Legislation designating new wilderness areas with com-

promised wilderness conditions
19. Lack of political and inancial support for wilderness 

protection and management
The concern is that few of these threats will diminish, and 

most are projected to increase in the coming decades. Land 
managers will need to monitor these potential threats to pre-
pare management plans and activities to steward designated 
wilderness areas and minimize, mitigate, or remove the threats. 
The responsibilities at the national level for these wilderness 

which Congress has so consistently and so often conirmed its 
intent as it has with wilderness. The initial designation of 9.1 
million acres of wilderness was followed by congressional desig-
nations in most of the years between 1964 and 2014 to add 
additional acres and units to the NWPS. The largest single increase 
was addition of approximately 56 million acres in Alaska under 
the Alaska National Interest Lands Conservation Act of 1980 
(Public Law 96-487).

Many proposals for additional units and acreage are still being 
brought before the U.S. Congress and its committees. Several 
authors and organizations have predicted that more acreage will 
be added to the NWPS in coming decades, but estimates of those 
additions vary widely.5,15 Scott16 observed that, “however much 
wilderness Americans may choose to designate through their 
elected representatives, future generations are likely to judge that 
we preserved too little, rather than too much.”

WILDERNESS STEWARDSHIP 

PHILOSOPHY

Some management of wilderness resources and experiences is 
necessary as visitor use increases and surrounding land manage-
ment and use affect the wilderness area. The idea that we need 
management in an area that was intended to be free of the inlu-
ences of modern human activities may appear paradoxical. 
However, wilderness stewardship is the management of human 
uses of wilderness and internal and external inluences on wilder-
ness to protect and preserve an area’s solitude and naturalness, 
including natural processes and conditions. We highlight the fol-
lowing wilderness stewardship philosophy for managers:

Wilderness management should not mold nature to suit people. Rather, it 
should manage human use and inluences so as not to alter natural pro-
cesses. Managers should do only what is necessary to meet wilderness 
objectives and use only the minimum tools, regulations, and enforcement 
required to meet those objectives. In wilderness, people adapt to nature, 
to naturalness and solitude, and that is the source of human beneits from 
wilderness experience as well as the ecological and non-use beneits.

This stewardship philosophy is based on the wilderness leg-
islation and is balanced between two often-debated ends of a 
continuum. At one end of the continuum is wilderness for its 
own sake with protection of the naturalness foremost, and at the 
other end is wilderness primarily for human use and enjoyment. 
The stewardship philosophy favors natural integrity of the wilder-
ness ecosystems, with some accommodation for primitive styles 
of recreation and the opportunity for solitude. The long-term 
results are that the natural forces and processes that shaped and 

FIGURE 118-3 Tourists often test their snow-climbing skills on the 
easily accessible snowields above Paradise in the Mt Rainier Wilder-
ness (4393 m [14,410 feet]), a 228,480-acre wilderness area managed 
by the U.S. National Park Service in western Washington. (Courtesy 
Chad P. Dawson.)
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Forty-four of the states have federally designated wilderness, 
ranging from a 77-acre island wilderness area in Ohio to more 
than 57 million acres in the state of Alaska. The six states without 
federally designated wilderness are in the midwestern or north-
eastern United States. When the number of acres of designated 
wilderness in each state or region is compared with the total land 
area and total population, the pattern is an uneven distribution 
favoring the western United States.5 Less than 5% of the NWPS 
is located in the eastern United States, where more than one-half 
of the population resides on over 40% of the U.S. land area. The 
Paciic and mountain regions of the western United States have 
approximately 22% of the population and more than 95% of the 
NWPS. The greatest disparity is that Alaska has more than one-
half of the land area of the NWPS and less than 1% of the U.S. 
population.

Whereas the NWPS is based on the Wilderness Act of 1964 
and federal land ownership, there are also 12 states that have 
designated state wilderness programs or areas on state-owned 
lands since the 1970s.13 Most notable are 22 New York State 
wilderness areas (1.2 million acres in the Adirondack and Catskill 
Forest Preserves) and ive Alaska state wilderness areas (1.1 
million acres). The 12 states with wilderness programs or areas 
protect more than 3.2 million acres.13 These areas are managed 
by the state land-managing agencies and are not part of the 
NWPS. Many states have legislation and management programs 
modeled after the federal Wilderness Act.

The NWPS is extensive and complex geographically and is 
often dificult for visitors to locate because it is generally shown 
on agency maps only as part of overall public land holdings. For 
example, the Boundary Waters Canoe Area Wilderness in Min-
nesota is part of the Superior National Forest. A helpful source 
to see the geographic distribution and location of the units in 
the NWPS is available at http://www.wilderness.net and is pro-
vided by the Wilderness Institute at the University of Montana’s 
College of Forestry and Conservation, Arthur Carhart National 
Wilderness Training Center, and Aldo Leopold Wilderness 
Research Institute. This website also links to the managing federal 
agency, the wilderness area’s legislative history, and visitor infor-
mation sources.

WILDERNESS VALUES AND  

PUBLIC PERCEPTIONS

The American public is strongly supportive of wilderness desig-
nation and the NWPS.1,3,4 Scott16 reported a summary of seven 
different surveys in the United States from 1999 through 2002 
that showed 48% to 81% of respondents supported designating 
more wilderness land in the United States into the NWPS. Our 
observations on the relationship between public visitors to wil-
derness areas and the values they hold for its protection indicate 
that the striking trend over time is for a broad base of support 
across American society and intense commitment from a subset 
to ight for wilderness protection5:

Although wilderness means something different to everyone, four central 
themes have consistently emerged: experiential, the direct value of the 
wilderness experience; the value of wilderness as a scientiic resource 
and environmental baseline; the symbolic and spiritual values of wilder-
ness to the nation and the world; and the value of wilderness as a com-
modity or place that generates direct and indirect economic beneits.

National surveys in 1994 and 2000 reported that more than 
50% of the public indicated that 12 of 13 wilderness values were 
very or extremely important to them4 (Table 118-2). These 
surveys showed a trend to increase the percentage for all 13 
values, indicating a higher level of value.3,4 The nonuse values 
tended to dominate the higher average value scores (scale ranged 
from “not important” to “extremely important”), with the highest 
value for protecting water quality and air quality. Strong support 
for the value of income from tourism related to industry use on 
wilderness lands tended to be reported by less than 30% of the 
respondents. Western U.S. residents were somewhat more often 
aware of the NWPS than were easterners (60% vs. 56%); con-
versely, eastern more often than western residents (53% vs. 48%) 
reported there was not enough land in the NWPS. Metropolitan 

planning and management activities are primarily under the 
jurisdiction of four federal agencies.

WILDERNESS MANAGEMENT 

AGENCIES IN THE UNITED STATES

The NWPS included more than 796 units managed by four 
federal agencies and totaled 110 million acres of publicly owned 
lands by 2014 (Table 118-1). The four federal agencies adminis-
tering the NWPS are the U.S. National Park Service (NPS), U.S. 
Bureau of Land Management (BLM), U.S. Fish and Wildlife 
Service (FWS) in the Department of Interior, and U.S. Forest 
Service (FS) in the Department of Agriculture. The NPS has the 
greatest total area of wilderness at 43.9 million acres and the 
fewest units for a federal agency; the largest area in the NWPS, 
Wrangell–St. Elias Wilderness (>9 million acres) in Alaska, is 
under NPS management. The FS has the largest number of wil-
derness units to manage and approximately one-third of the total 
NWPS acreage. The FWS manages 19% of the NWPS area, includ-
ing the smallest unit in the system, 5-acre Pelican Island Wilder-
ness in Florida. The BLM has signiicant acreage in some of the 
desert ecosystems of the west and manages many smaller units 
in its 8% of the NWPS.

The four federal land-managing agencies have promulgated 
regulations based on the wilderness legislation and have devel-
oped policy and management documents to steward the lands 
under their jurisdiction. In addition, the process of evaluating 
additional lands and managing them for potential inclusion in 
the NWPS continues for all four agencies. Although the NWPS is 
a national system operating under the same legislation, each 
agency has developed its own procedures and organizational 
approach to accomplishing the task of protecting the “enduring 
resource of wilderness,” based on each agency’s administrative 
mission and structure. Some of the different approaches to visitor 
and resource management can be confusing to visitors who do 
not have appreciation or understanding that the overall mission 
of each agency is different. For example, the FWS has a wildlife 
management mission that incorporates a national wildlife refuge 
system.

DISTRIBUTION OF WILDERNESS IN 

THE UNITED STATES

The 110-million-acre NWPS represents just over 4.5% of the U.S. 
land area, in contrast to the more than 6% of total acreage in 
urban and suburban land area or more than 20% of the total in 
agricultural cropland.9 The NWPS is an attempt to designate 
wilderness areas that would represent the different geographic 
regions and ecosystems of the United States. The representation 
of ecosystems is not complete (<50% of types are represented), 
and it is more effective for some arid lands and mountain eco-
systems of the west than for coastal lowlands, grasslands, and 
eastern hardwood forests.9

TABLE 118-1 Number of Designated U.S. Wilderness 
Management Units Under Agency Management and 
Their Acreage by 2014

U.S. Agency
Wilderness 
Units Acres

Percentage 
of Total

Bureau of Land 
Management

222 8,736,087 8

Fish and Wildlife 
Service

71 20,702,488 19

Forest Service 442 36,385,240 33
National Park Service 61 43,932,843 40
TOTAL 796 109,756,658 100

From http://www.wilderness.net.
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managers recognize WEPs as a signiicant user group with a focus 
on programs in wilderness and primitive areas as one of their 
deining characteristics.6

The most prevalent three types of WEPs are (1) educational 
programs where the wilderness ecosystem is the focus of instruc-
tion, research, and ield trips; (2) personal growth and develop-
ment, where wilderness is the setting and metaphor for everyday 
life, with insights achieved from challenging activities and relec-
tion; and (3) therapy and healing, where wilderness is the setting 
to seek restored normal functioning and a healthy balance 
through primitive living and traveling.6,7 Although the healing 
aspects of a natural environment8 and wilderness areas are well 
documented, the inherent risks of traveling in remote areas must 
be recognized through risk management assessment and contin-
gency planning,17 especially for human health and safety.

DISTRIBUTION OF WILDERNESS 

VISITOR USE

Visitor use is very unevenly distributed in geographic space and 
across time. Each wilderness has popular access points because 
of easy highway access from urban centers, information in guide-
books, word-of-mouth information dissemination, and many 
other factors. There is often congestion in visitor use at these 
access sites and crowding along popular trails and at campsites 
and destinations (e.g., lakes and ponds, scenic overlooks, historic 
sites). Many wilderness areas have these types of heavy-use 
access sites; conversely, each area also has places with very low 
or no use for a variety of reasons. This variation in visitation 
means that not every acre of wilderness or the associated experi-
ence has the potential to be experientially unique. Therefore, a 
continuum of solitude and naturalness exists across wilderness.

Some of the extreme variations in visitation are caused by 
seasonality and opportunity for use. Each area has a favored 
season for a given type of activity. Even though most hiking and 
camping activities occur during late spring through early fall, 
some areas have other peak-use times because of weather and 
opportunities present. For example, spring ishing and white-
water boating may occur in the same area, whereas fall hunting 
and backpacking during fall foliage may be followed by cross-
country skiing and winter camping. Cooler weather in desert 
areas may bring visitors in nonsummer months (Figure 118-4). 
Warmer months in alpine areas may bring large numbers of visi-
tors. Weekend and weekday variations are normal luctuations 
resulting from work schedules.

Other variation patterns in visitation are caused by geographic 
location in the United States and proximity to urban population 
centers. The majority of use in each wilderness area comes from 

and urban more often than rural residents (54% vs. 44%) reported 
there was not enough land in the NWPS.4

WILDERNESS VISITORS

The diversity of wilderness visitors ranges from those who take 
short walks and view scenery and wildlife in an hour to multiday 
backpackers, week-long backcountry hunters with pack animals, 
and mountain climbers on expeditions. The growth in recreation 
demand and increasing popularity of many forms of recreation 
in wilderness are the result of U.S. population growth and a 
general upward trend in participation in many activities, on all 
types of sites, in the United States1 on public or private lands. 
Although backcountry and wilderness use is distributed across 
the full geographic and sociodemographic spectrum, an identii-
able 8.6% of the U.S. population has been labeled as “backcoun-
try actives” by one researcher because of their 2.5 times or greater 
above-average participation in such activities as backpacking, 
wilderness visits, cross-country skiing, and day hiking.1

Studies at high-use federal agency sites of visitor use of wil-
derness in the mid-1990s estimated that more than 14 million 
visitors went to the wilderness per year. Public surveys of the 
general population in recent years estimated that visitation was 
closer to 40 million per year.2 Most estimates of future growth 
suggest that wilderness use will continue to increase 2% to 4% 
per year, and that participation will continue across a wide range 
of activities.1,2

Recreation enthusiasts spending 7 or more days in wilderness 
or primitive areas per year are a growing market segment that 
includes participation in strenuous physical activities on a regular 
basis.1 Improvements in and availability of high-technology gear 
permit travel in all types of weather conditions and terrain, so 
that regular use across the entire landscape makes it more dif-
icult to manage use in general, as well as more challenging to 
conduct search and rescue operations. Risk-taking, exploring, 
and adventure activities are increasingly prevalent because of 
media exposure, easier access to sites, more available high-
technology gear, more opportunities for initiation into activities, 
and more training and skill-building opportunities. There is some 
concern that communication equipment such as satellite cell 
phones and navigational equipment, such as handheld Global 
Positioning System (GPS) units, may contribute to the impression 
that a person could call for help more readily and therefore take 
greater risks than their skills otherwise would warrant.

One of the ways that people are initiated into wilderness use 
and gain training in primitive travel and living is through partici-
pation in Wilderness Experience Programs (WEPs). The number 
of WEP organizations and their clientele have grown rapidly in 
the United States in the past two decades.7 Wilderness land 

TABLE 118-2 Percentage of Americans (>16 Years of 
Age) Indicating a Response of “Very or Extremely 
Important” for 13 Wilderness Values

Wilderness Value Percentage

Protecting water quality 93.1
Protecting air quality 92.3
Protection of wildlife habitat 87.8
For future generations 87.0
Protection for endangered species 82.7
Preserving ecosystems 80.0
Future option to visit 75.1
Just knowing it exists 74.6
Scenic beauty 74.0
Recreational opportunities 64.9
For scientiic study 57.5
Providing spiritual inspiration 56.5
Income for tourism industry 29.7

From Cordell HK, Tarrant MA, Green GT: Is the public viewpoint of wilderness 
shifting? Int J Wilderness 9:27, 2003, with permission.

FIGURE 118-4 The lower Sonoran Desert in the North Maricopa 
Mountain Wilderness is a scenic and dificult place to access. Visitors 
may not understand the dangers of heat and dehydration in this 
63,020-acre wilderness area managed by the U.S. Bureau of Land 
Management in southern Arizona, where temperatures commonly 
exceed 100° F (37.7° C). (Courtesy Chad P. Dawson.)
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subject in wilderness management. Determining the level of SAR 
operations and activities that is effective with a minimal impact 
on wilderness resources and experiences is an ideal goal that 
needs further attention and study. For example, in nonemergency 
SAR operations, the minimum may be determined to be nonmo-
torized access using humans on foot to search or to carry out a 
victim with minor trauma.

WILDERNESS PRESERVATION  

AS A NATIONAL AND  

INTERNATIONAL MOVEMENT

The number of and membership in organizations involved in 
promoting wilderness designations, stewardship, information, 
and education have grown dramatically over the last 50 years. 
Organizations can be found at international, national, state, and 
local levels.

The U.S. legislative model has inluenced some forms of 
international wilderness protection,11 although variation in level 
and type of protection is complex and based on the cultural and 
legislative history in each country. The concept of wilderness is 
universal, but the national legislative approach used in the United 
States has been widely adopted by other countries, such as 
Canada, Australia, Finland, Russia, and South Africa.11 There are 
dozens of international organizations that one can join to help 
protect wilderness. Some examples include the WILD Foundation 
(http://www.wild.org), Conservation International (http://www 
.conservation.org), and IUCN—The World Conservation Union 
(http://www.iucn.org). Many countries have strong public sup-
port for wilderness and related organizations that promote wil-
derness designation and stewardship.

As previously discussed, wilderness protection and manage-
ment of federal lands in the United States is under jurisdiction 
of the NPS, BLM, FS, and WFS, each of which has policy and 
operational information that is important for visitors to under-
stand. This information is available at agency websites but is easy 
to obtain through websites (e.g., http://www.wilderness.net) that 
allow access from a geographic map that in turn brings the 
viewer to useful information, ranging from the designating leg-
islation to the managing agency and local-level contact ofices 
for that wilderness unit. Obtaining local contact information and 
some general visitor management information makes wilderness 
visitation more enjoyable and improves the pretrip planning 
process, including compliance with local regulations.

Wilderness stewardship organizations in the United States 
include many that have been involved in wilderness issues for 
decades. Only a few examples are listed here: The Wilderness 
Society (http://www.wilderness.org), Sierra Club (http://www 
.sierraclub.org), American Wilderness Coalition (http://www 
.americanwilderness.org), Campaign for America’s Wilderness 
(http://www.leaveitwild.org), Wilderness Watch (http://www 
.wildernesswatch.org), National Wildlife Federation (http://www 
.nwf.org), National Audubon Society (http://www.audubon.org), 
and the Izaak Walton League (http://www.iwla.org).

Wilderness preservation is a national and international move-
ment comprising grass roots and membership organizations inter-
ested in protection and stewardship of dwindling wild areas. 
Although the concept and values of wilderness are supported by 
the general population of the United States and many other 
countries, it is the continued support and work of many people 
and organizations that stimulate the legislative and administrative 
branches of government to continue their efforts to maintain parts 
of the United States “wild” for present and future generations. 
The reader is encouraged to become part of that wilderness 
preservation movement. For a comprehensive resource, the 
reader is referred to Dawson and Hendee.5

REFERENCES

Complete references used in this text are available 
online at expertconsult.inkling.com.

the surrounding region and states, regardless of whether one 
considers the urban-proximate White Mountain National Forest 
wilderness in New Hampshire or the Bob Marshall Wilderness in 
Montana. However, there is considerable long-distance travel and 
higher visitation to some of the larger and more popular wilder-
ness areas that have unique opportunities and features. Every 
wilderness area has a great variation in the number of people at 
any given time and place. Although such variation in visitation 
is natural, the impacts may be dificult to manage, leading man-
agers to use more direct and heavier-handed management tech-
niques to reduce the negative consequences to resources and 
other users.

WILDERNESS MANAGEMENT 

PRINCIPLES

The guiding principles for managing wilderness areas5 revolve 
around the idea that wilderness needs to be managed as a pris-
tine extreme in the landscape (>4% of U.S. land area) to maintain 
the distinctive qualities that deine and separate wilderness from 
other land uses (>95% of U.S. land area). Wilderness is managed 
from the biologically centered perspective. Environmental integ-
rity and primeval conditions of wilderness are the basis for any 
human enjoyment, values, and beneits.

Managing wilderness as an ecosystem and not as a separate 
set of resource types (e.g., water, forests, wildlife) focuses man-
agers on a more comprehensive perspective on the protected 
area. Most wilderness areas represent the remnants of ecosystems 
or entire ecosystems and, as such, need to be protected for 
present and future generations if they are to be available for 
humans to experience and enjoy. In addition, it is imperative that 
human uses and inluences be managed to preserve wilderness 
conditions and characteristics, because without such stewardship, 
these remaining areas would lose their unique value in the U.S. 
landscape.

If wilderness is to be managed to maintain or improve wilder-
ness conditions and not allow degradation on sites or across the 
area, it is essential to understand the carrying capacity of the area 
to sustain recreational use. One of the major components in 
managing wilderness recreational use is to manage use in favor 
of recreation and human activities that depend on wilderness 
conditions to achieve their goals, while not degrading wilderness 
conditions. In other words, there are other places to have various 
recreational experiences that do not require wilderness condi-
tions. Thus, only those activities that require such conditions 
should be allowed in wilderness, and only as much as the area 
can sustain while maintaining its wilderness conditions and 
processes.

One of the implications of such a management philosophy is 
that wilderness is not primarily a place for recreational use, 
although it is permitted as long as it does not impinge on the 
capacity of the area to maintain its wilderness conditions and 
processes. All management activities, including search and rescue 
operations, should have as light an impact on the wilderness and 
user experience as possible. This is sometimes referred to as the 
“minimum tool or regulation” that achieves management objec-
tives for the area and maintains the highest levels of naturalness 
and solitude. Examples are using hand tools instead of gas-
powered tools in wilderness maintenance activities, using edu-
cational materials in place of direct trip management, and using 
minimal directional trail signs and not mileage markers.

Section 4c of The Wilderness Act provides for the administra-
tive use of vehicles, such as aircraft and motorized equipment, 
when it is considered the minimum necessary for certain opera-
tions such as search and rescue (SAR). In the case of emergency 
situations, the use of aircraft, helicopters, and other motorized 
transport during SAR operations is often thought of as necessary 
for human health and safety. In some places, however, the extent 
and frequency of SAR operations have become an intrusion  
affecting both the environment (e.g., wildlife behavior) and the 
human experience of solitude. Balancing the need for effective 
and rapid SAR operations with impacts on the wilderness re-
sources and experiences will be an increasingly controversial 
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Three miles southwest of the Kremlin, not far from Moscow’s 
Olympic Stadium, lies the Novodevichiy Cemetery, one of the 
most celebrated burying places in Russia. Amid ornate memorials 
to former leaders such as Gromyko* and Khrushchev,† who were 
out of favor at the times of their deaths, and to giants of the arts, 
such as Chekhov‡ and Shostakovich,§ stands a white marble ped-
estal carrying the sculpted head of Vladimir Illich Vernadsky 
(1863-1945). Little known in the West, Vernadsky was a prescient 
observer of the emerging role of humans as makers of the global 
environment. It was he who irst announced that we are living 
at a time when the power of mankind to change Earth now rivals 
that of geologic processes.5 In the past, students of natural history 
could regard the human life span as a mere blink of a cosmic 
eye that witnessed little environmental change. At present, we 
are faced with the prospect that the planet may be fundamentally 
transformed by humans, perhaps within a few decades, but more 
probably over the next one or two generations.

This situation has not come about all at once, or equally 
everywhere. On a global scale, it has gradually built up over 
centuries, although the local manifestations of increased human 
agency sometimes have been masked by other processes. For 
example, conversion of “natural” ecosystems to “managed” eco-
systems is a dominant feature on the global scale, but in some 
parts of the world, especially the United States and Western 
Europe, managed ecosystems are also being abandoned.

Such is the case in New Jersey, where hilltop 19th-century 
farmlands have largely reverted to regrowth forests.21 The com-
plications of environmental change might best be appreciated 
with the aid of a time machine, such as the one envisioned by 
H. G. Wells in 1895. Imagine, for a moment, being in a mature 
pine forest in southern New England. What might be observed 
as the machine slips into the past at this location? The surround-
ing landscape comes clearly into view. The pine trees shrink 
slowly down into youth as the years wind back, because most 
of today’s pines trace their origin to abandonment of farmlands 
at or near the turn of the century. The pines disappear entirely 
in the late 19th century and are replaced by shrubs and eventu-
ally by grasses. By the mid-1800s, the local vicinity is completely 
open and appears as a shifting mosaic of agricultural crops and 
pasture, rotated in time and space. This is the high tide of farming 
in New England. Thereafter, the sequence goes into reverse. By 
the 18th century, trees begin to return, connecting the remnant 
patches of presettlement vegetation. Gradually, the forest closes 
in, and traces of human presence fade. Little breaks the monot-
ony, apart from occasional ires started by lightning or native 
Americans clearing seasonal cultivation patches, or major wind-
storms that topple weaker trees. As the 16th century approaches, 
the landscape is essentially similar from decade to decade.

The time traveler’s dominant impression is one of change. The 
preceding sequence of changes has been documented by many 
analysts of the New England landscape.25 The sequence might 
be different elsewhere but is no less dynamic. Sometimes the 

changes are sudden and dramatic, and sometimes they are slow 
and imperceptible. Sometimes they are “natural” (e.g., storms), 
and sometimes they are caused by humans (e.g., forest clear-
ance). For the bulk of human history, natural changes have 
seemed to dominate, although in fact people have been major 
shapers of the environment for millennia.13,47,76 A casual observer 
of the New England landscape might conclude that the well-
wooded 21st century scene is more “natural” than the cleared 
ields of the 1850s. However, today’s scene is just as much a 
product of human choices as that of the 19th century, although 
different in composition and appearance.

In any event, deciding whether human or natural factors are 
responsible for a given environmental change is often dificult; 
these factors operate interdependently (Figure 119-1). It is widely 
believed that people have reached a critical threshold as envi-
ronmental modiiers; they are able to equal or surpass the effects 
of nature. Humans have already signiicantly modiied about half 
the Earth’s land surface; portentous human-forced changes are 
becoming manifest in the entire biosphere. We can now speak 
of a human “transformation” of the global environment.19,31,77

This chapter addresses environmental change and its human 
dimensions, with special attention to implications created by the 
environment for the wilderness and wilderness medicine. What 
types of changes are likely to occur? How will they affect the 
natural environment, especially wilderness areas? What will be 
the consequences for society in general and for medical practi-
tioners in particular? Can anything be done to improve our 
chances of successfully negotiating this impending time of dislo-
cation and discontinuity?48

ISSUES OF ENVIRONMENTAL CHANGE

In recent years, a number of environmental change issues have 
come to prominence. These include climate change, stratospheric 
ozone depletion, erosion of biodiversity, population growth, and 
burgeoning pollution. These issues affect all environments, from 
urban centers to remote wilderness areas, and are examined on 
a variety of scales in this discussion. Although each issue is 
characterized by different expressions of change, all are intercon-
nected. Local changes can aggregate to produce global effects, 
and global changes have many different disaggregated local 
effects.77 In recognition of increasing human prominence, the 
present era of Earth’s history is becoming known as the Anthro-
pocene.15,19 Current investigations of human-forced biogeochemi-
cal systems increasingly go beyond the separate issues previously 
noted, to adopt an integrated (holistic) perspective that spans the 
natural and social sciences.25,31

CLIMATE CHANGE

Weather is the state of the atmosphere at any speciic time. 
Climate is the average weather pattern at a particular location. 
Weather and climate are usually described by such measures as 
temperature, precipitation, pressure, humidity, and wind speed 
and direction. In most parts of the world, these measures have 
been recorded for less than a century, so the actual historical 
record of direct observations is relatively brief compared with 
the human tenure of Earth. However, scientists are often able to 
extend the historical record by constructing synthetic climate data 
from other evidence, such as tree rings, fossils, concentrations of 
plankton in ocean sediments, pollen in sedimentary rocks, and 
isotopes of carbon and oxygen in rocks and glacial ice. For 

§Dmitri Dmitriyevich Shostakovich (1906-1975); Russian composer and 
one of the most celebrated composers of the 20th century.

‡Anton Pavlovich Chekhov (1860-1904); Russian novelist, short-story 
writer, essayist, and memoirist.

†Nikita Khrushchev (1894-1971); First Secretary Communist Party of 
the Soviet Union, 1953-1964.

*Andrei Gromyko (1909-1989); long time Foreign Minister of the USSR 
(1957-1985).

CHAPTER 119 

The Changing Environment

JAMES K. MITCHELL, JAMES M. JEFFERS, AND MICHAEL B. BRADY
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Wisconsin ice age) was connected with a relatively small climatic 
change. It is worthwhile remembering that regional changes in 
climate may or may not parallel global changes. For example, 
between 2600 and 2700 years ago—around the time of Socrates 
and Confucius—North America was colder and wetter than was 
the continental average since the end of the Wisconsin glaciation, 
whereas conditions in Europe were warmer and drier. Fortu-
nately, the climate has remained within a range that sustains life 
for most of Earth’s history, and the changes have occurred at 
very slow rates over thousands to millions of years.

Despite recent controversies regarding the accuracy of some 
climate science, a strong consensus exists among atmospheric 
scientists that global temperatures will rise signiicantly in coming 
decades.41,70 One indicator of this trend is the fact that “ … during 
2014, the average temperature across global land and ocean 
surfaces was … the highest among all 135 years in the 1880-2014 
record, surpassing the previous records of 2005 and 2010.”57 
Although the global climate system is enormously complex, two 
factors point toward warming. First, it is known that certain 
greenhouse gases warm the atmosphere by trapping short-wave 
radiation relected from the earth’s surface when it is heated by 
solar radiation. Second, atmospheric concentrations of these 
gases, which include carbon dioxide (CO2), methane, and nitrous 
oxide, are steadily increasing. Normally, the materials in green-
house gases pass through long biogeochemical cycles between 
natural sources and natural sinks. For example, sulfur enters the 
atmosphere as sulfur dioxide from volcanic eruptions and washes 
back to the oceans in the form of mildly acidic rainfall, the con-
stituents of which are later incorporated into bottom sediments. 
Human activities can increase source loads (e.g., emissions) and 
reduce the absorptive capacities of natural sinks. In the case of 
CO2, the greenhouse gas that has raised the most environmental 
concern, both processes are at work simultaneously. Emissions 
of CO2 have been increasing as energy-hungry societies burn 
petroleum hydrocarbons, coal, and wood. At the same time, 
forests that usually absorb huge amounts of atmospheric CO2 
continue to be cleared, although at rates less than that predicted 
in recent decades.20

Atmospheric scientists have estimated how climate might 
change as greenhouse gases accumulate. For this purpose, they 
rely heavily on general circulation models (GCMs) that mathe-
matically simulate the global climate system. The chemistry and 
physics of climate are complex, and the models, although increas-
ingly sophisticated, are still imperfect. Their accuracy is con-
strained both by the limits of current knowledge about the 
dynamics of the atmosphere and by the computational power of 
the most advanced supercomputers. They are also hedged with 
other limitations. For example, the present generation of GCMs 
is too coarse to provide more than a broad-gauge portrayal of 
atmospheric conditions in a lattice of 150- to 200-km-wide (90- to 
120-mile-wide) regions over the earth’s surface. The models are 
able to project some climate variables (e.g., temperature) with a 
high degree of accuracy, but there is lower conidence in their 
ability to predict other variables (e.g., precipitation). GCMs do 
not reveal storm systems that bring most of the weather to middle 
and high latitudes or smaller-scale features, such as hurricanes, 
tornadoes, and other extreme local winds. They also do not 
incorporate the role of clouds as relectors and absorbers of 
energy. The models do not satisfactorily account for all the CO2 
believed to have been liberated into the atmosphere through 
human activities. Nonetheless, many scientists have considerable 
conidence in the accuracy of GCMs because of their relative 
success in replicating present and past climates.

The Intergovernmental Panel on Climate Change (IPCC), a 
large joint United Nations–World Meteorological Organization 
committee of leading Earth scientists, won the Nobel Peace Prize 
in 2007 for its work synthesizing existing research on climate 
change. It has completed ive comprehensive assessments of the 
state of scientiic knowledge and reached sobering conclusions. 
The most recent assessment (2014) concluded that there is now 
“unequivocal” evidence that global average temperatures are 
increasing and projected to rise by 1.5° to 2.0° C (by 2100, under 
most scenarios). Similarly, there is likely to be increasing disparity 
between wet and dry seasons and between wet and dry regions, 

FIGURE 119-1 Human and natural forces for environmental change. 
(Modiied from Kates RW, Turner BL II, Clark WC: The great transfor-
mation. In Turner BL II, editor: The earth as transformed by human 
action, Cambridge, UK, 1990, Cambridge University Press.)
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FIGURE 119-2 Variations of mean global temperature during the past 
10,000 years. Horizontal line represents present global average tem-
perature. (Modiied from Henderson-Sellers A, Robinson PJ: Contem-
porary climatology, New York, 1991, Wiley.)
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example, narrow intervals between annual growth rings in trees 
and thin layers of organic material in lake sediments usually 
indicate cold, dry conditions. Clues such as these permit inves-
tigators to open a window on past climates.

Figure 119-2 illustrates trends in average global temperature 
during the past 10,000 years. Note that the global temperature 
has been in lux throughout this period. Not only has weather 
varied in relation to long-term average conditions, but the aver-
ages themselves have changed over time. For example, during 
the most recent ice age (about 10,000 years ago), average global 
temperatures were approximately 6° C (42.8° F) cooler than at 
present.29 In other words, a massive environmental change (the 
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and coastlines during the massive tsunami of December 26, 2004, 
show just how vulnerable these regions already are to natural 
disasters. For the Andamans, Maldives, Seychelles, and other 
heavily populated low-lying islands of the Indo-Paciic Ocean, 
the results of sea level rise could be disastrous, whereas other 
places, such as high-standing islands of the Caribbean, could see 
offsetting agricultural beneits.60

More than any other factor, the rate of climate change is of 
concern to humans. GCMs indicate that absolute changes in 
temperature will be smaller than those that have occurred at 
other times during Earth’s history. However, anticipated climate 
changes would still occur at a rate and magnitude that are 
unprecedented in human experience. Whereas past changes 
usually occurred slowly enough for plants and animals to adapt 
or migrate, examples exist of mass extinctions following rapid 
change. Many scientists fear that today and in the future, insuf-
icient time and undeveloped areas will be available for plants 
and animals to make similar adjustments.

Although changes in average climate would have important 
long-term consequences, variations in extreme weather might 
produce the most immediate and signiicant impacts.36 Droughts, 
loods, and tropical cyclones are unusual events in the current 
climate. If mean climates change, changes in frequency and 
severity of these extremes would probably also occur and become 
manifest well before permanent shifts could be conirmed.28 
Geographic distribution of such events would also be affected. 
According to the IPCC, in the future, heat waves likely will be 
“more intense, more frequent and longer lasting,” and declines 
in frost days and cold waves are projected over all land areas. 
The frequency of extreme precipitation events would also likely 
increase everywhere.35 There would be increased incidence of 
drought and water shortages. This may also have profound 
impacts for the local environment, particularly in locations where 
the local lora and fauna may not be adapted to prolonged dry 
periods. Sea level rise is likely to increase on all coasts, except 
in a few locations where land uplift negates its impacts. This is 
likely to lead to increased erosion and coastal looding, increas-
ing pressures on sensitive coastal environments, such as dunes 
and mangroves. Changes in both minimum and maximum tem-
peratures experiences, particularly in the high latitudes and 
upload areas, are likely to have important impacts on the ability 
of some plant species to survive. In other areas, these changes 
may have a positive impact on some species because of increased 
length of the growing season.

Overall, the impacts of global climate change for wilderness 
areas will be complex and varied, inluenced by a variety of local 
and regional factors as well as by global trends. As a result, 
natural hazards would likely pose increased risks to society. 
Moreover, exposure and vulnerability to extreme events would 
probably be exacerbated, because populations at risk might 
respond to the new conditions on the basis of outdated infor-
mation and assumptions.51 We might ind that our previous 
experience prepared us to “ight the last war” rather than the 
current one.

STRATOSPHERIC OZONE DEPLETION

The stratosphere is a distinct layer of the upper atmosphere that 
occurs between 14.5 and 56 km (9 and 35 miles) above the 
ground. It contains signiicant concentrations of ozone (O3), a 
gas that is formed when solar radiation splits oxygen atoms.* The 
stratospheric ozone layer absorbs most of the ultraviolet (UV) 
radiation from space that would otherwise damage plant and 
animal species.

During the 1970s and 1980s, researchers discovered that 
stratospheric ozone was being depleted, and that the ozone layer 
was thinning to the point of disappearance, particularly in polar 

as well as a continuing rise in global sea level at an accelerating 
rate.36,75 Although the IPCC estimates embody a consensus about 
global warming, the level of agreement declines as researchers 
attempt to forecast the resulting impacts, especially at regional 
and local levels. An enhanced greenhouse effect would have a 
greater effect on global climate than would temperature alone. 
Solar radiation provides the energy that drives the climate system. 
The effects of a warmer atmosphere could produce a cascade of 
changes in many climate variables.14 For example, precipitation 
and evaporation would also likely increase, especially over high 
latitudes, but with strong regional variations elsewhere. Increas-
ingly accurate climate projections for regional patterns of climate 
change have been developed.12,23 We will soon know a great 
deal more about regional patterns of climate change, because a 
large number of studies that combine GCM data and other indica-
tors of climate are being conducted.2

The GCMs generally indicate that lower latitudes and lower 
elevations will be less affected by anticipated climate changes 
than will upper latitudes and higher elevations.12 However, 
climate change impact simulations paint no simple pictures. For 
example, temperature changes in the tropics may be relatively 
small, but their effects on insects could be more deleterious than 
in higher latitudes, where insects are typically more heat toler-
ant.18 Most likely, a mosaic of regional and local changes with 
varying impacts will occur along a spectrum from strongly posi-
tive to strongly negative, depending on how, when, and where 
they occur25 (Table 119-1). For example, some tropical islands, 
particularly in the Indian Ocean, are likely to experience heavy 
precipitation combined with more frequent severe storms and 
rising sea levels. Other islands, such as those in the Caribbean, 
are also likely to see increasing sea levels, but may experience 
a decline in summer rainfall. The net impacts of such changes 
are dificult to assess, but the experiences of Indian Ocean islands 

TABLE 119-1 Effects of Global Climate Change on 
Different Regions

Region Climate Change Effects Level

Africa Water stress High
Food shortages Very high
Mosquito-borne and waterborne 

diseases
Very high

Europe River and coast looding Medium
Water stress High
Heat waves and air pollution High

Asia Flood damage High
Extreme heat deaths Very high
Drought-related malnutrition Medium

Australasia Coral reef and species loss High
Coastal looding Medium

North 
America

Wildire destruction Very high
Heat wave deaths High
Extreme rainstorm damage High

Latin 
America

Water stress in semiarid areas Very high
Urban looding caused by extreme 

rainfall
Very high

Decreased food production Very high
Polar 

regions
Risk from permafrost, snow, and ice 

changes
High

Food insecurity; unsafe drinking water Very high
Small 

islands
Property losses caused by rising seas High
Loss of coastal land Very high

Oceans Decline in low-latitude ish catches Medium
Biodiversity loss from damaged corals Very high
Erosion and sedimentation of coasts High

Modiied from Climate change 2014: Impacts, adaptation, and vulnerability. In 
Field CB, Barros VR, Dokken DJ, et al (eds). Contribution of Working Group II to 
the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge: Cambridge University Press, United Kingdom.

*Ozone also accumulates near ground level as a byproduct of the pho-
tochemical modiication of exhaust gases from automobiles and other 
sources of pollution. Concentrations of this type of ozone are sometimes 
reported in local news media, but the ground-level “ozone problem” 
should not be confused with the stratospheric one.
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ous to biodiversity because they simultaneously harvest desirable 
species and destroy undesirable species.33 Agriculture and animal 
husbandry also contribute to species extinctions, especially by 
modifying habitats that support biota. Particular concerns have 
been expressed about threats to tropical forests and near extinc-
tion of certain marine species such as the northern cod, blue 
whale, and leatherback turtle. However, the problem is general 
in scope and may be most important for the “noncelebrity” 
species that do not elicit much human compassion.

It is estimated that approximately 32% of all U.S. species are 
now under serious pressure, sometimes to the point of threat-
ened extinction (Tables 119-2 and 119-3).74 However, the picture 
varies widely among particular groups of species (Table 119-4). 
Inhabitants of freshwater ecosystems, such as shellish, crusta-
ceans, amphibians, and ish, are much more likely to be in 
danger than are lowering plants, conifers, mammals, and birds. 

regions.27,49 Chloroluorocarbons (CFCs) were held to be at fault. 
For decades, these synthetic compounds had been manufactured 
in large quantities, mainly for use as aerosol propellants and 
refrigerants. Once CFCs escape into the atmosphere, they remain 
stable until reaching the stratosphere, where they decompose 
under the action of UV radiation. Chlorine atoms are released 
and bond with ozone atoms, breaking them down into oxygen 
and other products. As a result, the ozone shield is weakened 
or removed.

If the ozone layer is suficiently depleted, intensity of UV 
radiation that reaches the earth’s surface could be signiicantly 
increased. This could have deleterious consequences for human 
populations and plant and animal species. For humans, increased 
incidence of skin cancer, cataracts, and immune system suppres-
sion are three recognized effects of high UV exposure. Although 
humans might take precautions to protect themselves against UV 
radiation, such as reducing time spent outdoors or adding sun-
block, sunglasses, and clothes, nonhuman species may not be 
able to make the necessary adaptations. Serious disruptions of 
human and agricultural systems are possible.

During their winter seasons, the Antarctic61 and to a lesser 
extent the Arctic46,73 have experienced elevated levels of UV 
radiation. “Ozone holes” have been clearly traced to CFCs. An 
international agreement, the Montreal Protocol, was reached to 
phase out CFC use by 1996. Much progress has been made 
toward that goal, but these compounds are still being produced 
in some developing countries, and the substitute chemicals that 
were introduced elsewhere may also contribute to global 
warming.42 Chlorine atoms are extremely long-lived in the strato-
sphere, persisting perhaps for 100 to 200 years. There will con-
tinue to be some potential for additional ozone depletion in the 
decades to come.

EROSION OF BIODIVERSITY (See Chapter 120)

Loss of species or the habitats that support them is a controversial 
and potentially serious global problem that comes under the 
heading “erosion of biodiversity.” Biodiversity is not an agent of 
change as are greenhouse gas buildup and ozone depletion. 
Rather, it is an index against which environmental changes can 
be assessed.72 As with climate change and ozone depletion, bio-
diversity has a global to local range of dimensions.34 Two aspects 
of biodiversity of great importance are numbers and interconnec-
tions of species.

Estimates of the number of existing species range widely 
because the state of knowledge about the planet’s biologic 
resources is both uneven and incomplete.74 It is estimated that 
the earth hosts between 5 and 15 million species. About 1.75 
million of these have been named.44 Higher-order mammals and 
birds in temperate ecosystems are well documented, but insects, 
worms, and microscopic life-forms in tropical regions are much 
less known. In the United States, approximately 100,000 species 
are recognized, but only about one-ifth of these have been 
surveyed to date.74

Paleobiologic research indicates that the number and type of 
species have varied greatly over time. New species evolve 
through adaptive genetic mutations, while others perish because 
of competitive pressures of natural selection. Emergence and 
disappearance rates depend on the speed and direction of envi-
ronmental change and the ability of species to adjust. What is 
most troubling about the recent record is the disappearance of 
so many species. “Between 1600 and 1994, at least 484 species 
of animals and 654 species of plants (mostly vertebrates and 
lowering plants) became extinct. During this period, the rate of 
extinction in groups such as birds and mammals also increased 
dramatically. Nearly three times as many species of birds and 
mammals became extinct between 1810 and 1994 (112 species) 
as were lost between 1600 and 1810 (38 species).”64 Plant losses 
are presumed to have been much greater. On some oceanic 
islands, such as Hawaii, disappearance of native animal species 
is almost total. Of 269 extinct Hawaiian species, most were either 
invertebrates (135 species) or plants (105 species). A majority of 
the rest are birds (15 species) and land snails (11 species).74 
Commercial forestry and ishing have proved particularly injuri-

TABLE 119-2 Percentage of U.S. Species at Risk

Status %

Extinct 1.0
Critically imperiled 6.5
Imperiled 8.8
Vulnerable 15.4
Secure 69.3

Modiied from Stein BA, Flack SR: Conservation priorities: The state of U.S. 
plants and animals, Environment 39:6, 1997.

TABLE 119-3 U.S. Species Groups at Risk

Extinct Imperiled Vulnerable Secure

Freshwater mussels 16.4 39.7 11.8 32.1
Crayish 17.3 32.8 0.9 49.0
Amphibians 14.0 23.9 2.5 59.6
Freshwater ish 14.1 22.0 2.6 61.3
Flowering plants 16.6 15.8 0.9 66.7
Conifers 12.2 14.0 0.0 73.8
Ferns 11.9 8.9 0.7 78.5
Tiger beetles 13.6 6.3 0.0 80.1
Dragonlies 10.4 7.6 0.4 81.6
Reptiles 11.9 6.1 0.0 82.0
Butterlies 12.3 4.0 0.5 83.2
Mammals 9.1 7.2 0.2 83.5
Birds 5.4 5.8 3.3 85.5

Modiied from Stein BA, Flack SR: Conservation priorities: The state of U.S. 
plants and animals, Environment 39:6, 1997.

TABLE 119-4 Species Threatened With Extinction: 
a Global Picture

Status Numbers

Extinct 801
Extinct in the wild 63
Critically endangered 3947
Endangered 5766
Vulnerable 10,104
Near threatened 4467
Data deicient 10,497
Least concern 27,837
Other 255
Total species assessed 63,837

From 2012 IUCN Red List of Threatened Species. http://www.conservation.org/
NewsRoom/pressreleases/Pages/Securing-the-web-of-life-31-Percent-of-Species 
-Threatened-with-Extinction.aspx. Accessed February 9, 2015.
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planet to hold additional human populations. The record of the 
past four centuries demonstrates that global carrying capacity is 
highly elastic up to some, as yet unreached, limit.10 Leaving aside 
the argument that human ingenuity can make possible the 
support for larger populations indeinitely, clearly from the per-
spective of burdens on the physical environment, how people 
live is more important than the number of people. All other 
factors being equal, more afluent societies place heavier burdens 
on the physical environment than do poorer ones. For example, 
per-capita consumption of energy in the United States is more 
than 15 times higher than that in India.65

The global population has undergone unprecedented growth 
in the past several centuries (Figure 119-3). By 1800, Earth’s 
population was approximately 1 billion. By 1920 it was approach-
ing 2 billion. Three billion was reached by 1960, and the present 
number is more than 7 billion. The United Nations estimates that 
9 to 11 billion people will be on Earth by 2050. Most of the new 
growth is likely to occur in developing countries of Asia, Africa, 
and Latin America (Table 119-5). The recent experience of China 
suggests that the process of development can itself perpetuate 
or increase historic rates of population growth, at least until 
economic conditions improve signiicantly.

Composition of future populations is an increasing concern 
of governments and individuals. In places such as Japan and 
Eastern Europe, natural increase is now well below the rate 
necessary to replace existing populations, whereas in the United 
States, increasing numbers are maintained largely by immigration. 
As a result, the fraction of national human populations older than 

Likewise, on the U.S. mainland, loss of biodiversity is more acute 
in Sunbelt states and east of the Mississippi River than in states 
of the northern Great Plains and the northern Rocky Mountains.

For many people, protection of threatened species is a moral 
imperative. For others, it is a luxury. Quite apart from moral 
issues, the rising rate of species extinction has practical implica-
tions. For example, loss of the planet’s genetic stock hampers 
the search for wild strains of domestic crops that are resistant to 
pests and diseases that plague high-yield domestic varieties. The 
so-called Green Revolution that has helped to alleviate world 
hunger in recent decades owes much of its success to introduc-
tion of resistant wild genetic strains into commercial agriculture.

Biodiversity is also important for stability of global ecosys-
tems. For example, the extent to which entire species can be 
eliminated from an ecosystem before it collapses is unknown. 
Likewise, the extent to which some nominally “wild” species may 
thrive under human management, while others succumb, is hotly 
debated.24 Most ecologists believe that ecosystems containing a 
wide diversity of organisms are more resilient to change than are 
those with few species. Regardless of the degree of resilience, 
biodiversity and environmental change may be connected by 
negative feedback relationships. Environmental change may lead 
to loss of biodiversity that in turn produces lowered resistance 
to pressures for further change.

Despite intuitive, theoretical, and case study arguments in 
favor of preserving biodiversity, it has been dificult to agree on 
standardized measures of biodiversity or its loss. Deforestation 
of South American rain forests is a case in point. The Amazon 
Basin is one of the world’s premier wilderness regions and is 
regarded as Earth’s most important source of biodiversity. Per-
haps impelled by dramatic and widely publicized reports of 
forest clearances by ranchers, homesteading farmers, and min-
eral irms in Brazil during the late 1980s, levels of international 
concern about loss of biodiversity in Amazonia have been high. 
As in most developing countries, however, comprehensive and 
reliable data on Brazilian deforestation are dificult to secure and 
interpret.70,88

Given the foregoing uncertainties, it is dificult to predict 
future rates of loss of biodiversity. The best available estimates 
suggest that about 3.5% of current bird species will likely become 
extinct by the year 2050, together with most large marine preda-
tors and much of species richness of freshwater ecosystems.37

POPULATION GROWTH

Human population is frequently cited as one of the primary 
driving forces behind contemporary environmental change. 
Beginning with the Reverend Thomas Malthus (1766-1834), many 
have argued that rising populations must eventually deplete 
resources and degrade environments, with potentially cata-
strophic consequences for the biosphere and the human popula-
tions who depend on it, because the earth is, for practical 
purposes, a closed system.40 In the absence of interplanetary 
space travel on a scale impossible at present to destinations that 
are now unknown and perhaps nonexistent, Earth is our only 
home. This does not mean that it will be impossible for our 

FIGURE 119-3 Global population (1700-2020). (Modiied from De-
meny P: Population. In Turner BL II, editor: The earth as transformed 
by human action, Cambridge, UK, 1990, Cambridge University Press.)
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TABLE 119-5 Average Annual Percentage Rates of Population Increase

1700-1750 1750-1800 1800-1850 1850-1900 1900-1950 1950-1985 1985-2020 2014

Africa 0.0 0.0 0.1 0.4 1.0 2.6 2.7 2.5
Asia 0.3 0.5 0.5 0.3 0.8 2.1 1.4 1.1
Europe 0.3 0.6 0.7 0.7 0.6 0.6 0.1 0.0
Russia 0.3 0.7 1.0 1.0 0.7 1.2 0.6 −0.03
North America 0.8 1.0 3.2 2.6 1.2 1.3 0.6 0.4
Latin America 0.8 0.5 1.2 1.6 1.6 2.6 1.6 1.2
Oceania — — — — 1.6 1.9 1.2 1.1
World total 0.25 0.44 0.55 0.54 0.84 1.88 1.45 1.14

From Demeny P: Population. In Turner BL II, editor: The earth as transformed by human action, Cambridge, UK, 1990, Cambridge University Press. With additional 
information supplied by the author.
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lutants are subtle, long delayed, and far removed from the  
point of origin, making it dificult to connect causes and conse-
quences. Occasionally, experts disagree about evidence of pol-
lution impacts collected in the ield and acquired from laboratory 
experiments. Even the impacts of well-studied events, such as 
the Exxon Valdez tanker grounding, are in dispute.6,56 Nonethe-
less, there is broad consensus that the absorptive capacity of 
receiving media is not inexhaustible, and that pollution is a 
growing world problem pushing society against the limits of 
environmental resilience.

IMPACTS OF ENVIRONMENTAL 

CHANGE ON WILDERNESS AREAS

The task of assessing environmental change impacts in wilder-
ness areas poses particularly dificult challenges to researchers. 
To begin with, the term wilderness is rarely used by scientists. 
For example, readers of the voluminous reports of the IPCC36 
might search in vain for references to wilderness impacts. Instead, 
there are comments about the effects of climate luctuations on 
speciic types of ecosystems, land covers, or land uses, such as 
forests or nature reserves, some of which may be deined as 
“wildernesses” by different interest groups.53 Lack of references 
to wilderness in the scientiic literature can be explained by 
emergence of a widely shared conviction among scientists that 
no part of the world is now truly “natural.” As one prominent 
ecologist put it, “Overall, any clear dichotomy between pristine 
ecosystems and human-altered areas that may have existed in 
the past has vanished.”80 In other words, our environments are 
arranged on a continuum from intensely human-constructed 
places, such as cities, to places where the human presence is 
small, intermittent, or nonexistent, such as wilderness areas. Most 
places show evidence of both human and natural inluences.

If scientists shy away from the term wilderness, the same 
cannot be said of political leaders and the general public. Unfor-
tunately, in this larger arena, there is little agreement about 
meanings of wilderness, because some of them are rooted in 
religious views about the perfectibility of the earth.

In addition, people in different countries often interpret wil-
derness in different ways. “Naturalness” and “remoteness” are two 
frequently mentioned wilderness attributes, but measures of both 
can be highly subjective. Depending on the deinition adopted, 
a wilderness area might include some of the world’s most bio-
logically productive ecosystems (e.g., tropical rain forests of 
Brazilian Amazon Basin) together with some of its least produc-
tive (e.g., Sahara desert), as well as some that have been thor-
oughly transformed by human activities (e.g., so-called urban 
wilderness areas like Portland, Oregon’s Forest Park). Some ana-
lysts have attempted to cut through this Gordian knot by equating 
wilderness with “uninhabited areas” or “roadless places,” but 
neither of these indicators is comprehensive in scope when it 
comes to accounting for all the places that humans perceive as 
“wild.” Using the criterion of human intrusion, all of Antarctica 
might qualify as wilderness, for by most measures it is one of 
the least human-impacted places on Earth. However, very few 
of the specially protected areas that have been established in 
Antarctica were designated because of their wilderness values; 
although aesthetics and wilderness characteristics are among the 
main criteria for designating these protected areas, historic sites 
of human activity are much more protected.32 In other words, in 
Antarctica, the rarity value of human impacts outranks the impor-
tance of more or less pristine wilderness.

In view of the potential for confusion that exists in discussions 
of wilderness, it is worthwhile to address some of the philosophic 
and evolutionary backgrounds of the term.53

The concept of wilderness can be found in several of the 
world’s earliest cultures,63 but formulation of a powerful philo-
sophic and political movement that espouses the value of  
unaltered natural areas did not occur in the United States until 
the 19th and early 20th centuries.67 Although the wilderness 
movement subsequently diffused elsewhere, widespread public 
concern for preservation of wild lands remains a characteristically 
American preoccupation,69 perhaps because the contrast between 

65 years is growing rapidly in the developed world. Meanwhile, 
increasing expertise in genetic manipulation holds out the pros-
pect of signiicantly longer life span for populations who can 
afford the scientiic research and medical care that will make this 
possible. Some segments of the world’s population will become 
increasingly healthier and older, while others may remain caught 
in a cycle of brief, sickness-prone lives followed by early deaths.

Apart from the staggering societal impacts that such a change 
would produce, the implications for wilderness are considerable. 
For those who can be assured of longer lives, the quality of life 
experience, including the quality of their environments, may 
become of great importance. Wilderness areas would be among 
the most cherished places, and decisions about their future all 
the more portentous. Among developing countries, a different 
future might emerge, perhaps dominated by intense pressure to 
convert all available resources into support for survival. Although 
such scenarios are not dificult to envision, they carry a danger 
of indulging in stereotypic dichotomizations that ignore possibili-
ties for a range of more nuanced outcomes.

The greatest uncertainties about future populations pertain to 
rates of migration and composition of families.11 Rates of migra-
tion are shaped by many factors, including the extent to which 
the negative consequences of environmental change may lead to 
population displacement. If current patterns of migration con-
tinue, the majority of migrants will settle in large countries such 
as the United States, India, Pakistan, France, and Germany, where 
depending on their internal destinations, they may add to the 
burden of users on existing wilderness areas.

POLLUTION

Unwanted byproducts of production and consumption that 
exceed the absorptive capacity of the environment are known 
as pollution. Pollution comes in many forms, including solid 
physical materials, liquid chemical compounds, and energy (e.g., 
thermal pollution). Some pollutants (e.g., certain isotopes of 
plutonium) are highly toxic even in small amounts. Many materi-
als that are beneicial in small amounts can be deleterious in 
large quantities. For example, phosphorus is a nutrient that limits 
biologic productivity in coastal and marine ecosystems. Small 
amounts of phosphorus can increase algal growth at the bottom 
of marine food chains. However, when large amounts of 
phosphorus-rich runoff from fertilizers or septic systems enter 
these environments, the entire population of algae can begin a 
period of explosive growth (“bloom”). Extensive blooms can 
produce “red tides” or “brown tides.”9 This occurs when algae 
prevent light from penetrating coastal waters and decomposition 
of dead algae consumes dissolved oxygen. Large ish kills are a 
frequent result.

The preferences of people for quick and convenient disposal 
of pollutants into available environmental sinks (e.g., soil, 
streams, groundwater, oceans, atmosphere) have sometimes 
been validated by incomplete science. For decades, in the United 
States and elsewhere, scientists advised policy makers that “the 
solution to pollution is dilution.” As a result, physical and chemi-
cal wastes have been released into environments that had inite 
capacities for absorbing them. Once the absorptive capacities 
were reached, a variety of serious problems occurred. These 
included biologically “dead” rivers (e.g., Cleveland’s Cuyahoga 
River), lakes (e.g., Lake Erie), and seas (e.g., sewage sludge 
dumping ground in the New York Bight off the coasts of New 
Jersey and Long Island). Although some of these conditions can 
be reversed, the remediation processes are slow, costly, conten-
tious, and often incomplete. A growing body of evidence sug-
gests that the aggregate effect of pollution may be jeopardizing 
functions of fundamental Earth systems. Buildup of atmospheric 
CO2 is an excellent example of this concept.

Despite a large volume of evidence, effects of pollutants on 
receiving environments are not fully known.13 This is partly 
because of lack of scientiic knowledge about the normal (unpol-
luted) functioning of some environments, such as deep oceans 
and tropical forests. The volume and variety of materials released 
into the environment and their interactions complicate the study 
of effects of any single pollutant. Sometimes the effects of pol-



2530

T
H

E
 W

IL
D

E
R

N
E

S
S

P
A

R
T

 
1

7

agriculture, animal husbandry, tourism, and commercial and resi-
dential uses. These processes are not conined to land. They  
also affect freshwater and shallow-water marine environments. 
Tourism exerts pressure on coral reefs in Belize, Kenya, and 
many other countries.

Most land conversion is driven by demands for additional 
cropland. The highest levels of land conversion are found in 
developing countries with rapidly growing populations. By com-
parison, land formerly devoted to crops is reverting to an uncul-
tivated state in much of Europe, North America, and Japan (Table 
119-6). Most of the world’s prime agricultural lands have been 
brought under cultivation, so attention has turned to other ter-
rains that are spatially and agriculturally marginal.3 These are 
often wilderness areas. For example, during the past six decades, 
many formerly unpopulated parts of Sumatra and Borneo have 
been settled by government-sponsored “transmigrants” from the 
heavily populated Indonesian island of Java.

Land conversion may fragment existing wilderness areas by 
dividing them into smaller blocks. This process is well advanced 
in the Amazon rain forest of Brazil, where new, long-distance, 
government-built roads bring settlers.50 As a result, ecologic 
“islands” are created that may not be sustainable. Forest-edge 
environments replace deep-forest ones. The islands may be too 
small to retain the previous diversity of species. Governments 
often attempt to protect such islands by designating them as 
parks or wilderness areas, but this may be insuficient to prevent 
further changes. In any case, to be effectively protected, such 
places often require intensive management of ecosystems and 
visitors, which defeats the objective of designating them as wil-
derness. Moreover, management actions may ripple through the 
ecosystems in unforeseen ways, perhaps contributing to the long-
term conversion process.

HUMAN PENETRATION OF WILDERNESS AREAS

The number of people visiting wilderness areas is on the rise. In 
the United States, approximately 70 million persons per year 
visited them in 2008. Increase in visitation rates is not conined 
to the United States. The deadly South Asian tsunami of Decem-
ber 26, 2004, was notable in part for the number of foreign 
tourists included among the estimated 300,000 dead. Citizens of 
44 different countries from outside the region became victims 
because they were vacationing in resorts located on exposed 
islands and remote coasts. Many such places were in or near 
wilderness areas. Among other issues, this “global” disaster high-
lights the increasing spread and penetration of humans into 
formerly remote places.

People have not igured prominently in conventional deini-
tions of wilderness, but wilderness areas often contain signiicant 
human populations. Many of the remaining habitats of endan-
gered tropical species survive because they are located in places 
far removed from the pressures of modern society. However, this 
does not mean that these areas are devoid of people. For 
example, the Bonobo chimpanzees of the central Congo and the 
rhinoceri and tigers of Assam are sheltered by thick forests that 
also are home to humans numbering in the hundreds of thou-
sands to millions. Sometimes, the remoteness of these places has 

juxtaposed human-dominated landscapes and ostensibly “natural” 
ones is so apparent in the United States (e.g., California’s Central 
Valley and Sierra Nevada mountains; Florida’s Everglades and 
Gold Coast). Despite the volume of public debate about wilder-
ness, the concept itself remains poorly deined, even in the 
United States.*

Most analysts recognize that wilderness refers to places that 
have one or all of three characteristics: (1) few or no permanent 
resident human populations, (2) unmanaged biogeochemical 
systems, and (3) no signiicant modiication by modern technol-
ogy. Places that meet these criteria might include deep oceans, 
high mountains, deserts, circumpolar lands, certain oceanic 
islands, coastal fringes, most areas of active vulcanicity, and some 
of the world’s great forests (e.g., taiga, tropical rain forests).†

These three criteria are best regarded as necessary but not 
suficient to identify an area as wilderness. Spatial dimensions 
must also be taken into account. An acre of wetland surrounded 
by shopping malls would not be considered wilderness, even if 
it is in biologically pristine condition. As a rule of thumb we have 
adopted, a wilderness usually encompasses at least several 
square miles.

If applied to the United States, the previous criteria would 
identify a great diversity of environments. Most would be mar-
ginal lands and waters beyond the boundaries of areas that are 
permanently settled, and perhaps without prospects for human 
occupancy or use in the long term. Some protected areas within 
the ecumene (inhabited lands) might also qualify as wilderness 
because they are administered as such. Most protected areas, 
however, such as national parks, national forests, and national 
recreational areas, would probably not meet all three major wil-
derness criteria because they are often subject to intensive man-
agement of residual plant and animal populations, as well as 
frequent human visits.28

CONVERSION OF WILDERNESS

In many parts of the world, the frontiers of wilderness areas are 
being pushed back as land is converted to managed uses. Eco-
nomic growth and population increases are the ultimate driving 
forces of this conversion at the global scale. At local and regional 
levels, a variety of conversion processes are apparent. These 
include resource extraction industries (e.g., mining, forestry), 

TABLE 119-6 Global Crop Land Changes (1700-1990) in 1000 ha

Region 1700 1750 1800 1850 1900 1950 1990

United States and Canada 3077 6606 15,009 170,444 199,413 235,327 232,771
Central and South America 15,348 15,333 16,602 18,980 31,950 79,024 149,456
Europe 67,292 73,315 79,878 87,028 106,734 143,983 139,129
Asia and Russia 135,514 179,054 239,826 324,859 424,820 603,186 698,279
Oceania 2147 3500 5788 9659 16,291 27,750 53,063
Japan 1425 1458 1492 1527 2119 4720 4596
World 265,631 321,302 401,611 537,060 813,425 1,229,985 1,477,600

From History Base of the Global Environment, HYDE. http://arch.rivm.nl/env/int/hyde/.
ha, Hectares (1000 hectares = 10,000,000 m2).

†How should formerly developed areas that have reverted to unman-
aged states be classiied? Many such areas can be found in Western 
Europe and North America (e.g., Adirondack Mountains of New York). 
Often, radical differences exist between predevelopment conditions and 
reverted conditions. For the purposes of this discussion, such areas are 
considered wilderness.

*The deinition included in the Wilderness Act (1964) is typically vague: 
“ … an area where the Earth and its community of life are untrammeled 
by man, where man himself is a visitor who does not remain.” For practi-
cal purposes “roadless areas” are often used as an indicator of wilderness 
in North America. Even in a well-researched region such as North 
America, exhaustive inventories of the species present in wilderness areas 
are generally lacking; at the global level, only the approximate distribu-
tion of wilderness areas has been mapped.
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ind imported Burmese pythons living in the wild.22 In Glacier 
National Park, pack trips within the park were curtailed because 
horses were introducing exotic species of grasses picked up from 
stable feed and passed through the digestive tract within their 
feces.

The problems of small islands and introduced species are 
legendary. Guam’s experience with the brown tree snake is a 
good example. These snakes are native to New Guinea, but 
several managed to travel to Guam on airplanes in 1962. They 
thrived in the absence of native snakes or predators. Now Guam 
has as many as 30,000 brown tree snakes per square mile, and 
they have devastated native bird species. These snakes are 
beginning to show up in the Hawaiian Islands, where conditions 
are also favorable for colonization. Although efforts to intercept 
the snakes are being increased, the potential outcome is 
discouraging.

HIGH-RISK TECHNOLOGIES

Technologic risks are increasingly familiar threats to modern 
industrial society. Such risks are usually perceived as limited to 
accidents in urban industrial zones such as Bhopal, India, where 
more than 3000 people died following accidental release of 
methylisocyanate gas in 1984. However, some technologies have 
the potential to affect very large areas at great distances from 
their point of origin, up to and including the entire global envi-
ronment. For example, the Deepwater Horizon explosion and 
subsequent oil spill in the Gulf of Mexico produced widespread 
impacts across a range of marine ecosystems, including deepwa-
ter corals.82 Increasing oil and gas exploration presents a variety 
of risks to wilderness areas.

Biotechnology exempliies some of these powerful, high-risk 
technologies. Through genetic engineering, new organisms are 
being created, primarily for agricultural purposes. Nuclear tech-
nologies also carry environmental change risks. For decades after 
World War II, a massive nuclear war between the United States 
and Soviet Union was a serious possibility. This would have 
brought catastrophic changes to the earth as a whole.62 Many 
military nuclear facilities were located in remote areas. With the 
end of the Cold War, this threat has diminished, but regional 
nuclear conlicts among lesser powers are still possible. The risks 
of accidents involving nuclear weapons remain a threat to some 
wilderness areas. Nuclear bombs have been lost at sea; improp-
erly managed nuclear wastes have exploded in the Ural Moun-
tains and elsewhere; and military nuclear wastes are buried on 
small Paciic islands, often within reach of rising sea levels. Envi-
ronmental contamination around nuclear weapon–manufacturing 
plants in the United States has been reported, and nuclear sub-
marine propulsion systems have been discarded into the Arctic 
Ocean north of Russia.

Civilian uses of nuclear technologies pose risks to wilderness 
areas. Accidents such as the explosion and ire at the Chernobyl 
nuclear power station and the meltdown at Fukushima, Japan, 
triggered by the combined effects of an earthquake and tsunami, 
had global repercussions. Deposition of highly radioactive fallout 
in Arctic areas of Scandinavia demonstrates that no wilderness is 
immune from the effects of major nuclear accidents. Proposed 
placement of a repository for high-level nuclear waste in Yucca 
Mountain in the middle of semiarid Nevada provides another 
example of the connection between high-risk technologies and 
wilderness areas.

CONSEQUENCES OF 

ENVIRONMENTAL CHANGE

Research on global environmental change continues to reveal an 
ever-greater number of connections between human and natural 
systems. Linkages among species in a given ecosystem, among 
different ecosystems, and among global biogeochemical systems 
have been described. Providing details about all vulnerable 
systems is not possible, but the range of interconnections can be 
illustrated by two examples: Canadian wilderness use and coral 
reefs.

made them havens for dissident political movements and sites of 
civil conlicts that have had devastating effects on indigenous 
plants and animals. As advocates of international programs to 
mitigate the effects of climate change have observed, anti-
deforestation programs will not be successful if they fail to gain 
the support of wilderness-resident human populations.30,66

Wilderness areas may be degraded without being converted 
to other uses. This usually occurs in one of three ways: direct 
impacts from increasing human presence, indirect effects of con-
ventional industrial technologies in adjacent areas, and global 
effects of innovative, powerful, and often high-risk technologies.

DIRECT IMPACTS

Few parts of the planet have remained unexplored by humans at 
ground level. Formerly remote areas are penetrated for a variety 
of reasons. Winter sports entrepreneurs are shifting attention to 
Europe’s ecologically fragile High Alps, because snowields at 
lower altitudes shrink under the forcing action of rising tempera-
tures.18 In Canada, James Bay has been altered by a huge hydro-
power scheme, and extraction of bitumen from the Athabasca Oil 
Sands is having profound impacts on local environments and 
ecosystems.43 Gold prospecting has intruded into the innermost 
recesses of Amazonia and Angola. Philippine coral reefs are 
subject to cyanide poisoning in pursuit of aquarium ish.17

Penetration of wilderness is facilitated by modern industrial 
technologies, especially transportation technologies. For example, 
road building encourages invasion of wilderness areas for recre-
ation, resource extraction, and other purposes. The roads them-
selves have environmental impacts ranging from vegetation 
clearance to drainage impedance, but their roles as conduits of 
change are even more signiicant. They bring new people, exotic 
materials, and different lifestyles to remote places. Similar inroads 
are made by boats and aircraft and their support facilities.

Because economic gain is an important incentive for wilder-
ness penetration, recreational and esthetic needs also increase 
visitation. Hunting and ishing have long attracted visitors to 
wilderness areas, such as the Boundary Waters Canoe Area of 
northern Minnesota. Such pursuits are reinforced by “ecotour-
ism.” Increasing numbers of people want to visit remote areas 
to appreciate pristine beauty. For many people who formerly 
might have sought out Yellowstone National Park and the Grand 
Canyon, the destinations of choice include such places as Ant-
arctica, the high Himalayas, Amazonia, and even Siberia. For 
many persons, the more remote the destination, the more attrac-
tive it is. Since most ecotourists want to visit the wilderness for 
only brief periods, they are whisked in and out by the most 
modern transportation technologies.

Visits from ecotourists can change wilderness environments. 
Seemingly insigniicant impacts that are repeated can eventually 
become major problems. In the Masai Mara Reserve of Kenya’s 
Serengeti Plains, the savanna ecosystem has been altered by 
photographic safaris. Safari camps require open campires; fuel 
wood is scavenged from fallen trees that would otherwise provide 
important ecologic niches for local plants and animals. Climbing 
expeditions on Mt Everest have reported large volumes of 
garbage left by earlier expeditions. Decomposition is slow in the 
dry mountain air. Scarring of scientiic sites in Antarctica by dis-
carded refuse and vehicle tracks is well known. The Galápagos 
Islands, the one-time archetypical wilderness of Charles Darwin, 
are succumbing to the effects of their popularity with ecotourists. 
Geographers from the United States have assisted the govern-
ment of Ecuador in carrying-capacity studies that form the basis 
for land-use regulations and other development controls to limit 
further degradation of these internationally valued sites.

INDIRECT IMPACTS

One of the most potent indirect impacts on wilderness areas 
follows introduction (inadvertent or intentional) of non-native 
species. Negative impacts have been demonstrated in the United 
States countless times, such as after the introduction of English 
sparrows, Asian gypsy moths, and Africanized “killer” bees. Ever-
glades National Park in Florida is now one of the best places to 
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ENVIRONMENTAL CHANGE AND  

MEDICAL EMERGENCIES

The causes and characteristics of many medical emergencies, and 
perhaps also the appropriate responses, are directly and indi-
rectly connected with the environment in which they occur. This 
text contains many examples of medical challenges that are 
posed by environments in general and wilderness environments 
in particular. In some cases, an environmental agent (e.g., reptile 
bite, altitude sickness, wild animal attack) causes a medical 
emergency. In others, the environment affects the treatment of 
problems that are not environmentally created (e.g., wilderness 
trauma and surgical emergencies, hunting injuries, wilderness 
medical liability). In many cases, the environment serves as both 
agent and context. Inasmuch as the process of environmental 
change is global in scope, it probably will also affect wilderness 
medicine. A number of examples follow.

Increasing human penetration of wilderness areas by hikers, 
hunters, skiers, climbers, white-water boaters, and others is 
steadily driving up the number and cost of wilderness emergen-
cies. For example, the U.S. National Park Service (NPS) spent 
$5.2 million on 2876 rescues in the United States in 2012.79 NPS 
personnel, the U.S. military, and volunteers may be exposed to 
high risk when called on to retrieve inexperienced and unde-
requipped parties. Given the rising cost of such operations, it 
has been proposed that individuals who participate in risky 
adventures should post rescue bonds before departing into the 
wilderness. California enacted a law that permits local authorities 
to charge persons who were aided up to $12,000 for each rescue 
performed by public agencies.45 Similar laws exist in Hawaii, 
Idaho, Oregon, and New Hampshire. The combination of increas-
ing populations and projected changes in environmental condi-
tions can only add to future costs and dificulties of search and 
rescue in wilderness areas.

As settlement advances into wilderness areas, new patterns of 
disease are likely to emerge. For example, African land conver-
sion from unmanaged wetlands to irrigated agriculture may 
spread the range of schistosomiasis and other waterborne dis-
eases that are associated with drainage canals. Likewise, more 
people may be exposed to virulent diseases that are characteristic 
of wilderness ecosystems. Conversion of tropical forest in Africa 
may increase exposure to malaria carried by mosquitoes, oncho-
cerciasis (river blindness) carried by Simulium lies, and trypano-
somiasis (sleeping sickness) carried by tsetse lies.4

Pollutants often migrate into wilderness areas ahead of people. 
Air pollution is particularly mobile. Higher smokestacks are a 
common means of diluting airborne pollutants, but they also 
allow these materials to disperse more widely. Trees and lakes 
in New York State’s Adirondack Mountains have been affected 
by acid rains transported from the Ohio Valley, and once clear 
vistas in the Grand Canyon have been obscured by smoke from 
a distant coal-ired power plant. The growing severity of winter 
haze in the Arctic is a problem.73 Although the Arctic is a remote 
area, increasing haze has been observed there for almost a 
century. This smog consists of many different industrial pollutants 
that originate far to the south in industrial areas, especially the 
heavy manufacturing industries of Russia. Intense cold is the most 
obvious environmental health hazard in the Arctic, but buildup 
of industrial air pollutants may also have signiicant health effects, 
both directly on the body and indirectly through uptake by food 
sources from the Arctic environment.

The effect of weather on human mortality has long been a 
focus of biometeorologic research.41 Box 119-1 lists a range of 
medical conditions that are weather related. For example, well-
established linkages exist between high summer temperatures 
and human mortality, especially among elderly people. Al-
though “global warming” need not mean that all parts of the 
earth will experience signiicantly elevated temperatures, some 
researchers are convinced that summer heat waves are likely to 
become more extreme, leading to increased mortality from this 
cause.39

The medical effects of UV radiation are known. Further 
erosion of the stratospheric ozone layer will undoubtedly increase 
the incidence of cataracts, skin cancers, and immune system 

Scientists have recently explored the likely impacts of envi-
ronmental changes on users of wilderness areas in northern 
Canada. In one case, rising temperatures and increased precipita-
tion were judged likely to pose few problems for rafters and 
canoeists on the Mackenzie River, but accompanying forest ires 
were seen as much greater threats. Farther north on Bathurst 
Island, the likelihood of increased winter snowfall, combined 
with larger summer insect populations, seemed likely to stress 
the existing large caribou herds to a point where hunting might 
have to be curtailed. Throughout the region, a shift from con-
sumptive uses (e.g., hunting) of wilderness lands to noncon-
sumptive uses (e.g., scenic tourism) is a potential outcome.8 
Elsewhere in the Arctic, there might be serious effects on resident 
and visitor populations. For example2:

Indigenous people, dependent on climate conditions that support speciic 
vegetation like forage for cattle and tundra climate commercial crops will 
need to change their lifestyle and adapt to suit the new environment. 
These changes in lifestyle would have long-term implications in all 
aspects including health. It is projected that although health conditions 
from frostbites and hypothermia would decrease with the reduction of 
cold stress in the region, heat-related diseases would become more 
common. Indirectly changes due to adjustments of dietary practices and 
weather conditions would change bacterial and viral proliferations that 
would result in speciic health effects.

Coral reefs provide a second illustration of environmental 
change effects. Such reefs are among the most prized of wil-
derness ecosystems. Major reefs such as the Great Barrier Reef 
of Australia and the reefs off Belize are national and interna-
tional treasures. Coral reefs cover only 0.17% of the ocean 
loor, an area approximately the size of Texas.68,81 However, 
the importance of such reefs far exceeds their physical extent. 
Their biologic diversity is second only to that of tropical for-
ests, and their productivity is among the highest in the world. 
They protect adjacent lands from wave action, nourish valuable 
ish populations, and generate millions of dollars in tourist 
revenues.

When subject to physical or chemical stress, coral “bleaches,” 
losing color because of biochemical changes. Such stresses may 
be caused by luctuations in sea level, temperature, or salinity 
and by pollution. Although reefs sometimes recover, bleaching 
often leads to death of the coral organisms and decomposition 
or disintegration of the reefs. In 1987, marine scientists began to 
notice high levels of coral bleaching and mortality off Puerto 
Rico. A worldwide pattern of severe coral bleaching began to 
emerge. Some scientists interpreted the problem as a harbinger 
of global warming, but it is unclear that this is the case. Nonethe-
less, coral reefs are vulnerable to temperature changes and sea 
level increases, so the threat of future damage is considerable. 
The best estimate is that sea level may rise an average of 1 m 
(3.3 feet) by 2100. Healthy reefs can grow upward by as much 
as 10 cm (4 inches) per decade, which may allow some reefs to 
adjust to rising sea level. However, if reefs are unhealthy, as the 
evidence of bleaching suggests, the rate of inundation may well 
exceed coral’s ability to keep pace.71

Among the stresses that aflict coral reefs are coral mining for 
cement, dredging for navigation, coral collection for aquariums, 
and disruption by divers and commercial ishing. Many places 
also experience signiicant biochemical effects from coastal pol-
lution and sediment or pollution runoff from land.

Loss of coral reefs is already signiicant. Estimates suggest that 
5% to 10% of the world’s living reefs have been destroyed by 
human activities. An additional 60% are thought to be at risk over 
the next 20 to 40 years.85 The consequences for society are 
potentially enormous. Physical protection of coastlines could be 
drastically reduced. Locally, rich isheries of coral islands could 
be diminished to the impoverished levels that typify deep oceans. 
Prized tourist attractions would disappear along with the reve-
nues they generate. Opportunities for recovery of medicinal 
products (e.g., kainic acid) from reef organisms could be lost. 
Finally, the genetic resources of the planet could be further 
eroded. These are just some of the consequences of environmen-
tal change for one type of wilderness area. Similar, perhaps 
larger, effects may occur elsewhere.
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by air, weather permitting. The potential for increased rainfall, 
storminess, and sea level rise could radically alter this wilderness. 
For example, increased rainfall on Kauai’s massive central peak, 
Mt Waialeale (“the wettest place on Earth”), would make for dif-
icult hiking on steep Na Pali access trails that are already subject 
to erosion and landslides. The few available campsites near 
beaches may be eliminated by rising sea level. Sea caves that 
can be entered only by small, inlatable powerboats during calm 
conditions may become inaccessible. Flash loods in Na Pali 
streams may erode archeological sites, and increased moisture in 
the air would add to the mistiness that is now only an occasional 
feature of the area. Offshore waters host migrating whales that 
can be seen from the coast, but increased soil erosion might add 
to sediment loads and discourage the presence of these majestic 
mammals.

As the Na Pali coast becomes increasingly hazardous to visi-
tors on foot, larger numbers may try to enter by helicopter, with 
more high technology–dependent visitors and fewer low 
technology–dependent ones. Health and safety emergencies may 
increase, or the mix of emergencies may change. The skies over 
Na Pali are already crowded with noisy aircraft. Crashes and 
deaths would likely increase. Leptospirosis from Na Pali streams 
may become more frequent. The bacteria were introduced from 
Southeast Asia in imported rats and pigs. In 1989, the Hawaiian 
Islands reported 66 cases of leptospirosis, with two resulting 
deaths.54 Despite the potential for problems, no one can yet say 
with certainty which, if any, of these changes will occur. Still, 
we see strong indications that the Na Pali coast will not remain 
in its present state.

A second case that illustrates the complex interplay of envi-
ronmental linkages and the potential for problems is provided 
by the highlands of Papua New Guinea.1 Since the sweet potato 
was introduced to this area in the 1500s, it has become a staple 
crop for residents of remote mountain valleys. Sweet potatoes 
are susceptible to frost damage and tend to deplete mountain 
soils. In response to these constraints, villagers have developed 
specialized social and agricultural adjustments, including the 
practice of “mounding” and a complex system of resource 
exchanges between residents of higher elevations and lower 
elevations. Global warming might reduce the frost hazard, but 
increased precipitation or increased UV radiation could also 
threaten crop survival. At present, we have no way of conirming 
the extent and severity of possible changes. Clearly, however, a 
delicately balanced system of human ecology such as this would 
not remain unaffected by climate changes of the type anticipated 
in the next decades.

WHAT MIGHT BE DONE ABOUT 

LIMITING ENVIRONMENTAL CHANGE?

We have suggested that change is a dominant, perhaps “normal,” 
feature of the world’s landscapes and environments. What is dif-
ferent about the present era of environmental change is the 
extent to which it is directly attributable to human decisions and 
actions. It seems unlikely that people will do nothing if the 
anticipated changes are perceived as threatening, especially if 
they are also perceived as caused by humans. However, it is 
unlikely that responses to environmental change will be moti-
vated solely by concern about environmental hazards, including 
medical emergencies in wilderness areas. Recognition is growing 
worldwide that improved environmental quality is an appropriate 
goal for all countries, not just developed ones. Therefore, public 
policies toward the environment will seek both to mitigate risks 
such as those connected with environmental emergencies and to 
secure rewards by safeguarding and enhancing valued resources, 
such as wilderness areas.

CHANGES IN ENVIRONMENTAL SCIENCE AND 

POLICY MAKING

This chapter initially appeared in the third edition of Wil-
derness Medicine (1995). It was written after the 1992 United 
Nations Conference on Environment and Development (UNCED) 

diseases. Reduction of biodiversity threatens to reduce availability 
of natural materials that have medicinal value. Ethnobotanists are 
currently working with traditional shamans in Amazonia to 
catalog medicinal properties of plants in tropical forests. Marine 
species are also an important source of new medicines. Their 
decline will impair new drug discovery.

The “ozone hole” is a dramatic example of the expanding 
capacity of humans to modify the biosphere. Usually the process 
is inadvertent, and wilderness areas are not singled out for atten-
tion. Sometimes, however, the very remoteness and isolation of 
wilderness areas encourage dramatic environmental changes. 
Such was the case in northwest Alaska in 1962 when the U.S. 
government buried 15,000 pounds of radioactive soil at Point 
Hope.55 The project was conducted by the U.S. Geological Survey 
acting in conjunction with the Atomic Energy Commission. The 
intent was to study effects of Arctic environments on radioactive 
isotopes. However, the burial was illegal; no public hearings 
were held, no markers were erected, and high-level wastes 
instead of low-level wastes were included. When the land was 
returned to the Inupiat (Eskimos) in 1971, they were not informed 
about the buried soils. They now attribute current elevated 
cancer rates to living and hunting for many years in a contami-
nated area. Government oficials reject this view. The Point Hope 
case is not an isolated example. There is signiicant evidence that 
metropolitan governments have often tended to regard wilder-
ness peripheries and their populations as dispensable when 
issues of national security and the welfare of metropolitan resi-
dents are at stake.16

COMPLEXITY AND UNCERTAINTY

Although we have ample reason to be concerned about environ-
mental changes that lie ahead for wilderness areas, the subject 
is hedged with complexity and uncertainty. The potential for 
change exists, but it is dificult to be certain how fast and how 
far such changes will proceed. The following two cases illustrate 
some of the dimensions of complexity and uncertainty.

The north (Na Pali) coast of the Hawaiian island of Kauai is 
representative of wilderness areas that are particularly vulnerable 
to climate change. It is one of the most remote and beautiful 
places in Hawaii, accessible only on foot, from the ocean, or  

Modiied from Kalkstein LS, Davis RE: Weather and human mortality: An 
evaluation of demographic and interregional responses in the United States, 
Ann Assoc Am Geogr 79:44, 1989.

BOX 119-1 Causes of Death Considered to Be 
Weather Related

Active rheumatic fever
Adverse effects of medicinal agents
Cerebrovascular disease
Complications of medical care
Complications of pregnancy and childbirth
Contusion and crushing of intact skin surface
Diseases of the arteries, arterioles, and capillaries
Diseases of the blood and blood-forming organs
Diseases of the digestive system
Disease of the musculoskeletal system and connective tissue
Diseases of the nervous system and sense organs
Diseases of the skin and subcutaneous tissue
Diseases of the veins and lymphatics
Effects of foreign body entering through oriice
Endocrine, nutritional, and metabolic diseases
Fractures of the skull, spine, trunk, and limbs
Hypertensive disease
Inluenza
Injury to nerves and spinal cord
Intracranial injury
Ischemic heart disease
Neoplasms: benign and malignant
Supericial injury
Toxic effects of substances of chiely nonmedical sources
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Although national and international government initiatives 

may have grabbed the headlines, adoption of international norms 
for private business practices has grown apace during the past 
20 years. During the past two decades, the International Stan-
dards Organization has issued more than 230,000 compliance 
certiicates to irms that met tighter environmental performance 
speciications.78 Most of these focus on broad classes of environ-
mental impact; they have positive indirect effects on wilderness 
areas and natural systems that sustain them.

Nongovernmental organizations (NGOs) have played key 
roles in fostering increased awareness of deleterious environmen-
tal changes and the growing human contribution to them. The 
IPCC’s leadership of international efforts to apply scientiic 
knowledge to the redress of unwanted climate changes is only 
the tip of a much larger iceberg founded on enhanced involve-
ment of laypersons and local communities in decision making 
about environmental governance. This is made possible by 
modern electronic information and communication technologies 
(e.g., handheld computers, smartphones, Internet, social media, 
cloud sourcing, participatory mapping using geographic informa-
tion science). These have ushered in a new era of volunteered 
geographic information that provides opportunities for increased 
use of lay knowledge in expert decision making and co-production 
of wilderness management systems previously a domain of 
experts.26 Widespread availability of Global Positioning System 
(GPS) devices has reduced some of the uncertainties of wilder-
ness navigation and, especially when coupled with satellite 
phones and other communications devices, affected the sense of 
remoteness formerly a signal characteristic of human experiences 
in the wilderness.

New environmental interest groups are joining the fray, 
including several connected with medicine, health, and human 
well-being. For example, the American Medical Association 
formed an Environmental Health Task Force charged with study-
ing harmful environmental issues such as waste disposal and 
ozone depletion. In addition, the National Association of Physi-
cians for the Environment was established in April 1992 to 
educate physicians about environmental hazards to human health 
and to develop recommendations for policy makers. In 2009, the 
World Health Professionals Alliance, a body that brings together 
representatives of national nursing, dentistry, pharmacy, and 
medicine associations across the globe, issued a statement on 
combating the effects of climate change that contained recom-
mendations for changes in professional and public policies.86

Traditional conceptions of wilderness have emphasized the 
value of nature in a pristine condition—a condition that must be 
protected and preserved against human modiications. As argued 
here, such a view does not square with the vast bulk of scientiic 
knowledge that recognizes the pervasiveness of past human 
impacts on natural systems and looks toward future environ-
ments that are even more completely human dominated. Such 
recognition implies that science and society might both consider 
restoration of degraded environments as well as preservation of 
minimally disturbed ones. Restoration ecology has become a new 
growth area in the environmental sciences and a new tool for 
environmental managers.38 The implications for wilderness areas 
of such a shift are considerable. On the one hand, a restored 
watershed is not the same as one that has never been allowed 
to deteriorate, and a hand-reared endangered species is not the 
same as one that survives without direct human help. On the 
other hand, it is possible that environments might be restored to 
states that are functionally equivalent to wilderness. This raises 
fascinating but as yet unanswered questions. Would the avail-
ability of human-constructed alternatives to natural areas mean 
a slackening in political pressures to preserve “authentic” wilder-
ness? Would “synthetic wildernesses” contain suites of medical 
risks similar to other types of wilderness? Current debates about 
the wisdom of changing existing wilderness protection statutes 
to accommodate climate change adaptation measures, which 
might involve more active human intervention in those places, 
are representative of the issues in play.

Looking across the range of environmental change issues and 
responses, new institutions and philosophies of human-nature 
relations are emerging and being linked to a broad range of 

prompted creation of several landmark institutional instruments 
intended to guide governments and peoples toward economi-
cally and environmentally sustainable futures. Since then, the 
pace of international cooperation in support of these goals has 
greatly accelerated. By 2012, with the exception of a half-dozen 
developing countries and (notably) the United States, all of the 
world’s nations had signed at least 10 of the 14 most prominent 
international governance agreements aimed at managing threats 
to environmental sustainability.*78 Wilderness does not feature 
speciically in any of these agreements as a legal designation, 
but the roles of wild fauna and wild lora as indicators and 
maintainers of healthy environments loom large in several.

The picture is somewhat different at the level of national 
governments. Many countries have set aside wilderness areas and 
possess wilderness management systems, but these have typically 
evolved in piecemeal fashion and exhibit complex governance 
arrangements that imperfectly straddle jurisdictions of different 
agencies and organizations with differing agendas. Institutional 
complexity is the norm even in such places as New Zealand and 
Iceland, where wilderness has high cultural signiicance and 
enormous economic salience.59,87 In the United States, the federal 
government has an explicit commitment to maintenance and 
protection of wilderness areas that is expressed in different poli-
cies among four major federal agencies, almost 200 separate 
wilderness-related laws, and thousands of guidance documents 
that govern wilderness management arrangements in different 
locations.83

The U.S. National Wilderness Preservation System (NWPS) 
includes 796 areas totaling 110 million acres in 44 states and 
Puerto Rico;84 the separate Wild and Scenic Rivers System includes 
12,598 miles of 203 rivers in 38 states and Puerto Rico.52 The 
purpose of these designations is to protect relevant areas against 
signiicant modiication by humans.† Most of the designated wil-
derness acreage is in Alaska (60%), and the bulk of the remainder 
in the 11 westernmost coterminous states (see Chapter 118). 
Typically, a wilderness area is embedded within and surrounded 
by other types of public land, such as national forests, national 
parks, or ish and wildlife reserves. Many types of human uses 
and activities permitted in the surrounding lands have spillover 
effects on the wilderness areas. Wilderness management is 
usually in the hands of the same agencies that administer the 
surrounding public lands and has frequently been a neglected 
stepchild of those agencies. Moreover, recent research has dis-
closed that the boundaries of wilderness areas are often poorly 
suited to permit survival of many species they contain. Especially 
in the case of migratory animals or those with large territorial 
ranges, what happens to them outside the wilderness is just as 
important as what happens within. Therefore, it makes little sense 
to restrict efforts for limiting environmental change solely to 
wilderness areas. Such efforts usually need to be applied to the 
private lands and waters that interdigitate with federally managed 
wilderness and nonwilderness areas.

Holistic management principles and tools that can be applied 
across governmental boundaries between and within countries 
are increasingly in demand. Some of these are available, but more 
are needed. For example, Environmental Impact Statements are 
decision support tools intended to provide holistic integrative 
assessments of proposed development actions with potentially 
undesirable effects on human environments, including wilder-
ness areas.7 Newer forms of holistic planning and management 
instruments (e.g., Health Impact Assessments) might take into 
account contributions of wilderness areas to human well-being 
that have previously been overlooked or undervalued.58

†http://www.fs.fed.us/recreation/programs/cda/wilderness.shtml.

*Basel Convention, Cartagena Convention, Convention on Biological 
Diversity, Convention on International Trade in Endangered Species of 
Wild Fauna and Flora, Convention on Migratory Species, World Heritage 
Convention, Kyoto Protocol, Secretariat for the Vienna Convention and 
for the Montreal Protocol, Ramsar Convention, Rotterdam Convention, 
Stockholm Convention, Convention to Combat Desertiication, Conven-
tion on the Law of the Sea, Framework Convention on Climate Change.



REFERENCES

Complete references used in this text are available 
online at expertconsult.inkling.com.

public concerns. Issues of environmental change are seen as 
intertwined with issues of economics and security. The principle 
of diversity in natural systems, which imparts resilience in the 
face of stress, is being replicated in social systems. This is a 
hopeful sign at a time when environmental changes are unprec-
edented in rate and magnitude.
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Biodiversity is deined as the variety of all life-forms that inhabit 
Earth. From the earliest prokaryotic microorganisms that resided 
on this planet approximately 3.5 billion years ago to the mega-
fauna that presently roam the vast plains of the Serengeti (Figure 
120-1), this diversity of life is a result of competitive and coop-
erative relationships among species that have resulted in a deli-
cate balance of natural processes that are essential to maintenance 
of human health. More than a century ago, the famous naturalist 
and preservationist John Muir stated, “Whenever we try to pick 
out anything by itself, we ind it hitched to everything else in 
the universe.” He was referring to inherent interrelationships that 
exist among the physical and biologic components of our envi-
ronment. These relationships result in diverse ecosystems that 
serve to ilter air, purify water, protect us from hazards, and 
provide essential food resources. What has become alarmingly 
evident is that the present rate of ecosystem destruction, species 
extinction, and loss of genetic variety on planet Earth is associ-
ated with a concurrent increase in prevalence of invasive species, 
severity of damage associated with natural disasters, and spread 
of infectious disease. Biodiversity is in a state of crisis, and the 
balance of nature that is critical to our sustainable existence is 
at risk.

Loss of species diversity is occurring at a rate that is 1000 to 
10,000 times greater than the natural background rate.36 This has 
an insidious effect on planetary and individual well-being. The 
effects are seen in the compromise of coastal estuaries that serve 
as natural waste ilters and barriers to storm surges. The conse-
quences are evident in bleached coral reefs that provide habitats 
for ish species and in clearing of tropical rain forests that serve 
as carbon sinks and provide oxygen for the environment.

In 1992 at the United Nations Earth Summit in Rio de Janeiro, 
150 government leaders agreed to sustainable conservation of 
biologic diversity for preservation of planetary health. This agree-
ment, adopted as the “Convention on Biodiversity,” deined 
biologic diversity as “the variability among living organisms from 
all sources including, inter alia, terrestrial, marine and other 
aquatic ecosystems and the ecological complexes of which they 
are part; this includes diversity within species, between species 
and of ecosystems.”7 The United Nations Educational, Scientiic, 
and Cultural Organization, in recognizing that biodiversity is the 
“basis for human existence,” declared 2010 to be the International 
Year of Biodiversity in an attempt to increase awareness of the 
importance of biodiversity to human well-being.

UNDERSTANDING THE ETIOLOGY OF 

THE BIODIVERSITY CRISIS

What is man without the beasts? If the beasts were gone, 
men would die from great loneliness of spirit, for what-
ever happens to the beasts also happens to man. All things 

are connected. Whatever befalls the earth befalls the chil-
dren of the earth.
—Chief Seattle of the Suquamish, 1854

Chief Seattle’s words are emblematic of the historic sentiments 
of people who were directly involved with the land for suste-
nance and shelter. Early civilizations revolved around small com-
munal hunter-gatherer societies. These societies had integral 
dependence on interaction with nature. They were in constant 
contact with natural resources and depended on basic respect 
for the rhythms of nature to maintain societal sustainability. 
Native American Indians of the Eastern Cherokee Nation devel-
oped these ideals into a harmony ethic of noncompetitive and 
reciprocal symbiotic relations with nature and their fellow man11 
(see Chapter 112).

Successful hunter-gatherer societies gradually increased in 
population. Additional demand for food resources coincided with 
discovery of plant cultivation technology, leading to agrarian 
civilizations and additional needs pertaining to land ownership 
and permanent settlements. Agrarian culture and resultant success 
of permanent settlements eventually led to development of cities, 
states, and empires. The industrial revolution took hold as a result 
of advances in scientiic discovery and need for greater produc-
tivity to meet the demands of a burgeoning populace. Civiliza-
tion’s advances gradually moved individuals further and further 
away from the necessity of physical contact with the natural 
world. Intermediaries with nature, such as farmers, ishers, and 
merchants, satisied the sustenance needs of city dwellers. It is 
not coincidental that environmental degradation and biodiversity 
loss secondary to the byproducts of industrialization occurred 
without apparent knowledge in a society so seemingly indepen-
dent of nature. It became easy to ignore an unknown and intan-
gible threat, namely, biodiversity loss. Robert Ornstein and Paul 
Ehrlich23 hypothesize that humans are affected by a lack of 
natural selection for response to slowly developing threats such 
as biodiversity loss. They explain this factor as follows23:

Hundreds of thousands or millions of years ago, our ancestors’ survival 
depended in large part on the ability to respond quickly to threats that 
were immediate, personal, palpable: threats like the sudden crack of a 
branch as it is about to give way or the roar of a lash lood racing down 
a narrow valley. Threats like the darkening of the entrance of a cavern 
as a giant cave bear enters. Threats like lightning, threats like a thrown 
spear. Those are not threats generated by complex technological devices 
accumulated over decades by unknown people half a world away. Those 
are not threats like the slow atmospheric buildup of carbon dioxide from 
auto exhausts, power plants and deforestation; not threats like the 
gradual depletion of the ozone layer. Thus, the human mind evolved to 
register short-term changes from moment to moment, day to day, and 
season to season, and to overlook the backdrop against which those take 
place.

CHAPTER 120 

Biodiversity and Human Health

RICHARD S. SALKOWE
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correlated with El Niño–induced climate change in the toad’s 
former home range of Costa Rica. Loss of this particular species 
is indicative of the threat that amphibians face worldwide. A 
recent study revealed that 32% of the 6000 species of amphibians 
under analysis were threatened and 43% were in decline.25 The 
potential medicinal value of chemical compounds that have been 
extracted from amphibians is evident in the 200 psychoactive 
alkaloids that have been extracted from the skin of frogs and 
toads.1 Some of these compounds have been used in medical 
research pertaining to nerve and muscle disorders. The alkaloid 
known as epibatidine, which is synthesized from skin of the 
phantasmal poison frog, is being tested as a nonaddictive and 
nonsedating analgesic that exhibits 200 times the potency of 
morphine.1 Bufogenin and bufotoxin, substances that have been 
extracted from parotid glands of toads from the same Bufo genus 
as the extinct Monteverde golden toad, exhibit adrenal and car-
diovascular effects in humans.1

Further investigation of the adverse sequelae of biodiversity 
loss, as evidenced by ecosystem degradation, species decline, 
and loss of genetic diversity, provides additional validation of the 
corollary threat to human health.

THREATENED ECOSYSTEMS

Ecosystems represent abiotic and biotic components of an envi-
ronment. Variation in ecosystems, from arid deserts of the South 
American Atacama to Siberian subarctic taiga forests, is deter-
mined by climatic and geologic characteristics of the respective 
regions. Mineral components of soil and nitrogen-ixing capaci-
ties of soil microbes; salinity, turbidity, and other hydrologic 
aspects of the respective environment; and the variety of lora 
and fauna that inhabit a region create a syncretic balance that is 
sustainable in a healthy ecosystem. Speciation within these 
respective biomes and ecosystems has developed over millions 
of years, as chronicled by successes and failures of living organ-
isms that did (or did not) establish sustainable niches in a vast 
array of seemingly hospitable and inhospitable locales.

Ecosystems provide a multitude of features that are essential 
to human well-being. Food resources, fresh water, sediment 
retention, nutrient cycling, disease regulation, erosion control, air 
quality, and climate change depend on healthy ecosystems.18 
Human activities, ranging from land-use patterns associated with 
increased urbanization to clear-cutting of rain forest for agricul-
tural purpose, have degraded the quality of ecosystems world-
wide. The British ecologist, Norman Myers, developed the 
concept of “biodiversity hotspots” to identify areas of the planet 
with a high number of endemic species under extreme threats 

The insidious processes of planetary degradation have reached 
a crisis phase. The miracle of the combustion engine and inven-
tion of plastics have become the potential bane of our existence, 
as shown by the consequences of injudicious burning of fossil 
fuels and discovery of toxic byproducts, such as dioxin and 
bisphenol A. Loss of biodiversity represents a unique challenge 
that demands an agenda for action. It is dificult enough to 
effectively communicate the risks associated with known tech-
nologic hazards, such as lead, mercury, and greenhouse gases. 
Convincing the public of the adverse consequences of the extinc-
tion of the dusky seaside sparrow (Figure 120-2) or the Mont-
verde golden toad (Figure 120-3) represents an even greater 
challenge. Loss of these lagship species is a story that must be 
told, because the sparrow’s demise is a tale of the health-related 
dangers of dichlorodiphenyltrichloroethane (DDT) and misman-
agement of marshland in the United States. In this regard, extinc-
tion of a seemingly inconsequential avian species serves as an 
indicator of the ecologic dangers associated with pesticide expo-
sure and loss of the water iltration and hazard protection services 
that marshlands provide to protect human health in coastal areas.

The Monteverde golden toad succumbed to a multitude of 
pressures associated with invasive species introduced by tourists 
and aquatic chytrid fungal infections that are theorized to be 

FIGURE 120-1 Zebra in the Serengeti during wildebeest migration. 
(Courtesy David Dennis, cc-by-sa-2.0.)

FIGURE 120-2 Dusky seaside sparrow. (Courtesy U.S. Fish and Wildlife 
Service. Public domain.)

FIGURE 120-3 Monteverde golden toad. (Courtesy U.S. Fish and 
Wildlife Service. Public domain.)
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Mangrove estuaries and wetland sloughs represent another 
class of threatened ecosystems. Land development, agriculture, 
and aquaculture pursuits have led to loss of at least 35% of this 
ecosystem worldwide.32 Considered to be one of the planet’s 
most productive ecosystems, wetlands are referred to as “nature’s 
kidneys,” because they ilter sediments and pollutants and regu-
late water low. Mangroves act as a natural buffer to prevent 
coastal erosion and provide essential habitat for crustaceans, 
ish, and several other species. Runoff from excessive amounts 
of nitrogen- and phosphorus-based fertilizers used in monocul-
ture farming leads to eutrophication of coastal forests and 
increased mortality of mangrove species as a result of root 
damage (Figure 120-6).

Coral reefs support more than 4000 species of ish and are 
home to approximately 25% of all marine species. In addition, 
reefs provide important breakwater protection for coastal areas 
during tropical storms. Scientists estimate more than 50% of the 
world’s coral reefs face potential destruction by the year 2030. 

FIGURE 120-4 “Biodiversity hotspot” map. (With permission from Conservation International.)

Conservation International, February 2005
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FIGURE 120-5 Tropical rain forest destruction in Mexico. (Courtesy 
Azari Nicks. Public domain.)

FIGURE 120-6 Everglades National Park mangrove tidal estuary. 
(Courtesy Moni2. Public domain.)

to their ecosystems, as evidenced by loss of at least 70% of the 
natural vegetation.6 Conservation International6 states that “over 
50 percent of the world’s plant species and 42 percent of all 
terrestrial vertebrate species are endemic to the 34 biodiversity 
hotspots” (Figure 120-4).

Tropical rain forests exemplify the human health risks associ-
ated with ecosystem compromise. These biomes provide habitats 
for more than one-half of all plant and animal species in the 
world. Prior studies have counted 100 to 300 species in a 
1-hectare area in South America. Approximately 25% of all phar-
maceutical agents are estimated to contain compounds that are 
found in tropical rain forest plants.2 The United Nations estimates 
that 13 million hectares of tropical forest are destroyed each year 
for logging and agricultural land clearing.10 In South America, 
Mexico, and Guyana, rain forests have been cleared for cattle 
grazing, soybean farming, logging, and gold mining (Figure  
120-5). Less than 1% of all tropical rain forest species have been 
evaluated for pharmacologic beneit. Degradation of this essential 
ecosystem has human health consequences that range from loss 
of potential lifesaving medicines to alterations in climate associ-
ated with carbon sequestration by forest trees and burning of 
forest land.
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LOSS OF GENETIC DIVERSITY

Some analysts believe that the greatest threat to human welfare 
comes from losses of genetic diversity within species.35 Farmers 
and pastoralists have used selective planting and breeding tech-
niques for centuries to increase crop yield and product output. 
With the advent of techniques to genetically engineer crops for 
resistance to variations in climate and susceptibility to disease 
and pests, biodiversity of the gene pool has drastically altered. 
In 1970, the United States lost 15% of its Midwest corn crop as 
a result of a fungus that the genetically modiied crop was unable 
to resist. By 2007, an estimated 73% of the U.S. corn crop was 
genetically modiied or engineered. Uniformity of plant crops has 
led to pesticide-tolerant species. There is continuous need for 
further engineering of crops to resist pests and climatic inlu-
ences, which were previously tolerable because of the capacity 
for a diverse gene pool to provide protection from adverse inlu-
ences through the processes of natural selection. Although 
humans have dramatically increased crop yields, this has occurred 
at the risk of increased susceptibility to unanticipated pathogens 

Global warming is a major threat to this important ecosystem; a 
sea temperature rise of 1° to 2° C (1.8° to 3.6° F) has been associ-
ated with physiologic stress and immune compromise to corals, 
which leave them with subsequent increased susceptibility to 
bacterial and fungal pathogens3 (Figure 120-7).

SPECIES DECLINE

Species decline is another form of biodiversity loss. Variety of 
species in an ecosystem is critical to sustainability of the respec-
tive habitat. Excluding bacteria and viruses, approximately 1.5 
million species have been taxonomically identiied, and approxi-
mately 10 million species are believed to exist on Earth.5 The 
2008 Living Planet Report indicates that, between 1970 and 2005, 
the earth’s wildlife populations declined by a third.37 The Inter-
national Union for Conservation of Nature has estimated that in 
2010, 22% of all vertebrates, 34% of all invertebrates, 70% of all 
plants, and 50% of all fungi and protists were listed as critically 
endangered, endangered, or vulnerable species. Species that are 
considered threatened worldwide include 30% of all amphibians, 
21% of mammals, and 86% of mosses.16 Species are disappearing 
at the alarming rate of 1000 to 10,000 times the natural back-
ground rate of 1 to 10 species per year. E. O. Wilson, “the father 
of biodiversity,” estimates the current extinction rate is 137 
species per day in tropical rain forests alone36 (Figure 120-8).

Invertebrate species, which represent approximately 76% of 
all life-forms, are experiencing a signiicant rate of extinction. 
Dam construction, water pollution, and deforestation have chal-
lenged the capacity of several invertebrate species to retain a 
foothold in ecosystems worldwide. A keystone species in the 
Antarctic ecosystem, the Antarctic krill, is indicative of the threats 
that face invertebrate species (Figure 120-9). Krill are an impor-
tant food source for whales, seals, squid, penguins, and ish. In 
addition, these small crustaceans act as an essential component 
of the ocean’s capacity to sequester carbon. Recession of the 
Antarctic ice pack and acidiication of ocean waters associated 
with carbon dioxide emissions and global warming are chal-
lenges to vitality of the Antarctic krill.

FIGURE 120-7 Florida Keys critically endangered elkhorn coral. (Courtesy the National Oceanic and Atmo-
spheric Administration. Public domain.)

A B

FIGURE 120-8 Extinction rate per millennium. 
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FIGURE 120-9 Antarctic krill. (Courtesy Uwe Kils, Creative Commons, Share Alike 3.0.)



2539

C
H

A
P

T
E

R
 
1

2
0

 
B

IO
D

IV
E

R
S
IT

Y
 A

N
D

 H
U

M
A

N
 H

E
A

L
T

H

able plants. Extracts from bromeliads of the Tillandsia genus 
exhibit analgesic and antiviral properties (Figure 120-11). The 
danger of invasive species predation is exempliied by the risk 
of extinction of potentially beneicial bromeliad species. Exotic 
species, such as Burmese and African Rock pythons, invaded the 
Florida Everglades after pet owners released their animals into 
the wild. It is estimated that the Everglades are infested with a 
population of more than 10,000 of these snakes. Pythons compete 
with native species for food and habitat resources and represent 
a threat to several endangered species in the region (Figure  
120-12). Approximately 50,000 species of introduced plants, 
animals, and microbes cause more than $120 billion in annual 
damages and control costs in the United States.

PUBLIC HEALTH CONCERNS

“More than any other biodiversity-related issue, effects on human 
health may make saving biodiversity an important societal goal.”35 

FIGURE 120-10 Zebra mussels. (Courtesy GerardM, Creative Com-
mons, Share Alike 3.0.)

FIGURE 120-11 Florida bromeliad. (Courtesy Richard Salkowe.)

FIGURE 120-12 Burmese python and American alligator. (Courtesy 
Lori Oberhofer, National Park Service.)

and environmental extremes as a result of loss of indigenous 
strains that were well adapted to local ecosystems.35

Fragmentation of habitats caused by urbanization and defor-
estation has prevented species from interbreeding because of the 
loss of historic migration corridors, leading to genetic bottle-
necks. Species ranging from the grizzly bear in the Central Cana-
dian Rockies to the Florida panther in the Everglades face dangers 
associated with increased susceptibility to disease and genetic 
mutation caused by inbreeding of small populations. Loss of 
vitality in these species affects predator-prey relationships and 
ultimately contributes to spread of human pathogens (e.g., Bor-
relia burgdorferi, the causative agent of Lyme disease).

Genetic uniformity among honeybees has resulted in prob-
lems with reproduction and disease. A condition known as 
colony collapse disorder has led to an alarming die-off among 
honeybee colonies. This is a signiicant concern to beekeepers, 
who have witnessed decline of 30% to 90% of their hives in some 
parts of the United States. The disorder has been associated with 
lack of genetic diversity in managed beehives. The potential 
effect on apple, peach, soybean, and other honeybee-dependent 
crops could be devastating if these keystone pollinators continue 
to decline in number.

INVASIVE SPECIES

Introduction of species that are not indigenous to a particular 
ecosystem has become a global threat to biodiversity. This has 
posed a historic challenge to human health. The spread of 
disease to susceptible native populations led, in part, to the 
downfall of Mesoamerican civilizations as far back as the 16th 
century. Some alien species were intentionally introduced with 
intent to improve the local environment without awareness of 
possible negative repercussions. Africanized bees were imported 
to improve honeybee productivity in tropical regions of South 
America. Nile perch were introduced in an attempt to control 
aquatic weeds, and Brazilian pepper was planted as an attractive 
ornamental. In each case, lack of species competition in the 
introduced community allowed the invasive species to over-
whelm the native species, with deleterious consequences for the 
entire ecosystem.

Zebra and quagga mussels are native to the Black and Caspian 
seas and are believed to have been inadvertently introduced to 
the Great Lakes region of the United States by emptying of ballast 
water from transatlantic commercial ships. Proliic female zebra 
and quagga mussels can produce up to 1 million eggs per year. 
These mollusks are clogging intake pipes that supply municipal 
water in Great Lakes cities. Both native mussel populations and 
freshwater ecosystems are threatened by these invasive species 
(Figure 120-10). In Florida, 10 of the 16 native bromeliad plant 
species are listed as threatened or endangered. The Mexican 
bromeliad weevil, inadvertently introduced by means of infested 
imported plants, represents a serious challenge to these vulner-



2540

T
H

E
 W

IL
D

E
R

N
E

S
S

P
A

R
T

 
1

7

Health Organization (WHO) estimates that plant medicines 
account for more than $60 billion in worldwide sales. Revenue 
from chemotherapeutic drugs derived from the plant species 
Taxus baccata was $2.3 billion in 2000.35 Many prescription 
medications are derived from plant products. The foxglove plant 
Digitalis purpurea is the source of digitalis. Deadly nightshade 
Atropa belladonna is the original plant source for atropine 
(Figure 120-14). Taxol is derived from bark of the threatened 
Paciic yew tree Taxus brevifolia. The Madagascar rosy peri-
winkle Catharanthus roseus is the source of vincristine and 
vinblastine35 (Figure 120-15).

LOSS OF MODELS FOR MEDICAL RESEARCH

Species decline is associated with loss of biologic models that 
may help to understand human physiology and disease. Ancrod, 
a deibrinogenating agent derived from venom of the Malaysian 
pit viper, is being investigated as a treatment for acute ischemic 
stroke. Understanding the renin-angiotensin system evolved  

FIGURE 120-13 Mississippi Dead Zone. (Courtesy National Aeronau-
tics and Space Administration. Public domain.)

FIGURE 120-14 Foxglove lowers. (Courtesy Jenslorian, Creative 
Commons Share Alike 3.0; and BerndH, Creative Commons Share 
Alike 2.5.)

FIGURE 120-15 Madagascar rosy periwinkle. (Courtesy titanium22, 
cc-by-sa-2.0.)

The Wilderness Medical Society has deined ive areas that relate 
biodiversity loss to public health concerns:

1. Altered epidemiology of diseases
2. Loss of biologic raw materials
3. Loss of models for medical research
4. Threatened food production
5. Threatened water resources

ALTERED EPIDEMIOLOGY OF DISEASES

Degraded ecosystems lose capacity to resist the challenges of 
disease and pestilence. The roles of invasive species, climate 
change, genetic uniformity, and altered predator-prey relation-
ships have been previously highlighted with respect to relation-
ships between biodiversity loss and disease epidemiology. Lyme 
disease exempliies the ability for pathogens to spread in envi-
ronments where an altered habitat disrupts normal relationships 
between predators and prey. Spread of B. burgdorferi has been 
enhanced by increased prevalence of the disease-carrying tick 
vector Ixodes scapularis. Altered habitats associated with urban 
sprawl and altered predator-prey relationships have allowed a 
burgeoning population of competent disease reservoirs in white-
footed mice and deer that the female ticks use for blood meals 
before egg laying.

Nutrient runoff from fertilization and animal waste has become 
a signiicant concern with respect to biodiversity loss caused by 
eutrophication of nutrient-laden waters, with subsequent forma-
tion of harmful algal blooms (Figure 120-13). The Mississippi 
Dead Zone is an area where algal blooms have formed as a result 
of nitrogen and phosphorus runoff from fertilized cornields in 
the U.S. Midwest. Decaying algal blooms lead to proliferation of 
oxygen-dependent bacteria. Resultant hypoxic waters, with 90% 
depletion in oxygen level, threaten vitality of the shrimp industry 
in the Gulf of Mexico. In addition, areas of high algal growth 
and warm water serve as ideal reservoirs for pathogens such as 
Vibrio cholerae. For areas in which hypoxic conditions are insuf-
icient to affect productivity of copepod species, algal blooms 
are associated with a greater number of cholera-carrying cope-
pods. Naturally occurring hydrocarbon-consuming bacteria have 
been active in clearing the remaining oil in the Gulf of Mexico 
after the 2010 Deepwater Horizon spill. These oil-related bacterial 
blooms are associated with 35% depletion in oxygen levels. The 
adverse effect on oxygen-dependent ocean species in the region 
remains under investigation.

LOSS OF BIOLOGIC RAW MATERIALS

Natural environments provide a vast pharmacologic potential: 
57% of the 150 top prescription drugs sold in the United States 
in 1993 are in some way linked to natural products.35 The World 
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Use of chemical dispersants as part of the containment 

response to the 2010 Deepwater Horizon oil spill disaster in the 
Gulf of Mexico has potential long-term deleterious effects on the 
region’s ocean, coastal, and estuarine ecosystems. The Gulf of 
Mexico produces 25% to 30% of the annual seafood harvested 
in the United States, including 59% of the oyster production and 
75% of the wild shrimp catch.30 Scientists at the Dauphin Island 
Sea Lab, the state of Alabama’s marine science education and 
research laboratory, are investigating the role of the coastal 
region’s biodiversity in mitigating the adverse consequences of 
the event. The biopsychosocial impact on human health associ-
ated with any signiicant loss of biodiversity in this region extends 
from economic hardship to potential illness caused by environ-
mental contaminants in the food chain.

THREATENED WATER RESOURCES

Water pollution from pesticides and industrial byproducts con-
taining polychlorinated biphenyls (PCBs), bisphenol A, and 
phthalates has been associated with compounds that interfere 
with the function of endocrine hormones, resulting in develop-
mental abnormalities and altered reproductive capacity. Alligator 
populations in Lake Apopka, Florida, have been in decline; 
nitrate-related endocrine disrupters may be the cause of observed 
abnormalities in sexual development.14 The potential for endo-
crine disrupters to affect human health has been recognized, 
although there is no conirmatory evidence that these pollutants 
have deinitively altered human reproductive function.26

CASE STUDY

The combined effects of ecosystem degradation and species 
decline as a risk to human health have raised concerns about 
one of the great river systems of the world. The Colorado River 
basin is considered the lifeline of the southwest. More than 20 
million people depend on the Lake Powell portion of the river 
system for water and electricity. Lake Powell was formed between 
1963 and 1980, when Glen Canyon slowly illed with backlow 
from the Colorado River after completion of the Glen Canyon 
Dam. This massive project was a component of the U.S. Bureau 
of Reclamation’s plan to provide water and electricity to the 
growing population of the southwestern United States. The Glen 
Canyon and Colorado River ecosystem had previously developed 
over the course of 5 million years. However, during the span of 
17 short years, it was drastically altered by the dam project. 
Examining this situation provides a window into the conse-
quences of such an endeavor with respect to biodiversity and 
human health. Extinct and threatened native species in this 
region serve as indicators of ecosystem disruption and raise 
concerns pertaining to sustainability of a drastically altered 
natural environment.

“The native ish of the Colorado River system make up one 
of the most unusual assemblages of ish specially adapted to their 
environment found anywhere in the world.”29 The unique com-
bination of geologic, hydrologic, and climatic factors that were 
found in the predam Colorado River basin led to natural-selection 
processes resulting in peculiar morphologic and behavioral char-
acteristics in the native ish. Adaptations of the ish to extreme 
and severe river conditions include large streamlined bodies, 
large ins, and thick skin.20 Larger ish of the Colorado River live 
an exceptionally long time and have depressed skulls with large 
predorsal humps and small eyes.19 Niche partitioning for available 
resources led to development of structural variations within the 
ish native to this region, such as razorback sucker ish with 
“protrusible mouths and special gill rakers for sieving plankton 
or detritus.”19 Some of the native ish fauna have existed for 20 
million years.20 Speciation in this region was associated with 
demands placed on the aquatic biota. The native warm-water 
ish adapted to the “challenges of living in a highly variable 
environment subject to seasonal extremes of low and water 
temperature, short term low changes from local storm events, 
and highly turbid conditions”29 associated with high-volume 
sediment transport. The previously mentioned unique morpho-
logic features were most likely adaptations to the high-low, 

from study of South American pit viper venom that contains 
angiotensin-converting enzyme (ACE) factors. This led to devel-
opment of synthetic ACE inhibitors35 (Figure 120-16). The Gila 
monster of the southwestern United States is a venomous  
lizard that produces a glucagon-like peptide in its saliva (Figure 
120-17). The synthetic version of this protein is the incretin 
mimetic, exenatide.

THREATENED FOOD PRODUCTION

At present, 15 crop plants provide 90% of the world’s food-energy 
intake. High levels of monoculture farming and fertilizer use, in 
conjunction with genetic engineering of crops, have increased 
yield and resistance to pests and disease-causing organisms. 
However, loss of naturally acquired immunity to the full range 
of deleterious environmental factors that have affected our food 
crops is a concern. High-yielding varieties of genetically modiied 
crops rely on heavy inputs of water, fertilizer, and pesticides. 
More than 900 pests now resist more than one pesticide. Pesti-
cides also kill the natural enemies of pests, permitting an espe-
cially large explosion of those pests.35

FIGURE 120-16 Malaysian pit viper. (Courtesy Al Coritz, Creative 
Commons, Share Alike 3.0.)

FIGURE 120-17 Gila monster. (Courtesy Jeff Servoss, U.S. Fish and 
Wildlife Service.)
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completion of the Glen Canyon Dam. As a result of the limited 
algal resources, the native ish were dependent on carbon-based 
nutrients that were transported by river current. This process was 
contingent on scour of upstream lood-level algal remnants, 
diatoms, invertebrates, insects, ish, and plant debris from native 
riparian vegetation (e.g., willow, cottonwood).

A survey of Glen Canyon in 1958, before building the Glen 
Canyon Dam, revealed 17 species of ish, including 10 non-native 
types.19 Intrusion of non-native ish is a signiicant factor in the 
demise of the native ishery. “Remarkable numbers of non-native 
ishes have been intentionally and inadvertently stocked into the 
Colorado River.”19 At least 20 species of non-native ish were 
planted in Utah before 1900.27 Additional non-native ish were 
added for sport ishing, vegetation control, and as bait for the 
sport ishery. Minckley19 states that “non-native ish have invaded 
essentially every habitat.” Accidental introduction of gizzard shad 
during a 1998 largemouth bass stocking in Morgan Lake in New 
Mexico led to presence of this species in Lake Powell. This non-
native shad species, also known as stink shad, may provide a 
food resource for the Lake Powell non-native striped bass ishery. 
However, there is signiicant concern that potential downstream 
spread of gizzard shad below the dam will compromise the food 
supply for the remaining native ish because of resource competi-
tion. Resultant competitive and predatory exclusion by non-
native species, including channel catish, trout, and voracious 
sunish, has had a deleterious effect on native ish species. It is 
evident that even before development of the Glen Canyon Dam, 
there was signiicant pressure on native ish resources. The dam 
compounded the challenge to extant native ish.

A seasonal warm-water body with intermittent periods of 
inundation by loodwaters was immediately transformed into a 
constant cold-water river (i.e., 10° C [50° F])21 with diurnal varia-
tions in low and limited controlled looding caused by opening 
the dam locks. The backwater and eddy habitats of native ish 
were compromised with respect to lood-induced habitat man-
agement, and the previously mentioned carbon-based debris-
dependent ecosystem had been transformed. Clear discharge 
from the dam was established as a result of retention of sediment 
in the newly established Lake Powell. This provides for increased 
penetration of sunlight and signiicant increase in the primary-
producing algal life-form Cladophora. Detritus and carbon-based 
debris low were affected by the comparatively limited alteration 
in low rate after the dam and the limited scour of higher-altitude 
vegetation that occurred from predam loods ranging from 2330 
to 6230 m3/sec.33

The Glen Canyon Dam has created a compromise in the his-
toric food supply, shelter, and thermal gradient conducive to 
spawning for the native ishery. Combined with predation and 
competition from non-native species, these adverse factors have 
led to the previously mentioned extirpation of three native 
species and “endangered” listing of two of the ive remaining 
species. Valdez31 summarized that as a result of the Glen Canyon 
Dam, several native ish species in this area are susceptible to 
“major threats from low depletion, altered water chemistry, 
looded habitat from reservoirs, introduced parasites and dis-
eases, competition and predation from introduced non-native 
ish.”

Introduced species have fared better in the postdam environ-
ment. Cold, clear outlow from the Glen Canyon Dam provides 
excellent conditions for growth of Cladophora, which is a food 
source for the freshwater scud Gammarus lacustris. Scud, anne-
lids, and midge species are the primary dietary choices for 
rainbow trout in the area below Glen Canyon Dam. “The Lee’s 
Ferry water below Glen Canyon Dam holds an estimated 50,000 
trout over six inches long (17,000 over 12 inches) per mile in 
over 15 miles of water, according to the Arizona Game and Fish 
Department.”9 Daily change in water-low release associated with 
electrical demand creates ideal feeding conditions for trout. 
When water levels drop signiicantly, millions of scuds become 
stranded on exposed gravel bars lining the banks. After 2 days 
of drying in the hot Arizona sun, the desiccated scuds are lushed 
into the current when the water rises again. As the dried shells 
loat downstream, live ish go on a binge.9 Although this carbon-
based detritus would seem ideal for native ish accustomed to 

sediment-laden waters of the Colorado River ecosystem. There 
are eight species of native ish in Glen and Grand Canyons, and 
six are endemic to the area: humpback chub (endemic); razor-
back sucker (endemic); Colorado squawish (endemic); bonytail 
chub (endemic); roundtail chub (nonendemic); lannelmouth 
sucker (endemic); bluehead sucker (endemic); and speckled 
dace (nonendemic).19 Four of the native ish are federally listed 
endangered species: humpback chub, razorback sucker, Colo-
rado squawish, and bonytail chub (Figure 120-18). Three of the 
native ish species are believed to be extirpated from the Glen 
and Grand Canyons: Colorado squawish, bonytail chub, and 
roundtail chub.29 Three native ish species retain relatively stable 
populations in the region: lannelmouth sucker, bluehead sucker, 
and speckled dace. The lannelmouth sucker is listed as a federal 
endangered species candidate and is protected in Arizona as a 
result of concerns regarding species decline.

Minckley19 and Smith28 have classiied the native ish species 
of the Grand Canyon as dietary generalists. However, Minckley,19 
in reference to his earlier work, “characterized trophic relations 
in the native ish species based on qualitative and quantitative 
differences in selected foods and spatial segregation in feeding. 
Adult squawish were piscivorous (ish eating). Flannelmouth 
suckers fed on insects and other benthic (bottom dwelling) 
animals. Bluehead suckers were adapted for scraping algae. 
Razorback suckers fed on detritus and plankton. Humpback 
chubs, speckled dace, and bonytail chub tend to be insectivores; 
although speckled dace have exhibited facultative omnivorous 
behavior.” Classiication of the native ish of this region as dietary 
generalists is tempered by empirical evidence of specialized 
structures and feeding behaviors that developed in response to 
speciic demands of the river environment in this region.

“Before completion of the Glen Canyon Dam, the Colorado 
River was thought to be largely heterotrophic with little primary 
production in the sediment laden water.”4 Schmidt and col-
leagues24 made note of the “allochthonous pre dam aquatic 
system,” which refers to limited primary production of algae and 
existence of nutrient resources transported downstream by the 
river low. This is conirmed by dietary habits of the native 
species, because the only ish (i.e., bluehead sucker) that used 
primary-producing algae as a food source was also able to sustain 
itself on other food sources. The predominant primary producer 
in the Glen Canyon and Grand Canyon aquatic ecosystem is the 
ilamentous green algae Cladophora. The turbid sediment-laden 
waters of the Colorado River prevented suficient penetration of 
sunlight to create an ideal environment for primary producers. 
Webb and colleagues34 note that “the green alga Cladophora 
glomerata was present but not abundant in the river” before 

FIGURE 120-18 Humpback chub. (Courtesy Melissa Trammell, 
National Park Service. Public domain.)



of a natural environment after construction of the Glen Canyon 
Dam has resulted in an unsustainable artiicial ecosystem doomed 
to extinction under the pressures of sediment load and accumula-
tion of arsenic, lead, selenium, boron, and mercury from upstream 
runoff sources. Resultant exposure to environmental contami-
nants and loss of water, electric, and economic resources will 
potentially create psychological and physiologic hardships for 
inhabitants of this region.

CONCLUSION

Lisa Newton22 deines sustainability as activity that “can be main-
tained proitably and indeinitely without degrading the systems 
on which it depends.” She suggests that no practice will be 
regarded as sustainable unless it can be continued without 
degrading the environment that nurtures it though the seventh 
generation from its initiation. It is evident that our historic land-
use practices have led to ecosystem degradation, species decline, 
and loss of genetic diversity. The consequences of these actions 
are foreboding for human health and planetary well-being as we 
are exposed to emergent and resurgent infectious diseases and 
our food and water resources are placed at potential risk.

When referring to an ecologic conscience, Aldo Leopold17 
stated:

Obligations have no meaning without conscience, and the problem we 
face is the extension of the social conscience from people to land. Land 
ethic, then, relects the existence of an ecological conscience, and this 
in turn relects a conviction of individual responsibility for the health of 
the land. Health is the capacity of the land for self-renewal. Conservation 
is our effort to understand and preserve this capacity.

Those of us with an interest in wilderness medicine have a 
unique opportunity to serve as stewards of the environment and 
of our patients’ well-being by increasing our understanding of 
the importance of biodiversity with respect to human health.
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allochthonous food resources, cold-water temperature in the area 
between the dam and Lee’s Ferry is not a conducive habitat or 
spawning ground for the native ishery. This leaves the abundant 
scour resource for the prime beneit of the cold-tolerant trout 
species.

The dam resulted in artiicial creation of a prime non-native 
ish habitat in Lake Powell and the Grand Canyon. However, 
there is evidence that this is subject to a limited time period. 
“Lake Powell, an artiicial reservoir on the Colorado Plateau, is 
beginning to suffer from high selenium levels in its sediments.”13 
Two independent studies of largemouth bass from Lake Powell 
report that selenium concentrations in the ish greatly exceed 
national averages. This abnormally high selenium concentration 
in ish relects the high concentration in the reservoir8 and is a 
result of the dam blockage of normal downstream sediment 
transport. A growing body of literature continues to document 
extensive contamination of aquatic environments with selenium 
and the adverse effects in aquatic organisms.15 Regardless of 
sediment toxicity, accumulation of a sediment load equal to 100 
million tons per year is projected to potentially block the river 
outlet valves within 100 years.12 The downstream trout ishery 
depends on a continued clear river-outlet discharge.

Creation of the dam has resulted in a variety of ecologic 
impacts regarding ishery resources. The native ish are the most 
vulnerable as a result of the effects of environmental pollutants, 
species competition, habitat modiication, and gradual accumu-
lation of sediment load in Lake Powell. There are continued 
efforts to ameliorate the effects of the dam on the native ishery 
while preserving the economically productive introduced sport 
ishery. The intractable nature of this environmental balancing 
act is irmly entrenched in the policy disputes associated with 
river management in this region. The inevitable fact is that 
choices and options will become progressively limited as the 
sediment load in Lake Powell eventually renders the dam inef-
fective for any economic or ecologic purpose consistent with 
present or historic use patterns. In addition, evaporative water 
losses in Lake Powell and potential diminished levels of stream 
low associated with climate change could place the 20 million 
people who depend on this area for water and electricity at 
extreme risk.

The challenge to biodiversity in Lake Powell and the Colorado 
River basin is a challenge to human health. Biophysical alteration 
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For 11,700 years, Earth’s natural processes and related systems 
have remained relatively stable. For example, weather patterns, 
nutrient cycles, freshwater repositories, biodiverse forests, and 
prairie systems have nurtured growth of human societies. It is 
increasingly recognized that human actions modify these pro-
cesses. Since the middle of the 19th century, human impact has 
accelerated, and it now threatens resilience of the planet. Humans 
burn fossil fuels, fertilize depleted soil, and irrigate deserts. The 
cumulative impact of environmental stressors directly aflicts 
humans by causing changing patterns of disease. Climate change 
and loss of biodiversity, among other impacts, threaten the 
quality and quantity of human life. Earth’s planetary processes 

have global thresholds, or “tipping points”; crossing these bound-
aries may lead to changes that are not hospitable for human 
social structure or even survival. For example, there are limits to 
food production. Agricultural crops and livestock have physio-
logic limitations in certain thermal and water stress situations. 
Staple crops, such as maize, rice, wheat, and soybeans, grow 
only within the range of 40° C (104° F) to 45° C (113° F).58 There 
are thresholds of global warming beyond which current agricul-
tural practices will no longer be able to support large human 
civilizations. The global risk to food security will become alarm-
ingly great if an increase occurs in global mean temperature of 
4° C (7.2° F) to 6° C (10.8° F) or more.56 Therefore, impacts of 
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Health Implications of 
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7
waves, and other extreme natural events because they tend to 
be less agile and less aware than are younger adults.

According to the World Health Organization (WHO), world-
wide mortality from natural disasters, including droughts, loods, 
and storms, is higher among women than men.60 Pregnant 
women in particular are at increased risk because they are more 
vulnerable to extreme heat, malaria, food-borne infections, and 
inluenza.

Financially poor populations are at increased risk of loss of 
health caused by climate change. Mortality risk associated with 
tropical cyclones from 1970 to 2009 showed dependence on 
three major factors: storm intensity, quality of governance, and 
poverty level.47 A study on the impacts of looding in Bangladesh 
found that as average income and number of income sources 
increased, household risk was reduced. Poorer households took 
preventive action less often, were more severely affected by 
looding, and received less assistance after the looding than 
wealthier households.7

Indigenous peoples, populations of small island developing 
states, and resource-poor urban communities in developed coun-
tries, including the United States, are also particularly vulnerable 
to negative health impacts from climate change.50

DIRECT IMPACTS OF CLIMATE 

CHANGE ON HUMAN HEALTH

HEAT-RELATED HEALTH IMPACTS

Global warming is a relative misnomer. Although the past few 
years have been the warmest on record, some of the coldest and 
stormiest winter weather has occurred in the northeastern United 
States.40 Climate denialists purport this to be evidence of conlict-
ing data as to whether or not the earth is warming. A more 
accurate phrase would be global energizing, because as indeed 
we are consistently measuring the warmest years on record, the 
effects are not equally distributed in time or space. Local weather 
and temperature remain highly variable.

A heat wave is a prolonged period of excessively hot weather, 
beyond the normal seasonal temperature for a particular region. 
The association between hot days and increased morbidity and 
mortality is well established.21 In Australia between 1968 and 
2010, the ratio of summer-to-winter deaths increased in associa-
tion with rising annual average temperatures.6 Studies based on 
hospital admissions or emergency medical presentations during 
heat waves report increases in temperature-related morbidity, 
attributed to such conditions as cardiovascular, respiratory, and 
kidney diseases.39 A Harvard School of Public Health study fol-
lowed a U.S. cohort older than 65 with chronic disease from 1985 
to 2006 and demonstrated reduced survival associated with 
greater variability of temperature. Dramatic short-term luctua-
tions in temperature variability have been shown to increase the 
risk of mortality.65 Again highlighting vulnerability in socioeco-
nomic groups, access to ventilation and the presence or absence 
of air conditioning contribute to the effects of high temperatures 
on humans. The 2003 Northern European heat wave contributed 
to more than 12,000 deaths in Paris alone, the vast majority being 
elderly persons of the lower socioeconomic neighborhoods 
without climate controls or preexisting knowledge of such 
unprecedented extreme weather.

The “urban heat island” effect is another well-documented 
result of heat waves in urban settings. Poorer neighborhoods 
without open parks or shaded areas have a signiicantly higher 
temperature change compared to average temperature than more 
afluent neighborhoods.18 Health risks during heat extremes are 
greater in people who are physically active. Climate change 
especially impacts the health of manual laborers and persons 
who pursue outdoor recreation.24

FLOODS AND STORMS

Climate energizing through warming impacts frequency and 
severity of many weather events, including precipitation, drought, 
and cyclones. One such mechanism occurs when warmer ambient 

suboptimal nutrition and malnourishment may become severe as 
planetary temperature rises.

The wilderness medicine practitioner has a dual mandate to 
promote both patient wellness and a healthy environment. This 
chapter serves as a primer for understanding growing threats to 
human health caused by a changing environment. It addresses 
human-imposed impact on Earth’s natural environmental pro-
cesses and the effects on human health.

CLIMATE CHANGE

There is overwhelming scientiic consensus that anthropogenic 
climate change is accelerating23 (see Chapter 119). The Intergov-
ernmental Panel on Climate Change (IPCC) is the leading inter-
national body for assessment of climate change. In 1988, the 
United Nations Environment Programme and the World Meteo-
rological Organization established the IPCC to provide the world 
with a clear scientiic view on the current state of knowledge 
regarding climate change and the potential environmental and 
socioeconomic impacts. Thousands of scientists worldwide con-
tribute on a voluntary basis to these quadrennial reports. The 
thresholds for data to be included in the IPCC surpass that of 
contemporary peer-reviewed journals, and the science encom-
passed is considered to be of exceedingly high quality. The IPCC 
2014 Synthesis Report states that anthropogenic “greenhouse” 
gases—atmospheric concentrations of carbon dioxide, methane, 
and nitrous oxide—have exponentially increased beyond histori-
cal cyclic variations measured over the past 800,000 years. Their 
effects are believed to be the dominant cause of the observed 
warming since the middle of the 20th century.44 High levels of 
these greenhouse gases are linked to increases in intensity, fre-
quency, and duration of heat waves,48 melting of the Greenland 
and Antarctic ice sheets,54 and increases in precipitation extremes, 
including heavy rainfall in some regions and drought in others.

VULNERABLE POPULATIONS

Climate variability and change do not affect all people equally. 
The vulnerable populations, whether measured in socioeconomic 
or demographic (e.g., extremes of age) terms, will bear a dispro-
portionate burden of climate-related health effects.27 Working 
Group II of the IPCC inds that regions of Africa with poor gov-
ernance, tenuous public health and health care systems, and food 
and water insecurity will suffer the most from global climate 
change.50 Factors that increase vulnerability include inadequate 
or no mosquito protection and limited to no access to health 
care facilities. Intense heat waves will increase mortality and 
morbidity in elderly people and persons with preexisting medical 
comorbidities. Increases in heavy rainfall and temperature will 
increase the risk of diarrheal diseases, dengue, and malaria, with 
the effects of these compounded by poor public health infra-
structure. Increases in loods and droughts will exacerbate rural 
poverty in parts of Asia through negative impacts on certain 
crops, such as rice, resulting in increases in food prices with 
associated effects on nutrition.

Vulnerability is multifactorial, and data have clariied the etiol-
ogy of climate exposure. Geographic location inluences deterio-
ration of health caused by climate change. Warming most affects 
persons who work outdoors in hot temperatures at the limits of 
thermal tolerance.25 Populations in proximity to the present limits 
of the range of transmission of vector-borne diseases are most 
vulnerable to changes attributed to rising temperatures.31 Com-
munities situated on low-lying coral atolls experience the health 
impacts of soil salination, looding, and freshwater reservoir 
contamination because of sea level rise.41

Age and gender are factors in the loss of health caused by 
climate change. Children and elderly persons are at increased 
risk for climate-related injuries and illnesses. Children are more 
physiologically susceptible to the destructive effects of malaria, 
diarrhea, and poor nutrition, all of which show increases from 
climate change.35 Elderly people have a limited ability to respond 
to physiologic stressors, such as heat and air pollution, because 
they often have preexisting health conditions.17 They also ind it 
dificult to avoid the hazards and destruction of loods, heat 
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warms, fewer pathogens languish in the cold, so the distribution 
of certain diseases expands. Mosquitoes and ticks primarily trans-
mit vector-borne infectious diseases, such as malaria and dengue. 
Warmer temperatures increase metabolic rates of mosquitoes and 
ticks, affecting their nutritional requirements and increasing the 
drive to feed more frequently. Transmission potential of patho-
gens increases accordingly. Global warming directly affects sur-
vivability of pathogens and indirectly affects the vectors and 
reservoirs that harbor pathogens.5

Malaria (see Chapter 40)

Malaria is mainly caused by one of ive parasites: Plasmodium 
falciparum, P. vivax, P. malariae, P. ovale, and P. knowlesi. 
Anopheline mosquitoes transmit the parasites. In 2013, there 
were an estimated 283 million cases of and 584,000 deaths from 
malaria worldwide, mostly among children younger than 5 
years.62 Increases in average planetary temperature and associ-
ated increases in precipitation likely favor malaria transmission. 
Warmer conditions will prolong malaria seasons and allow mos-
quito migration to higher latitudes, infecting populations not 
traditionally at risk. In 2014, researchers were shocked to dis-
cover malaria in Alaskan birds for the irst time, as well as a 
recrudescence in southern Italy for the irst time in 50 years.30,52

With increased average daily temperatures, areas previously 
below the lower limit of the range of viability for survival of the 
pathogens show increased transmission. However, the increase 
is not linear.43 Even modest warming may drive increases in 
malaria transmission if conditions are otherwise suitable.1

Other Viral Diseases (see Chapter 39)

The incidence of dengue viral disease (“fever”) has grown dra-
matically in recent decades. WHO currently estimates that there 
may be 50 to 100 million dengue infections worldwide every 
year. An estimated 500,000 people with severe dengue require 
hospitalization each year, many of whom are children. Approxi-
mately 2.5% of affected persons expire.63 Aedes aegypti and Aedes 
albopictus mosquitoes transmit the virus to humans through bites 
during feeding periods. These mosquitoes are climate sensitive. 
Over the last few decades, climate conditions in certain areas 
have become more suitable for A. albopictus mosquitoes. A new 
serotype of dengue affecting a previously nonimmunized popula-
tion was identiied in Portugal in 2012.2 This was in part attributed 
to climate change, according to the IPPC Fourth Assessment 
Report (AR4), because of an increase in the percentage of days 
per year with favorable temperature for disease transmission.22 
In 2013, new dengue cases occurred in Florida and the Yunnan 
province of China, two regions where it had not previously been 
observed; one report showed that the distribution of A. albopictus 
is highly correlated with annual temperature and precipitation.64 
Another study demonstrated that dengue incidence increased in 
Guangzhou, China, in association with temperature, humidity, 
and rainfall, and that wind velocity is inversely associated with 
rate of disease.32

Both typhoons and droughts affect vector populations and 
increase the incidence of infections. Typhoons bring extreme 
rainfall, high humidity, and water pooling, generating new mos-
quito breeding sites. Drought causes increases in rates of disease 
if households store water in containers that provide suitable 
mosquito breeding sites.

Other Vector-Borne Diseases

Hard ticks of the family Ixodidae transmit tick-borne encephalitis 
virus to humans. Europe and Asia have temperate regions where 
the disease is endemic, and climate change has resulted in expan-
sion of Ixodidae tick territory and prolonged the season during 
which the ticks transmit disease.5 During the 1970s, tick-borne 
encephalitis became more prevalent in central and eastern 
Europe. As reported in a study describing the Czech Republic, 
warm spring temperatures between 1970 and 2008 encouraged 
transmission of the tick-borne encephalitis virus. The transmis-
sion season lengthened, and disease spread to higher altitudes.26

Europe, Canada, and the United States are home to ticks 
infected with Borrelia burgdorferi, which causes Lyme disease. 
Many studies have shown associations between tick-borne 

temperatures increase evaporation, leading to higher absolute 
humidity. When more water is carried as vapor in the atmo-
sphere, rain is less frequent, but rainstorms become more intense 
because the amount of water is greater in the storm clouds 
(Figure 121-1). Most climate models predict longer periods of 
drought interspersed with more intense rain events.

Floods are the most common extreme weather event. They 
affect and kill more people than any other form of natural disas-
ter. The Center for Research on the Epidemiology of Disasters 
collects yearly data and reports that in 2011, six of the 10 largest 
natural disasters were lood events; 112 million people were 
affected and 3140 deaths were directly attributed to looding.19 
Conservative estimates for health impact caused by storms and 
looding suggest that 2.8 billion people were affected between 
1980 and 2009, with more than 500,000 deaths. Worldwide, the 
frequency of river looding has increased and caused greater 
economic losses because more population and property are 
present in lood plains. Flooding and storms cause death and 
disease through drowning, traumatic injury, hypothermia, and 
increased transmission of infectious disease. Flooding often 
causes groundwater contamination with feces, dead livestock, 
and chemicals leached from industrial facilities. Diarrheal disease, 
leptospirosis, insect vector–borne diseases, and cholera all 
increase in prevalence during and directly after lood events.53

Flooding has long-term implications on mental health. In one 
example involving a 2007 lood in Wales, United Kingdom, the 
prevalence of mental health symptoms, such as psychological 
distress, anxiety, and depression, was two to ive times higher 
among individuals who reported looding in their homes than 
among nonlooded individuals.45

HEALTH EFFECTS MEDIATED 
THROUGH NATURAL SYSTEMS
Global warming indirectly impacts human health through envi-
ronmental and ecosystem changes. These changes include shifts 
caused by warmer conditions in territories and ranges of disease-
carrying mosquitoes and ticks, more waterborne diseases, and 
increased precipitation and runoff.

VECTOR-BORNE DISEASES

Anthropogenic climate change impacts the burden of vector-
borne diseases. A major determinant of the endemic range of 
vector-borne diseases is seasonal temperature. As the climate 

FIGURE 121-1 NOAA’s GOES-13 satellite captured this visible image 
of the massive Hurricane Sandy on October 28, 2012, at 1302 UTC 
(9:02 AM EDT). (Courtesy National Oceanic and Atmospheric Adminis-
tration [NOAA].)
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ated with increased use of emergency mental health services, 
and warmer weather conditions increase the stress on people 
who already suffer from mental illness, exacerbating their disease 
and overwhelming their coping ability.59 Even for people without 
mental illness, climate change is an additional source of stress 
and can affect some people deeply, causing feelings of loss, 
helplessness, and frustration because of inability to prevent the 
foreseen changes and their disastrous effects.36

NUTRITION

The effects of climate change on human nutrition are complex. 
Agricultural production, food prices, access to food, and human 
disease all impact nutrition and are expected to be affected by 
climate change. Extreme weather events, such as loods, droughts, 
and heat waves, exacerbate food insecurity. The IPCC concludes 
that climate change will have a substantial negative impact on 
per-capita calorie availability. Climate change will negatively 
impact childhood nutrition, particularly stunting of growth, and 
increase child deaths in developing countries.22 Crop yield gains 
from warmer weather in the ields of Russia and Canada will not 
make up for loss of productivity in the global south, and the net 
result will be reduced quantity and quality of food harvested.4 
In most tropical regions, climate effects on crop yields are sig-
niicant. For each degree above 30° C (86° F), African maize 
yields decrease by 1% under normal rain conditions and by 1.7% 
under drought conditions.29 A study in Africa and South Asia 
revealed an 8% average yield reduction in crops of wheat, maize, 
sorghum, and millet as temperature increased and rainfall pat-
terns changed.58a

VIOLENCE AND CONFLICT

Populations that are affected by violence and with weak civil 
institutions and poor governance are particularly vulnerable to 
the health impacts of climate change. The insecurity and full-scale 
natural disasters brought on by extreme weather events cause 
societal deterioration through exacerbation of existing or creation 
of new poverty situations. This adds to social strife and may 
escalate regional conlicts in parts of the world with little domes-
tic capacity for resilience or adaptive response to a climate 
stressor.16

BIODIVERSITY LOSS

Destruction of species and mismanagement of natural ecosystems 
worldwide destabilizes the physical environment, increases vul-
nerability to the spread of human infectious disease, and pro-
motes proliferation of pathogens that can affect the food supply 
and natural resources on which human health and well-being 
depend. Consider the vulnerability of agricultural monocultures. 
Pathogens spread more easily, and epidemics tend to be more 
severe, when the host plants (or animals) are more genetically 
homogeneous and crowded. Outbreaks of disease, insect infesta-
tions, and climatic anomalies pose a greater threat to monospe-
cies ecosystems than to diverse ones, causing widespread crop 
and animal failures, undermining food security, and accelerating 
spread of diseases to human populations.

Biodiversity can be viewed in two ways, both of which are 
shrinking. Genetic diversity is diversity of genes within a species 
and functions as an information bank that determines the poten-
tial for life to evolve and adapt as the environment changes. 
Genetic diversity is dificult to measure on a global level, so as 
of now, global data do not exist for phylogenetic species vari-
ability. Species naturally go extinct at a rate of one to ive species 
per year. Anthropogenic changes to ecosystems have increased 
the baseline extinction rate. The planet now loses species at a 
dramatically increased rate of 1000 to 10,000 species per year.11

Functional diversity concerns the behavior and effects of 
organisms in communities and ecosystems. Functional traits make 
up functional diversity. Functional traits are measurable aspects 
of an organism that relect what it does and how it interacts with 
other organisms and its environment (e.g., size, diet, behavior). 
Functional groups are a set of species showing either similar 

diseases and climate. In North America, based on active and 
passive surveillance data, there is good evidence of northward 
expansion of the distribution of the Ixodes scapularis tick vector 
by 2060.42

This list correlating increased disease risk to expected climate 
change is extensive and a formidable challenge to public health. 
For instance, hantavirus causes rates of infection correlated to 
increases in temperature, precipitation, and relative humidity.28 
Plague has been linked to seasonal and internal variability in 
climate.33 Other vector-borne diseases linked to climate variabil-
ity include chikungunya fever, transmitted by the same mosqui-
toes (A. aegypti and A. albopictus) that transmit dengue virus; 
Japanese encephalitis, transmitted by Culex tritaeniorhynchus 
mosquitoes; and Rift Valley fever, transmitted by both Aedes and 
Culex mosquitoes.

WATERBORNE DISEASE

Anthropogenic climate change increases exposure to climate-
sensitive waterborne pathogens. Warmer climate and increased 
severity and frequency of storms will result in a more sustainable 
habitat for pathogens and greater opportunity for mixing con-
taminated water sources with drinking water and agriculture. 
Most of these pathogens are introduced to the water by human 
and animal feces, which is directly related to poor sanitation and 
exacerbated by extreme precipitation and looding, because 
latrines for human and animal waste often become comingled.

Most acute exposures to waterborne pathogens result in 
symptoms of gastroenteritis. These illnesses are generally self-
limited, with the majority of symptoms lasting less than 1 week. 
However, some, such as cholera, can be devastating. Chronic 
exposure to waterborne pathogens carries long-term health con-
sequences. Children are particularly at risk, because each episode 
of illness may jeopardize healthy growth by reducing caloric 
uptake and nutrient absorption. This problem is most profound 
with severe diarrheal diseases such as typhoid and dysentery, 
which progress from diarrhea to systemic syndromes with high 
rates of death.

CLIMATE CHANGE AS A  

THREAT MULTIPLIER

Every wilderness medicine practitioner should understand not 
only the direct causality of climate change on human health, but 
also the indirect effects. Undernutrition, mental illness, occupa-
tional health effects, food insecurity, and increases in violence 
and conlict may not be primarily caused by climate change, but 
all will be made worse by its consequences.9

MENTAL HEALTH

The American Psychological Association recently released a 
report on the broad psychological effects of climate change.14 
Psychological stress derives from both abrupt changes experi-
enced during natural disasters and more gradual changes in the 
local environment. Natural disasters cause severe psychological 
trauma through personal injury, loss of family and friends, and 
loss of personal property or livelihood.37 People who have 
recently experienced an acute trauma have high levels of distress 
and anxiety and may report panic attacks, dificulty sleeping, low 
motivation, and obsessive behavior.12 This may lead to more 
long-term psychopathology, such as posttraumatic stress disorder 
(PTSD) or major depressive disorder. PTSD has been extensively 
documented in survivors of the urban lood from Hurricane 
Katrina and is linked to higher levels of substance abuse, depres-
sion, anxiety, and suicide. Disaster events produce strains on 
social relationships and may lead to forced migration, which is 
a devastating stressor because families and friends are separated 
and lose their systems of social support and access to primary 
health care.

More gradual effects of climate change, such as prolonged 
droughts and increases in mean temperature, also negatively 
affect mental health. Increases in average temperature are associ-
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and is used to extract gold from riverbeds. Soil erosion after 
deforestation and gold mining adds signiicant mercury loads to 
rivers. The mercury collects in ish, making them hazardous to 
eat. Mercury suppresses the human immune system and is toxic 
to humans in very small amounts.

Lastly, land system change is implicated in mental health 
disruptions, such as a loss of personal identity and stress. Land-
use changes causes a sense of loss called solastalgia, which is 
the experience of negatively perceived change to a home envi-
ronment. As traditional landscapes where people live are irrevo-
cably changed, people experience stress and negative emotions. 
Solastalgia is characterized by a sense of desolation and loss that 
is similar to the nostalgia experienced by people who are forced 
to migrate from their home environment. However, solastalgia 
relates to slow changes in the local environment.14

Nutrient Cycles

Nutrient cycles are natural processes in which chemical elements, 
such as nitrogen, phosphorus, and potassium, are continuously 
cycled among air, water, soil, and organisms. The ratios between 
elements in the environment are sensitive, so that perturbations 
impact biodiversity and can have downstream effects on human 
health. Fertilizer and fossil fuels have the greatest anthropogenic 
impact on phosphorus and nitrogen cycles, because these are 
the mainstay ingredients of chemical fertilizers used to replenish 
nutrients in agricultural lands. Fertilizer proliferation in nearly all 
parts of the world has resulted in cropland seep-off into water-
sheds that supply freshwater systems and ultimately the oceans. 
Freshwater nutrient inputs to the coastal oceans now exceed 
preindustrial luxes by 10- to 15-fold in many parts of North 
America, Europe, and Asia.3 The cumulative effect of concen-
trated pollution from different sources is known as “non–point 
source pollution” and is used to describe effects of watershed 
areas collecting agricultural pollutants in wetlands or other bodies 
of water.

Overconsumption of nitrogen compounds can directly affect 
human health. Nitrates in drinking water play a causative role in 
methemoglobinemia, or “blue baby syndrome,” and are linked 
to reproductive problems and several cancers. Such nutrient 
loading into fresh and marine waters can also cause eutrophica-
tion, a complex process whereby excessive development of 
certain types of algae disturb aquatic ecosystems, which then 
become a threat to animal and human health (Figure 121-3). 
These harmful algal blooms (HABs) are the common link 
between algal blooms, red tides, green tides, ish kills, inedible 
shellish, and blue algae. At their height, HABs can release dan-
gerous hepatotoxins, neurotoxins, and dermatotoxins because of 
cyanobacteria overproliferation. People can be exposed to these 

responses to the environment or similar effects on major ecosys-
tem processes. Functional diversity refers to the abundance of 
functional groups. For example, compare a section of tide pool 
that contains three different species of barnacle, and another 
section that has a starish, sea grass, and an anemone. Each has 
three different species. However, the second section of tide pool 
has more functional diversity because each species interacts with 
the other organisms and the environment differently, and it also 
has different effect(s) on the ecosystem. Functional diversity 
allows for a resilient ecosystem, in this example, one that can 
withstand pathogens, invasive species, and extreme weather 
events and can provide continuous ecosystem services (e.g., 
clean water) for other sea life to thrive.

Some of the greatest pharmaceutical discoveries have come 
from nature. These include antiinlammatory, chemotherapeutic, 
antibiotic, and thrombolytic drugs. Our ecosystems are the raw 
materials for future discoveries in pharmaceuticals and biotech-
nology. The continued loss of biodiversity, to quote John Dingell, 
is “akin to burning the library without ever having read its 
books.”8a

THREATS TO ECOSYSTEM SERVICES

Deforestation

Deforestation not only changes the climate, but also has direct 
effects on human health. As forest habitats are cleared for agri-
culture and urban development, human-wildlife interaction and 
conlict grow. Deforestation decreases the habitat available for 
wildlife species and can fragment these habitats into smaller 
patches separated by agricultural activities and human popula-
tions, thereby further promoting unhealthy interactions among 
pathogens, vectors, and hosts. This has been linked to expansion 
of “bush meat” consumption, which may have played a key role 
in emergence of both Ebola and human immunodeiciency virus 
(HIV) types 1 and 2 in Africa46 (Figure 121-2).

This land system change likewise coincides with an upsurge 
in several infectious diseases, including Lyme disease, leishmani-
asis, and malaria. With Lyme disease, aggressive land-use changes 
in the forests of North America have decreased the numbers of 
small-mammal predators because of habitat fragmentation. The 
probability that a deer tick will become infected with the Borrelia 
bacteria depends on the density of white-footed mice. As the 
density of white-footed mice increases because of fewer small-
mammal predators, the infection rate of humans with Lyme 
disease increases accordingly.8

Deforestation also causes increases in noninfectious health 
risks to humans. Mercury is naturally found in rain forest soils 

FIGURE 121-2 Deforestation may have played a role in the devastat-
ing Ebola virus outbreak. While cutting away swaths of African forest, 
loggers may have also been inadvertently creating convenient and 
unexpected pathways for the virus to spread. (Courtesy Inhabitat.com.)

FIGURE 121-3 Harmful algal bloom, Kelley’s Island, Ohio, Lake Erie, 
September 2009. (Courtesy National Oceanic and Atmospheric Admin-
istration, Great Lakes Environmental Research Laboratory.)
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New challenges to water quality have recently arisen. In the 

United States, emergence of chlorine-resistant pathogens, chemi-
cal contamination of water sources, aging water puriication and 
transportation infrastructure, increased recreational water con-
tamination, nontraditional water exposures (e.g., cooling towers 
at nuclear power plants), and increasing water reuse threaten 
public health.13 Most municipal sanitation systems are designed 
to handle tons of human waste and toxic chemicals daily, yet 
worldwide have rarely kept pace with tremendous urban expan-
sion. Many urban sewage networks operate at the margins of 
capacity and are subject to stress by even the most innocuous 
rainstorms. This is compounded by the fact that most urban areas 
do not absorb rainwater consistently, and absorb even less as 
arable land is put to other uses. A summer rain shower in a city 
can provide enough stress to allow dangerous runoff of untreated 
excrement and toxic material, often contaminating local water 
sources and public areas.

ATMOSPHERIC AEROSOL LOADING

Atmospheric aerosols, also known as particulate matter, are solid 
or liquid particles suspended in air, with diameters of approxi-
mately 0.002 to 100 µm. Primary atmospheric aerosols are par-
ticulates emitted directly into the atmosphere from volcanoes, sea 
spray, forest ires, dust storms, and vegetation in the form of 
pollen. Secondary atmospheric aerosols are particulates formed 
in the atmosphere by gas-to-particle conversion, including fossil 
fuel combustion, power plants, and industrial release of sulfates, 
nitrates, and some organic products. Atmospheric particulate 
matter impacts the climate and adversely affects human health, 
associated with approximately 7.2 million deaths per year from 
exacerbations of asthma, bronchitis, chronic obstructive pulmo-
nary disease, and acute coronary syndromes.

Aerosol particles vary greatly in size, source, chemical com-
position, amount and distribution in space and time, and dura-
bility in the atmosphere. The smaller and lighter a particle, the 
longer it will remain in the air. Coarse particles are larger and 
heavier and are generated by industrial processes that involve 
crushing or grinding (e.g., construction, farming, mining). Fine 
particles originate from combustion sources and are formed by 
gaseous precursors. The size of the particle determines the risk 
to health. Particles that are 2 to 3 µm in size tend to deposit 
deeply in the terminal bronchioles and alveoli, whereas larger 
particles tend to deposit in upper (larger) bronchi, causing dif-
ferent symptoms and disease patterns. The upper bronchi are 
the part of the respiratory tract that has less interface with the 
blood supply, so symptoms mostly relect lung inlammation 
and are manifested by cough, shortness of breath, and airway 
spasm or asthma-like symptoms. Smaller particles are especially 
toxic because they can reach the terminal bronchioles and 
even as deep as the alveoli, where they can enter the blood 
supply and travel to the rest of the body. The International 
Agency for Research on Cancer and WHO designate airborne 
particulates a group 1 carcinogen. Because of their uniltered, 
deep penetration into the lungs and bloodstream, these particu-
lates cause permanent DNA mutations, heart attacks, and pre-
mature deaths. In 2013, the European Study of Cohorts for Air 
Pollution Effects (ESCAPE) trial, a prospective cohort study 
involving 312,944 people in nine European countries, showed 
that no safe level exists for particulates, and that for every 
increase of 10 µg/m3 in particulate matter, the lung cancer rate 
increases by 22%.49 Symptoms caused by acute exposure to 
atmospheric aerosols include shortness of breath, cough, and 
worsened asthma.

Dangerous atmospheric aerosols include pollen released from 
vegetation. Allergic diseases are common. In the United States 
alone, approximately 50 million Americans suffer from allergic 
conditions in response to airborne particulate allergens, including 
itchy eyes, rashes, rhinorrhea, cough, shortness of breath, bron-
chitis, and asthma.38 Climate change and associated increases in 
land temperatures and CO2 concentrations are drivers of plant 
metabolism and pollen production, as well as increased fungal 
growth and spore release. Increases in air temperature cause 
earlier lowering of prairie tall grass.55 Increasing concentrations 

toxins through consumption of contaminated drinking water or 
seafood, direct contact with contaminated water, and inhalation 
of aerosols.61

When algae die, they decompose, and the nutrients contained 
in that organic matter are converted into inorganic forms by 
microorganisms. This decomposition process consumes oxygen, 
which reduces the concentration of dissolved oxygen for healthy 
organisms in the ecosystem, and can instigate an anoxia-caused 
reduction in biodiversity.

Ocean Acidiication

The IPCC Fifth Assessment Report (AR5) describes proliferation 
of planetary greenhouse gases over the past 150 years. By far 
the majority of this carbon dioxide (CO2) is retained in the 
oceans. CO2 retention in ocean waters inluences carbonate 
chemistry, resulting in acidiication (Figure 121-4). Marine organ-
isms are particularly sensitive because aragonite, a form of 
calcium carbonate created by many marine organisms, dissolves 
in an acidic environment. This is thought to play a major role in 
the demise of coral reef biodiversity seen throughout the world 
in recent decades.57 This affects many commercial sectors, includ-
ing tourism and seafood aquaculture.51 Ocean acidiication has 
also been linked to less resilient coastal ecosystems in the face 
of extreme weather, nutrient pollution, and overishing.51

FRESHWATER USE

Reduction in water availability for human uses can lead to 
decreases in health. About 36% of the global population lives in 
water-scarce regions, resulting in decreased population hygiene 
and concomitant increase in disease, because households, medi-
cal clinics, restaurants, and public places of convenience and 
hygiene are forced to use minimal water for cleaning. In the 
United States, the Environmental Protection Agency (EPA) has 
cited that areas in 36 states face water shortages. When water is 
scarce, people are forced to rely on drinking water sources that 
might not be safe. For example, in California in 2012-2013, the 
water quality in drought-stricken areas was found to have vio-
lated federal standards more than 1000 times. An estimated 38 
million persons were exposed to contaminants such as arsenic, 
nitrates, radioactive minerals, and perchlorates (chemicals used 
in rocket fuel and explosives).10

About 70% of the available global freshwater supply is used 
to irrigate crops, much of which is used to feed livestock. As 
living standards improve in the developing world, meat con-
sumption has increased, further putting pressure on available 
freshwater resources.34

FIGURE 121-4 Most coral reefs exhibit very low annual accretion, with 
net carbonate production almost balanced against carbonate export, 
bioerosion, and dissolution. By reducing the growth rate, ocean acidi-
ication shifts the balance in favor of net carbonate loss. (Courtesy 
National Oceanic and Atmospheric Administration, Coral Health and 
Monitoring Program.)



of grass pollen lead to more frequent ambulance calls because 
of asthma exacerbations.20

CHEMICAL POLLUTION

Chemical pollution refers to new substances, new forms of exist-
ing substances, and modiied life-forms that have potential for 
unwanted effects. Anthropogenic introduction of novel entities 
causes concern when these entities exhibit persistence, have 
mobility across widespread distributions, and impact vital Earth 
system processes or subsystems.57 Of special concern are new 
types of engineered materials, as well as naturally occurring ele-
ments, such as heavy metals that are mobilized by human activi-
ties. Release of chloroluorocarbons into the atmosphere is an 
example of a synthetic chemical previously thought to be harm-
less that had unexpected impacts on the ozone layer. More than 
100,000 substances exist in global commerce, and if one includes 
nanomaterials and plastic polymers that degrade to microplastics, 
the list is longer. Plastic microbeads, used as an exfoliant in 
certain bath products and cleansers, have been identiied recently 
as a signiicant pollutant of the Great Lakes. According to a study 
released by the 5 Gyres Institute, parts of the shore around the 
lakes have 466,000 particles per square kilometer, with an 
average of 43,000 particles per square kilometer. Most of these 
plastic particles are meant to wash down the drain and are less 
than 1 mm in size.

Water stress worldwide forces people to turn to contaminated 
sources, increasing their exposure to toxic substances. Water 
contaminated with lead leached from pipes causes lead toxicity. 
Lead toxicity results in nervous system damage and developmen-
tal delays in children, as well as kidney damage and anemia. 
Waterborne arsenic exposure usually occurs through natural 
sources, although environmental contaminants occur from indus-
trial processes associated with mining, metal reining, and timber 
treatment. Symptoms of arsenic exposure develop over 5 to 20 
years and include skin discoloration and thickening (hyperkera-
tosis); cancers of the skin, bladder, kidneys, and lungs; and 

diseases of the blood vessels of the legs and feet. The EPA moni-
tors the water supply for a number of synthetic and volatile 
organic contaminants (e.g., benzene, toluene) and inorganic con-
taminants (e.g., arsenic, copper) that pose potential threats to 
human health.

Extensive use of pesticides worldwide poses a great threat to 
human health. California is one of the few states collecting pes-
ticide data. Between 1991 and 2000, almost 2 billion pounds of 
pesticides were used in that state alone. An estimated 1.2 billion 
pounds are used across the United States each year. Persons most 
at risk for injury are those who have regular, close exposure to 
pesticides. This includes agricultural workers and, to a lesser 
extent, populations who live close to farmland. Exposure to 
pesticides occurs through direct handling, agricultural runoff, and 
residue on food products. Organophosphates are the most fre-
quently used pesticide and can affect the neurologic system. 
Toxicity manifests as loss of muscle control, salivation, defeca-
tion, bradycardia, and increased bronchial secretions.

Herbicides pose threats to human health. 2,4-D is one of the 
most widely used herbicides worldwide and is most often used 
on home lawns, rangeland, and pasture. Human cells that are 
exposed to 2,4-D undergo genetic damage. This herbicide has 
been linked to decreased sperm counts in exposed men.15

As the amount of chemicals in our environment increases to 
quantities that are impossible to monitor or study, it may be 
prudent to consider precautionary and preventive actions to 
mitigate the unknown risks of pollution. Strategies include further 
shifting the burden of proof of safety from the consumer to the 
producer, as well as developing “green chemistry” strategies 
focused on risk reduction.

REFERENCES
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“Sustainability has to be nonideological in order to be, well, 
sustainable.4” According to Tee L. Guidotti, sustainability is a 
culture, not an ideology, and will only succeed in that light. “The 
essence of sustainability is optimization of maximization of eco-
nomic, social, and environmental beneits and operations perfor-
mance across generations.4” The word implies preservation and 
respect for the future of Earth’s resources and the health of its 
inhabitants. These concepts must become societal values rather 
than manipulable political agendas. Success in sustainability 
might be best achieved by technology rather than changes in 
human behavior, similar to engineering occupational exposure 
risk out of the workplace, rather than expecting worker compli-
ance with personal protective equipment. Economic, social, and 
environmental sustainability must be driven by public opinion 
and supported by innovative technology. Public policy perhaps 
then will follow.

SUSTAINABILITY IN THE WILDERNESS
Decades ago, the Boy Scouts of America and Leave No Trace 
organization understood sustainability in the wilderness. The 

wilderness is not paved, and it is often delicate and easily 
damaged, sometimes permanently, by the human footprint. For-
tunately, sustainability has long been applied to the wilderness. 
The Leave No Trace Center for Outdoor Ethics, located in 
Boulder, Colorado, is an educational, nonproit organization 
dedicated to responsible enjoyment and active stewardship of 
the outdoors by all people worldwide. The principles of Leave 
No Trace (LNT) relect a sense of stewardship and passion for 
the world and guide our passage, especially in untamed places.

SEVEN PRINCIPLES OF STEWARDSHIP

Seven guidelines are the oficial principles of Leave No Trace, 
Inc., and are copyrighted by the center. This copyrighted infor-
mation has been reprinted with permission from the Leave No 
Trace Center for Outdoor Ethics (www.LNT.org):

1. Plan Ahead and Prepare
2. Travel and Camp on Durable Surfaces
3. Dispose of Waste Properly
4. Leave What You Find
5. Minimize Campire Impacts

CHAPTER 122 

Sustainability: Leave No Trace

NANCY V. RODWAY
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SUSTAINABILITY IN SPECIAL ENVIRONS

The Mountains

Climbers, when traveling horizontally, can apply many of the 
aforementioned principles. Approach the route on an established 
trail, using a trail guide to minimize impact. Once vertical, certain 
caveats become more task and environ speciic. Use only remov-
able protection and as little chalk as possible. Avoid “scrubbing” 
or “gardening” the route, removing vegetation only when neces-
sary for safety reasons. Do not climb near archeologically sensi-
tive sites or animal habitats such as bird nests.

Toileting can be tricky. Urinating is generally not a problem, 
but defecating can be gravitationally and environmentally trou-
blesome. In the past, it was allowable to drop waste in a paper 
bag over the edge of the rock. That is no longer acceptable for 
obvious reasons. In a pinch, feces can be smeared on the rocks 
(away from the route), but the preferred method is to pack waste 
out in a “poop tube,” which is a piece of PVC pipe with a screw 
top that can be attached to the outside of a pack or haul sack, 
then emptied at the end of a climb or trip. Purchase a 30- to 
60-cm (1- to 2-foot, depending on duration of your trip) length 
of PVC pipe approximately 10 cm (4 inches) in diameter and 
threaded on one end. Tightly glue a cap on the unthreaded end 
using PVC cement, and it a threaded cap on the other end. 
Fashion a loop out of duct tape or other lashing to attach the 
screw cap to the piping to prevent it from becoming lost. The 
loop will also accommodate a carabiner to allow attachment to 
the outside of a pack. Defecate into small brown paper bags, 
add cat litter, place the bag into the tube, and then deposit the 
collection into a vault toilet or dumping station at the end of the 
trip. Do not lush the paper bags.9

Snow

Traveling and camping in the winter are dificult for humans and 
stressful for wildlife stressed by scarce food supplies. Avoid 
skiing or camping near game trails or in areas with obvious 
animal activity, to limit pressure on hungry animals. Campires 
are not recommended, given the dearth of accessible irewood 
and temptation to harvest green wood fuel. When camping, make 
every effort to “luff up” the trampled snow for the beneits of 
subsequent visitors, and do not leave visible “yellow snow” near 
well-traveled areas. Digging a cat-hole in the snow when winter 
camping is tempting, but simply leaves the frozen trophy to thaw 
on the exposed ground in the spring. Pack out all waste.9

Water

Waterways are often overused and are shared by recreational 
and nonrecreational users on motorized and nonmotorized crafts. 
In addition, water sports enthusiasts have varying levels of 
respect for scenic rivers, oceans, lakes, and delicate riparian 
environments. Some users litter beaches with trash. To limit 
impact in coastal environments, travelers should recreate within 
the intertidal zone because it is the most durable. Whenever 
possible, conduct all beach activities in this zone. Camp in an 
established campsite above the high-tide line of the intertidal 
zone, and tread on durable surfaces such as trails or rock. If ires 
are permitted and driftwood is available, build a campire, if 
necessary, below high tide. Urinate below the high-tide line away 
from fellow campers and tidal pools. Use a cat-hole above the 
high-tide line or pack feces out if the environment is especially 
fragile. Launch and land watercraft on sand or gravel, avoiding 
dirt and vegetation. When on the water, do not approach marine 
wildlife; give all marine animals at least a 90-m (100-yard) berth. 
Do not dump waste into waterways.9

On rivers and freshwater, much of the aforementioned applies. 
Camp, where possible, in the river’s loodplain. Bury human 
waste in a cat-hole at least 60 m (200 feet) from shore, or pack 
it out. For large groups such as rafting parties, consider a toilet 
tank or other latrine.9

Tundra

Tundra, the treeless vast soil of polar regions, is visited and trav-
eled most often in the summer, the season when it is most 
vulnerable. During summer, the surface of tundra thaws to the 

6. Respect Wildlife
7. Be Considerate of Other Visitors

Plan Ahead and Prepare

Before departing for an expedition, trip, or even a hike, research 
the environs and become familiar with the regulations for use. 
Acquire permits if needed. Plan party size accordingly, and limit 
size or split the group if necessary to minimize impact. Hike and 
camp separately if necessary. Avoid high-use times on popular 
trails, or do not travel at all if poor conditions, such as when a 
trail is muddy, would cause signiicant adverse impact. Use proper 
gear, such as a camp stove, and plan meals ahead to minimize 
waste. Repackage food before departure in reusable containers or 
plastic bags that can be easily packed out. Register at the trailhead 
or with the ranger, and be responsible and aware of personal and 
party limitations to minimize the chance of rescue. Use a map and 
compass to eliminate the need for rock cairns or markings on the 
trail that can mar the landscape for other travelers.

Travel and Camp on Durable Surfaces

Wherever traveling and camping, move on surfaces that are resis-
tant to impact. These include rocky outcroppings, sand, gravel, 
dry grasses, snow, and water. Stay on well-traveled trails and hike 
in the center of the trail in single ile. Do not shortcut. When 
boating, launch the craft from a durable area and camp at least 
60 m (200 feet, 70 adult steps) from the waterfront. Good camp-
sites, whether in the mountains, beach, desert, or plains, are found, 
not made. When campsites are not apparent and the area is pris-
tine, try to disperse the impact rather than camp in a tight group.

Dispose of Waste Properly

For human waste, use outhouses where available. If necessary 
to use a cat-hole, dig it 6 to 8 inches (15 to 20 cm) deep, and 
choose a site far from water sources. Pack out toilet paper. Don’t 
burn it. Disguise the hole as much as possible. Pack out feminine 
hygiene products, because they decompose slowly. Treat pet 
waste as human waste. Urine is generally environmentally toler-
ated, but nevertheless, urinate far from camps and trails. Aim to 
urinate on rocks or bare ground to discourage animals from 
eating tasty and salty urine-soaked foliage. On the water, a por-
table toilet has become standard practice and may be required 
by law. With regard to waste from cooking, attempt to plan meals 
to minimize leftovers that are tempting for wildlife and therefore 
potentially dangerous. Clean pots with hot water and a scant 
amount of soap, and scatter the dishwater, after it has been 
strained to remove food particles, at least 60 m (200 feet) from 
any water source.

Leave What You Find

Artifacts are often protected by law; leave them where they are 
found. Do not collect rocks or other portables. Take caution to 
avoid transporting plant species from one location to another on 
pack animals, on boots, or in tire treads.

Minimize Campire Impacts

Avoid campires unless they are essential for comfort or food 
preparation. If a campire is unavoidable, use a ire ring and 
gather sticks and branches that have fallen on the ground. Do 
not cut down plants for fuel. Campires on the beach are a little 
different; dig a shallow depression in the sand or gravel along 
the shoreline and, once the ire is cool, scatter the ashes and 
reill the depression.

Respect Wildlife

Observe wildlife from a safe distance, and do not approach them 
if you are not an expert. Do not feed wildlife. Avoid wildlife 
outright during mating season, nesting season, and when they are 
rearing young. When traveling with pets, keep them under control.

Be Considerate of Other Visitors

Be considerate of other visitors, natives, and native lands. Yield 
to other users on the trail and, when encountering pack animals, 
step to the downhill side of the trail. Avoid loud talk, music, and 
other cacophony.
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undervalued or regarded as a common good and therefore have 
had little to no market oversight, leading to exploitation and 
overuse. Sustainability is the science of managing humankind’s 
footprint on Earth to achieve a balance between what humans 
use and what the earth can replenish.

ENERGY
The world is powered by fossil fuels that release CO2 when 
burned. CO2 is naturally present in the atmosphere as a trace 
component; it is released as a product of respiration by plants 
and animals and in small amounts from volcanoes and geysers. 
It is one of the greenhouse gases, which serve to keep the earth 
warm by absorbing and emitting infrared radiation. Without 
greenhouse gases, the earth would be much colder. The three 
main greenhouse gases—CO2, methane (CO4), and nitrous oxide 
(N2O)—affect the atmosphere as functions of their chemistry and 
rate of decay. Methane, released by fossil fuel combustion, waste 
dumps, rice paddies, and livestock, accounts for 14.3% of green-
house gas emissions but is greater than 20 times more effective 
at trapping heat than is CO2. Nitrous oxide from fertilizers and 
industrial processes accounts for only 7.9% of emissions but is 
about 300 times more effective at trapping heat, ton per ton, than 
is CO2.

16 In 1750, before industrialization, atmospheric CO2 con-
centration was approximately 280 parts per million (ppm). By 
2005, it had reached 379 ppm; the rate of increase from 1995 to 
2005 was the highest in recorded history. More CO2 in the atmo-
sphere generally means more greenhouse gases and a warmer 
planet. CO2 is the greatest contributor to global warming, account-
ing for 43% to 56% of all greenhouse gases, depending on the 
reference. The single largest contributor to atmospheric CO2 is 
consumption of fossil fuels (e.g., coal, oil, natural gas) for energy 
in transportation, industry, and forestry.16

Oil is the most carbon-dense fossil fuel. Natural gas (methane) 
is the “cleanest” of the carbon-based fuels, because it has more 
hydrogen atoms per carbon molecule. For each unit of energy, 
methane produces 52.6 kg (117 lb) of emitted CO2, compared 
with 73.8 kg (164 lb) released by burning oil. To achieve a similar 
amount of heat, one would need almost three times more weight 
of wood, which would release 88 kg (195 lb) of CO2. Coal burns 
the dirtiest, producing 103 kg (227 lb) of CO2 to achieve the same 
unit of energy.3 Although some of these fuels are used primarily 
and directly for energy, such as in natural-gas stoves, fossil fuels 
are also burned in power plants to create electricity. Various 
sources of fuels are combusted or otherwise converted into heat 
to generate steam, which spins turbines that produce electricity. 
Electricity then enters the “grid,” a large network of power lines, 
power stations, and transmission subsystems, to be distributed to 
homes and businesses (Box 122-1).

Worldwide, a majority of the electricity produced comes from 
coal. Coal combustion is the largest contributor to CO2 world-
wide, but its production and use damage more than just the 
atmosphere. Coal is extracted by underground, open-surface pit, 
and “mountaintop” mining. In mountaintop mining, mountaintop 
debris is deposited in the adjacent valley, destroying vegetation, 
soil, habitats, and the landscape aesthetics. Acid, along with 
heavy metals such as mercury, selenium, and arsenic, from this 
debris seeps into waterways and groundwater. Coal combustion 
is the largest source of human-made mercury pollution. Acid rain 
is produced by burning high-sulfur coal.3

Power stations can use any type of fuel (uranium, solar 
energy, biomass, oil, or methane) to power turbines to generate 
electricity, or the turbines can be turned directly by water and 
wind power. Although oil and natural gas burn cleaner than does 
coal, renewable sources of fuel can turn turbines and create 
electricity, so once the infrastructure is in place, the fuel is essen-
tially free. According to the International Energy Agency, an 
intergovernmental energy policy advisor founded in the oil crisis 
of 1974 and located in France, renewable energy sources cur-
rently have the technologic potential to supply almost 20 times 
the current global energy demand, but presently account for no 
more than 17% of global energy consumption.7 Biomass and 
hydropower provide less than 15% of global energy need, 
whereas wind and solar power fuel provide approximately 2%.

depth of the permafrost, making it mushy. The thaw is the time 
when plants and burrowing animal life are most active in this 
layer. Trampling on summer tundra can be very destructive. 
When the thin layer of ground cover plants is destroyed, crystals 
in the underlying permafrost can melt because of increased sun 
exposure. This is called thermokarsting and can leave permanent 
scars, such as footprints and tire treads. Hiking and camping on 
durable surfaces are critical. If trails are not available, travel on 
shallow streambeds or snow, or, as a last resort, walk on tundra 
grasses rather than on lichen beds. Do not hike single ile. For 
waste disposal, do not dig a cat-hole. Rather, smear feces on a 
rock or pack them out. Campires are inappropriate.9

Alpine tundra, as opposed to the arctic type, occurs above 
tree line and has a short growing season (similar to arctic tundra) 
but has no permafrost. It is delicate but cannot undergo ther-
mokarsting because of the absence of permafrost. This alpine 
landscape is home to a handful of hearty species of vegetation 
and adapted mammals. When traveling through alpine tundra, 
stay on the trail, because damage caused by shortcutting in this 
fragile environment can remain for several hundred years. Camp-
ing is generally discouraged because of the risk of lightning 
strike at this altitude, as well as soil sensitivity. If camping 
becomes necessary, try to use an established site or camp on a 
durable surface, such as rock, snow, or mineral soil. Avoid 
campires. Tether trash and camping items to avoid their being 
blown away by high winds. With regard to human waste, many 
popular alpine destinations now require that visitors pack it out. 
However, a patient hiker can descend below tree line to dig a 
cat-hole if desperate.9

The Desert

Many desert soils are covered with a dark cryptobiotic crust, or 
biocrust, composed of cyanobacteria, algae, mosses, and lichen 
held together by organic materials. These crusts often cover a 
majority of the desert loor and help to stabilize the soil, ix 
nitrogen, and retain moisture. If disturbed, biocrusts may not 
regenerate for a century or more. In the desert, therefore, travel-
ers must remain on designated trails to minimize damage to the 
biocrust or walk on durable surfaces, such as slickrock, gravel, 
or sand washes. Camp on durable surfaces or established camp-
sites. Avoid campires in this dry, treeless environment. Water is 
limited, so pack plenty. Wandering off the trail in search of water 
is detrimental for the soil and for thirsty desert creatures. Do not 
use precious water sources for bathing, because soaps and body 
oils contaminate the environment. In the desert, cat-holes are the 
preferred method for waste disposal, but keep them 60 m (200 
feet) from any water source, because feces decompose slowly in 
arid climates.

SUSTAINABILITY AND THE HUMAN FOOTPRINT

According to the World Wildlife Fund, in the 21st century, 
humankind’s footprint exceeds the earth’s regenerative capacity 
by 30%.5 Wildlife populations have declined by one-third over 
the last 35 years, and humans are consuming resources at a rate 
that far exceeds natural regenerative capacity. Biodiversity has 
declined as species have been overexploited. In 2005, the single 
largest human footprint was carbon in the form of carbon dioxide 
(CO2) from combustion of fossil fuels; ambient CO2 has grown 
more than 10-fold since 1961. At the present rate, humankind 
will need two planets to maintain the present level of consump-
tion by the year 2030.5 Two generations ago, humankind was an 
ecologic creditor. At present, two-thirds of our species live in 
countries that consume more natural resources than exist within 
their national borders. Therefore, these countries must depend 
on nations, often Third World countries, with fewer environmen-
tal restrictions for resources.

The earth provides food, water, material goods, and fuel. 
These resources have present economic value. Less salient and 
less marketable services include nutrient recycling, soil formation, 
pollination, pest control, and water puriication, as well as the 
aesthetic, spiritual, and recreational provisions of the earth. Some 
natural resources with market value (e.g., fossil fuels) have been 
regulated, whereas others (e.g., the atmosphere) have been 
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make 174 L (46 gal) of biodiesel. Oil palms can be converted 
into 2300 L (610 gal) of biodiesel per acre.3

WIND POWER

Wind power, like biomass, is a form of solar energy, because 
atmospheric temperature differentials from the sun create wind. 
It is so abundant that it could fuel the entire planet ive times 
over, and it is the fastest-growing renewable energy source. Wind 
power has the advantage of being rapidly installed, aesthetic, 
and scalable to the needs of the locale. An average windmill can 
generate enough electricity to power 400 average American 
homes; a smaller windmill 11 to 43 m (35 to 140 feet) tall can 
pay for itself after 6 years. The United States, Germany, and Spain 
generate the most electricity from wind power; however, India 
and China may soon surpass these countries because of their 
current investments in wind farms. England boasts the largest 
offshore wind farm in the North Sea, where winds are strong and 
reliable.3

A typical windmill stands 50 to 100 m (160 to 325 feet) tall 
and has blades that range from 27 to 45 m (90 to 150 feet) in 
length, making construction and transportation a challenge, espe-
cially for offshore wind farms. Wind farms are regarded as haz-
ardous for birds. In reality, cats kill 3000 birds for every one 
struck by a windmill, and tall buildings latten 19,000 birds for 
every windmill kill.3 Despite this relative safety, engineers are 
perfecting sensors to halt windmill operation when birds are 
nearby. The largest drawback to wind power is its intermittency; 
power isn’t generated if the wind doesn’t blow.

SOLAR POWER

The sun radiates enough energy, were it to be captured properly 
to the earth in 1 hour, to power the entire planet for a year. Solar 
energy is the most common form used by persons trying to “live 
off the grid.” Capturing solar power can be challenging because 
it is limited by clouds and darkness of night and is intermittent. 
Technically speaking, there are two mechanisms to harness solar 
energy. Solar rays on a large scale can be focused by curved 
mirrors to heat liquids that turn turbines in power plants. Alter-
natively, and usually on a smaller scale, photovoltaic cells convert 
sunlight directly into energy using semiconductor devices. Pho-
tovoltaic cells consist of a thin layer of silicon atoms that release 
free electrons when exposed to solar energy. They work in the 
presence of intermittent sunlight and can be deployed in small 
clusters or in large arrays. Free electrons low out of the photo-
voltaic cell as electric current, which is converted to alternating 
current by an inverter for use in residential homes and other 
applications.

Solar power can also be harnessed in a passive manner by 
intelligent design of residential and commercial buildings. Orien-
tation of the building can take advantage of winter sun and 
minimize summer glare. The roof can be colored to relect or 
absorb intense heat and can serve as a solar water heater. Build-
ing materials, such as stone, can be chosen to absorb heat, 
whereas proper ventilation can circulate both cool and warm air 
to limit the use of fossil fuels.

GEOTHERMAL ENERGY

Geothermal energy has enough potential stored energy to satisfy 
the world’s needs many times over, according to the United 
Nations World Energy Assessment Report.15 Geothermal energy 
creates virtually no CO2 emissions and is not intermittent, an 
advantage over other renewable sources. Geothermal activity is 
greatest where the tectonic plates meet, such as the Ring of 
Fire surrounding the Paciic Ocean. In addition, there are other 
naturally occurring hot spots where magma has found its way 
to the surface and created springs and geysers. Both these 
natural formations can serve as direct sources of hydrothermal 
energy, where natural steam is used to turn turbines. There is, 
however, the potential for geothermal energy in unsuspected 
locations. In many areas, rock below the ground surface is hot 
but dry. If rock temperature exceeds 149° C (300° F) and this 

RENEWABLE ENERGY

Renewable energies are essential contributors to the global 
energy menu and have the potential to reduce reliance on fossil 
fuel and to mitigate greenhouse gases, thereby lessening humans’ 
ecologic footprint. Regions of the world differ in the types of 
renewable energy used, but overall, hydropower is the global 
renewable energy source of choice for electricity, and biomass 
for energy production.

BIOMASS

Biomass is an advanced form of photosynthetic solar power and 
a promising renewable replacement for fossil fuels in power 
plants. The energy generation is a relatively simple chemical 
process. Biomass is mashed and fermented with yeast to make 
ethanol. Ethanol is then burned for fuel. Initially, food crops such 
as corn were regarded as ideal biomass fuel options. However, 
the fossil fuel demands of industrial agriculture negated the ben-
eits of decreased emissions. Corn was replaced by nonfood 
sources of biomass when the economic and social impacts of 
using food for fuel became obvious. Many sources of renewable 
(and sustainable) biocellulose work as sources of biomass. These 
include grasses (especially Miscanthus [elephant grass]), waste 
paper, corn silage, and bagasse waste from sugar cane produc-
tion. One acre of sugar cane produces 2500 L (650 gal) of fuel; 
1 acre of corn produces 1500 L (400 gal); and 1 acre of Miscan-
thus grass produces 4750 L (1250 gal). Soybeans can be used to 

BOX 122-1 The Grid

Turbines that generate electricity from coal, natural gas, biomass, 
nuclear, wind, and solar power plants must distribute that power 
from the generating facility to end users. Many power plants are 
not located close to population centers, so they must transmit 
electricity via overhead (and occasionally underground) high-
voltage transmission lines to substations closer to cities for voltage 
step-down and further distribution. Energy storage at the 
substations is ineficient, so electricity is best distributed in real 
time. A sophisticated system of controls is therefore necessary to 
ensure that electric generation matches demand. If supply and 
demand are mismatched, electricity generation and distribution 
can become overloaded, causing a blackout. To prevent this, 
generating and distributing stations are all interconnected in a 
“grid” or “power grid” to allow for redundancy in the system, 
creating a series of transmission triangles rather than a branching 
hub. These individual triangles are then connected regionally and 
nationally. The grid allows for generally uninterrupted electricity 
delivery through periods of high and low demand and high and 
low power generation, as can occur with intermittent renewable 
fuel sources. Finally, the miles of transmission lines of the grid act 
to pool and store electricity from various sources, both renewable 
and nonrenewable.

The network nature of the grid is ripe for computer 
management to improve eficiency. A “smart grid” delivers 
electricity from suppliers to consumers controlled by two-way 
digital technology. Such a system could alert the consumer, via 
smart meter devices such as a glowing orb, to high-use periods, 
giving direct feedback to limit electricity use during expensive 
peak demand periods. Alternatively, the system could 
automatically turn off selected high-demand appliances during 
peak periods, which can be cost and carbon saving, turning them 
back on as demand lessens. A smart grid can charge an electric 
vehicle at night, a time of low electricity demand. Renewable 
energy sources will need a smarter grid. As the world converts to 
renewable energy, which is mostly intermittent power, a smart 
system will be necessary to limit demand during peak periods. 
Some of this can be accomplished by pricing energy as a function 
of demand and allowing market forces to work.

A “home grid” extends some of these capabilities into the 
home to allow the individual homeowner to cut electricity cost and 
the individual’s global footprint. Alternatively, individual homes 
can generate their own electricity “off the grid” or sell surplus to 
the grid. Many municipalities, regions, and countries already have 
established a smart or “smarter” grid.
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bedrock is close enough to the surface to be cost-eficient, water 
can be injected into the ground in an Enhanced Geothermal 
System, and the resultant steam used to generate electricity. For 
personal consumption, a homeowner can install a geothermal 
heat pump to reduce the cost of heating and cooling a building. 
A hole is drilled 12 to 60 m (40 to 200 feet) below the surface, 
where the earth’s temperature is a stable 16° C (60° F). A loop 
of copper pipes is installed, through which refrigerant pumped 
from the house circulates in the loop, exchanging heat from 
the home with the earth. In the summer, warm air in the home 
is absorbed by the refrigerant, then circulates underground to 
bring cool air back to the surface. The process is reversed in 
winter.

NUCLEAR ENERGY

Nuclear power, which generates heat through a controlled ission 
chain reaction using uranium, is an option to reduce carbon 
emissions. Uranium is the heaviest naturally occurring com-
pound, containing 92 protons. When split, energy is released and 
the free neutrons collide with nearby uranium atoms, splitting 
them as well. “Control rods” of cadmium or other elements 
absorb some of the neutrons, limiting and controlling the reac-
tion. The generated heat boils water into steam that turns an 
electric turbine. One pound of uranium contains as much energy 
as 3 million lb of coal.3

The United States is the current leader in nuclear power, with 
100 active nuclear reactors, followed by France with 58 and Japan 
with 48. Nuclear engineers are aging and academic programs 
closing. The cost of building and maintaining a nuclear power 
plant has skyrocketed, and new reactors worldwide remain 
uninished. According to the United National World Energy 
Assessment, 17% of global electricity production comes from 
nuclear power, behind coal (38.3%) and gas (18.1%).15

Nuclear energy has fallen out of public favor because of 
concerns about the consequences of long-term storage of radio-
active waste, the public’s hesitation to have this waste stored in 
its “backyard,” and safety concerns after the accidents at Three 
Mile Island in 1979 (United States), Chernobyl in 1986 (USSR/
Russia), and Fukushima Daiichi in 2011 (Japan). According to the 
U.S. Nuclear Regulatory Commission (NRC) and the International 
Atomic Energy Association (IAEA), the accident at Chernobyl 
released more than 100 times the radiation released by the two 
atomic bombs dropped by the United States on Japan in 1945 in 
World War II.3

Radiation is a natural phenomenon. Humans emit radiation 
from potassium-40 in the body and are exposed to naturally 
occurring radiation from elements and rocks (e.g., granite). Most 
living things are able to genetically withstand a certain amount 
of radiation. Radioactive waste, however, contains a number of 
radioisotopes that emit ionizing radiation that can be harmful to 
humans and the environment. Nuclear fuel, nuclear weapons, 
and health care industries produce nuclear waste. Waste gener-
ated by hospitals, such as contaminated towels, ilters, and rags, 
is generally low-level waste that can be incinerated and buried 
in landills, which poses insigniicant long-term risk. Iodine-131, 
used in diagnosis and treatment of thyroid conditions, has a 
half-life of 8 days and is essentially gone from the body and 
environment in approximately 3 months. Plutonium-239, used 
for nuclear power and weapons, has a half-life of more than 
24,000 years. Such high-level waste originates from spent reactor 
fuel and waste materials from reprocessing spent fuel rods. High-
level waste is thermally hot and highly radioactive and remains 
so for many years. This waste is generally stored above ground 
or underwater for 3 to 5 years to allow it to cool before deini-
tive disposal. The waste is contained, then relocated and dis-
posed in a permanent, dry geologic site, far from human contact, 
with the surrounding rock providing a natural radiation barrier. 
Once illed, the disposal site is closed and sealed. Geologic 
disposal, regarded as the safest solution to radioactive waste, 
obviates the need for long-term storage facility maintenance and 
lessens the risk of terrorist acquisition. Despite the impressive 
safety record in the nuclear waste storage and disposal industry, 
public concern and opposition continue. Public opinion supports 

long-term storage, which is a security risk, rather than permanent 
disposal.

The International Atomic Energy Agency (IAEA), headquar-
tered in Vienna, Austria, was created in 1957 as an independent, 
intergovernmental, and science-based organization in the United 
Nations family. The IAEA publishes safety standards for transport 
and storage of radioactive waste and also maintains a databank, 
the Energy and Environment Data Reference Bank, which is  
a compilation of country-speciic energy and environment- 
related indicators, such as CO2 emissions per capita and overall 
energy statistics (http://www.iaea.org/inisnkm/nkm/aws/eedrb/). 
In 2005, the IAEA was the recipient of the Nobel Peace Prize for 
its efforts at ensuring that nuclear energy is used for peaceful 
purposes.

SUSTAINABLE LIVING
Renewable energy choices and decreased dependence on fossil 
fuels are the core of environmental sustainability; however, 
simple lifestyle changes can also lessen the individual human 
footprint. In the 2009 book, Our Choice, Al Gore reveals the 
CO2 excesses of the Western diet.3 Industrial agriculture uses 10 
calories of energy from fossil fuel to produce 1 calorie of food, 
which does not include fuel burned to transport grain, meat, 
vegetables, and fruit. In the livestock industry, 3.18 kg (7 lb) of 
plant protein and 23,000 L (6000 gal) of water are required to 
produce 0.45 kg (1 lb) of beef. In addition, large livestock opera-
tions, such as those in Canada and California, release signiicant 
amounts of methane, a potent greenhouse gas, into the atmo-
sphere. Natural gas, required for production of nitrogen fertilizer 
for industrial agriculture, releases 4.6 tons of CO2 for every ton 
of fertilizer manufactured.3 Nitrogen excess degrades the carbon 
content of soil as hungry soil bacteria consume fertilizer and 
release CO2. Residual fertilizer enters the waterways, triggering 
robust algal blooms that starve water of oxygen, kill ish, and 
leave a dead zone. Cane sugar, another Western staple, is water 
intensive, requiring 1500 L (400 gal) of freshwater to produce 
1 kg (2.2 lb) of sugar. Food choices can be more “sustainable” 
and carbon neutral if humans consume less meat, more fruits 
and vegetables, and purchase foodstuffs from local sources to 
minimize fuel used in transportation. Gardening is a green alter-
native, especially if natural fertilizers (manure or garden spoilage) 
are used.

Clothing choices can be sustainable. Cotton production, 
similar to beef and sugar, has a large water footprint, requiring 
2900 L (800 gal) of water to produce one cotton shirt.5

SUSTAINABLE HOSPITALS

According to the U.S. Department of Energy, hospitals are among 
the most energy-intensive facilities, producing 2.5 times the CO2 
emissions of commercial ofice buildings and releasing more than 
13.5 kg (30 lb) of CO2 emissions per square foot.17 Besides con-
suming large amounts of energy, hospitals use toxic elements 
and chemicals for diagnosis, treatment, and decontamination, 
potentially threatening health of the environment, patients, visi-
tors, and health care workers. The 21st century has seen an 
emphasis on sustainable and healthy health care with such initia-
tives as the Global Health Security Initiative (GHSI; http://
www.ghsi.ca/), Health Care Without Harm (www.noharm.org), 
Practice Greenhealth (www.practicegreenhealth.org), and The 
Center for Health Design (www.healthdesign.org). The focus of 
these initiatives is to improve architectural design to improve 
energy eficiency and to eliminate waste, improve management 
of medical waste, eliminate mercury in hospitals, and provide 
sustainable and organic options in hospital cafeterias. In addition, 
green hospitals are using environment-friendly cleaning products 
and more eco-friendly building practices, which can improve 
working conditions for employees and improve air quality for 
patients and visitors.

Medical waste is an environmental challenge. The vast major-
ity of medical waste is incinerated, releasing CO2, mercury, and 
dioxins, among other byproducts. Because paper waste makes 
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the vertical drill reaches the shale or other rock, it is then directed 
horizontally for thousands of feet, along the horizontal length  
of the targeted rock formation. The vertical portion of the well 
is cased with a steel lining to prevent groundwater contamina-
tion. The horizontal portion of the wellbore is lined with perfo-
rated piping. The well is then “fracked.” A mixture of large 
amounts of water, chemicals, and sand is injected under high 
pressure into the well, creating fractures in the shale that are 
propped open by the injected sand. Fracked wells typically 
produce oil and gas for 3 years.14 Along with marketable fuels, 
fracked wells produce wastewater that contains some of the 
injected chemicals, dissolved clays, salts, heavy metals, and radio-
active substances. Once a fracked well becomes economically 
unproductive, it is “capped” to prevent leakage of methane into 
the atmosphere.14

WATER POLLUTION

Unconventional drilling requires millions of gallons of water to 
frack a well and creates millions of gallons of wastewater for 
disposal, a serious concern when fracking occurs in water-starved 
areas.14 Even if water is abundant, such as in the Marcellus shale 
region, wastewater produced from fracking can contaminate 
groundwater and surface water. The chemical toxicity of waste-
water is often unknown because drilling companies protect the 
identity of chemicals used in fracking as a “trade secret” despite 
that dangerous and carcinogenic chemicals such as toluene, 
benzene, and xylene have been identiied.2 In Ohio, the state 
passed a bill that, in the event of an emergent medical exposure, 
physicians can acquire proprietary information regarding chemi-
cals used in fracking; however, the physician must keep the 
identity of the chemical conidential.13 The radioactivity of frack-
ing wastewater limits disposal options; the safest method is injec-
tion into deep injection wells. Transportation of water to the 
disposal site is risky because truck trafic can be hazardous.11 
Wastewater from fracking can also be reused on site but more 
often is placed in lined temporary holding pits created locally 
until permanent disposal is available. Occasionally, wastewater 
is transported to specialized water treatment facilities because 
regional septic wastewater treatment plants cannot accommodate 
radioactive wastewater.14 In one instance, tributaries of the Ohio 
River were contaminated with barium, strontium, and bromides 
when wastewater was treated at a municipal treatment plant.6 In 
West Virginia, wastewater is legally sprayed on local roads or 
grounds. All these disposal methods are vulnerable to leakage 
and have the potential for subversion. Cases of groundwater 
contamination have been documented in Ohio and Pennsylva-
nia.14 Surface water contamination, through accident or subver-
sion, has the potential to poison ish, wildlife, and local livestock; 
these contaminated animals can potentially enter the food chain.14 
Methane from fracked wells can contaminate local drinking 
water, although the gas itself poses a signiicantly greater risk to 
the atmosphere. Methane-contaminated water is not hazardous 
to drink but poses a risk of combustion. A study of private wells 
near fracking sites showed that 75% of wells within 1 km (0.6 
mile) of hydraulic fracturing sites in the Marcellus shale in Penn-
sylvania were contaminated with methane isotopically identical 
to the fracked gas.6

The true extent of contamination of surface and groundwater 
by fracking wastewater is unknown. The Energy Policy Act of 
2005 created a loophole that exempted the oil and gas extrac-
tion industry from the National Environmental Policy Act, and 
thus fracking companies are not legally obligated to consider 
environmental impacts of oil and gas extraction. This loophole 
also exempts the fracking industry from most provisions of the 
Safe Drinking Water Act of 1974. As a result, much of the frack-
ing industry goes unregulated. The work of regulating hydraulic 
fracturing has fallen to the states and localities, with disparate 
results. Water quality data before drilling are often unavailable, 
because fracking companies are not required to perform these 
tests, making the causation of water contamination dificult.  
When proof of water contamination is attributable to fracking, 
legal proceedings and settlements often include conidentiality 

up about one-half of hospital waste, many hospitals are replacing 
paper surgical gowns with reusable ones and medical charts with 
electronic medical records. Sharps containers can be reused, 
saving money and oil. There are biodegradable bedpans made 
of recycled phone books and beeswax.

SUSTAINABLE TRAVEL

Traveling in a carbon-neutral or carbon-friendly fashion seems 
straightforward. One should walk or bicycle when possible and 
use public transportation, such as a train or bus, where available, 
favoring trains for short trips and buses for long distances. Air 
travel is the most carbon intense, with short lights emitting more 
carbon per traveler per mile than do longer ones; nonstop lights 
are easier on travelers and the environment. The eco-conscious 
traveler can purchase a carbon offset to neutralize environmental 
impact. Using an online carbon calculator, a traveler pays a fee, 
based on calculated carbon emissions, to a service organization 
that typically plants trees, captures methane, or builds a windmill 
to offset the CO2 emitted. The growing popularity of this practice 
has created Internet scams, so the carbon-offset industry is striv-
ing for transparency and legitimacy. Trusted carbon-offset sellers 
include Terrapass, which has a simple carbon footprint calculator 
and carbon gift certiicates; Native Energy; and the Climate Trust, 
which is focused on eco-friendly businesses. The Gold Standard 
(www.cdmgoldstandard.org), a nonproit organization under 
Swiss law that operates a certiication program for carbon credits, 
is supported by multiple nongovernmental organizations (NGOs), 
World Wildlife Fund International, Greenpeace International, and 
others. It is regarded as the international certifying body for 
premium-quality carbon credits.

Critics of the concept of purchasing carbon offsets believe that 
the presence of an “easy carbon out” only encourages carbon 
use when we should be preventing its release. In addition, how 
can the purchaser ensure that the tree was planted and survived, 
and/or that the project funded by the carbon offsets was not 
previously scheduled? The Gold Standard and critics discourage 
reliance on tree planting for many reasons, including dificulty 
with veriication.

HYDRAULIC FRACTURING
Hydraulic fracturing, or fracking, is an issue that cannot be 
ignored in any discussion of sustainability. Fracking is a method 
for extraction of oil or natural gas from tight formations of shale 
or other rock located thousands of feet underground (Figure 
122-1). It has made the United States one of the world’s leading 
producers of natural gas and has contributed to declining natural-
gas prices.14 Natural gas is regarded as a cleaner “bridge fuel” 
between the carbon-heavy fossil fuels of coal and oil and the 
carbon-neutral renewable energy sources such as wind power. 
When burned, natural gas emits less CO2 per unit of energy than 
when oil or coal is burned. However, if the gas is leaked directly 
into the atmosphere, methane (natural gas) is 86 times more 
potent than CO2 over a period of 20 years. The global-warming 
impact of methane falls to 34 over a period of 100 years because 
methane has a life span of only 12.4 years in the atmosphere, 
much shorter than that of CO2.

18

Natural gas, or methane, can be found in pockets and loose 
rock formations such as sandstone, where it is easily accessed 
by conventional drilling methods. Unfortunately, conventional oil 
and gas reservoirs in the United States have long ago been 
pumped dry. Newer technologies with horizontal drilling methods 
can extract natural gas from tight rock formations, such as shale, 
where methane is less accessible. Rock formations amenable to 
fracking exist throughout the world. However, one of the largest 
shale gas formations is the Marcellus shale region that underlies 
Ohio, Pennsylvania, New York, Maryland, Virginia, and West 
Virginia in the United States. Fracking, the newer unconventional 
horizontal drilling method, accesses reservoirs previously inac-
cessible or too expensive to drill. In this process, a vertical well 
is drilled into the rock formation many hundreds to thousands 
of feet underground, generally far below the water table. Once 
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FIGURE 122-1 Stage 1: Water Acquisition1

Large volumes of water are withdrawn from groundwater2 and surface water3 resources to be used in the hydraulic fracturing process.
Potential Impacts on Drinking Water Resources
Change in the quantity of water available for drinking
Change in drinking water quality
Stage 2: Chemical Mixing
Once delivered to the well site, the acquired water is combined with chemical additives4 and proppant5 to make the hydraulic fracturing luid.
Potential Impacts on Drinking Water Resources
Release to surface and groundwater through on-site spills and leaks
Stage 3: Well Injection
Pressurized hydraulic fracturing luid is injected into the well, creating cracks in the geologic formation that allow oil or gas to escape through 
the well to be collected at the surface.
Potential Impacts on Drinking Water Resources
Release of hydraulic fracturing luids to groundwater caused by inadequate well construction or operation
Movement of hydraulic fracturing luids from the target formation to drinking water aquifers through local human-made or natural features (e.g., 
abandoned wells, existing faults)
Movement into drinking water aquifers of natural substances found underground, such as metals or radioactive materials, which are mobilized 
during hydraulic fracturing activities
Stage 4: Flowback6 and Produced Water7 (Hydraulic Fracturing Wastewaters)
When pressure in the well is released, hydraulic fracturing luid, formation water, and natural gas begin to low back up the well. This combination 
of luids, containing hydraulic fracturing chemical additives and naturally occurring substances, must be stored on-site, typically in tanks or pits, 
before treatment, recycling, or disposal.
Potential Impacts on Drinking Water Resources
Release to surface water or groundwater through spills or leakage from on-site storage
Stage 5: Wastewater Treatment and Waste Disposal
Wastewater is dealt with in one of several ways, including, but not limited to, disposal by underground injection, treatment followed by disposal 
to surface water bodies, or recycling (with or without treatment) for use in future hydraulic fracturing operations.
Potential Impacts on Drinking Water Resources
Contaminants reaching drinking water caused by surface water discharge and inadequate treatment of wastewater
Byproducts formed at drinking water treatment facilities by reaction of hydraulic fracturing contaminants with disinfectants
1Recently, some companies have begun recycling wastewater from previous hydraulic fracturing activities, rather than acquiring water from ground 
or surface resources.
2Groundwater is the supply of freshwater found beneath the earth’s surface, usually in aquifers, which supply wells and springs. It provides a 
major source of drinking water.
3Surface water resources include any water naturally open to the atmosphere, such as rivers, lakes, reservoirs, ponds, streams, impoundments, 
seas, and estuaries. It provides a major source of drinking water.
4Chemical additives are used for a variety of purposes (see examples in Table 4, p. 29, of the hydraulic fracturing Study Plan). A list of publicly 
known chemical additives found in hydraulic fracturing luids is provided in Appendix E, Table E1, of the hydraulic fracturing Study Plan.
5Proppant is a granular substance such as sand that is used to keep the underground cracks open once the hydraulic fracturing luid is 
withdrawn.
6Flowback.
7Produced water. 
(Courtesy U.S. Environmental Protection Agency (EPA). http://www2.epa.gov/hfstudy/hydraulic-fracturing-water-cycle.)
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is the difference, because methane remains in the atmosphere 
for a shorter period than CO2 but is a much more potent green-
house gas. According to the Cornell study, shale gas creates a 
larger estimated carbon footprint in timescales of less than about 
50 years.6 The National Oceanic and Atmospheric Administration 
(NOAA) found that methane leakage rates are even higher than 
previously estimated. This concern alone can hasten the global-
warming tipping point (the point in time when interventions can 
no longer stabilize the global-warming process) to within the 
next 15 to 35 years.2 The carbon footprint of hydraulic fracturing 
can be easily mitigated by trapping or laring fugitive methane; 
present U.S. federal regulatory requirements do not mandate 
this.14

NATIONAL PARKS IN THE UNITED STATES

Drilling for methane and oil has already occurred in 12 national 
parks and threatens the borders of many others, especially parks 
that are atop shale formations.10 The surface footprint of a frack-
ing drilling well site, approximately 2.5 acres, is much larger than 
conventional wells to allow room for chemical storage tanks, 
holding pits, and roads for heavy truck trafic.10,14 The sheer size 
of the footprint has great potential to fragment habitats and 
impact native wildlife species within and around a national 
park.10 This can potentially affect biodiversity and stability of 
plant and animal species, and alter migration patterns and grazing 
habitats. Flaring of methane gas from fracked wells near and 
within national parks, although good for the atmosphere, causes 
signiicant light obscuration in lands that were previous nighttime 
viewing destinations, such as the Theodore Roosevelt National 
Park in North Dakota.10 Noise pollution from fracking is disrup-
tive to visitors. Water extraction for drilling can impact the 
amount and quality of water in rivers coursing through national 
parks, in addition to concerns about fracking wastewater. Visitors 
heading east from Glacier National Park encounter a sign warning 
against poisonous gases from fracking operations.10

CONCLUSION

The shale gas boom has created a market where the United States 
will rapidly become a net exporter of natural gas.2 However, the 
typical boom-and-bust cycles of energy extraction have histori-
cally created abandoned oil and gas wells and abandoned coal 
mines. These leave taxpayers with cleanup bills and are an envi-
ronmental risk until the sites are remediated.12 Although most 
states in the United States have small bonding requirements for 
well plugging (some as low as $100 per well), few states have 
established policies that require drillers to have bonds, trust 
funds, or insurance policies to cover well reclamation once the 
well has lost its proitability.12 These funds would cover restora-
tion of the environment, compensation of victims for damage to 
property and health, provision of alternate sources of water if 
needed, and full restoration of damaged public infrastructure 
(e.g., road damage from heavy truck trafic). With such low 
bonding rates, the oil and gas industry has little incentive to 
reclaim sites. Between 2001 and 2008, 127 mines in West Virginia 
and 227 mines in Pennsylvania were abandoned and the posted 
bonds forfeited; this may increase as falling fuel prices inancially 
pressure drilling companies.12

The National Resources Defense Council opposes expanding 
fracking without additional safeguards to protect human health 
and the environment.11 The U.S. Environmental Protection Agency 
(EPA) is now working on a comprehensive study of the environ-
mental impacts of hydraulic fracturing. Objective scientiic data 
regarding the environmental safety of unconventional drilling are 
dificult to ind. Legal settlements for groundwater contamination 
of private wells often include conidentiality agreements. Aca-
demic studies have been sponsored by the fracking industry 
without appropriate attribution, coined “frackademia.”14 Policy 
makers and regulators are subjected to inancial and environmen-
tal pressures from both corporate lobbyists in favor of fracking 
and voters and landowners strongly opposed to fracking. Direct 
measurement of air and water quality data at and around fracking 
well sites is regularly restricted to “fence studies” where the 

agreements, limiting public discourse and availability of objective 
data.

AIR QUALITY

Air quality is typically measured in terms of six “criteria pollut-
ants”—particulate matter, ozone, carbon monoxide, lead, nitro-
gen oxides, and sulfur dioxide—chosen for their impact on 
human cardiorespiratory health and carcinogenicity. In areas of 
fracking, particularly during the drilling and completion phase, 
particulate matter and ozone levels are increased because of 
truck trafic and emissions from drilling.14 In addition, volatile 
hydrocarbons from fracking luids, such as benzene, toluene, and 
xylene, are released into the air, causing at least noxious odors.2 
Toxic air pollutants near fracking sites in Texas have included 
formaldehyde, chloroform, and carbon tetrachloride.1 Objective 
data on air pollution from fracking are limited because drilling 
sites are restricted with only remote data (“fence studies”) avail-
able. A 2013 report from the Ofice of the Inspector General of 
the United States concluded: “Limited data from direct measure-
ments, poor quality emission factors, and incomplete NEI 
[National Emissions Inventory] data hamper EPA’s ability to assess 
air quality impacts from oil and gas production activities. With 
limited data, human health risks are uncertain, states may design 
incorrect or ineffective emission control strategies, and the EPA’s 
decisions about regulating this industry may be misinformed.”14

SEISMIC ACTIVITY

Hydraulic fracturing, the particular process of initially injecting 
the chemicals/sand/water into a well to fracture the rock forma-
tion, causes small earthquakes, generally undetectable at the 
surface.14 Disposal of wastewater into deep injection wells is 
associated with more signiicant seismic activity. The largest earth-
quake caused by deep water injection, rated at 5.7 magnitude, 
occurred in November 2011 in Oklahoma.14 Improvements in well 
site-selection can mitigate this risk, particularly when fracking is 
considered in earthquake-prone areas, such as near fault lines.

SAND MINING

Hydraulic fracturing accounts for 41% of all the silica sand used 
in the United States, triggering a silica sand surface strip-mining 
boom, especially in the upper Midwest.14 The sudden expansion 
of silica strip mining creates an environmental concern as silica 
dust is harmful to workers at mines, workers at well sites, and 
residents living near fracked wells. In 2012, the National Institute 
for Occupational Safety and Health (NIOSH) issued a hazard alert 
for workers at fracking sites after discovering elevated levels of 
silica in the air near many wells.12 Silicosis is a pulmonary disease 
caused by inhaling silica dust that can have a latency period of 
more than 10 years.

GLOBAL WARMING

Combustion of methane releases less CO2 into the atmosphere 
per energy generated than combustion of other fossil fuels, such 
as oil or coal. Although less carbon friendly than renewable 
energy sources, methane is regarded as the most environmentally 
safe fossil fuel. However, if methane gas is leaked directly into 
the atmosphere before burning, it is very damaging. One mole-
cule of methane creates an atmospheric global-warming footprint 
that is 86 times greater than one molecule of CO2.

18 Using present 
practices, a fracked well typically releases 3.6% to 7.9% of “fugi-
tive methane” into the atmosphere. A Cornell study of the carbon 
footprint of shale gas used for consumer heat generation esti-
mated that, with the 3.6% to 7.9% rate of fugitive methane, a 
fracked well creates a larger CO2 footprint than does an oil well, 
with a 1.7% to 6% methane leak, over a 20-year period.6 When 
methane is burned for electricity, excluding the consumer com-
ponent, the CO2 footprint produced by shale gas is somewhat 
better because of the eficiency of gas power plants over coal 
power plants, but methane is still more damaging to the atmo-
sphere than coal or oil. The longer the estimated time, the smaller 
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fracked site is known, but the industry does not routinely reveal 
the location of fracking sites, wastewater pits, or injection wells. 
The overall paucity of objective environmental data regarding the 
impact of hydraulic fracturing on human and environmental 
health has created a biased informational landscape, impairing 
public debate as well as policy formation. Geisinger Health 
Systems, sitting atop the Marcellus shale in Pennsylvania, is pres-
ently conducting a comprehensive epidemiologic survey on the 
health implications of fracking using 2.6 million available elec-
tronic health records.2

However, the present informational vacuum cannot ade-
quately predict the short-term and long-term impacts of fracking. 
In a 2013 review of the impact of fracking on public health, 
Finkel and Hays2 summarize the data: “no sound epidemiologic 
study has been done” to quantify fracking’s impact on human 
and environmental health. They conclude, “Natural gas has  
been in shale formations for millions of years; it isn’t going 
anywhere.”

THE CHALLENGE
A mere two generations ago, humankind was an ecologic credi-
tor, using fewer natural resources than were generated by the 
planet. By 2010, fueled by population growth and individual 
consumption, we have amassed environmental debt. We must 
learn to live within our ecologic means. Each country has a 
measurable ecologic footprint equivalent to the sum of all the 
land and water required to support its consumption and absorb 
its waste. According to the 2008 Living Planet Report, this global 
sum exceeded the planet’s available supply in the 1980s, and by 
2005, demand was 30% greater than was biocapacity.5 The United 
States and China have the largest individual footprints, with each 
country consuming 21% of the planet’s biocapacity. Much of 
China’s footprint is caused by its large population. India is a 
distant third at 7%. These three countries have among the highest 
natural biocapacities in the world but are now in ecologic debt. 
Many developed countries have ecologic footprints that far 
exceed their biocapacity and increasingly depend on the remain-
ing creditor countries for resources.

Scientists cannot accurately predict precisely when the earth 
will reach an ecologic “point of no return.” According to the 
World Wildlife Fund and the Living Planet Report of 2005, we 
have the technology to return the earth to biostability by control-
ling population, limiting individual consumerism, and decreasing 
the amount of resource use and waste production.

Global population in 2015 was more than 7,291,000,000 
(http://www.worldometers.info/). A nation’s ecologic footprint is 
a function of its population, natural resources used, and waste 
produced. Lowest-income countries have had the greatest 
increases in population. Increases in middle-income population 
and consumerism have led to the highest per-person footprint, 
accounting for 39% of the total per-capita footprint. High-income 
countries account for 36% of the footprint, primarily from 

increases in per-person carbon footprint rather than increases in 
population.5 To achieve sustainability, lower-income nations 
would beneit from family-planning services, education, and 
empowerment of women regarding childbearing choices. In 
middle- and high-income countries, family planning may be 
helpful; however, renewable energy sources and investment in 
resource-eficient cities are also important. In addition, material 
consumerism in richer countries, along with the accompanying 
electronic waste, has reached unprecedented levels. A culture of 
nonmaterial personal rewards could help ease this particular 
ecologic stress.

The largest gap between biocapacity and ecologic footprint 
is caused by energy consumption. Energy production from 
burning fossil fuels accounts for 45% of the global ecologic foot-
print.5 Energy in all forms is a global issue. Its unfettered produc-
tion, distribution, and use are unsustainable. The energy status 
quo is a threat not only to the environment but also to social 
equity and national security. Energy externalities are not only 
environmental (acid rain, global warming, radiation exposure) 
but social (black lung disease, asthma exacerbation, malignan-
cies). External costs vary by energy source, being greatest for 
coal, followed by oil, and then by renewable energy sources.15 
The “free market,” which has neglected these long-term costs in 
the past, can include them, pricing energy as a function of 
energy’s total cost, rather than its subsidized cost. This may 
encourage consumers to purchase greener products and use 
renewable energy sources. A multifaceted approach to sustain-
ability in the home and workplace, on the road, and in the 
wilderness, along with signiicant political will, is needed, 
because no single approach is adequate to sustain the earth and 
democratize energy for all people.

Renewable energies, including biomass, hydropower, wind, 
solar and geothermal, account for a few percent of the total 
global energy market because of technologic reasons and a dis-
abling policy environment that subsidizes fossil fuel–based 
energy. Leadership to advance innovation in energy may come 
from Third World countries with less entrenched infrastructures. 
Once the infrastructure is in place, renewable fuel is essentially 
free. “Success” in the future will be measured in inancial, social, 
and environmental terms. The addition of “environmental 
success” to our cultural lexicon will require leadership, sense of 
urgency, and global effort.

REFERENCES AND  
SELECTED RESOURCES

Complete references and selected resources used  
in this text are available online at expertconsult 
.inkling.com.
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SELECTED RESOURCES
Leave No Trace. <http://www.lnt.org>.
Our Choice website by Al Gore. <http://ourchoicethebook.com>.
Intergovernmental Panel on Climate Change. <http://www.ipcc.ch/>.
The United Nations Environmental Programme. <http://www.unep.org/>.
UNEP e-book Climate in Peril. <http://www.grida.no/publications/

climate-in-peril/ebook.aspx>.

Carbon Offsets
The Gold Standard. <http://www.cdmgoldstandard.org/>.
Native Energy. <http://www.nativeenergy.com/>.
Terrapass. <http://www.terrapass.com/>.

Nuclear
International Atomic Energy Agency. <http://www.iaea.org/>.
IAEI publishes recommendations for radiation exposure of patients 

during diagnostic procedures, such as computed tomography, den-
tistry, interventional cardiology procedures, and mammograms. These 
are found at <http://rpop.iaea.org/RPoP/RPoP/Content/index.htm#>.

Green Hospitals
The Global Health Security Initiative (GHSI). <http://www.ghsi.ca/>.
Health Care Without Harm. <www.noharm.org>.
Practice Greenhealth. <www.practicegreenhealth.org>.
The Center for Health Design. <www.healthdesign.org>.

REFERENCES
1. Allen DT. Atmospheric emissions and air quality impacts from natural 

gas production and use. Annu Rev Chem Biomol Eng 2014;5:55–75.
2. Finkel ML, Hays J. The implications of unconventional drilling for 

natural gas: A global public health concern. Public Health 2013;127: 
889–93.

3. Gore A. Our choice. Emmaus, Pa: Rodale; 2009.
4. Guidotti TL. Health and sustainability, an introduction. New York: 

Oxford University Press; 2015.
5. Hails C, editor. Living planet report. Gland, Switzerland: World Wide 

Fund for Nature, World Wildlife Fund; 2008.

6. Howarth RW, Ingraffea A. Comment: Should fracking stop? Nature 
2011;477:271–3.

7. International Energy Agency statistics, 2010. <www.iea.org/stats/
index.asp>.

8. Reference deleted in proofs.
9. McGivney A. Leave no trace: A guide to the new wilderness etiquette. 

Seattle: The Mountaineers; 1998.
10. National Parks Conservation Association Center for Park Research. 

National Parks and hydraulic fracturing: Balancing energy needs, 
nature, and America’s national heritage. <http://www.npca.org/
assets/pdf/Fracking_Report.pdf>.

11. National Resources Defense Council. In fracking’s wake: New rules 
are needed to protect our health and environment from contaminated 
wastewater. <http://www.nrdc.org/energy/iles/fracking-wastewater-
fullreport.pdf>.

12. PennEnvironment Research and Policy Center. Who pays the cost of 
fracking? Weak bonding rules for oil and gas drilling leave the public 
at risk. <http://pennenvironmentcenter.org/sites/environment/iles/
reports/Who%20Pays%20the%20Cost%20of%20Fracking.pdf>.

13. Thompson H. Fracking boom spurs environmental audit. Nature 
2012;485:556–7.

14. Union of Concerned Scientists. Toward an evidence-based fracking 
debate: Science, democracy, and community right to know in un-
conventional oil and gas development. <http://www.ucsusa.org/HF
report>.

15. United Nations Development Programme. World energy assessment: 
Energy and the challenge of sustainability. New York: United Nations; 
2004.

16. United Nations Development Programme. Climate in peril: A popular 
guide to the latest IPCC reports. Arendal, Norway: GRID-Arendal and 
SMI Books; 2009.

17. US Department of Energy. 2009, April 29. Retrieved October 30, 2010, 
from DOE announces the launch of the hospital energy alliance to 
increase the energy eficiency in the heathcare sector, <www.energy.
gov/news/7363.htm>.

18. Wikipedia. Global warming. <http://en.wikipedia.org/wiki/Global
-warming_potential>; [accessed 01.02.15].



2558

OCEAN STATISTICS
The ocean may be deined as the vast body of saline water that 
occupies the depressions of the earth’s surface. More than 97% 
of the water on or near the earth’s surface is contained in the 
ocean; less than 3% is held in land ice, groundwater, and all the 
freshwater lakes and rivers.

Traditionally, we have divided the ocean into artiicial com-
partments called oceans and seas by using the boundaries of 
continents and imaginary lines such as the equator. In fact, the 
ocean has few dependable natural divisions and is only one great 
mass of water. The Paciic and Atlantic Oceans and the Mediter-
ranean and Baltic Seas, so named for our convenience, are in 
reality only temporary features of a single world ocean. In this 
chapter, I refer to the ocean as a single entity, with subtly dif-
ferent characteristics at different locations but with very few 
natural partitions. Such a view emphasizes the interdependence 
of the ocean with land, life, water, atmospheric and oceanic 
circulation, and natural and human-made environments.

Earth’s ocean exists because of a fortuitous combination  
of circumstances. Our planet’s orbit is roughly circular around  
a relatively stable star. Earth is large enough to hold an atmo-
sphere, but not so large that its gravity would overwhelm. Its 
neighborhood is tranquil—supernovae have not seared its surface 
with ionizing radiation. Our planet generates enough warmth to 
recycle its interior and generate the raw materials of atmosphere 
and ocean, but is not so hot that lava ills vast lowlands or roasts 
complex molecules. Best of all, our distance from the Sun allows 
the earth’s abundant surface water to exist in the liquid state. 
Ours is a clement ocean world; surely Oceanus would be a better 
name for our watery home.

The ocean moderates temperature and dramatically inluences 
weather. The ocean borders most of the planet’s largest cities. It 
is a primary shipping and transportation route that provides much 
of our food. From its loor is pumped more than one-third the 
world’s supply of petroleum and natural gas. The dry land on 
which almost all of human history has unfolded is hardly visible 
from space, because nearly three-quarters of the planet is covered 
by water.

BRIEF APPRECIATION OF THE 
OCEAN’S HISTORY AND MODERN 
OCEAN TOOLS
The ocean did not prevent the spread of humanity. By the time 
European explorers set out to “discover” the world, native 
peoples met them at almost every landfall. Ocean transportation 
offers people the beneits of mobility and greater access to food 
supplies. Any coastal culture skilled at raft building or small-boat 
navigation would have economic and nutritional advantages over 
less-skilled competitors. Thus, from the earliest period of human 
history, understanding and appreciating the ocean and its life-
forms beneited those people patient enough to learn.

Systematic application of marine science began at the Library 
of Alexandria in Egypt. Founded during the third century BC 
at the behest of Alexander the Great, the library and adjacent 
museum could be considered the irst university in the world. 

When any ship entered the harbor, the books (actually, scrolls) 
it contained were by law removed and copied; the copies 
were returned to the owner and the originals kept for the 
library. Caravans arriving by land were also searched. Manu-
scripts describing the Mediterranean coast were of great interest, 
and traders quickly realized the competitive beneit of this 
information.

The second librarian at Alexandria (from 235 to 192 BC) was 
the Greek astronomer, philosopher, and poet Eratosthenes of 
Cyrene. This remarkable man was the irst to calculate the cir-
cumference of the earth using geometry. The Greek Pythagoreans 
had realized that Earth was spherical by the sixth century BC, but 
Eratosthenes was the irst to estimate its true size.

Scientiic oceanography began with the departure of HMS 
Challenger from Plymouth, England, in 1872. Conceived by 
Wyville Thomson, a professor of natural history at Scotland’s 
University of Edinburgh, and his Canadian-born student, John 
Murray, HMS Challenger’s 4-year cruise was the irst research 
expedition devoted completely to marine science, and it also 
holds the record as the longest such voyage. Other scientiic 
expeditions had been launched previously, such as the voyages 
of Captain James Cook, RN, and the United States Exploring 
Expedition under Charles Wilkes, but these were hybrid military 
and scientiic undertakings. The HMS Challenger voyage is 
notable for being the irst purely scientiic oceanographic 
endeavor. Stimulated by their own curiosity and with the inspira-
tion of Charles Darwin’s voyage in HMS Beagle, Thomson and 
Murray convinced the Royal Society and British government to 
provide a Royal Navy ship and trained crew for a prolonged and 
arduous voyage of exploration across the oceans of the world. 
They coined a word for their enterprise: oceanography. Although 
the term literally implies only marking or charting, it has come 
to refer to the science of the ocean.

The demands of scientiic oceanography have become greater 
than the capability of any single voyage. Modern oceanography 
depends on an interlocking suite of terrestrial and space-based 
sensors. Among the most interesting are the radar altimeters 
borne by TOPEX/Poseidon/Jason, as the project is known, a train 
of satellites orbiting 1336 km (830.2 miles) above Earth in a 
pattern that allows coverage of 95% of the ice-free ocean every 
10 days. Experiments that are occurring as part of this 5-year 
program include sensing water vapor over the ocean, determin-
ing the precise location of ocean currents, and determining wind 
speed and direction. The most revolutionary devices are the  
satellites’ TOPography Experiment, which use radar positioning 
devices to allow researchers to determine position to within 1 cm 
(0.4 inch) of Earth’s center. Computers can then determine the 
height of the sea surface with unprecedented accuracy.

Disregarding waves, tides, and currents, researchers have 
found the ocean surface can vary from the ideal smooth (ellip-
soid) shape by as much as 200 m (656 feet). The reason is that 
the pull of gravity varies across Earth’s surface depending on the 
nearness or farness of massive parts of the earth. An undersea 
mountain or ridge “pulls” water toward it from the sides, forming 
a mound of water over itself. For example, a typical undersea 
volcano with a height of 2000 m (6562 feet) above the seabed 
and a radius of 20 km (12.4 miles) would produce a 2-m (6.6-
feet) rise in the ocean surface. This mound cannot be seen with 
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Heat and temperature are related concepts but are not the 

same. Heat is energy produced by random vibration of atoms or 
molecules. On average, water molecules in hot water vibrate 
more rapidly than do water molecules in cold water. Heat is a 
measure of how many molecules are vibrating and how rapidly 
they are vibrating. Temperature records only how rapidly the 
molecules of a substance are vibrating. Temperature is an object’s 
response to the input (or removal) of heat. The amount of heat 
required to bring a substance to a certain temperature varies with 
the nature of that substance.

Heat capacity is a measure of the heat required to raise the 
temperature of 1 gram of a substance by 1° C. Different sub-
stances have different heat capacities, and not all substances 
respond to identical inputs of heat by rising in temperature the 
same number of degrees (Table 123-1). Heat capacity is mea-
sured in calories per gram per degree centigrade.

Because of the great strength and large number of the hydro-
gen bonds between water molecules, more heat energy must be 
added to speed up molecular movement and raise water’s tem-
perature than would be necessary in a substance held together 
by weaker bonds. Liquid water’s heat capacity is therefore among 
the highest of all known substances. This means that water can 
absorb (or release) large amounts of heat while changing rela-
tively little in temperature.

The uniqueness of water becomes even more apparent when 
one considers the effect of temperature change on water’s 
density. Most substances become denser as they become colder. 
Pure water generally becomes denser as heat is removed and its 
temperature falls, but water’s density behaves in an unexpected 
way as its temperature approaches the freezing point. As the 
water continues to cool, its framework of hydrogen bonds 
becomes more rigid; this causes the liquid to expand slightly 
because the molecules are held slightly farther apart. Water 
becomes slightly less dense as cooling continues, until 0° C 
(32° F) is reached; this is the point at which water begins to freeze 
and change state by crystallizing into ice. At this point, the density 
of the water decreases abruptly. Ice is therefore lighter than an 
equal volume of water. Ice increases in density as it becomes 
colder than 0° C; however, no matter how cold it becomes, ice 
never reaches the density of liquid water. Because it is less dense 
than water, ice “freezes over” as a loating layer instead of “freez-
ing under” as do the solid forms of virtually all other liquids.

Progressive transition from liquid water to ice crystals requires 
continued removal of heat energy; the change in state does not 
occur instantly throughout the mass when the cooling water 
reaches 0° C (32° F). Removal of heat does not stop when some 
of the water in the freezing water mass reaches the freezing 
point, but the decline in temperature stops. Although heat con-
tinues to be removed, the water will not become colder until the 
water mass has changed state from liquid (water) to solid (ice). 
Heat may therefore be removed from water when it is changing 
state (i.e., when it is freezing) without the water dropping in 

the unaided eye because the slope of the surface is very gradual. 
The large features of the seabed are amazingly and accurately 
reproduced in the subtle standing irregularities of the sea surface. 
Hundreds of previously unknown features have been discovered 
using the data provided by this project.

Small robot submersibles were much in the news during the 
Deepwater Horizon oil spill in the Gulf of Mexico in 2010. These 
nimble devices can manipulate valves, lift and reposition equip-
ment, and act as remote sets of eyes for decision-makers. Scien-
tists use them to probe submerged geologic features, examine 
shipwrecks, and measure water.

Perhaps the most imaginative new technology being incorpo-
rated into submersibles is telepresence, the extension of a per-
son’s senses by remote manipulators. A scientist might wear a 
helmet containing small stereo television screens and earphones, 
and place his hands in special gloves equipped with tactile feed-
back units. Movements of his head and hands would be dupli-
cated by a robot on the sealoor, and sensations “felt” by the 
robot would be relayed back to the scientist through the TVs, 
earphones, and gloves. He or she would thus have the sensation 
of being on the sealoor and could take samples, manipulate 
tools, or just look around. Other researchers could watch or 
participate at distant locations via a high-speed data link.

Personal investigation is still an important option. As amazing 
as are robots, satellites, and multibeam systems, sometimes there 
is no substitute for actually seeing—focusing a well-trained set 
of eyes on the ocean loor.

The most dificult problem is to reach extreme depths, but 
amazingly, scientists have visited the bottom of the deepest ocean 
basin. On 23 January 1960, U.S. Navy lieutenant Don Walsh and 
Dr. Jacques Piccard descended to a depth of 11,022 m (6.85 
miles) into the Challenger Deep, an area of the Mariana Trench 
discovered in 1951 by the British oceanographic research vessel 
Challenger II. The vehicle used in the descent was Trieste, a 
deep-diving submersible designed like a blimp with a very strong 
and thick (and cramped) steel crew sphere suspended below. A 
blimp uses helium gas for buoyancy, but a gas would be com-
pressed by water pressure; so gasoline, which is relatively incom-
pressible, was used to provide lift. The trip was repeated by ilm 
director James Cameron in 2012 in a vehicle of different design.

We have come a long way since the 1960s. Alvin, the best-
known and oldest of the deep-diving manned submarines now 
in operation, has made more than 4500 dives since its commis-
sioning in 1964. Recently refurbished and certiied to even greater 
depths, Alvin will continue to explore the Mid-Atlantic Ridge and 
other seabed features of interest to geologists and biologists. 
Alvin’s abilities have been surpassed by a new class of manned 
vehicles, the most capable of which are Japan’s Shinkai 6500 
and China’s Jaiolong. These submarines can reach depths greater 
than 7000 m (22,966 feet).

WATER CHARACTERISTICS
Water is so familiar and abundant that we do not always appreci-
ate its unusual characteristics. Two major concepts are reviewed 
here. The irst is the inluence of water on global temperatures. 
Liquid water’s thermal characteristics prevent broad swings of 
temperature during day and night and, through a longer span, 
during winter and summer. Heat is stored in the ocean during 
the day and released at night. A much greater amount of heat is 
stored through the summer and given off during the winter. 
Liquid water has an important thermostatic balancing effect—an 
oceanless Earth would be much colder in winter and much hotter 
in summer than the moderate climates we experience. The 
second concept is the inluence of density on ocean structure. 
Ocean structure and large-scale movement depend on changes 
in the density of seawater, with this density dependent on tem-
perature and salt content.

Perhaps the most important physical properties of water are 
related to its behavior as it absorbs or loses heat. Water’s unusual 
thermal characteristics prevent wide temperature variation from 
day to night and from winter to summer, permit vast amounts 
of heat to low from equatorial to polar regions, and power 
Earth’s great storms, wind waves, and ocean currents.

TABLE 123-1 Heat Capacity of Common Substances*

Substance
Heat Capacity† in 
Calories/gram/°C

Silver 0.06
Granite/sand 0.20
Aluminum 0.22
Alcohol (ethyl) 0.30
Gasoline 0.50
Acetone 0.51
Ice (not freezing or thawing) 0.51
Pure liquid water 1.00
Ammonia (liquid) 1.13

*Heat capacity is a measure of the heat required to raise the temperature of  
1 gram of a substance by 1° C.
†Different substances have different heat capacities. Note how little heat is 
required to raise the temperature of 1 gram of silver by 1° C. Of all common 
substances, only liquid ammonia has a higher heat capacity than liquid water.
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of rain, groundwater, or crashing surf to dissolve crustal rock. 
Much of the sea’s dissolved material originated in that way, but 
is crustal rock the source of all the ocean’s solutes? An easy way 
to ind out would be to investigate the composition of salts in 
river water and compare this to that of the ocean as a whole. If 
crustal rock is the only source, the salts in the ocean should be 
like those of concentrated river water; however, they are not. 
River water is usually a dilute solution of bicarbonate and calcium 
ions, whereas the principal ions in seawater are sodium and 
chloride. The magnesium content of seawater would be higher 
if seawater were simply concentrated river water. The propor-
tions of salts in isolated salty inland lakes (e.g., Utah’s Great Salt 
Lake, the Dead Sea) are much different from the proportions of 
salts in the ocean. Thus, weathering and erosion of crustal rock 
cannot be the only source of sea salts.

The components of ocean water with proportions that are not 
accounted for by the weathering of surface rocks are called excess 
volatiles. The sources of these excess volatiles are Earth’s deeper 
layers. The upper mantle appears to contain more of the sub-
stances found in seawater (including the water itself) than are 
found in surface rocks, and their proportions are about the same 
as found in the ocean. Convection currents slowly churn Earth’s 
mantle, causing the movement of tectonic plates. Because of this 
activity, some deeply trapped volatile substances escape to the 
exterior, outgassing through volcanoes and rift vents. These 
excess volatiles include carbon dioxide (CO2), chlorine, sulfur, 
hydrogen, luorine, nitrogen, and water vapor. This material, 
along with residue from surface weathering, accounts for the 
chemical constituents of today’s ocean.

Some of the ocean’s solutes are hybrids of the two processes 
of weathering and outgassing. Table salt (sodium chloride) is an 
example of this. Sodium ions come from the weathering of crustal 
rocks, whereas chloride ions come from the mantle by way of 
volcanic vents and outgassing from midocean rifts. As for the 
lower-than-expected quantity of magnesium and sulfate ions in 
the ocean, research at a spreading center east of the Galápagos 
Islands suggests that the chemical composition of seawater per-
colating through midocean rifts is altered by contact with fresh 
crust. The water that circulates through new ocean loor at these 
sites is stripped of magnesium as well as of a few other ele-
ments. The magnesium seems to be incorporated into mineral 
deposits, but calcium is added as hot water dissolves adjacent 
rocks.

Recent research has shown that temperature and density gra-
dients inside seamounts also drive great quantities of water into 
close association with hot geologic bits. The ocean contains 
about 15,000 seamounts, and the volume of seawater circulated 
through them may exceed the amounts associated with ridges. 
Astonishingly, all the water in the ocean is thought to cycle 
through the seabed at rift zones every 1 to 2 million years.

temperature. Indeed, continued removal of heat is what makes 
the change in state possible. Heat is released as hydrogen bonds 
form to make ice, and that heat must be removed to allow more 
ice to form. This heat is called the latent heat of fusion (from 
the Latin latere, meaning “to be hidden”).

The implications of this odd thermal behavior are striking. 
More than 18,000 km3 (11,185 miles3) of polar ice that covers as 
many as 20 million km2 (12.4 million miles2) of surface thaws 
and refreezes in the southern hemisphere each year; this is an 
area of ocean larger than South America. The annual change in 
sea ice cover is less in the Arctic, averaging about 5 million km2 
(3.1 million miles2). Incoming solar heat melts ice in the local 
polar summer, but the ocean’s temperature does not change. The 
situation reverses during the winter: the water freezes, and again 
the temperature does not change. Models suggest that without 
this thermostatic effect—or if ice “froze under” rather than “froze 
over”—Earth would be a much different planet, perhaps roiled 
by near-transonic winds peaking about 1 month after the equi-
noxes at equatorial latitudes.

The total quantity or concentration of dissolved inorganic 
solids in water is its salinity. The ocean’s salinity varies from 
about 3.3% to 3.7% by mass, depending on such factors as 
evaporation, precipitation, and freshwater runoff from the conti-
nents. However, the average salinity is usually given as 3.5%. 
Most of the dissolved solids in seawater are salts that have been 
separated into ions. Sodium (Na+) and chloride (Cl−) are the most 
abundant of these ions.

The many ions present in seawater react with each other and 
with water molecules in complex ways to modify the physical 
properties of pure water:
• The heat capacity of water decreases with increasing salinity. 

In other words, less heat is necessary to raise the temperature 
of seawater than is required to raise the temperature of fresh-
water by the same amount.

• Dissolved salts disrupt the webwork of hydrogen bonding in 
water. As salinity increases, the freezing point of water 
becomes lower; the salts act as a form of antifreeze. Sea ice 
therefore forms at a lower temperature than does ice in fresh-
water lakes.

• Because dissolved salts tend to attract water molecules, sea-
water evaporates more slowly than does freshwater. Swim-
mers usually notice that freshwater evaporates quickly and 
completely from their skin, but seawater lingers.

• Osmotic pressure, which is the pressure exerted on a biologic 
membrane when the salinity of the environment is different 
from that within cells, rises with increasing salinity. This is a 
key factor related to the transport of water into and out of 
cells.
These four properties, which vary with the quantity of solutes 

dissolved in water, are called water’s colligative properties (Latin 
colligatus, “to bind together”). Because colligative properties are 
the properties of solutions, the more concentrated (saline) the 
solute, the more important these properties become. Because it 
is not a solution, pure water has no colligative properties.

Because about 3.5% of seawater consists of dissolved sub-
stances, boiling away 100 kg of seawater theoretically produces 
a residue with a mass of 3.5 kg. Because variations of 0.1% are 
signiicant, however, oceanographers prefer to use the parts-per-
thousand notation (‰) rather than percent (%, parts-per-hundred 
notation) when discussing these materials. The seven ions listed 
below oxygen and hydrogen in Table 123-2 make up more than 
99% of this residual material; sodium and chloride make up 85% 
of the total. When seawater evaporates, its ionic components 
combine in many different ways to form table salt, Epsom salts, 
and other mineral salts.

Seawater also contains minor constituents. The ocean is sort 
of an “Earth tea”; almost every element present in Earth’s crust 
and atmosphere is also present in the oceans, although some-
times in extremely small amounts. Only 14 elements have con-
centrations in seawater of more than 1 part per million. Elements 
present in amounts less than 0.001‰ (1 part per million) are 
known as trace elements.

Remembering the effectiveness of water as a solvent, one 
might think that the ocean’s saltiness has resulted from the ability 

TABLE 123-2 Major Constituents of Seawater 
at 34.4‰ Salinity

Constituent

Concentration in Parts per 
Thousand (‰) or Grams 
per Kilogram (g/kg)

Percent 
by Mass

Water Itself
Oxygen 857.8 85.8
Hydrogen 107.2 10.7

Most Abundant Ions

Chloride (Cl−) 18.980 1.9

Sodium (Na+) 10.556 1.1

Sulfate (SO4
2−) 2.649 0.3

Magnesium (Mg2+) 1.272 0.1

Calcium (Ca2+) 0.400 0.04

Potassium (K+) 0.380 0.04

Bicarbonate (HCO3
−) 0.140 0.01

Total 999.377 g/kg 99.99%
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water in open temperate or polar regions. Because the ocean is 
heated to a greater depth, the tropical thermocline is deeper and 
much more pronounced than thermoclines at higher latitudes. 
The transition to the colder, denser water below is more abrupt 
in the tropics than at high latitudes.

Polar waters, which receive relatively little solar warmth, are 
not stratiied by temperature and generally lack a thermocline 
because surface water in the polar regions is almost as cold as 
water at great depths.

Figure 123-2 contrasts polar, tropical, and temperate thermal 
proiles, showing that the thermocline is primarily a mid- and 
low-latitude phenomenon. Thermocline depth and intensity vary 
with season, local conditions (e.g., storms), currents, and many 
other factors.

The vertical movement of large volumes of water from the 
surface to great depths (and vice versa) is possible only where 
surface-water density is similar to deep-water density. The great 
difference in temperature—and therefore density—between 
surface water and deep water in the tropics makes the water 
column very stable and prevents an exchange of surface and 
deep water. This stability is maintained even though the surface 
of the tropical ocean is in constant horizontal motion, churned 
by tropical cyclones and stirred by currents.

Vertical movement of water in the northern polar ocean is 
also limited. There, however, the stratiication is caused largely 
by a salinity difference between surface water and water at great 
depths. The surface of the Arctic Ocean receives a large volume 
of freshwater runoff from Siberian and Canadian rivers. Conti-
nental masses block the formation of large currents, and the 
landlocked northern ocean communicates sluggishly with other 
ocean areas, so the surface water tends not to mix with deeper 
water or to low to lower latitudes.

By contrast, the southern polar ocean is only weakly stratiied. 
The cold temperature of southern ocean surface water closely 
matches that of deep water, so no thermocline divides surface 
water from deep water (see Figure 123-2). The absence of con-
ining continental margins and mixing at the boundaries of the 
Antarctic Circumpolar Current minimize salinity differences. Tur-
bulence and weak stratiication encourage a huge volume of 
deep-water upwelling, which contributes to high surface nutrient 
levels and high biologic productivity.

OCEAN STRUCTURE
Heat combines with salinity to deine ocean structure. A liter of 
seawater weighs between 2% and 3% more than a liter of pure 
water because of the solids (often called salts) dissolved in sea-
water. The density of seawater is thus between 1.020 and 1.030 g/
cm3 compared with 1.000 g/cm3 for pure water at the same tem-
perature. Cold, salty water is denser than warm, less salty water. 
Seawater’s density increases with increasing salinity, increasing 
pressure, and decreasing temperature. Figure 123-1 shows the 
relationship between temperature, salinity, and density. Note that 
two samples of water can have the same density at different 
combinations of temperature and salinity.

Much of the ocean is divided into three density zones: the 
surface zone, pycnocline, and deep zone. The surface zone, or 
mixed layer, is the upper layer of ocean. Temperature and salinity 
are relatively constant with depth in the surface zone because of 
the action of waves and currents. The surface zone consists of 
water in contact with the atmosphere and exposed to sunlight; 
it contains the ocean’s least dense water and accounts for only 
about 2% of total ocean volume. This layer typically extends to 
a depth of about 150 m (500 feet), but depending on local condi-
tions, may reach a depth of 1000 m (3300 feet) or may be absent 
entirely.

The pycnocline (Greek pyknos, “strong,” and Latin clinare, “to 
slope” or “to lean”) is a zone in which density increases with 
increasing depth. This zone isolates surface water from the 
denser layer below. The pycnocline contains about 18% of all 
ocean water.

The deep zone lies below the pycnocline at depths of more 
than about 1000 m (3300 feet) in midlatitudes (40 degrees south 
to 40 degrees north). There is little additional change in water 
density with increasing depth through this zone. This deep zone 
contains about 80% of all ocean water.

The pycnocline’s rapid density increase with depth is mainly 
the result of a decrease in water temperature. The surface zone 
is well mixed, with little decrease in temperature with depth. In 
the next layer, temperature drops rapidly with depth. Beneath it 
lies the deep zone of cold, stable water. The middle layer, the 
zone in which temperature changes rapidly with depth, is called 
the thermocline. Falling temperature is the major contributor to 
the formation of the pycnocline.

Thermoclines are not identical in form in all areas or latitudes. 
Surface temperature is proportional to available sunlight. More 
solar energy is available in the tropics than in the polar regions, 
so the water there is warmer. The ocean’s sunlit upper layer is 
thicker in the tropics, both because the solar angle there is more 
nearly vertical and because water in the open tropical ocean 
contains fewer suspended particles and is therefore clearer than 

FIGURE 123-1 The complex relationships between temperature, 
salinity, and density of seawater. Note that two samples of water can 
have the same density at different combinations of temperature and 
salinity. 
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begins a mass low of water, and the water lowing beneath the 
wind forms a surface current.

Because of the Coriolis effect, northern hemisphere surface 
currents low to the right and southern hemisphere currents low 
to the left of the wind direction. Continents and basin topography 
often block continuous low and help delect the moving water 
into a circular pattern, clockwise in the northern hemisphere and 
counterclockwise in the southern hemisphere. This low around 
the periphery of an ocean basin is called a gyre (Greek gyros, “a 
circle”).

There are six great current circuits in the world ocean, two 
in the northern hemisphere and four in the southern hemisphere. 
Five are geostrophic gyres, gyres that low around the periphery 
of an ocean basin: the North Atlantic gyre, South Atlantic gyre, 
North Paciic gyre, South Paciic gyre, and Indian Ocean gyre. 
Although it is a closed circuit, the sixth and largest current is 
technically not a gyre because it does not low around the 
periphery of an ocean basin. The West Wind Drift, or Antarctic 
Circumpolar Current, as this exception is called, lows endlessly 
eastward around Antarctica, driven by powerful, nearly ceaseless 
westerly winds. This greatest of all the surface ocean currents is 
never delected by a continent. Figure 123-3 shows the major 
surface currents of the world ocean.

Assisted by the winds, surface currents distribute tropical heat 
worldwide. Warm water lows to higher latitudes, transfers heat 
to the air and cools, moves back to low latitudes, and absorbs 
heat again; the cycle then repeats. The greatest amount of heat 
transfer occurs at midlatitudes, where about 1015 calories of heat 
are transferred each second; this is 1 million times as much power 
as is consumed by the entire world’s human population in the 
same length of time.

This combination of water low and heat transfer from and to 
water inluences climate and weather in several ways. For 
example, during the winter, Edinburgh, Dublin, and London are 
bathed in eastward-moving air only recently in contact with the 

OCEAN CIRCULATION
Layering by density traps dense water masses at great depths, 
where they are not exposed to daily heating and cooling, surface 
circulation driven by winds and storms, or light. The pycnocline 
effectively isolates 80% of the world ocean’s water from the 
20% involved in surface circulation. Dense water masses form 
near polar continental shelves (as cold water freezes and 
excludes salt) or in enclosed areas such as the Mediterranean 
Sea (where evaporation exceeds precipitation and river input, 
raising salinity). These heavy-water masses sink, sometimes over-
lapping one another and often retaining their identity for long 
periods. Separate water masses below the pycnocline tend not 
to merge, because little energy is available for mixing in these 
quiet depths.

However, water does circulate in the ocean. The mass low of 
ocean water in currents occurs in two forms: (1) surface currents 
are wind-driven movements of water at or near the ocean’s surface; 
and (2) thermohaline currents (so named because they depend 
on density differences caused by variations in water’s temperature 
and salinity) are the slow, deep currents that affect the vast bulk 
of seawater beneath the pycnocline (see later). Both have very 
important inluences on Earth’s temperature, climate, and biologic 
productivity, and will change as Earth’s climate varies.

A small fraction of the water in the world ocean is involved 
in surface currents, comprised of water that lows horizontally in 
the uppermost 400 m (1300 feet) of the ocean’s surface, driven 
mainly by wind friction. Most surface currents move water above 
the pycnocline.

The primary force responsible for surface currents is wind. 
Surface winds form global patterns within latitude bands. Most 
of Earth’s surface wind energy is concentrated in each hemi-
sphere’s trade winds (i.e., easterlies) and westerlies. Waves on 
the sea surface transfer some of the energy from the moving air 
to the water using friction. This tug of wind on the ocean surface 

FIGURE 123-3 A chart showing the names and usual directions of the world ocean’s major surface currents. 
The powerful western boundary currents low along the western boundaries of ocean basins in both 
hemispheres. 
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existence of the permanent thermocline found everywhere at low 
latitudes and midlatitudes. This slow, upward movement is esti-
mated to be about 1 cm (0.4 inch) per day over most of the 
ocean. If this rise were to stop, downward movement of heat 
would cause the thermocline to descend and would reduce its 
steepness. In a sense, the thermocline is “held up” by the con-
tinual, slow, upward movement of water.

OCEAN MOVEMENT: WAVES,  
TIDES, AND TSUNAMIS
Wind waves, ocean tides, and tsunamis are expressions of energy 
moving across the ocean surface. Waves are disturbances caused 
by the movement of energy from a source through a medium 
(i.e., solid, liquid, or gas). As the energy of the disturbance 
travels, the medium through which it passes moves in speciic 
ways. Sometimes this movement is visible as crests or ridges in 
the medium. The traveling crests produce the appearance of 
movement we see in a wave. In an ocean wave, a ribbon of 
energy is moving at the speed of the wave, but water is not. In 
a sense, the wave is an illusion.

Picture a resting seagull as it bobs on the wavy ocean surface 
far from shore. The gull moves in circles: up and forward as the 
tops of the waves move to its position, down and backward as 
the tops move past. Each circle is equal in diameter to the wave’s 
height. Energy in waves lows past the resting bird, but the gull 
and its patch of water move only a very short distance forward 
in each up-and-forward, down-and-back wave cycle. The water 
on which the bird rests does not move continuously across the 
sea surface, as is suggested by the wave illusion. To clarify the 
important idea of wave as illusion, imagine yourself at a sports 
stadium where spectators are doing “the wave.” Your role in 
wave propagation is simple: you stand up and sit down in precise 
synchronization with your neighbors. Although you move only 
a few feet vertically, the wave of which you were a part circles 
the arena at high speed. You and all the other participants stay 
in place, but the wave moves faster than anyone can run.

Transfer of energy from water particle to water particle in 
these circular paths or orbits transmits wave energy across the 
ocean surface and causes the waveform to move. This type of 
wave is known as an orbital wave; it is a wave in which particles 
of the medium (water) move in closed circles as the wave passes. 
Orbital ocean waves occur at the boundary between two luid 
media (i.e., air and water) and between layers of water of dif-
ferent densities. Because the waveform moves forward, these 
waves are a type of progressive wave.

relatively warm North Atlantic Current. Scotland, Ireland, and 
England have a maritime climate. These places are warmed in 
part by the energy of tropical sunlight transported to high lati-
tudes by the Gulf Stream.

At lower latitudes on an ocean’s eastern boundary the situa-
tion is often reversed. Mark Twain supposedly said that the 
coldest winter he ever spent was a summer in San Francisco. 
Summer months in that West Coast city are cool, foggy, and mild. 
Alternatively, Washington, DC—on nearly the same line of lati-
tude as San Francisco but on the western boundary of an ocean 
basin—is known for its all-but-intolerable August heat and 
humidity. The California Current, carrying cold water from the 
north, comes close to the coast at San Francisco. Air normally 
lows clockwise in summer around an offshore zone of high 
atmospheric pressure. Wind approaching the California coast 
loses heat to the cold sea and comes ashore to chill San Fran-
cisco. Summer air often lows around a similar high off the East 
Coast (i.e., the Bermuda High). Therefore, winds that approach 
Washington, DC, blow from the south and east. Heat and mois-
ture from the Gulf Stream contribute to the capital’s oppressive 
summers. Alternatively, during the winter, Washington, DC, is 
colder than San Francisco, because westerly winds approaching 
Washington, DC, are chilled by the cold continent over which 
they cross.

Surface currents affect the uppermost layer of the world ocean 
(i.e., about 10% of its volume), but horizontal and vertical cur-
rents also exist below the pycnocline in the ocean’s deeper 
waters. Because density is largely a function of water temperature 
and salinity, the movement of water as a result of differences in 
density is called thermohaline circulation (Greek therme, “heat,” 
and halos, “salt”). The entire ocean is involved in slow thermo-
haline circulation, a process responsible for the large-scale verti-
cal movement of ocean water and circulation of the global ocean 
as a whole.

Formation and downwelling of deep water occurs in the polar 
regions. Antarctic Bottom Water, the most distinctive of the deep-
water masses, is characterized by salinity of 34.65‰, temperature 
of −0.5° C (30° F), and density of 1.0279 g/cm3. This water is 
noted for its extreme density (it is the densest in the world 
ocean), the great amount of it produced near Antarctic coasts, 
and its ability to migrate north along the sealoor.

Most Antarctic Bottom Water forms near the Antarctic coast 
south of South America during winter. Salt is concentrated in 
pockets between crystals of pure water and then squeezed out 
of the freezing mass to form a frigid brine. Between 20 and 50 
million m3 of this brine form every second. The water’s great 
density causes it to sink toward the continental shelf, where it 
mixes with nearly equal parts of water from the southern Ant-
arctic Circumpolar Current.

The mixture settles along the edge of Antarctica’s continental 
shelf, descends along the slope, and spreads along the deep-sea 
bed, creeping north in slow sheets. Antarctic Bottom Water lows 
many times more slowly than the water in surface currents: in 
the Paciic, it may take 1000 years for this water to reach the 
equator; 600 years later, it may be as far away as the Aleutian 
Islands at 50 degrees N latitude. Antarctic Bottom Water also 
lows into the Atlantic Ocean basin, where it lows north at a 
faster rate than in the Paciic. Antarctic Bottom Water has been 
identiied as high as 40 degrees N latitude on the Atlantic loor, 
a journey that will have taken some 750 years to complete.

Similar water masses form in the North Atlantic and even at 
the Gibraltar outlet of the Mediterranean Sea. However, none is 
as dense as Antarctic Bottom Water. Oxygen is delivered to 
organisms in the deepest ocean basins by these slowly creeping 
water masses.

The great quantities of dense water sinking at polar ocean 
basin edges must be offset by equal quantities of water rising 
elsewhere. Figure 123-4 shows an idealized model of thermoha-
line low.

Note that water sinks relatively rapidly in a small area where 
the ocean is very cold, but rises much more gradually across a 
very large area in the warmer temperate and tropical zones. It 
then slowly returns poleward near the surface to repeat the cycle. 
The continual diffuse upwelling of deep water maintains the 

FIGURE 123-4 The classic model of a pure thermohaline circulation, 
caused by heating in lower latitudes and cooling in higher latitudes. 
Note that the low- and mid-latitude thermocline is “held up” by con-
tinuous replacement from below. 
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of miles of ocean surface without disappearing, eventually break-
ing on a distant shore.

Wavelength is an important measure of wave size. Table 123-3 
lists the causes and typical wavelengths of capillary waves, wind 
waves, seiches, seismic sea waves, and tides.

Most characteristics of ocean waves depend on the relation-
ship between their wavelength and water depth. Wavelength 
determines the size of the orbits of water molecules within a 
wave, but water depth determines the shape of the orbits. The 
paths of water molecules in a wind wave are circular only when 
the wave is traveling in deep water. A wave cannot “feel” the 
bottom when it moves through water deeper than half its wave-
length because too little wave energy is contained in the small 
circles below that depth. Waves moving through water deeper 
than half their wavelengths are known as deep-water waves. A 
wave has no way of “knowing” how deep the water is, only that 
it is in water deeper than about half its wavelength. For example, 
a wind wave with a 20-m (66-feet) wavelength will act as a deep-
water wave if it is passing through water deeper than 10 m  
(33 feet).

The situation is different for wind-generated waves close to 
shore. The orbits of water molecules in waves moving through 
shallow water are lattened by proximity of the bottom. Water 
just above the sealoor cannot move in a circular path, only 
forward and backward. Waves in water shallower than 0.05 
their original wavelength are known as shallow-water waves. 
For example, a wave with a 20-m (66-feet) wavelength will  
act as a shallow-water wave if the water is less than 1 m (3.3 
feet) deep.

Transitional waves travel through water deeper than 0.05 their 
original wavelength but shallower than one-half their original 
wavelength. For the previously discussed example, this would 
be water between 1 m (3.3 feet) and 10 m (33 feet) deep.

Of the ive wave types listed in Table 123-3, only capillary 
waves and wind waves can be deep-water waves. To understand 
why, remember that most of the ocean loor is deeper than 125 m 
(400 feet), one-half the wavelength of very large wind waves. 
The wavelengths of the larger waves are much longer; the wave-
length of seismic sea waves usually exceeds 100 km (62 miles). 
No ocean is 50 km (31 miles) deep, so seiches, seismic sea 
waves, and tides are forever in water that to them is shallow or 
transitional in depth. Their huge orbit circles latten against a 
distant bottom that is always less than one-half a wavelength 
away.

In general, the longer the wavelength, the faster the wave 
energy will move through the water. For deep-water waves this 
relationship is shown in the formula:

C L T=

where C represents speed (celerity), L is wavelength, and T is 
time or period in seconds.

The speed of all ocean waves is controlled by gravity, wave-
length, and water depth. The speed of a deep-water wave may 
also be approximated by the formula:

C gL= 2π

where g is acceleration due to gravity, which is 9.8 m/sec2. 
Because g and π (3.14) are constants,

C L= 1 251.

The progressive wave that moved the gull was probably 
caused by wind. Other forces can generate much greater progres-
sive waves in which water molecules move through much larger 
circular or elliptical orbits. Some of these waves are so large that 
they do not appear to us as waves at all, but rather as the slow 
sloshing of water in a harbor or bay, as dangerous looding 
surges of water, or as rhythmic and predictable ocean tides.

Ocean waves are classiied by the disturbing force that creates 
them, the extent to which the disturbing force continues to inlu-
ence the waves after they are formed, the restoring force that 
tries to latten them, and their wavelength. (Wave height is not 
often used for classiication, because it varies greatly depending 
on water depth, interference between waves, and other factors.)

Wind blowing across the ocean surface provides the disturb-
ing force for capillary waves and wind waves. Arrival of a storm 
surge or seismic sea wave in an enclosed harbor or bay, or a 
sudden change in atmospheric pressure, is the disturbing force 
for the resonant rocking of water known as a seiche. Landslides, 
volcanic eruptions, and faulting of the sealoor associated with 
earthquakes are the disturbing forces for seismic sea waves, 
which are also known as tsunamis. The disturbing forces for 
tides are changes in the magnitude and direction of gravitational 
forces among Earth, Moon, and Sun in combination with Earth’s 
rotation.

A wave that is formed and then propagates across the sea 
surface without the further inluence of the force that formed it 
is known as a free wave. When wind waves move away from 
the storm that created them, or when the storm ceases, they 
continue without the injection of additional wind energy. Like-
wise, tsunamis—waves caused by submerged landslides or 
earthquakes—continue to move across the ocean surface long 
after the landslide or earthquake has stopped moving.

By contrast, a forced wave is maintained by its disturbing 
force. Tides are forced waves that depend on the gravitational 
attraction of the moon and sun.

Restoring force is the dominant force that returns the water 
surface to latness after a wave has formed in it. If the restoring 
force of a wave were quickly and fully successful, a disturbed 
sea surface would immediately become smooth, and the energy 
of the embryo wave would be dissipated as heat. However, that 
is not what happens. Waves continue after they form because 
the restoring force overcompensates and causes oscillation. The 
situation is analogous to a weight bobbing at the bottom of a 
very lexible spring, constantly moving up and down past its 
normal resting point.

The restoring force for very small water waves (i.e., those with 
wavelengths of <1.73 cm [0.68 inch]) is cohesion, the property 
that enables individual water molecules to stick to each other by 
means of hydrogen bonds. The same force that makes tea creep 
up on the sides of a teacup tugs the tiny wave troughs and crests 
toward latness.

All waves with wavelengths of more than 1.73 cm (0.68 inch) 
depend mostly on gravity to provide the restoring force. Gravity 
pulls the crests downward, but inertia of the water causes the 
crests to overshoot and become troughs. The repetitive nature 
of this movement, like the spring weight moving up and down, 
gives rise to the circular orbits of individual water molecules in 
an ocean wave. These larger waves are called gravity waves. 
Because the circular motion of water molecules in a wave is 
nearly free of friction, gravity waves can travel across thousands 

TABLE 123-3 Disturbing Forces, Wavelengths, and Restoring Forces of Ocean Waves

Wave Type Disturbing Force Typical Wavelength Restoring Force

Capillary wave Usually wind Up to 1.73 cm (0.68 inch) Cohesion of water molecules
Wine wave Wind over ocean 60-150 m (200-500 feet) Gravity
Seiche Change in atmospheric pressure, storm 

surge, or tsunami
Large and variable; a function 

of ocean basin size
Gravity

Seismic sea wave (tsunami) Faulting of sealoor, volcanic eruption, or 
landslide

200 km (125 miles) Gravity

Tide Gravitational attraction or rotation of Earth Half of Earth’s circumference Gravity
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We are familiar with the steepness of a wind wave and the 

short period of a few seconds between its crests. Tsunamis are 
much different. After a tsunami is generated, its steepness (i.e., 
ratio of height to wavelength) is extremely low. This lack of 
steepness, in combination with the wave’s very long period (i.e., 
5 to 20 minutes), enables it to pass unnoticed beneath ships at 
sea. A ship on the open ocean that encounters a tsunami with a 
16-minute period would rise slowly and imperceptibly for about 
8 minutes, to a crest only 0.3 to 0.6 m (1 to 2 feet) above average 
sea level; it would then ease into the following trough 8 minutes 
later. With all the wind waves around, such a movement would 
not be noticed.

However, as the tsunami crest approaches shore, the situation 
changes rapidly and often dramatically. The period of the wave 
remains constant, its velocity drops, and the wave height greatly 
increases. As the crest arrives at the coast, observers would see 
water surge ashore in the same way as a very high and fast tide. 
In conined coastal waters relatively close to their points of origin, 
tsunamis can reach a height of 30 m (100 feet). The wave is a 
fast, onrushing lood of water and not the huge, plunging breaker 
of popular movies and folklore. Tsunamis can be catastrophic 
even if the wave crests are not that high; imagine a smaller wave 
inundating a lat, low-lying coast. The combination of wave 
height and “run up” (i.e., the distance the waves move ashore) 
determines a tsunami’s lethality.

The wave energy spreads through an enlarging circumference 
as a tsunami expands from its point of origin. People onshore 
near the generating shock have reason to be concerned because 
the energy will not have dissipated much. Because of its low 
elevation and proximity to the earthquake epicenter, the Indo-
nesian city of Banda Aceh was essentially demolished during the 
December 2004 event.

The same seismic sea wave reached the coast of India about 
3 hours later. By this time, the wave circumference was enormous 
and its energy more dispersed. Even so, successive waves surged 
onto Sri Lankan, Indian, and African beaches at regular intervals 
for more than 2 hours.

Note that the destruction was not caused by one wave, but 
by a series of waves spaced at regular intervals. Some energy 
from the main tsunami wave was distributed into smaller waves 
ahead of or behind the main wave as it moved. If the epicenter 
of the displacement responsible for a tsunami is far away, sea 
level at shore will rise and fall as these waves arrive. The interval 
between crests (i.e., the wave period) is usually about 15 minutes. 
Coastal residents far from a tsunami’s origin can be lulled into 
thinking the waves are over; they return to the coastline only to 
be injured or killed by the next crest. This behavior contributed 
to the enormous loss of life around the Indian Ocean.

Destructive tsunamis strike somewhere in the world an 
average of once each year. An earthquake along the Peru-Chile 
Trench on May 22, 1960, killed more than 4000 people; the 
associated tsunami reached Japan, 14,500 km (9010 miles) away, 
killing 180 people and causing $50 million in structural damage. 
Los Angeles and San Diego harbors in California were badly 
disrupted by seiches excited by the tsunami.

The catastrophic seismic sea wave that struck northern Japan 
on 11 March 2011 was the result of a rupture along a submerged 
fault that lifted the sea surface as much as 6 m (20 feet) in places. 
Gravity pulled the crest downward, but the momentum of the 
water caused the crest to overshoot and become a trough. The 
oscillating ocean surface generated progressive waves that radi-
ated from the epicenter in all directions. Because of its low eleva-
tion and proximity to the earthquake epicenter, parts of the 
Miyagi and Iwate prefectures were inundated by the March 2011 
wave. The Sendai region, adjacent to the epicenter, suffered the 
greatest damage. More than 20,000 people were killed or declared 
missing in the surrounding area. Nuclear power plants in the area 
were seriously damaged and leaked radioactive substances into 
air, land, and ocean. The economic loss will almost certainly 
amount to about 3% of a year’s production by the world’s third-
largest economy, more than US$310 billion.

Modern tsunami warning systems depend on seabed seis-
mometers and submerged devices and satellites that watch the 
shape of the sea surface.

where C is measured in m/sec and L in meters. Note in both 
instances that wave speed is proportional to wavelength.

Wavelength is dificult to determine at sea, but period is 
comparatively easy to ind. For example, an observer simply 
times the movement of waves past the bow of a stopped ship. 
If the period (T  ) is known, speed (S ) can be calculated from 
the relationship:

C gT

T
T

( sec)

. sec ( ) ( . )

.

in m

m in sec

=

= ×
=

×
2

9 8 2 3 14
1 56

2

π

where g is acceleration caused by gravity.
The speed of shallow-water waves is described by the 

equation:

C d C d= =g or 3 1.

where C is speed in m/sec, g is acceleration from gravity (9.8 m/
sec2), and d is the depth of the water in meters. The period of 
a wave remains unchanged regardless of the depth of water 
through which it is moving. However, as deep-water waves enter 
the shallows and touch bottom, their speed is reduced and their 
crests “bunch up,” so their wavelengths shorten.

Comparing deep-water wind waves with shallow-water 
seismic sea waves is like comparing apples with oranges, but  
the following paragraphs demonstrate the general relationship 
between wavelength and wave speed: the longer the wavelength, 
the greater the speed. Remember that energy (not the water mass 
itself) is moving through the water at the astonishing speed of 
760 km/hour (472.2 miles/hr) in seismic sea waves; this is the 
same speed as a jet airliner.

Long-wavelength, shallow-water progressive waves caused by 
rapid displacement of ocean water are called tsunamis; this is a 
descriptive Japanese term combining tsu, “harbor,” with nami, 
“wave.” Tsunamis that are caused by the sudden, vertical move-
ment of Earth along fault lines (i.e., the same forces that cause 
earthquakes) are properly called seismic sea waves. Tsunamis can 
also be caused by landslides, icebergs falling from glaciers, vol-
canic eruptions, asteroid impacts, and other direct displacements 
of the water surface. Note that all seismic sea waves are tsunamis, 
but not all tsunamis are seismic sea waves.

Displacement of surface water by small seismic fractures 
causes “small” tsunamis. Although less energy is released by 
landslides than by most seismic fractures, the resulting sea waves 
are still very destructive for people or structures near their point 
of origin. This is especially true if the wave is formed within a 
conined area.

Seismic sea waves originate on the sealoor when Earth move-
ment along fault lines displaces seawater. When the seismic sea 
wave in the Indian Ocean occurred on December 26, 2004, it 
ruptured along a submerged fault line, lifting the sea surface as 
much as 10 m (33 feet). Gravity pulled the crest downward, but 
the momentum of the water caused the crest to overshoot and 
become a trough. The oscillating ocean surface generated pro-
gressive waves that radiated from the epicenter in all directions. 
Waves would also have formed if the fault movement were 
downward. In that case, a depression in the water surface would 
have propagated outward as a trough; the trough would have 
been followed by smaller crests and troughs caused by surface 
oscillation.

It seems strange to refer to tsunamis—with wavelengths of 
up to 200 km (124.3 miles)—as shallow-water waves. However, 
one-half their wavelengths would be 100 km (62.1 miles), and 
even the deepest ocean trenches do not exceed 11 km (6.8 
miles) in depth. Therefore, these immense waves never ind 
themselves in water deeper than one-half their wavelengths. As 
with any shallow-water wave, seismic sea waves are affected 
by the contour of the bottom and are usually refracted, some-
times in unexpected ways. Detailed analysis of the 2004 event 
showed that the midocean ridges acted as topographic wave-
guides. These shallow-water waves were in constant contact 
with the seabed and appear to have followed the Southwest 
Indian Ridge below the southern tip of Africa to the Mid-Atlantic 
Ridge.
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Deep water tends to contain more CO2 than does surface 
water. Why should this be? Table 123-4 shows the relationship 
between water temperature and its ability to dissolve gases; note 
that colder water contains more gas at saturation. You may recall 
that the deepest and most dense seawater masses are formed at 
the surface in the cold polar regions, and more CO2 can dissolve 
in that low-temperature environment. The dense water sinks, 
taking its large load of CO2 to the bottom, and the pressure at 
depth helps keep it in solution. CO2 also builds in deep water 
because only heterotrophs (animals) live and metabolize there, 
and because CO2 is produced as decomposers consume falling 
organic matter. No photosynthetic primary producers are present 
in the dark depths to use this excess CO2, because there is not 
enough sunlight for photosynthesis to occur.

Rapid photosynthesis at the surface lowers CO2 concentrations 
and increases the quantity of dissolved oxygen. Oxygen is least 
plentiful just below the limit of photosynthesis because of respi-
ration by many small animals at middle depths.

Low oxygen levels can sometimes be a problem at the ocean 
surface. Plants produce more oxygen than they use, but they 
produce it only during daylight hours. The continuing respiration 
of plants at night will sometimes remove much of the oxygen 
from the surrounding water. In extreme cases, this oxygen deple-
tion may lead to the death of the plants and animals in the area, 
a phenomenon most noticeable in enclosed coastal waters during 
spring and fall plankton blooms.

The greatest variability in levels of dissolved gas is found  
at the surface near shore. Less dramatic changes occur in the 
open sea.

Ocean temperature varies with depth and latitude. The average 
temperature of the world ocean is only a few degrees above 
freezing. Warmer water is found only in the lighted surface zones 
of the temperate and tropical ocean and in deep, warm, chemo-
synthetic communities. Although temperature ranges of the 
ocean are considerable, they are much narrower than compa-
rable ranges on land.

What are the implications of the ocean’s temperature for living 
things? The rate at which chemical reactions occur in an organism 
largely depends on the molecular vibration known as heat. 
Because agitation brings reactants together, warmer temperatures 
increase the rate at which chemical reactions occur. Thus, an 
organism’s metabolic rate increases with temperature. The meta-
bolic rate approximately doubles with each temperature rise of 
10° C (18° F). The interior temperature of an organism is directly 
related to the rate at which it moves, reacts, and lives.

The great majority of marine organisms are ectothermic, which 
means that they have an internal temperature that stays very close 
to that of their surroundings. A few complex animals (e.g., 
mammals, birds, some of the larger and faster ishes) are endo-
thermic; they have a stable, high internal temperature.

In general, the warmer the environment of an ectotherm 
within its tolerance range, the more rapidly its metabolic pro-
cesses will proceed. Tropical ish in a heated aquarium eat more 
food and require more oxygen than goldish of the same size 
living in an unheated but otherwise identical aquarium. Tropical 
ish generally grow faster, have a faster heartbeat, reproduce 
more rapidly, swim more swiftly, and live shorter lives. The 

CONDITIONS FOR OCEANIC LIFE
Marine organisms depend on the ocean’s chemical composition 
and physical characteristics for life support. Any aspect of the 
physical environment that affects living organisms is called a 
physical factor. Living in the ocean often has advantages over 
living on land; for example, physical conditions in the sea are 
usually milder and less variable than physical conditions on land. 
The most important physical factors for marine organisms are 
light, temperature, dissolved nutrients, salinity, dissolved gases, 
acid-base balance, and hydrostatic pressure.

These physical factors work in concert to provide the physical 
environment for oceanic life. Additional biologic factors (i.e., 
biologically generated aspects of the environment) also affect 
living organisms. These biologic factors include diffusion, osmo-
sis, active transport, and surface-to-volume ratio.

Too much or little of a single factor can adversely affect the 
function of an organism. Such a factor is called a limiting factor, 
a physical or biologic necessity with a presence that, in inap-
propriate amounts, limits the normal action of the organism. For 
example, in an ocean area where everything is perfect for pho-
tosynthesis (i.e., warmth, nutrients, adequate CO2) except for 
light, no photosynthesis would occur, because light is the limiting 
factor. If light was present but nitrates absent, nitrate nutrients 
would be the limiting factor.

Marine organisms are often subject to great pressure from the 
constant weight of water above them, but hydrostatic pressure 
presents very little dificulty for them. In fact, the situation in  
the ocean is parallel to that on land. Land animals live in air 
pressurized by the weight of the atmosphere above them (i.e., 
1 kg/cm2).

Pressures inside and outside an organism are essentially the 
same, both in the ocean and at the bottom of the atmosphere. 
Thus, marine organisms do not require heavy shells to keep from 
being crushed by hydrostatic pressure. Great pressure has chemi-
cal effects: gases become more soluble at high pressure, some 
enzymes are inactivated, and metabolic rates for a given tem-
perature tend to be slightly higher. However, these effects are 
felt only at great depth. Unless marine organisms have gas-illed 
spaces in their bodies (e.g., lungs, swim bladders), a moderate 
change in pressure has little effect.

All cells of every organism are enclosed by membranes, which 
are essentially complex ilms through which a few select sub-
stances can move. A cell’s membranes are greatly affected by 
salinity of the surrounding water.

Salinity of seawater can vary in places as a result of rainfall, 
evaporation, runoff of water and salts from land, and other 
factors. Surface salinity varies most, with lows of 6% or less along 
the coast of the inner Baltic Sea in early summer, to year-around 
highs exceeding 40% in the Red Sea. Salinity is less variable with 
increasing depth, with the ocean typically becoming slightly 
saltier with depth.

Change in salinity can physically damage cell membranes, and 
concentrated salts can alter protein structures. Salinity can affect 
the speciic gravity and density of seawater and therefore buoy-
ancy of an organism. Salinity is also important because it can 
cause water to enter or leave a cell through the membrane, 
changing the cell’s overall water balance. Seawater is nearly 
identical in salinity to the interior of all but the most advanced 
forms of marine life, so maintaining salt balance—and therefore 
water balance—is easy for most marine species.

Almost all marine organisms require dissolved gases, particu-
larly CO2 and oxygen, to stay alive. Oxygen does not easily 
dissolve in water, and as a result, about 100 times as much 
gaseous oxygen exists in the atmosphere as in the ocean. 
However, CO2, which is essential to primary productivity, is 
much more soluble and reactive in seawater than is oxygen 
(Table 123-4).

Although up to 1000 times as much CO2 as oxygen can dis-
solve in water, normal values at the ocean surface average 
around 50 mL/L for CO2 and approximately 6 mL/L for oxygen. 
At present, the ocean holds about 60 times as much CO2 as the 
atmosphere. Because of this abundance, marine plants almost 
never run out of CO2.

TABLE 123-4 The Solubility of Gases in Seawater 
Decreases as Temperature Rises*

Solubility (mL/L at Atmospheric Pressure 
and Salinity of 33‰)

Temperature Nitrogen Oxygen Carbon Dioxide

0° C (32° F) 14.47 8.14 8700.0
10° C (50° F) 11.59 6.42 8030.0
20° C (68° F) 9.65 5.26 7350.0
30° C (86° F) 8.26 4.41 6600.0

Modiied from Walton-Smith FG: CRC handbook of the marine sciences. 
Cleveland, Ohio, 1974, CRC Press.
*Note that the data shown represent values at saturation.
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believe that this rapid increase in CO2 could overwhelm the car-
bonate buffer system in surface waters and cause surface oceanic 
pH to drop. Even slightly more acidic seawater would interfere 
with formation of calcareous materials, such as coral skeletons, 
plankton tests, and some other hard parts of marine organisms. 
Figure 123-5 shows recent changes in oceanic pH.

MARINE PRIMARY PRODUCTIVITY
Primary productivity involves synthesis of organic materials from 
inorganic substances by photosynthesis or chemosynthesis. 
Primary productivity is expressed in grams of carbon bound into 
organic material per square meter of ocean surface area per year: 
gC/m2/yr. The immediate organic material produced is the car-
bohydrate glucose, and dissolved CO2 provides carbon for the 
glucose.

A nutrient is a compound required for an organism to produce 
organic matter. Some nutrients help form the structural parts of 
organisms, some make up the chemicals that directly manipulate 
energy, and some have other functions. A few of these necessary 
nutrients are always present in seawater, but most are not readily 
available.

The main inorganic nutrients required for primary productivity 
include nitrogen (as nitrate) and phosphorus (as phosphate). As 
any gardener knows, plants require fertilizer, mainly nitrates and 
phosphates, to grow. Ocean gardeners have more trouble raising 
crops than do their terrestrial counterparts, because the most 
fertile ocean water contains only about 0.0001 of the available 
nitrogen of topsoil. Phosphorus is even more scarce in the  
ocean, but fortunately, living things need less of it, because they 
have only about 1 atom of phosphorus for every 16 atoms of 
nitrogen.

Nitrogen and phosphorus are often depleted by autotrophs 
during times of high productivity and rapid reproduction. Also 
in short supply during rapid growth are dissolved silicates (used 
for shells and other hard parts) and trace elements such as iron 
and copper (used in enzymes, vitamins, and other large mol-
ecules). Marine plants must recycle these nutrients.

On land, most photosynthesis proceeds at or just above 
ground level. However, seawater, unlike soil, is relatively trans-
parent, which allows photosynthesis to proceed for some dis-
tance below the ocean surface. At the same time, incoming 
sunlight must run a gauntlet of dificulties before it can be 
absorbed by chlorophyll in marine autotrophs.

upper limit of temperature that an ectotherm can tolerate is often 
not much higher than its optimum temperature. The lower limit 
is usually more forgiving because molecules are merely slowed.

Compared with ectotherms, endotherms can tolerate a tre-
mendous range of external temperatures (e.g., a whale migrating 
from polar waters to the tropics, an emperor penguin incubating 
an egg at −51° C [−60° F]). However, their internal temperatures 
vary only slightly. Sophisticated thermal-regulation mechanisms 
make it possible for endotherms to live in a variety of habitats, 
but they pay a price. Their high metabolic rates make proportion-
ally high demands on food supply and gas transport, but the 
beneit of having a biochemistry ine-tuned to a single eficient 
temperature is worth the regulatory dificulties involved.

Another physical condition that affects ocean life is the acid-
base balance of seawater. The complex chemistry of Earth’s 
life-forms depends on precisely shaped enzymes, which are large 
protein molecules that accelerate the rate of chemical reactions. 
When strong acids or bases distort the shapes of these vital 
enzymes, the chemical reactions they govern may not function 
normally.

Seawater’s average pH is about 8. The dissolved substances 
in seawater act to buffer pH changes, preventing broad swings 
of pH when acids or bases are introduced. The normal pH range 
of seawater is much less variable than that of soil, and terrestrial 
organisms are sometimes limited by the presence of harsh alkali 
soils that damage cell components.

Although seawater remains slightly alkaline, it is subject to 
some variation. When dissolved in water, some CO2 becomes 
carbonic acid. In areas of rapid plant growth, pH will rise because 
the plants use CO2 for photosynthesis. Because temperatures are 
generally warmer at the surface, less CO2 can dissolve. Surface 
pH in warm, productive water is usually around 8.5.

At middle depths and in deep water, more CO2 may be 
present. Its source is animal and bacterial respiration. With cold 
temperatures, high pressure, and no photosynthetic plants to 
remove it, this CO2 will lower the pH of water and make it more 
acid with increasing depth. Thus, deep, cold seawater below 
4500 m (14,764 feet) has a pH around 7.5. This lower pH can 
dissolve calcium-containing marine sediments. A drop to pH 7 
can occur at the deep ocean loor when bottom bacteria consume 
oxygen and produce hydrogen sulide.

Concentrations of CO2 are rising in the atmosphere. Much, 
perhaps most, of this increase comes from burning fossil fuels to 
support human industry and economic growth. Some researchers 

FIGURE 123-5 The ocean is becoming more acidic as it absorbs additional carbon dioxide from the atmo-
sphere. A less alkaline environment will make it more dificult for organisms to build hard structures containing 
calcium (e.g., shells, coral). The chart shows changes in sea surface pH between the 1700s and the late 1990s. 

∆ Sea–surface pH [−]

−0.12 −0.1 −0.08 −0.06 −0.04 −0.02 0
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into carbohydrates per year; global terrestrial productivity is 
roughly similar at 50 to 70 billion metric tons per year. However, 
the total producer biomass (i.e., the mass of living tissue) in the 
ocean is only 1 to 2 billion metric tons, compared with 600 to 
1000 billion metric tons of living biomass on land. As the rapid 
turnover time indicates, nutrients cycle from producer to con-
sumer and back much more quickly in marine ecosystems.

A primary producer’s mass is assumed to be about 10 times 
the mass of the carbon it has bound into carbohydrates. Thus,  
a primary productivity of 100 gC/m2/yr represents the yearly 
growth of about 1000 grams from primary producers for each 
square meter of ocean surface. Since 35 to 50 billion metric tons 
of carbon are bound into carbohydrates in the ocean each year, 
between 350 and 500 billion metric tons of marine plants and 
plantlike organisms are produced annually. Each year, the pro-
ducers’ metabolic activity and the consumers that graze on them 
consume this vast bulk. The component atoms are then reas-
sembled by photosynthesis into carbohydrates in a continuous 
solar-powered cycle.

The extent of primary productivity by chemosynthesis within 
the seabed itself has been a surprise to researchers. High bacterial 
populations are present in some marine sediments to a depth of 
hundreds of meters. Samples have been taken at 842 m (2762 
feet) below the sealoor in sediments 14 million years old. These 
bacteria are thriving in extreme conditions at these depths; they 
have high diversity and are well adapted to life in the subsurface. 
In fact, a single gram of rock may harbor 10 million bacteria.

These specialized organisms are usually called extremophiles, 
because they are capable of life under extreme conditions (Figure 
123-7). Bacteria and similar organisms known as archaea have 
been found in fractured rocks more than 3 km (1.8 miles) below 
the surface of Africa at the same depth. As with bacteria, a single 
gram of rock may harbor 10 million archaea. Specialized organ-
isms have been seen in hot oil reservoirs below the North Sea 
and the North Slope of Alaska (where they cause oil to “sour”) 
and in volcanic rock 1220 m (4000 feet) below the surface of the 
island of Hawaii. Bacterial biomass in sediments and solid rock 

Most sunlight approaching at a low angle (e.g., near sunrise 
or sunset, in the polar regions) relects off the water surface and 
does not enter the ocean. Light that penetrates the surface is 
selectively absorbed; water is more transparent to some colors 
of light than to others. In clear water, blue light penetrates to 
the greatest depth, whereas red light is absorbed near the surface. 
Light energy absorbed by water turns to heat.

The number and characteristics of particles in the water also 
limit the depth to which light penetrates. These particles—which 
may include suspended sediments, dust-like bits of once-living 
tissue, or the organisms themselves—scatter and absorb light. 
High concentrations of particles quickly absorb most blue and 
ultraviolet light. This absorption, in combination with the relec-
tion of green light by chlorophyll within the producers, changes 
the color of productive coastal waters to green.

How far down does light penetrate? Figure 123-6 shows the 
depths reached by light of various wavelengths (i.e., colors) in 
the ocean. The photic zone is the uppermost layer of seawater 
lit by the sun. Because of the abundant small organisms and 
light-scattering particles, the photic zone near the coasts usually 
extends to about 100 m (330 feet), and in midlatitude waters it 
reaches down to about 150 m (500 feet). In clear tropical waters 
in the open ocean, instruments much more sensitive than human 
eyes have detected light at much greater depths; the present 
record is 590 m (1935 feet) in the tropical Paciic. The aphotic 
zone, the permanently dark layer of seawater beneath the photic 
zone, extends below the sunlit surface to the seabed. The vast 
bulk of the ocean is never brightened by sunlight.

Photosynthesis proceeds slowly at low light levels. Most of 
the biologic productivity of the ocean occurs in the upper part 
of the photic zone called the euphotic zone (Greek eu, “good”). 
This is the zone in which marine autotrophs can capture enough 
sunlight energy for plant primary production by photosynthesis 
to exceed the loss of carbohydrates by respiration. Although it 
is dificult to generalize about the ocean as a whole, the euphotic 
zone typically extends to a depth of approximately 70 m (230 
feet) in the midlatitudes (as averaged over an entire year). The 
upper productive layer of ocean is a very thin skin indeed; the 
water within this zone amounts to less than 1% of world ocean 
volume, yet almost all marine life depends on this ine, illumi-
nated band.

Phytoplankton, which are minute drifting photosynthetic 
organisms, produce between 90% and 96% of the surface ocean’s 
carbohydrates. Seaweeds, which are larger marine photosynthe-
sizers, contribute only 2% to 5% of the ocean’s primary produc-
tivity. Chemosynthetic organisms probably account for 2% to 5% 
of the total primary productivity in the water column. Although 
estimates vary widely, recent studies suggest that total ocean 
productivity ranges from 75 to 150 gC/m2/yr. For comparison, a 
well-tended alfalfa ield produces about 1600 gC/m2/yr.

How does marine productivity compare with terrestrial pro-
ductivity? Recent research suggests the global net productivity in 
marine ecosystems is 35 to 50 billion metric tons of carbon bound 

FIGURE 123-6 Because of the suspended particles often present in 
coastal waters, light cannot penetrate very far; approximately 100 m 
(330 feet) is typical. The sunlit upper zone is called the photic zone, 
and the dark ocean beneath is called the aphotic zone. 
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FIGURE 123-7 Deep-living chemosynthetic bacteria cultured from 
the minute spaces between mineral crystals in solid rock. 
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able to support photosynthesis. These benthic species are almost 
always elongated (pennate) in shape.

Like diatoms, dinolagellates are single-celled autotrophs 
(Figure 123-9). Dinolagellates are not as productive as diatoms, 
and they appear to have evolved much earlier. A few species 
live within the tissues of other organisms (e.g., the zooxanthellae 
of coral animals), but the majority of dinolagellates live free in 
the water. Most have two whip-like lagella in channels grooved 
in their protective outer cell wall of cellulose. One lagellum 
drives the organism forward, whereas the other causes it to rotate 
in the water; thus the name, derived from the Greek word dino, 
meaning “whirling,” and the Latin lagellum, “whip.” These la-
gella allow dinolagellates to adjust their orientation and vertical 
position to make the best photosynthetic use of available light 
or to move vertically in the water column to obtain nutrients.

Dinolagellates are widely distributed, solitary organisms that 
reproduce by simple ission; they rarely form colonies. During 
reproduction, the cellulose covering that surrounds most species 
splits, and the single cell divides in half. Each daughter cell 
subsequently replaces the missing portion of covering. Under 
favorable conditions, the organisms can reproduce once a day, 
growing in number but not in size.

Some species of dinolagellates can become so numerous that 
the water turns rusty red because light is relecting from the 
accessory pigments within each cell. These species are usually 
responsible for the phenomenon referred to as a red tide, or 

may represent at least 10% of the total known Earth surface 
biomass (although more than a few biologists believe this esti-
mate to be low by at least an order of magnitude). Some of these 
organisms can tolerate the extreme temperatures found at hydro-
thermal vents.

Photosynthetic and chemosynthetic organisms can be called 
either primary producers or autotrophs, because they make their 
own food. The bodies of autotrophs are rich sources of chemical 
energy for any organisms capable of consuming them. Hetero-
trophs are organisms such as animals that must consume food 
from other organisms because they are unable to synthesize their 
own food molecules. Some heterotrophs consume autotrophs, 
and some consume other heterotrophs.

We can label organisms by their positions in a “who  
eats whom” feeding hierarchy called a trophic pyramid. The 
primary producers at the bottom of a trophic pyramid are mostly 
chlorophyll-containing photosynthesizers. The animal hetero-
trophs that eat them are called primary consumers or herbivores; 
the animals that eat these primary consumers are called second-
ary consumers, and so on, to the top consumer or top carnivore.

The mass of consumers becomes smaller as energy lows 
toward the top of the pyramid. In other words, there are many 
small primary producers at the base and very few large top 
consumers at the apex. Only about 10% of the energy from the 
organisms consumed is stored in the consumers as lesh, so each 
level is about one-tenth the mass of the level directly below. The 
rest of the energy is lost as waste heat as organisms live and 
work to maintain themselves.

Pyramid constructs can lead to the misconception that one 
type of ish eats only one other type of ish (and so on). Real 
communities are more accurately described as food webs; these 
are groups of organisms linked by complex feeding relationships 
in which the low of energy can be followed from primary pro-
ducers through consumers. Organisms in a food web almost 
always have some choices of food species.

IMPORTANT PLANKTONIC 
AUTOTROPHS
Autotrophic plankton that generate glucose by photosynthesis 
are generally called phytoplankton (Greek phyton, “plant”). A 
huge and nearly invisible mass of phytoplankton drifts within the 
euphotic zone, which is the productive sunlit surface layer of the 
world ocean. Although the water within the euphotic zone 
amounts to less than 2% of world ocean volume, most pelagic 
marine life depends on this ine, illuminated band.

There are at least eight major types of phytoplankton, the 
most prominent being the diatoms and dinolagellates. As noted 
earlier, recent research suggests that very small producers, most 
of which are forms of cyanobacteria and archaea, may be respon-
sible for much more oceanic primary productivity than are their 
larger and better-known counterparts.

Apart from cyanobacteria, the most productive photosynthetic 
organisms in the plankton are the diatoms. Diatoms evolved 
comparatively recently and began to dominate phytoplanktonic 
productivity during the Cretaceous Period, about 100 million 
years ago. Their abundance and photosynthetic eficiency 
increased the proportion of free oxygen in Earth’s atmosphere. 
More than 5600 species of diatoms are known to exist. The larger 
species are barely visible to the unaided eye. Most are round, 
but some are elongated, branched, or triangular (Figure 123-8).

For more effective light absorption, chlorophyll, which is the 
main photosynthetic pigment, is accompanied in diatoms by 
accessory pigments. These yellow or brown pigments give most 
diatoms a yellow-green or tan appearance. Diatoms store energy 
as fatty acids and oils, which are compounds that are lighter than 
their equivalent volume of water and assist with lotation. Buoy-
ancy is a potential problem for diatoms because the weight of 
their heavy silica frustule seems at odds with their need to stay 
near the sunlit ocean surface. Oil loats, glass sinks, and a bal-
anced amount of both reduces cell density and lightens the load. 
Not all diatoms, however, need to loat. Many nonplanktonic 
species lie on shallow bottoms, where light and nutrients are 

FIGURE 123-8 Diatoms of the genus Coscinodiscus. One is shown 
reproducing. 

FIGURE 123-9 A dinolagellate of the genus Ceratium. (Courtesy Tom 
Garrison.)
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molecules. Some of these molecules are used as food, and some 
become structural components. When an animal eats a plant or 
plantlike organism, the carbon can do one of the following: (1) 
be incorporated into the animal’s body for growth; (2) be respired 
by the animal (i.e., taken apart to harvest the energy); or (3) be 
excreted back into the seawater as what is called dissolved 
organic carbon (DOC). Typically, about 45% of the carbon from 
an ingested plant is used for growth, 45% is used for respiration, 
and 10% is lost as DOC. The end product of respiration is CO2, 
a gas eventually lost to the atmosphere. Most of the DOC is 
rapidly used by bacteria, which are in turn eaten by protozoa, 
which are eaten by zooplankton, which are then eaten by ish; 
this is called the microbial loop. Eventually, the organisms (or at 
least their hard parts, containing calcium carbonate) sink below 
the mixed layer and begin the long fall toward the seabed. Most 
of the carbon in this calcium carbonate is turned into CO2 by 
bacteria long before it hits the bottom, but a small percentage 
(<1%) reaches the sediments and is buried. The carbonate sedi-
ments can be uplifted over geologic time and weathered so  
that the carbon is eventually returned to the biologically active 
upper sea.

Because of the large amount of CO2 available in the ocean, 
and because CO2 from the atmosphere dissolves readily in sea-
water, marine organisms almost never suffer from a deicit  
of available carbon. For life in the sea, the critical bottlenecks  
lie elsewhere, mainly in the nitrogen, phosphorus, and iron 
cycles.

Nitrogen is a critical component of proteins, chlorophyll, and 
nucleic acids. Like carbon, nitrogen may be found in the bodies 
of organisms, as a dissolved gas, and as dissolved organic matter 
known as dissolved organic nitrogen.

One might think nitrogen would be abundantly available in 
the ocean, because nitrogen accounts for 48% of the dissolved 
gas in seawater by volume. However, most organisms cannot use 
free nitrogen in the atmosphere and ocean directly. It must irst 
be bound with oxygen or hydrogen, or ixed, to usable chemical 
forms by specialized organisms, usually bacteria or cyanobacte-
ria. Thus, oceanic regions are frequently nitrogen limited; growth 
of plants and plantlike organisms is often held back by lack of 
available nitrogen.

Forms of nitrogen available for uptake by living things are 
ammonium and nitrate, an ion formed by oxidation of ammo-
nium and nitrite. Nitrate runoff from soil is an especially rich 
source of this often limiting nutrient, which explains why coastal 
water tends to support greater plankton populations than does 
oceanic water. Nitrogen is assimilated by small plants and plant-
like organisms and then recycled as animals excrete ammonium 
and urea. These reduced forms of nitrogen are then oxidized 
back into nitrate, through nitrite, by nitrifying bacteria. In the 
deep ocean, most nitrogen is in the form of nitrate. In anoxic 
sediments and certain low-oxygen regions of the ocean, denitrify-
ing bacteria use nitrate in respiration and convert nitrate back to 
nitrite and nitrogen gas, which is lost to the atmosphere. The 
other major loss occurs when nitrogen-containing organisms and 
debris are buried in ocean sediments.

Iron is used in minute quantities in the reactions of photo-
synthesis, in certain enzymes crucial to nitrogen ixation, and in 
the structure of proteins. Other essential trace metals, such as 
zinc, copper, and manganese, are also used by organisms in small 
quantities, primarily in enzymes. Although in absolute terms, 
organisms require only tiny quantities of iron, the concentration 
of iron in seawater relative to the concentration of nutrients, such 
as nitrogen and phosphorus, can sometimes be so low that phy-
toplankton growth is limited by the availability of iron. Although 
iron is one of the most abundant elements in Earth’s crust, it is 
nearly insoluble in oxygenated seawater, and the little dissolved 
iron that is present is highly reactive, sticks to falling particles, 
and sinks to the bottom of the water column.

In general, the biogeochemical cycles of the trace metals 
follow the pattern of uptake and recycling in the surface ocean 
and regeneration, sometimes over long periods of time, at depth. 
However, much remains to be learned about the interactions 
between living organisms and trace metals. Iron and other trace 
metals exist in many chemical forms in seawater. Discovering 

more generally, as a harmful algal bloom (HAB). During times 
of such rapid growth, which is usually in the spring, the concen-
tration of microscopic planktonic organisms may briely reach 6 
to 8 million per liter.

HARMFUL ALGAL BLOOMS
An HAB occurs when high concentrations of phytoplankton 
adversely affect the physiology of nearby organisms. HABs do 
not always turn water red, and the organisms that cause them 
are not always visible. A number of factors are thought to con-
tribute to HABs, including warm surface temperature, reduced 
salinity, optimal nutrient and light conditions, and a mechanism 
(e.g., gentle onshore winds) that physically concentrates the 
dinolagellates.

Although the dinolagellates responsible for most red tides are 
comparatively simple organisms, some have the ability to syn-
thesize potent toxins as byproducts of metabolism. Among the 
most effective poisons known, these toxins may affect nearby 
marine life if ingested, or may even indirectly poison humans 
through the food chain. Some of the toxins are similar in chemi-
cal structure to the muscle relaxant curare, but much more potent 
(see Chapter 77).

The number and severity of HABs appear to be increasing. 
Perhaps this is not surprising; coastal waters receive industrial, 
agricultural, and domestic wastes, rich in nitrogen and other plant 
nutrients that stimulate algal growth. In addition, the long-
distance transport of algal species in the ballast water of cargo 
vessels can introduce alien species into coastal waters, where 
they may thrive in the absence of the organisms that naturally 
consume them. Australia has recently issued strict guidelines for 
discharging ballast in the country’s ports.

BIOGEOCHEMICAL CYCLES
The atoms and small molecules that make up the biochemicals—
and thus the bodies—of organisms move between the living and 
nonliving realms in biogeochemical cycles. Living organisms are 
supported and sustained by huge, nonliving chemical reserves, 
and there is large-scale transport of elements between the 
reserves and the organisms themselves. Sometimes the environ-
ment contains enough of a required element to sustain life; 
sometimes the element is in short supply and is thus limiting. 
The tropical and temperate ocean is usually highly stratiied, 
with a warm, less dense layer of water (the mixed zone) sepa-
rated from the cold, dense, deep zone by a strong pycnocline. 
In the surface mixed layer, the atoms and small molecules that 
make up the bodies of organisms may cycle rapidly for a time 
among predators, prey, scavengers, and decomposers. When 
these organisms die, their bodies can sink below the sunlit  
upper sea and pycnocline to become isolated from the rapid 
biologic activity of the surface. Regions of upwelling are critical 
to returning these substances to the surface, if only for a short 
reprieve, before their eventual incorporation into deep sedi-
ments, from which only the very slow progress of tectonic cycles 
will liberate them.

As you read about the biogeochemical cycles described later 
in this chapter, remember that the elements and small molecules 
forming the tissues of an organism are always on the move. They 
may cycle rapidly in and out of living things, or they may be 
trapped in Earth for vast spans of time. However, the nature of 
the cycles dictates what will live where, which creatures will be 
successful, and ultimately, what will be the composition of the 
ocean and atmosphere.

The largest biogeochemical cycle is the global carbon cycle. 
Because of its ability to form long chains to which other atoms 
can attach, carbon is the basic building block of all life on Earth. 
Carbon enters the atmosphere as CO2 through respiration of 
living organisms, volcanic eruptions that release carbon from 
rocks deep in Earth’s crust, burning of fossil fuels, and other 
sources. When levels of atmospheric CO2 are high, Earth’s surface 
temperature rises as a result of the greenhouse effect.

Large and small plants and plantlike organisms capture sun-
light and use this energy to incorporate, or ix, CO2 into organic 
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each year. Natural seeps accounted for almost half this annual 
input, or 600,000 metric tons. About 8% of the total was associ-
ated with marine transportation. Some of this oil was not spilled 
in well-publicized tanker accidents but was released during 
loading, discharging, and lushing of tanker ships. Between 
150,000 and 450,000 marine birds are believed to be killed each 
year by oil released from tankers.

Much more oil reaches the ocean in runoff from city streets, 
or as waste oil dumped down drains, poured into dirt, or hidden 
in trash destined for a landill. Each year, more than 900 million 
liters (about 240 million gallons) of used motor oil—about eight 
times the volume of the 2010 Gulf of Mexico spill—inds its way 
to the sea. This used oil is much more toxic than crude oil 
because it has developed carcinogenic and metallic components 
from the heat and pressure within internal combustion engines. 
Not all hydrocarbon pollution is “wet.” Aromatic compounds 
released when crude oil evaporates eventually ind their way 
back into the ocean.

Spills of crude oil are generally larger in volume and more 
frequent than spills of reined oil. Most components of crude oil 
do not dissolve easily in water, but those that do can harm the 
delicate juvenile forms of marine organisms, even in minute 
concentrations. The remaining insoluble components form sticky 
layers on the surface that prevent free diffusion of gases, clog 
feeding structures in adult organisms, kill larvae, and decrease 
sunlight available for photosynthesis. Crude oil is ultimately bio-
degradable. Although crude oil spills look terrible and generate 
great media attention, most forms of marine life in an area 
recover from the effects of a moderate spill within about  
5 years.

Spills of reined oil, especially near shore where marine life 
is abundant, can be more disruptive for longer periods. The 
reining process removes and breaks up the heavier components 
of crude oil and concentrates the remaining lighter, more biologi-
cally active ones. Components added to oil during the reining 
process also make it more toxic. Spills of reined oil are of 
growing concern because the amount of reined oil transported 
to the United States rose dramatically through the 1980s and 
1990s.

The volatile components of any oil spill eventually evaporate 
into the air, leaving the heavier tars behind. Wave action causes 
the tar to form into balls of varying sizes. Some of the tar balls 
fall to the bottom, where they may be assimilated by bottom 
organisms or incorporated into sediments. Bacteria eventually 
decompose these spheres, but the process may take years to 
complete, especially in cold polar waters. This oil residue, espe-
cially if derived from reined oil, can have long-lasting effects on 
sealoor communities.

what these forms are, how transformation between forms occurs, 
and availability of different forms to marine organisms are major 
foci of current research in trace metal biochemistry.

MARINE ENVIRONMENTAL ISSUES
Human demand has exceeded Earth’s ability to regenerate 
resources since at least the early 1980s. Since 1961, human 
demand on Earth’s organisms and raw materials has more than 
doubled and now exceeds Earth’s natural replacement capacity 
by at least 20%. Our present rate of consumption is clearly unsus-
tainable. The ocean’s great volume and relentless motion dissi-
pate and distribute natural and synthetic substances. For this 
reason, humans have long used the sea as a dump for wastes. 
The ocean’s ability to absorb is not inexhaustible, however, and 
the ocean is being severely affected by human activity.

A pollutant causes damage by interfering directly or indirectly 
with the mechanical or biochemical processes of an organism. 
Many pollutants are harmful to human health. Some pollution-
induced changes may be instantly lethal; other changes may 
weaken an organism over weeks or months, alter the dynamics 
of the population of which it is a part, or gradually unbalance 
the entire community.

An organism’s response to a particular pollutant depends on 
its sensitivity to the combination of quantity and toxicity of that 
pollutant. Some pollutants are toxic to organisms in tiny concen-
trations. For example, photosynthetic ability of some species of 
diatoms is diminished when chlorinated hydrocarbon compounds 
are present in parts-per-trillion quantities. Other pollutants may 
seem harmless, as when fertilizers lowing from agricultural land 
stimulate plant growth in estuaries. However, these pollutants 
may be hazardous to certain organisms but not others. For 
example, crude oil interferes with the delicate feeding structures 
of zooplankton and coats the feathers of birds, but simultane-
ously serves as a feast for certain bacteria.

Pollutants also vary in their persistence; some reside in the 
environment for thousands of years, whereas others last only 
minutes. Pollutants may break down into harmless substances 
spontaneously or through physical processes (e.g., shattering of 
large molecules by sunlight). Sometimes pollutants are removed 
from the environment through biologic activity. For example, 
some marine organisms escape permanent damage by metaboliz-
ing hazardous substances to harmless ones. Indeed, many pol-
lutants are ultimately biodegradable; that is, they can be broken 
down by natural processes into simpler compounds. However, 
many pollutants resist attack by water, air, sunlight, or living 
organisms, because the synthetic compounds of which they are 
composed resemble nothing in nature.

Determining the ways in which pollutants are changing the 
ocean and the atmosphere is often dificult for researchers. Envi-
ronmental impact cannot always be predicted or explained. As 
a result, marine scientists vary widely in their opinions about 
what pollutants are doing to the ocean and atmosphere and what 
to do about it. Environmental issues are frequently emotional, 
and media reports tend to sensationalize short-term incidents 
(e.g., oil spills) rather than more serious, long-term problems 
(e.g., climate change, effects of long-lived chlorinated hydrocar-
bon compounds). Figure 123-10 summarizes sources of marine 
pollution.

OIL POLLUTION

Public perception equates marine pollution with oil spills. Oil is 
a natural part of the marine environment. Oil seeps have been 
leaking large quantities of oil into the sea for millions of years; 
indeed, natural seeps are the largest source of oil in the ocean. 
The amount of oil entering the sea has increased in recent years, 
however, because of our growing dependence on marine trans-
portation for petroleum products, offshore drilling, nearshore 
reining, and street runoff carrying waste oil from automobiles.

The world’s accelerating thirst for oil is currently running at 
about 3800 L per second, slightly more than half of which is 
transported to market in large tankers. In the 1990s, approxi-
mately 1.3 million metric tons of oil entered the world ocean 

FIGURE 123-10 Sources of marine pollution. (Data from Garrison, T: 
Oceanography: An invitation to marine science, 8th ed, Independence, 
Ky, 2013, Cengage Learning.)
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Slightly more than 4% of world oil production goes into the 
manufacture of plastics.

The attributes that make plastic items useful to consumers—
durability and stability—make them a problem in marine environ-
ments. Scientists estimate that certain forms of synthetic materials, 
such as plastic six-pack holders, will not completely decompose 
for 400 years. Although oil spills receive more attention as a 
potential environmental threat, plastic is a much more serious 
danger. Oil is harmful, but plastic does not biodegrade.

The problem is not conined to the coasts. The North Paciic 
subtropical gyre covers a large area of the Paciic where the water 
slowly circulates in a clockwise direction. Winds are light. The 
currents tend to move any loating material into the low-energy 
center of the gyre. There are few islands on which this loating 
material can beach, so it remains in the gyre. This area, about 
the size of Texas, has been dubbed the “Eastern Paciic Garbage 
Patch.” A smaller, western Paciic equivalent has formed midway 
between San Francisco and Hawaii; another lies off the U.S. East 
Coast. One researcher estimates the weight of the debris trapped 
in gyres to be about 3 million metric tons, comparable to 1 year’s 
deposition at Los Angeles’s largest landill.

Hundreds of marine mammals and thousands of seabirds die 
each year after ingesting or being caught in plastic debris. Sea 
turtles mistake plastic bags for jellyish prey and die from intes-
tinal blockages. Seals and sea lions starve after becoming entan-
gled in nets or muzzled by six-pack rings. The same rings strangle 
ish and seabirds. About one-quarter million Laysan albatross 
chicks die each year when their parents feed them bits of plastic 
instead of food (see Figure 123-10).

Plankton productivity is adversely affected by plastics. Sun-
light, wave action, and mechanical abrasion break plastic into 
ever smaller particles. This microine plastic debris tends to attract 
oily toxic residues such as polychlorinated biphenyls, dioxin, 
brominated lame retardants, and other noxious organic chemi-
cals. In the middle of the Paciic Ocean, 1 million times the 
amount of toxins are concentrated on the plastic debris and 
plastic particles (e.g., microbeads used in mildly abrasive skin 
cleaners) than are estimated to reside in ambient sea water. The 
microscopic plastic particles outweighed zooplankton by six 
times in water taken from the North Paciic subtropical gyre. 
Filter-feeding zooplankton mistake plastic particles for food, and 
the attendant synthetic chemicals may be interfering with aspects 
of phytoplankton physiology.

Not all plastic loats. About 70% of discarded plastic sinks to 
the ocean bottom. In the North Sea, Dutch scientists have counted 
110 pieces of litter for every square kilometer of seabed, or about 
600,000 metric tons in the North Sea alone. These plastics can 
smother benthic life-forms.

The methods used to contain and clean up an oil spill some-
times cause more damage than the oil itself. Detergents used to 
disperse oil are especially harmful to living things. An accident 
on the Deepwater Horizon oil platform off the Louisiana coast 
on 20 April 2010 resulted in the largest accidental release of oil 
in the history of the U.S. petroleum industry. Eleven workers 
were killed, 17 injured, and the rig itself failed and sank. Oil 
under high geologic pressure shot from the stump of the broken 
drill pipe. The best estimate of the total release of oil during the 
85 days required to plug the well is 4.9 million barrels (206 
million gallons) of crude oil, of which 800,000 barrels (33 million 
gallons, about 16%) were captured by direct recovery from the 
drill head. Skimming and burning at the surface were also 
employed, recovering an additional 8%. The remainder of the oil 
dispersed into the surrounding ocean and atmosphere. About 
26% of it formed tar balls, washed ashore, was buried in sedi-
ments, or remained as surface sheen. Lighter components of the 
oil, about 25%, evaporated or dissolved in seawater.

About 8% of the oil was dispersed by chemicals injected at 
the wellhead or sprayed on the ocean surface. The dispersants 
were toxic to the very organisms that would metabolize the oil 
naturally. A vast amount of dispersant, mostly the chemical 
Corexit, was deployed; estimates suggest that 2 million gallons 
were sprayed over the water or injected directly into the gushing 
wellhead on the sealoor. When mixed with the dispersant, oil 
that would normally loat was able to linger far below the surface 
and affect ishes and bottom-dwelling organisms. Research con-
tinues, but it has been suggested the dispersed oil was more 
likely to be toxic than the crude oil by itself.

The best way to deal with oil pollution is to prevent it from 
happening. Tanker design is being modiied to limit the amount 
of oil intentionally released in transport. Oil companies limit new 
tanker construction to stronger, double-hull designs, and plat-
forms to contain redundant fail-safe components. During the past 
decade, improved production technology and safety training of 
personnel have signiicantly reduced both blowouts and daily 
operational spills. Currently, accidental spills from platforms rep-
resent about 1% of petroleum discharged in North American 
waters and about 3% worldwide.

PLASTIC WASTE

Plastic waste is another serious and growing problem. Approxi-
mately 134 million metric tons of plastic are produced each year, 
of which 10% ends up in the ocean. Americans use more plastic 
per person than any other nationality. Americans generate about 
31 million metric tons of plastic waste, about 120 kg (264 lb) per 
person, each year. They consume an average of 167 plastic 
bottles of water per person per year—about 25 million per hour! 
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Although forests have provided material, safety, and welfare for 
thousands of years, only in the last 100 years have humans begun 
to manage forests carefully. Early humans used forests as a source 
of shelter and products to sustain primitive communities. More 
recently, humans have used forests to develop modern econo
mies. For most of human history, humans have only minimally 
impacted forested resources, largely because of low and widely 

dispersed population densities. More recently, human popula
tions have expanded dramatically, leading to increased interac
tions between people and forested landscapes.

When the irst European colonists arrived at the eastern sea
board of North America, settlers could only marvel at the immen
sity of the forested landscape.6 For centuries, it seemed as if this 
resource had no limit and could never be depleted. Humans 

CHAPTER 124 

Brief Introduction to Forestry

DONALD L. GREBNER AND PETE BETTINGER
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considered, that forests provide to individuals as well as to 
human society.

During the late 1800s and early 1900s, there were growing 
concerns about excessive harvesting of trees from forested land
scapes. This contributed to development of scientiic forestry as 
well as efforts to establish a national park system that focused 
on protection of “wild” forested landscapes. These events led to 
debate over whether public forests should be “conserved” and 
managed for human needs, or whether they should be “pre
served” and managed to minimize human interaction with their 
innate resources. Advocates of the “conservation” perspective 
included Pinchot, and advocates of the “preservation” perspective 
included John Muir. Debate over management of forests is 
ongoing. Whether forest are managed or preserved can have 
signiicant implications for structure and health of a forested 
landscape, as well as for how people interact with the forest.

For much of the 1900s, forestry schools taught students such 
skills as how to manage a forest, focusing on extraction of wood, 
how to reforest cutover areas, and how to implement ire protec
tion strategies. During the early phases of the forestry profes
sion’s development, American society was largely agrarian in 
nature. Since that time, more than 85% of the U.S. population 
now resides in an urban environment. This dramatic change in 
U.S. demographics has important implications for how people 
view forests and forested landscapes. These changes have also 
impacted how foresters and other natural resource professionals 
manage forested landscapes and ecosystems, for what are often 
competing uses.

FOREST

What deines a forest can vary depending on standards set by 
societies, as well as the perspective of individuals or organiza
tions tasked with managing them. For some, any area that con
tains trees can be viewed as a forest. For others, a stand of trees 
at the north end of their cornield is simply considered a woodlot, 
not a forest. The size of a forest can play a critical role in shaping 
one’s perspective on what is or is not a forested landscape. Some 
forests can be 100 acres, about 40 hectares (ha), whereas others 
can be 100,000 acres (~40,470 ha) or even as large as a 1 million 
acres (~404,700 ha). The SAF dictionary deines a forest as “an 
ecosystem characterized by a more or less dense and extensive 
tree cover, often consisting of stands varying in characteristics 
such as species composition, structure, age class, and associated 
process, and commonly including meadows, streams, ish and 
wildlife.”3

The U.S. Forest Service7 uses a different deinition, as found 
in its Forest Inventory and Analysis (FIA) program:

Land that is at least 10 percent stocked with trees of any size, or that 
formerly had such tree cover and is not currently developed for a non
forest use. The minimum area for classiication of forest land is one  
acre. The components that make up forest land and all noncommercial 
forest land.

This deinition is consistent with that used by the Food and 
Agriculture Organization (FAO) of the United Nations1:

Land with tree crown cover (or equivalent stocking level) of more than 
10 percent and area of more than 0.5 hectares (ha). The trees should be 
able to reach a minimum height of 5 meters (m) at maturity in situ. May 
consist either of closed forest formations where trees of various stories 
and undergrowth cover a high proportion of the ground; or open forest 
formations with a continuous vegetation cover in which tree crown cover 
exceeds 10 percent. Young natural stands and all plantations established 
for forestry purposes which have yet to reach a crown density of 10 
percent or tree height of 5 m are included under forest, as are areas 
normally forming part of the forest area which are temporarily unstocked 
as a result of human intervention or natural causes but which are 
expected to revert to forest.

The FAO deinition is similar to others but is more speciic. 
Forests are basically areas with a number of trees that vary in 
size and shape. They can include other features (e.g., bodies of 
water, meadows, open areas) and can accommodate wildlife, 
insects, and ish. In many cases, humans live there.

entered the forest and extracted material to build houses, hunted 
game to provide food, and used wood to support smelting of 
iron ore.8 Settlers converted forested lands to develop agricultural 
ields to produce crops, which were used to feed themselves  
and expand communities. A culture of sustainability was not 
inherent.

Forested landscapes may pose risks to people as they travel 
in and around them. These landscapes can be lat or steep, wet 
or dry, and densely vegetative or sparsely covered. Types of 
birds, mammals, insects, reptiles and amphibians, and ish found 
in forests vary depending on latitude, elevation, and physio
graphic features. Size and shape of water bodies found within 
forested landscapes vary greatly, from small ponds to large lakes, 
and from seasonal streams that only low at certain times of the 
year to swift rivers carrying meltedsnow water from mountain
ous peaks. The landscapes vary depending on location, which 
can be extremely important in case of medical emergencies and 
search and rescue operations. Landowners and land managers 
who care for these landscapes can have important impacts on 
risks assumed by visitors. Small, private forest landowners, as 
well as larger industrial landowners, typically have easy access 
to their properties. However, in certain areas, particularly in the 
eastern part of North America, access to these lands is often 
restricted. State, province, and county governments that control 
public forests typically allow unimpeded access, as do national 
forests and parks. Many privately owned forested areas in Scan
dinavia allow free public access. Larger forests in less densely 
populated and remote areas often have poorer access character
istics (e.g., roads may not be well maintained), which can pose 
critical challenges to search and rescue teams as well as to 
medical evacuation.

DEFINITIONS

FORESTRY

Forestry involves management of forests to meet economic, eco
logic, or social goals. Early references to the term Forstwesen, 
which is similar to “forestry,” can be traced to Europe in the early 
to mid19th century, in association with publications such as the 
Swiss Forestry Journal (now called Schweizerische Zeitschrift fur 
Forstwesen). Forestry as a profession began in Europe during the 
Middle Ages, when royalty was interested in controlling which 
persons hunted wildlife on crown lands.2 In Germany, exclusive 
hunting rights in forests were provided to nobility from the ninth 
through the 18th centuries.5 Given humankind’s longterm use of 
forests to locate food, it was an important task for foresters to 
conserve a suficient supply of animals for their countries’ inhab
itants (in particular their nobles) to hunt. At present, perceptions 
of forests are much different. In some countries (e.g., Scotland), 
forestry practice outcomes are now among the lowest environ
mental concerns of local societies (i.e., when compared to treat
ment of human waste or nuclear technology), but forest practices 
remain important social concerns with respect to climate change.4

In Europe, the transition from managing forests as wildlife 
habitat to timber production preceded that within the United 
States. This transition did not begin in the United States until the 
middle to later 1800s. Early European settlers viewed the North 
American forested landscape as endless and placed little empha
sis on resource management. Attention focused on resource 
extraction, as was pursued with nonrenewable resources (e.g., 
coal, petroleum). Early American foresters trained in Europe, 
such as Bernhard Fernow (Prussia) and Gifford Pinchot (France), 
led the way in developing the profession of forestry in the United 
States. Pinchot was instrumental in founding the Society of Amer
ican Foresters (SAF).

The Dictionary of Forestry (http://dictionary of forestry.org) of 
the SAF deines forestry as “the profession embracing the science, 
art, and practice of creating, managing, using, and conserving 
forests and associated resources for human beneit and in a 
sustainable manner to meet desired goals, needs, and values.”3 
This deinition has changed over time, becoming more complex 
with increased recognition of the beneits, not previously 
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Rainfall is a crucial factor in determining structure and species 

composition of a forest. In general, the eastern United States 
receives more rainfall than does the western part, except along 
the Paciic Coast. Areas west of the Rocky Mountains (e.g., 
northern California to Washington) are typically wetter than the 
eastern sides of the Cascade or Sierra Nevada Ranges. Redwood 
(Sequoia sempervirens) trees in northern California need sea fog 
for optimal growth, whereas ponderosa pines (Pinus ponderosa) 
are generally found much farther inland and often east of the 
Cascade or Sierra Nevada Ranges and can thrive in much drier 
climates.

Factors affecting forest type and structure are important for a 
variety of reasons. First, abundance of different types of species 
can impact what can be used for human consumption. Different 
tree species have different useful properties to humans, animals, 
and insects. The forest structure can affect who enters the forest 
and why they would do so. Drier forests tend to possess fewer 
trees that are more widely spaced. This landscape can be more 
prone to ire. In addition, drier forests provide fewer opportuni
ties for inding water, which would be important to hikers and 
campers.

Where substrate (soil) conditions are favorable, and where 
seeds or seedlings (if planted) are provided, forests will become 
established. The establishment phase can occur after a natural 
disaster or following human activity. Many conifers are shade
intolerant trees. Full sunlight (e.g., large openings) may be 
required to successfully reestablish coniferous forests. Shade
tolerant trees may not require full sunlight for successful reestab
lishment. If left unattended, forests progress through stages of 
“succession.” In the last stage of forest succession, the climax 
stage, the forest ecosystem perpetuates itself indeinitely through 
minor changes in forest structure, including individual tree mor
tality and regrowth of trees in the resulting gaps created. Cur
rently, the climax stage of forests is often not attained because 
of human intervention.

TYPES OF FORESTS

Forests naturally occur in areas that are conducive to tree growth 
and are inluenced by factors such as latitude, elevation, soil 
condition, and precipitation. Different environments lead to very 
different types of forests. The three major forest biomes found 
around the world are the boreal, temperate, and tropical. Each 
contains ecosystems with similar climatic characteristics. Boreal 
and temperate biomes contain forests with trees that become 
dormant in the winter. Tropical biome contains forests that have 
a yearlong growing cycle.

Boreal forests are found in higher latitudes (e.g., Canada and 
Russia in northern hemisphere) and mainly contain conifers such 
as spruces and irs (Figure 1241). Growing season is generally 
short, and forests can be located on relatively dry sites (e.g., 
western Alberta) or wet sites (peat bogs). Montane (i.e., high
elevation forests) can be found in the boreal biome or in temper
ate and tropical biomes. These forests also typically contain 
conifers; a good example is the dry coniferous forests of the 
Rocky Mountain range in the intermountain western United States 
(Figure 1242). For these forests, elevation inluences the amount 
of precipitation available for trees to grow.

Temperate deciduous forests contain oaks, maples, hickories, 
and much broader variety of broadleaved trees that are typically 
found in the Appalachian Mountains and northeastern part of  
the United States (Figure 1243), as well as vast areas of northern 
Europe. Temperate coniferous forests contain pines or irs; a 
good example of these are the pine forests along the southeastern 
U.S. Coastal Plain (Figure 1244). Between these two forest types 
and across the eastern U.S. and northern Europe are mixed tem
perate coniferous and deciduous forests. In the U.S. Paciic 
Northwest, temperate rain forests contain ir and hemlock trees 
(Figure 1245). Precipitation patterns inluenced by the Paciic 
Ocean result in high annual rainfall amounts, and tree growth in 
this type of forest can be substantial. Throughout California and 
southern Europe, forests grow in climates that typically have wet 
winters and long, dry summers. These are often characterized as 
woodlands, chaparral, or Mediterranean forests (Figure 1246).

Wilderness

A forest’s classiication as wilderness depends on remoteness of 
a forested area, size of forested area, and presence (or lack of) 
human structures as well as the presence (or lack of) human 
activity. Typically, wilderness areas are those where forests are 
not actively managed. A wilderness can be situated in a forested 
landscape, but not all wilderness areas are forested areas. Wilder
ness areas are managed from a “preservationist” perspective, 
which allows virtually no human interference in ecologic pro
cesses occurring on those properties. The SAF forestry dictionary 
refers to the Wilderness Act of 1964 in its deinition of a wilder
ness area3: “A wilderness, in contrast with those areas where man 
and his works dominate the landscape, is hereby recognized as 
an area where the earth and its community of life are untram
meled by man, where man himself is a visitor who does not 
remain.”

In the United States, a wilderness area is an area that the U.S. 
Congress has designated as such, regardless of the land’s past 
use. The Sleeping Bear Dunes is a great example of a recently 
designated wilderness area. Located along Lake Michigan, the 
dunes are places where people have often recreated. Others, 
such as the Sipsey Wilderness Area located within the Bankhead 
National Forest in northwestern Alabama, are largely devoid of 
human structures except around their boundaries. The Sipsey 
Wilderness Area contains one remnant road that is being slowly 
reclaimed by nature as time passes, and the area hosts a wide 
collection of diverse plant and animal species, beautiful rock 
formations, waterfalls, and pristine river ways. It is also a popular 
hiking and camping destination.

Key differences between wilderness and nonwilderness areas 
center on the amount of human activity and whether human 
presence is transitory. Regardless of a forest’s oficial designation, 
wilderness and nonwilderness forests both have the same attri
butes. All forests have a distinctive vertical structure of vegetation 
dominated by trees. In mature forests, trees dominate the over-
story, the uppermost portion of the forest. This canopy section 
can be home to different types of wildlife, including birds and 
insects, as well as mammals such as lying squirrels. Beneath the 
canopy layer are three other layers of forest. The next level down 
from the canopy, the midstory, comprises trees that are either 
more shade tolerant or suppressed by the overstory canopy. 
These trees are shade tolerant and live and grow in lower levels 
of sunlight. Trees that are shade intolerant require more sunlight 
and are more likely to be found in the canopy layer. The next 
layer is called the understory, or shrub layer, and includes smaller 
trees as well as shrubs. Not all forests have this layer. Forests 
with extensive shrub layers can be dificult to navigate. In some 
parts of the United States, landowners may burn their properties 
because it makes it easier for them to travel through the forest. 
Below the shrub layer are found the herbaceous layer and grass 
layer, which are located just above the soil. These lower layers 
provide food and cover to numerous wildlife species. Their pres
ence can depend on suficient levels of sunlight reaching the 
forest loor. Not all forest structures are alive. Dead trees, known 
as “snags,” may be standing in the midstory or overstory, and 
downed logs may be lying on the ground.

Trees and Rainfall

Types of tree species are an important aspect of forests. Which 
tree species exist in a forest depends not only on region of the 
world, but also on latitude and other physiographic and climatic 
factors (e.g., elevation, average local rainfall, average seasonal 
temperatures). A forest in Maine may be composed of species 
such as balsam ir (Abies balsamea), white spruce (Picea glauca), 
red maple (Acer rubrum), sugar maple (Acer saccharum), 
quaking aspen (Populus tremuloides), white (paper) birch (Betula 
papyrifera), and American beech (Fagus grandifolia). As one 
moves further south, changes in average annual temperatures 
prohibit many of these species from being found at lower lati
tudes or elevations. In Mississippi, a common tree species is 
loblolly pine (Pinus taeda). It can be found throughout the 
southern United States, but as one moves further north, loblolly 
pine becomes less common because it is susceptible to damage 
caused by ice storms.
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Tropical deciduous forests can be found along the east coast 
of South America and the east coast of India, among other loca
tions. Tropical rain forests are located throughout the Amazon 
Basin and Central America (Figure 1247). Precipitation occurs 
nearly yearround in these forests. Monsoon tropical forests are 
somewhat different and involve a prolonged dry season and short 
rainy season. Cloud forests have a consistent lowlevel cloud 
cover at the tree canopy level (Figure 1248). Examples of these 
can be found in Hawaii and Central America.

The gradient between forests and prairies or deserts can 
contain savannah forests (Figure 1249). These areas are often 
grassy and contain sparse amounts of trees. Examples are the 
xeric scrublands of the intermountain western United States and 
subtropical deserts.

FIGURE 124-2. Montane forest. (Photo from Wikimedia Commons; 
courtesy Walter Siegmund. https://commons.wikimedia.org/wiki/File:
Clover_Lake_8556.JPG; licensing agreement: https://creativecommons
.org/licenses/by-sa/3.0/deed.en.)

FIGURE 124-3 Temperate deciduous forest, northern United States. 
(Courtesy Joseph O’Brien, USDA Forest Service. www.Bugwood.org.)

FIGURE 124-4 Temperate pine forest, south Georgia. (Courtesy 
Chuck Bargeron, University of Georgia. www.Bugwood.org.)

FIGURE 124-5 Temperate rain forest, Alaska. (Courtesy Dave Powell, 
USDA Forest Service, retired. www.Bugwood.org.)

FIGURE 124-1 Boreal forest, northern Minnesota. (Courtesy Steven 
Katovich, USDA Forest Service. www.Bugwood.org.)
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IMPORTANCE OF FORESTS TO PEOPLE

Forests provide services to people and their communities. What 
people desire from forests can change over time depending on 
the changes in technology. During the early development of 
human society, forests provided wood used to cook food as well 
as to generate warmth. Wood was used to create tools to create 
weapons for hunting and selfdefense. Early human societies 
depended heavily on hunting and gathering foodstuffs from the 
forest. This can still be seen in modern times in remote areas of 
the world where indigenous peoples are found. Forests in both 
early and modern human societies have played an important role 
in spiritual and religious practices. Many people prefer a particu
lar forest area that, when visited, provides a sense of calm and 
peace.

Many types of products or commodities come from forests.2 
For example, “wood products” can be considered to be solid 
wood, pulp and paper, composites and engineered woods, chemi
cals, and non–timberbased products. Solidwood products include 
items such as boards, beams, posts, fuel wood, charcoal, piles, 
posts, furniture, barrels, kegs, casks, musical instruments, sailing 
masts, tool handles, weapons, ice hockey sticks, gun stocks, loor
ing, canoes, bowls, utensils, pencils, chests, and knickknacks.

Paper production began in China almost 2000 years ago. The 
process has evolved over time so that now a wide variety of pulp 
and paper products are produced. Common products include 
writing and copying paper, printing paper, books, magazines, 
newspapers, postit (or sticky) notes, calendars, envelopes, maps, 
business cards, holiday cards, photographic paper, and wrapping 
paper. Wood pulp is often used for creating napkins, newspa
pers, magazines, books, maps, toilet tissue, diapers, and paper 
towels. Other paperbased products include the corrugated card
board containers widely used as packaging.

Composites and engineered products are created from small 
pieces of wood that are arranged and glued together to create a 
resource with a speciic, desired property. A wellknown com
posite and engineered product is plywood, which is made from 
peeled layers of wood that are overlaid with each other and 
glued together. Particleboard is another compositebased product 
made from chips, sawdust, and shavings. Oriented strand board 
is made from wood wafers, and newer products (e.g., decking, 
seating, and in some cases sidewalks) are currently made from 
combining wood ibers and plastic polymers to create wood
plastic composites.

Forests provide chemicals and residues. Some common chem
icals that have been created include creosote (a wood preserva
tive), acetone (a solvent), and acetic acid (used to make wood 
glue). Other chemicals produced include formic acid, butyric 
acid, propionic acid, methanol, turpentine, and various other oils 
and acids. Naval stores were typically extracted from speciic tree 

FIGURE 124-7 Tropical rain forest, Honduras. (Courtesy Howard F. 
Schwartz, Colorado State University. www.Bugwood.org.)

FIGURE 124-8 Cloud forest, Ecuador. (Courtesy Paul Bolstad, Univer-
sity of Minnesota, www.Bugwood.org.)

FIGURE 124-9 Savannah forests. (Photo from Wikimedia Commons; 
courtesy Gentry George, US Fish and Wildlife Service. https://
commons.wikimedia.org/wiki/File:Bald_top_oak_savannah.jpg; licens-
ing agreement: public domain.)

FIGURE 124-6 Mediterranean forests. (Photo from Wikimedia Com-
mons; courtesy Ramessos. https://commons.wikimedia.org/wiki/File:
KleineSchweizIsrael.jpg; licensing agreement: https://creativecommons
.org/licenses/by-sa/3.0/deed.en.)
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virginianus) and elk (Cervus canadensis) populations. On 
smaller forested properties, one may ind hunting camps in 
remote locations. In the United States, large landowners, such as 
real estate investment trusts (REITS), forest products companies, 
and timber investment management organizations (TIMOS), often 
lease large portions of their lands to hunt clubs to generate 
additional revenues, as well as recruit people to monitor activities 
on forested properties. Game wardens, who typically are state 
employees, are responsible for monitoring hunting activities on 
state lands.

As we noted, recreation activities situated in forests include 
day hiking, backpacking, camping, rock climbing, mountain 
biking, skiing, spelunking, bird watching, and mushroom and 
berry picking. Topography can dictate the types of potential 
activities. For example, mountainous areas are popular for rock 
climbers, spelunkers, skiers, backpackers, and campers. Time of 
year can be equally important. Mushroom and berry pickers 
forage in the woods during growing seasons (summer months). 
Bird watchers depend on location and time of year and on 
species linked to those landscapes. Especially in state or national 
forests, naturalresource professionals actively promote these  
recreational opportunities.

Foresters measure various natural resources throughout the 
year. Successful forest management requires considerable data. 
Foresters identify living plant species, location, and size and 
density (heights and diameters). They measure amount of dead 
vegetation, both standing as snags and as the volume of dead 
trees lying on the forest loor. Foresters measure these conditions 
over time to evaluate forest growth and health. Foresters conduct 
ield surveys to measure density and populations of wildlife. 
These animals may include common whitetailed deer or endan
gered and threatened species, such as the American bald eagle 
(Haliaeetus leucocephalus) or redcockaded woodpecker (Leuco-
notopicus borealis). Naturalresource professionals and other sci
entists often monitor water quality in remote rivers and streams 
and in lakes and ponds.

Forest ires, whether wildires started by lightning strikes or 
arson or planned prescribed ires, are of special interest to forest
ers. When wildires are found in remote locations, ireighters 
known as “smoke jumpers” will parachute into “hot spots” in an 
attempt to put out a ire quickly before it spreads. If they are 
unsuccessful, large numbers of people may be employed to build 
irebreaks around burning areas to control a ire’s spread. Aircraft 
equipped to carry water or ireretardant chemicals may be used 
to extinguish ire or suppress a ire. Wildires can be greatly 
inluenced by the amount of dry vegetation on the forest loor, 
topography, and general weather conditions. Prescribed ires 
employ many of the same personnel and equipment but are 
typically planned events for which irebreaks and other safe
guards are put in place before the ire is started.

species, such as pines, to provide resin, pitch, and tar for ship
yards. In addition, lye is created by leaching potash from decidu
ous tree species and can be used in making soap.

Although woodbased products derived from forest resources 
are extremely important, many non–timberbased products pro
vide spiritual, medicinal, foodbased, or recreational value to 
humans and society. In certain U.S. areas, people enjoy extracting 
sap from (tapping) maple and birch trees to create syrups. In 
Europe, mushroom picking is a common forestbased activity. 
Some people collect medicinal plants, such as yarrow (Achillea 
millefolium), wild ginger (Asarum canadense), mayapple (Podo-
phyllum peltatum), ginseng (Panax quinquefolius), witch hazel 
(Hamamelis virginiana), and sarsaparilla (Smilax regelli).

Wildlife habitat is an important nontimber forest product. 
Wildlife habitats are environments where vertebrates and inver
tebrates procreate and obtain shelter, food, and water. Many 
landowners view wildlife habitat as important because it can 
provide conditions favorable for supporting preferred species. 
Encouraging wildlife habit may promote better hunting, animal 
and birdwatching opportunities, and protection of endangered 
species. Recreation is an important nontimber beneit. In forested 
landscapes, this usually refers to activities such as camping, 
hiking, backpacking, mountain biking, canoeing, ishing, hunting, 
bird watching, rock climbing, zip lining, and spelunking. Another 
important nontimber product is provision of water from forested 
ecosystems.

HUMAN INTERACTION WITH FORESTS

Foresters or naturalresource professionals interact with the 
forest in different ways, depending on the management objec
tives for a forested landscape. One of the most common objec
tives for managing a forested landscape is to maximize a inancial 
return. This typically entails extraction of biologic material from 
the landscape. This objective is achieved through extraction  
or harvesting of trees to be sold to various types of forest prod
ucts manufacturing facilities. The harvesting system employed 
depends on type of topography, forest access, and type(s) of tree 
species. Areas that are lat typically employ harvesting systems 
that use fellerbunchers to harvest trees (Figure 12410) and then 
skidders to drag the trees to a landing area close to an access 
road. In steeper terrain, it is common to see loggers using chain
saws for felling trees and in the western United States, employ
ing cable logging systems (Figure 12411). These systems use a 
tower and cables to drag logs up to the roadside for placement 
on trucks.

People visit forests for recreational purposes. Hunting is a 
common activity. Although considered a recreational sport in 
many areas, foresters consider hunting an important tool for 
managing wildlife populations. The decline of natural predators, 
such as wolves (Canis lupus), cougars (Puma concolor), and 
bears in many areas, as well as changes in vegetative communi
ties helps promote expansion of whitetailed deer (Odocoileus 

FIGURE 124-10 Feller-buncher. (Photo courtesy USDA Forest Service. 
www.Bugwood.org.)

FIGURE 124-11 High-lead cable logging system with loader in the 
foreground, tower and carriage in background. (Courtesy Donald L. 
Grebner, Mississippi State University.)



Rocky Mountain spotted fever, rabies, and Lyme disease. Insects, 
mammals, and reptiles may pose hazards. Bee stings can be  
life threatening. Animal bites can produce lacerations and infec
tions. Large animals, such as deer, moose (Alcesalces), or moun
tain goats (Oreamnos americanus), may attack a person if 
threatened. Their size, horns, and hooves may lead to fatal blunt 
and penetrating trauma. It is prudent to use care when stepping 
over logs or other woody debris in uneven terrain to avoid bites 
and envenomation. Toxic plants pose hazards. In North America, 
the most common toxic plant is poison ivy (Toxicodendron 
radicans).

Forest management operations (e.g., tree harvesting, road 
building, invasive insect and plant control) pose unique hazards. 
Heavy machinery can crush a person’s limb or body; chainsaws 
and axes can cause puncture wounds and severe lacerations. 
Vehicles can roll over on steep slopes. Someone may be struck 
because of standing in the path of a falling tree. Where harvest
ing operations use overhead cable systems for dragging logs up 
steep terrain, cables can snap under high tension, and logs can 
also slip from their harnesses (chokers) and crush persons. Heavy 
equipment is a hazard during road construction. Also invasive 
insect and plant control operations also pose hazards because of 
the extensive use of chemicals.

Forest ires are extremely hazardous to foresters and others 
working, living, or recreating in forested areas (see Chapter 14). 
Fireighters use heavy equipment and chainsaws to create ire
breaks, which are critical to slowing progression of or containing 
a ire. Hilly terrain and changes in wind patterns pose threats to 
ireighters, who may become trapped by rapidly advancing ires. 
Fireighters can employ “back ires” initiated upwind of a human
made or natural irebreak that burn available fuel back to the 
wildire and thus widen the irebreak.

REFERENCES

Complete references used in this text are available 
online at expertconsult.inkling.com.

HAZARDS TO PEOPLE IN FORESTS

People may face extensive hazards in forested landscapes. Both 
naturalresource professionals and laypersons can become dis
oriented and lost, especially in forests with dense understory and 
overstory levels. Misdirection can lead to panic and feelings of 
being lost, which can lead to poor decision making and injuries. 
Foresters are trained to use a compass, and many carry Global 
Positioning System (GPS) instrumentation and cellular phones 
with GPS capabilities. However, these tools may not always be 
available or may fail. Nonprofessionals venturing into the forest 
may not have these tools but may possess a cell phone with GPS 
tracking capability.

Forests pose risk for injuries incurred by falling or by being 
hit by falling objects. Risks are increased when traveling off trail 
or on uneven terrain where it is dificult to see hidden holes 
covered by vegetation. Walking on top of downed trees is par
ticularly hazardous. Falls can result in both blunt trauma (i.e., 
against the ground or tree) and penetrating trauma (i.e., impale
ments on broken stems or branches) that can be fatal. Travelers 
in the forest may be exposed to falling rocks and debris upslope 
and falling branches and trees under canopies. Falling branches 
that are loosened from a tree’s crown through wind events are 
called “widow makers.” Foresters can be injured or killed by 
falling dead trees or snags, especially while evaluating their suit
ability for wildlife habitat. Additional hazards include hypother
mia, hyperthermia, and exposure to lash loods.

Traveling through uneven topography can be physically 
stressful and pose hazards. Dificulty of traveling through a forest 
is inluenced by the number of live trees, composition of the 
understory, and density of fallen tree branches. Managers of 
recreation facilities typically develop trails to reduce the impact 
of these impediments and to provide higherquality experiences 
for people wanting to walk through forests. In undeveloped 
forests, considerable exertion may be required to navigate 
through a forest, particularly in areas with steep or uneven 
topography. Field foresters are therefore typically required to be 
in good physical condition.

Forests also pose risk of exposure to infectious diseases. In 
North America, these include giardiasis, West Nile virus disease, 
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The planet Earth is a rocky sphere covered in a rich veneer of 
life. Even without its biologic life, however, Earth could still be 
considered alive because of the way that it creates heat in its 
interior. Although sometimes overlooked or even taken for 
granted, this heat engine creates a multitude of tangible effects 
on Earth’s surface, including earthquakes and volcanoes felt and 
witnessed by all living beings. Escape of heat from the earth’s 
interior drives the motions of the continents (which move at 
about the rate our ingernails grow) to create the mountains and 
ocean basins that cover the globe. Formation of these uplifted 
and down-warped features on Earth’s surface determines circula-
tion patterns in the world’s oceans, which in turn redistributes 
warm water heated in the tropics toward the more temperate 
and polar regions. These ocean circulation patterns work in 
conjunction with feedback from various orbital phenomena, 
including the sun and the inclination of Earth’s spin axis, to drive 

our planet’s climate system. Tropical forests, arid and sandy 
deserts, temperate growing regions, and polar ice caps are all 
the result of this system. All life on Earth is affected by this mul-
titude of inputs, which originate from the simple starting point 
that the earth generates its own heat and can be considered 
“alive” on the inside. The moon, as well as some other planetary 
bodies, is not alive in this sense. This chapter explores some of 
the products of existence on a living planet. Civilization and all 
life-forms respond to, and are affected by, the sometimes dra-
matic effects that are felt and experienced on planet Earth.

EARTH’S ORIGIN
Recent advances in astronomical measurements have allowed for 
consensus on the age, origin, and life cycle of the universe and 
its component parts. These observations into deep space reveal 

CHAPTER 125 

Brief Introduction to Earth Sciences
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that the Big Bang occurred about 13.8 billion years ago (it is 
possible at this time to observe outward to about 380,000 years 
after the Big Bang). Considering the antiquity of the age of the 
universe, it could be said that our relatively “average” solar 
system is only about one-third of this age, or about 4.566 billion 
years old.

Our sun and its solar system formed as did many other 
common stars, from a nebula (Latin for “cloud”), which is com-
posed of the scattered remains of previously existing stars (Figure 
125-1). Stars have a life cycle from birth to death that begins in 
nebulae (Figure 125-2). As the far-lung material begins to col-
lapse inward and coalesce, it swirls into a protostar that is sur-
rounded by a disk of gas and dust. The gas and dust particles 
begin to adhere to one another and eventually grow into proto-
planets. It is believed that only 1 million years elapsed from the 
initial collapse of a nebula to the birth of our protostar and the 
protoplanets. Then, for about 50 to 100 million years, these proto-
planets collided with various neighbors to create the planetesi-
mals. During this time, a large planetesimal hit Earth with a 
glancing blow to create the moon. Planetesimals in turn collided 
to form the planets we know today. The solar system is about 
halfway through its life cycle. About 5 billion years from now, the 
sun will have used up its inheritance of hydrogen fuel and begin 
to die, irst becoming a red giant, and then exploding into the sur-
rounding region to become the interstellar dust and gas that will 
eventually collapse into future stars. The cycle will begin anew.

EARTH’S INTERIOR STRUCTURE
To the geologist, Earth can be considered “alive” because of the 
way in which it generates its own heat, causing its interior to roil 
and convulse and its surface to be subjected to constant motion 
and change. Physical expressions of this living nature are the 
many earthquakes and volcanoes that shake our existence on 
this restless planet. The moon is an example of a “dead” planet 
in that it does not generate its own heat and thus does not pres-
ently have active volcanoes or tectonic earthquakes. Our planet 
extends from its core to the outer reaches of the atmosphere (the 

FIGURE 125-1 The Crab Nebula is an example of the material that 
once made up a solar system. The light from this nebula reached Earth 
in the year 1054, but it is 6500 light-years from Earth, meaning that it 
exploded about 7500 years ago. 

FIGURE 125-2 Life cycle of a typical star, such as our sun. 
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atmosphere can be considered a part of the layered Earth). The 
planet is technically an oblong spheroid, meaning that it bulges 
slightly at the equator and is squashed minimally at the poles. It 
has a radius of nearly 6400 km (4000 miles) and is layered into 
concentric shells with the heaviest, densest layers at the center 
and the least dense on the outside. The contrast in density 
between these layers is the result of differences in the composi-
tion of each layer and increasing pressure toward the center. In 
composition from the center outward, our rocky Earth contains 
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miles) below sea level and therefore be covered with seawater. 
There are a few places where strands of the ocean crust have 
been forcibly shoved up onto the continents, leaving samples 
that are easily obtained. Modern technology now allows us to 
sample the ocean loor. The average composition of ocean crust 
is very close to that of basalt rock.

Continental crust underlies all the continents and is less 
dense (2.7 times as dense as water) than ocean crust but on 
average is much thicker, at about 30 to 80 km (20 to 50 miles) 
thick. It therefore stands higher on Earth’s surface than the 
ocean crust. The average composition of continental crust is 
very close to that of granite rock. Because continental crust is 
less dense than ocean crust, the continents essentially “loat” on 
the mantle, which is why they rise above sea level to form land. 
The outermost edges of most continents are sometimes inun-
dated with seawater. These fringes of the continents are called 
continental shelves and may extend out to sea up to 225 km 
(140 miles). The geologic record provides abundant evidence 
that these shelves have often been more extensive in the past 
than at present, forming what are known as epicontinental seas 
(“upon the continent”). This partially explains why areas far 
from the sea today sometimes expose marine rocks on land 
(Figure 125-5).

Examination of how rocks behave in the upper part of the 
earth’s interior reveals two layers: the asthenosphere (meaning 
“without strength” or “weak layer”) and the lithosphere (“rocky” 
or “rigid layer”). The asthenosphere is slightly more than 320 km 
(200 miles) thick and is found up to 100 km (60 miles) below 
the lithosphere. It exhibits temperatures close to the melting 
temperature of rock (about 1600° C [2900° F]) and thus consists 
of mushy, plastic-like rock containing pockets of molten material. 
Therefore, the asthenosphere behaves as a ductile (bends without 
breaking) material and is structurally weak. Its weak, ductile 
properties impair the velocity of earthquake waves; in fact, this 
is how the asthenosphere was irst recognized. It is sandwiched 
between stronger, more rigid layers above and below and pro-
vides the medium on which Earth’s tectonic plates “loat.” The 
asthenosphere can be viewed as a yielding cushion upon which 
the continents drift (Figure 125-6).

The lithosphere has the properties of a rigid, brittle medium. 
It is formed from the entire crust and very uppermost part of the 
mantle, which is cool enough at this level to be brittle. The litho-
sphere is 1 to 60 miles thick (1.6 to 100 km), is relatively strong, 
and loats on the ductile asthenosphere. The brittle nature of the 
lithosphere causes it to behave like a broken eggshell, and thus 
it is broken into a series of tectonic plates (from the Greek tectos, 
“to build”). Heat generated near the core-mantle boundary is 
what drives slow convection of the mantle, which ultimately 
allows the brittle lithosphere to move across the face of the earth 
and fracture into plates. The lithosphere can be viewed as pieces 
of Styrofoam drifting in a swimming pool, with water currents 
generated beneath them by activation of the ilter system. The 

the core, mantle, and crust. A second scheme differentiates the 
earth’s interior based on the variable properties that the rocks 
exhibit pertaining to their depth and pressure. These layers do 
not correspond precisely to the compositional layers just men-
tioned and are known as the asthenosphere and lithosphere, 
which together correspond only to the upper few hundred miles 
of the earth’s interior (Figure 125-3).

EARTH’S COMPOSITION
The core is the densest part of the earth and was created when 
the heaviest components of the planet “sank” inward during its 
formation. It consists of two parts, a solid inner core and liquid 
outer core, both composed of iron, nickel, and sulfur. No one 
has ever sampled the core; its density and temperature are too 
great to access, among many other physical limitations. Its com-
position is determined in two ways: from the makeup of metallic 
meteorites whose chemistry mimics that of the earth’s interior, 
and from the way earthquake waves propagate through the 
earth’s interior. Even though both parts of the core exist at essen-
tially the same temperature (4000° to 7000° C [7232° to 12,632° F]), 
the inner core is solid because of the extreme pressure on it. 
The area near the core-mantle boundary contains pockets of 
radioactive elements, which undergo ission and create the 
earth’s internal heat. Uneven distribution of these radioactive 
pockets drives convection and movement of the mantle and 
ultimately, the earth’s living mobility, and gives rise to its mag-
netic ield.

Surrounding the core is the mantle, a layer not quite as thick 
as the core but comprising almost 80% of Earth’s volume. It is 
composed of iron- and magnesium-silicate minerals, which often 
combine with other elements, such as aluminum, iron, calcium, 
sodium, magnesium, and potassium. This chemistry makes it only 
about one-third as dense as the core. No one has sampled the 
mantle, but in some instances, fragments have been carried to 
the earth’s surface by volcanic eruptions or, rarely, when mantle 
material is scraped up onto the earth’s surface by plate tectonic 
processes (see next section). Even though it is solid, the mantle 
“lows” slowly on the currents of heat that are generated at the 
core-mantle boundary. All solid material, even rock, can low 
when subjected to enough heat and pressure.

The outermost, rocky layer of the earth is the crust. We live 
on the crust and interact with aspects of it every day, from copper 
in our cell phones, to aluminum and steel in our cars, to salt on 
the dinner table. This relatively thin layer is proportionally equal 
to that of the skin of a peach or an apple. In fact, a peach may 
be a perfectly proportional analog to Earth, with its central pit 
mimicking the core, its juicy lesh representing the mantle, and 
its thin skin as the crust (Figure 125-4). Two types of crust exist 
on Earth. Ocean crust underlies most of the ocean basins and is 
relatively dense (3.3 times as dense as water) but relatively thin, 
at only 5 to 10 km (3 to 6 miles) thick. These properties cause 
ocean crust to have a low average elevation of about 5 km (3 

FIGURE 125-4 Various layers inside a peach may serve as a convenient 
analog to Earth’s interior, with the peach pit representing the core, 
the lesh representing the mantle, and the thin skin of the peach rep-
resenting Earth’s crust. (Photo by Wayne Ranney.)

FIGURE 125-3 Earth’s concentric layers consist of the core (both inner 
solid and outer liquid), mantle, and crust. 

Core

Mantle

Crust
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FIGURE 125-6 The lithosphere is composed of the crust and rigid part of the upper mantle. The aesthe-
nosphere lies below it and is the ductile portion of the mantle. (From http://upload.wikimedia.org/wikipedia/
commons/thumb/8/8a/Earth-cutaway-schematic-english.svg/2000px-Earth-cutaway-schematic-english 
.svg.png.)
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process of plate tectonics drives most landscape-forming pro-
cesses and is the overriding theory that has shaped much geo-
logic thought in the past 50 years.

THE BRITTLE, RESTLESS CRUST:  
PLATE TECTONICS
The branch of geology that studies movements of the earth’s 
lithosphere is called plate tectonics. Based on an enormous 
amount of evidence, geologists developed this theory in the 
1960s. It holds that the lithosphere, the outermost rigid layer of 
the earth, is divided into separate sections called plates, which 
move in response to convection of the mantle, itself a byproduct 
of radioactive decay in the earth’s interior. Plate tectonic pro-
cesses build up mountains and down-warp basins. This facilitates 
erosion of mountains, which delivers sediment to the basins. 
Most geologic concepts are related to plate tectonics (Figure  
125-7 and Box 125-1).

A considerable amount of tectonic activity occurs along the 
plate boundaries, or margins. Earthquakes and volcanoes are 
concentrated along these narrow boundaries, which run in an 
arcuate pattern across the earth’s surface, like the stitches of a 
baseball (Figure 125-8). Three major types of plate boundaries 
are recognized on Earth: (1) divergent margins, where plates 
separate and new ocean crust is formed; (2) convergent margins, 
where one plate crashes into another and is sometimes con-
sumed or destroyed in subduction; and (3) transform or strike-
slip margins, where plates slide past one another and where crust 
is generally not created or destroyed.

A

FIGURE 125-5 The two types of earth crust are exempliied by two 
rock types: A, basalt lava low on the Galápagos Islands, and B, granite 
outcrop in Rio de Janeiro. (Photos by Wayne Ranney.)

B

BOX 125-1 Concept of Theory in Plate Tectonic Theory

A theory is an observation supported by evidence. For a theory to 
stand up to scientiic inquiry, no piece of evidence can falsify the 
theory. In the case of plate tectonic theory, no scientiic evidence 
of any kind disproves it (although a few remaining diehards see 
evidence that does not it the theory). This does not mean that  
we know everything about plate tectonics, or that plate tectonics 
can answer every question, but rather that the theory at the 
fundamental level is not contradicted by scientiic evidence.



2582

T
H

E
 W

IL
D

E
R

N
E

S
S

P
A

R
T

 1
7

is growing larger, an idea for which there is no evidence). Zones 
where crustal plates move together and are often destroyed are 
called convergent plate margins. They occur variably between 
two oceanic plates (as in the Japan, Philippines, or Aleutian 
island chains), two continental plates (as in the Himalayan chain, 
where the Indian plate is colliding with the Eurasian plate), or 
between an ocean and a continent, such as the western edge 
of South America. The South American example provides a 
typical series of events. As lithospheric plates converge, the 
oceanic crust that is being pushed from behind at the spreading 
center (and tending to be denser and cooler) sinks beneath the 
lighter, continental crust in a process called subduction. As the 
ocean plate is subducted, usually at an angle of 35 to 60 degrees, 
it is pushed into the earth, where portions of it melt after achiev-
ing a depth of about 100 km (60 miles), although parts of the 
descending slab can reach depths of 640 km (400 miles) before 
melting entirely. Pockets of molten material then rise buoyantly 
through the continental crust, creating slightly curved chains of 
volcanoes called volcanic arcs (Figure 125-10). These arcs typi-
cally erupt through overthickened crust, formed by the conver-
gence of two plates. Oceanic trenches form offshore, where the 
ocean crust slides beneath the continental edge and can be quite 
deep. Plate boundaries where two continents collide are also 
the site of convergence but generally do not produce volcanism. 
This is because when two pieces of continental crust meet, they 
are equally buoyant to preclude subduction. Thus, no melting 
occurs in continent-to-continent convergence. Great mountain 
ranges such as the Himalayas are thrust upward in these settings, 
resulting in continental rocks becoming greatly deformed and 
folded.

DIVERGENT PLATE MARGINS

Also known as spreading centers, divergent plate margins are 
places where plates move away from one another. They are 
sinuous but lengthy traces that reveal where heat is escaping 
from the earth’s interior. Portions of the upper mantle melt here 
and force their way into the overlying crust, causing it to sepa-
rate. As the older crust is pushed away, lava takes its place and 
solidiies into a rock type called basalt. This process produces 
long, sinuous chains of submarine mountains called midocean 
ridges. Evidence for this slow, ongoing process comes from the 
increasing age of ocean crust away from the midocean ridges, 
alternating bands of magnetism that run parallel to these spread-
ing centers, and mirror images of these phenomena produced 
on either side of the spreading centers. In fact, the observation 
of alternating bands of magnetism in ocean crust irst led to the 
concept of sealoor spreading. Basalt contains appreciable 
amounts of iron, and when it is extruded on the ocean loor, 
preserves a record of the earth’s changing magnetic ield. Because 
the earth’s magnetic poles occasionally switch from north to 
south, and vice versa, an alternating magnetic signature is pro-
gressively recorded in ocean crust at spreading centers. This 
pattern of alternating magnetism is identical on either side of the 
ridge, showing how the crust has spread apart. Midocean ridges 
occur in all the world’s major oceans (Figure 125-9).

CONVERGENT PLATE MARGINS

When new crust is formed at midocean ridges, something must 
be destroyed on the opposing edge of the plate (unless the earth 

FIGURE 125-7 Cross section through Earth at about 10 degrees north latitude showing the components 
of plate tectonic theory. The yellow arrows show convection cells in the mantle that drive the surface motion 
of the earth’s plates. Continental crust is depicted in pinkish color with ocean crust as a solid dark line. The 
plate boundaries are shown with thin red lines pointing to the crust. Major tectonic features are named 
and labeled as plates in black, oceans in purple, arcs and continental crust in dark green, and midocean 
ridges in orange. All thicknesses depicted are exaggerated and not to scale. (Courtesy Ron Blakey.)
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Mountains at convergent margins are the result of plates pushing 
rock together, which thickens the crust either by squeezing it 
or by forcing some sections to override other sections (thrust-
ing). Volcanoes can form mountains as molten material accu-
mulates on the surface and cools into rock. Mountains are also 
created at divergent plate boundaries because upwelling heat 
initially swells the earth’s crust before it rifts apart; the low of 
hot material expands the crust upward, and piles of volcanic 
material are added to its top.

A less obvious but no less important result of tectonism is 
formation of tectonic or sedimentary basins. These form in con-
junction with mountain uplift but are often overlooked by non-
geologists because they do not form the rugged, spectacular 
scenery of a mountain range. Sedimentary basins, however, are 
corollaries of the same tectonic story. As plates converge, they 
unevenly warp the crust into both mountains and basins. Con-
sider the way a throw rug is variably warped as it is pushed 
along a hardwood loor into a wall. You can see both humps 
(mountains) and depressions (basins) that form on the rug’s 
surface. In tectonic settings, rocks are eroded off the mountains 
and transported by rivers and wind into the basins. These basins 
preserve most of the earth’s sedimentary deposits, which reveal 
details about Earth’s prior environments, climate, and life. It is 
the workings of plate tectonics that allows this clear view into 
the ancient past.

TECTONIC ORIGIN OF ROCKS

Pervasiveness of plate tectonics on Earth creates the conditions 
necessary to form the many different types of rocks found on 
our planet. These rocks constitute the record of Earth’s history. 

STRIKE-SLIP OR TRANSFORM PLATE MARGINS

Some plates slide horizontally past one another in such a way 
that little or no creation or destruction of crust occurs. Such 
boundaries are called strike-slip or transform margins because 
the plate motions transform the offset laterally. Few volcanoes 
occur in these tectonic settings because there is no subduction 
and consequent melting of the crust. Earthquakes, however, are 
quite abundant and tend to be rather destructive as the two rigid 
plates grind past one another. The San Andreas Fault in California 
and the Alpine Fault in New Zealand are the most famous 
examples of such plate boundaries. Earthquakes, therefore, are 
the result of breaking of brittle lithosphere. When this solid rock 
is subjected to stress, it sends off shock waves that generate 
earthquakes. Most earthquakes occur along the earth’s plate 
boundaries, but it is also possible to have intraplate earthquakes, 
such as the famous New Madrid, Missouri, quakes of 1811-1812 
or the Virginia earthquake of August 23, 2011. Plotting major 
earthquake epicenters over time clearly delineates the location 
of the plate boundaries. Shallow earthquakes tend to occur along 
all plate boundaries, whereas intermediate and deep earthquakes 
occur only in subduction zones along convergent margins. 
Shallow earthquakes are deined as those occurring down to 
60 km (40 miles); intermediate, between 60 and 320 km (40 and 
200 miles); and deep, 320 to 640 km (200 to 400 miles). Below 
this depth, the mantle is ductile and rocks do not break.

Mountains, the most obvious result of the uplift generated 
by Earth’s tectonic system, are formed in many ways. Almost 
all mountain ranges are located near present or ancient plate 
boundaries. The Appalachian chain formed near an ancient 
plate boundary, and the Andes formed on a modern margin. 

FIGURE 125-8 Map of the earth showing its major plates. Lighter shade of any color shows the continental 
portion of the plate, while darker color shows the oceanic component of the same plate. Fifteen of the 
largest plates are labeled here, with dozens of smaller plates not shown. (From the United States Geological 
Survey. http://pubs.usgs.gov/gip/dynamic/slabs.html. Accessed February 9, 2016.)
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FIGURE 125-9 Cross section through a typical midocean ridge or divergent plate margin. Note how magma 
rises through the lithosphere and is erupted onto the ocean loor, creating new ocean crust. (Courtesy Ron 
Blakey.)

FIGURE 125-10 Convergent margins form where oceanic crust is subducted beneath the edge of a con-
tinent (or between two continents or the edge of another ocean plate). Although some material may be 
scraped off near the top (obduction), most descends beneath the continent because ocean crust is cooler 
and denser than continental crust. Melting of the subducted plate at depth of about 100 km (60 miles) 
creates magma that erupts into the crumpled edge of the continent to create a volcanic arc. The Andes 
Mountains in South America are a good example of this type of plate margin. (Courtesy Ron Blakey.)
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FIGURE 125-11 Typical rock cycle showing the relationship among the three classes of rocks. Follow the 
“Uplift and exposure” box (top, center) counterclockwise for the simplest cycle, noting only that rocks can 
take “shortcuts” at any stage within the circle. 
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Most people are familiar with the three main types of rocks: 
igneous, metamorphic, and sedimentary, but many may not be 
aware of the close relationship these rocks have with tectonic 
processes (Figure 125-11). Igneous and metamorphic rocks, 
which contain groupings of one or more mineral crystals, are the 
so-called crystalline rocks. They form from heat and except for 
volcanic rocks, within the earth. Sedimentary rocks contain a 
record of Earth’s surface and form from broken bits of other rocks 
(including other sedimentary rocks), precipitation of solutions, 
or compaction of shells.

Igneous Rocks

Igneous comes from the Latin word meaning “to ignite” (“burning” 
or “iery”). Igneous rocks are born of heat. When the earth’s crust 
or upper mantle is subjected to extreme heat, melting occurs and 
molten magma is formed. Therefore, all igneous rocks originate 
initially as magma. Some of this magma may remain deep within 
the crust, where it cools slowly to form solid rock (e.g., granite). 
Such rocks take a long time to form, which allows for growth of 
large crystals as the magma cools and solidiies. Such igneous 
rocks are called intrusive or plutonic (after Pluto, the Roman god 
of the underworld). They contain coarse-grained crystals that are 
easily seen without magniication. Large bodies of plutonic rock 
are called plutons or batholiths; small bodies less than 259 km2 
(100 miles2) are called stocks (Figure 125-12).

FIGURE 125-12 Hypothetical landscape, showing many of the igneous landforms that can be found on 
Earth. (Courtesy Ron Blakey.)

Some magma makes its way to the surface in liquid form and 
lows out rather gently, or it is blasted out violently onto Earth’s 
surface. This igneous material cools relatively quickly, and crystals 
often do not have time to form. If crystals form, they are very 
ine-grained and are not usually visible without magniication. 
Basalt lava lows or rhyolite ash beds are examples of extrusive 
or volcanic rocks (after Vulcan, the Roman god of the forge).

Volcanoes are simply mountains composed of piles of volca-
nic material—cinders, lava, and ash—erupted from a central vent. 
Volcanoes are classiied according to their shape or the processes 
that form them. Shield volcanoes form from piles of extremely 
luid basalt lava that lows and cools far from the vent; they tend 
to be broad at the base with a very low proile, relecting the 
low viscosity of the lava. Cinder cones (or scoria cones) are 
formed from small droplets of molten rock that erupt into the air 
and cool as pea-sized particles in a steep pile around the vent. 
Cinder cones tend to be the smallest volcanoes, at about 300 m 
(1000 feet) in height. Composite volcanoes or stratovolcanoes are 
formed from alternating layers of andesite lava lows and ash. 
These form some of the largest, most symmetric, and dangerous 
mountain peaks on Earth: Mt St Helens, Mt Fuji, and Mt Pinatubo 
are examples. These types of volcanoes yield huge amounts of 
ash. When this material travels to distant basins, it can become 
preserved within sedimentary layers. These ash beds are readily 
dated and allow geologists to date strata, which otherwise could 
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present today to infer the ancient depth of the rocks when they 
were created. The chemistry of the rock can suggest a protolith, 
which can divulge the speciic sedimentary environment of the 
rock before its burial and metamorphism. This may provide a 
clue to its tectonic setting just before the mountain-building event 
that changed it. Taken together, all this information might reveal 
a sensible sequence of tectonic events in which a rock originated 
in a sedimentary basin, only to become involved in a convergent 
mountain-building event that folded, buried, and altered the rock 
deep within the earth.

The beauty of the plate tectonic concept and of modern geo-
logic thought is that discreet bits of evidence scattered across the 
globe allow us to know the sequential evolution of our planet, 
if only we can recognize the evidence. Before the birth of this 
concept, metamorphic rocks could only be described in stone-
faced prose and dry classiication schemes that were simply 
organized around their texture. Attempts were made to interpret 
how the rocks might have originated, but there was no single, 
fundamental concept that could show a link between the seem-
ingly unrelated aspects of a rock’s metamorphic grade, its sedi-
mentary protolith, or how it was uplifted and exposed. A plate 
tectonic view has allowed us to see how the transitions in Earth’s 
history have been actualized. Many of the details are still being 
determined, but scientists continue to unravel Earth’s history at 
an astounding rate.

DYNAMICS OF SEDIMENTATION AND 
SEDIMENTARY ROCKS
Sedimentary rocks are the most important surface rocks in recon-
structing the details of past events. If sedimentary rocks are found 
in a particular area, they preserve something of the surface history 
that occurred there. We usually can recognize parts of that past, 
because all modern environments also existed in the past. Geolo-
gists are like detectives who arrive at a crime scene long after the 
fact. In much the same way that 20-year-old ingerprints can 
pinpoint the person who left the scene of a crime, ordinary sand-
stone, limestone, and mudstone record the speciic environments 
that once covered an area, even if that area is now completely 
changed. Sediments accumulate in layers called strata to form 
sedimentary rocks. Because strata form under surface conditions, 
they relect the extent and nature of the environments in which 
they formed. This allows geologists to reconstruct the ancient 
landscapes that once existed on Earth. Clasts (broken grains or 
particles) in sedimentary rocks tell us about the parent rocks from 
which they were derived. Clasts can also tell us about the condi-
tions of weathering, erosion, and the transportation history of the 
grains. Fossils in sedimentary rocks relect speciic ecologic and 

FIGURE 125-13 Protolith or parent rocks and their metamorphic equivalents, with increasing grade of 
metamorphism shown left to right. 
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not be dated directly. Dome volcanoes, the last type of volcanic 
ediice, form from very viscous magma that resists low away 
from the vent.

Volcanoes have the potential to cause much destruction. Lava 
lows pose an obvious hazard, but more serious are volcanic 
explosions and their associated gases, hot dust (ash), and mud-
lows triggered by melting ice and snow. The more destruction 
and death associated with volcanic eruptions, the more they are 
reported. However, many signiicant eruptions in unpopulated 
areas go virtually unreported and unnoticed.

Metamorphic Rocks

Rocks formed by heat and pressure, regardless of their original 
makeup, are called metamorphic rocks. The word metamorphic 
means “changed form.” These rocks have been altered consider-
ably since their original incarnation. Heat and pressure applied 
by tectonic processes (with perhaps associated magmatism) can 
cause a signiicant change in the appearance of a rock, such  
that an entirely new rock is formed. These changes include  
formation of entirely new minerals, recrystallization of old miner-
als (usually with an increase in crystal size), or alignment, 
banding, or segregation of differently colored minerals. Some 
common metamorphic rocks are slate, marble, quartzite, schist, 
and gneiss. Each of these has an original rock type, or protolith, 
from which it formed. The protoliths can often be determined 
by the overall chemistry and texture of a metamorphic rock and 
may help in determining the ancient setting of the prealtered 
rocks (Figure 125-13).

There is a relative increase in metamorphic grade as rocks 
become subjected to increasing temperatures and pressures. Low-
grade metamorphic rocks begin to form between 200° and 300° C 
(392° and 572° F). Examples of these are phyllite and slate (both 
different grades of altered shale) and quartzite (altered sand-
stone). Medium-grade metamorphism begins at 300° C (572° F) 
and ends at about 500° C (932° F). These rocks include schist 
(increasingly altered shale), marble (from limestone), and 
amphibolite (from basalt). High-grade metamorphism begins at 
about 500° C [932° F]) and includes gneiss (extremely altered 
shale or granite) and migmatite (tectonically deformed and 
cooked granite). At about 950° C (1742° F), rocks begin to melt, 
and the igneous environment begins.

Through time, metamorphic rocks ind their way back to the 
surface in tectonic uplifts, where erosion exposes them to view. 
Awareness of all these rock-forming processes is useful in deci-
phering the seemingly unconnected parts of Earth’s history. The 
metamorphic grade in a rock allows us to know the speciic 
conditions that existed during its creation. Certain minerals can 
grow only within a narrow range of temperatures and pressures, 
and geologists use the known depths where those conditions are 
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more material, and the process continues. Erosion by running 
water is by far the most important aspect of this process. Wind 
erosion is much less important with respect to the amount of 
material moved but can affect weakly cemented rocks when they 
are buffeted by other particles traveling with the wind. The most 
eficient erosion is that accomplished by glacial ice. Glaciers form 
when more snow is deposited in winter than melts in spring and 
summer. This must occur for a number of successive years for 
major glaciers or ice ields to form. As ice accumulates and thick-
ens, it lows downhill and has a tremendous capacity to erode 
soil and even solid rock. Ice is a major factor in sculpting some 
landscapes, especially in mountainous areas.

Numerous factors affect the rate and type of erosion that 
occurs across the landscape. Climate determines the distribution 
and amount of precipitation and thus the pace of erosion. Arid 
landscapes tend to be more angular in appearance than humid 
landscapes because erosion is concentrated along river courses, 
even if those channels are usually dry. Intervening areas (mesas 
and plateaus) between the major rivers have much slower rates 
of erosion in this dry environment and thus stand tall relative to 
the deep canyons. Humid areas, such as Brazil or the eastern 
seaboard of North America, experience considerable chemical 
weathering, and the intervening areas between rivers tend to 
“round off” at about the same rate as the rivers dissect. Elevation 
and relief (the elevation difference between the highest and 
lowest points in a given area) are other important factors and 
determine the potential energy of running water and how far the 
water drops to attain base level, deined as the inal destination 
of a stream, usually a lake or the ocean, which is the ultimate 
base level. Steep-gradient rivers tend to both deepen and lengthen 
their channels. If a river has a steep gradient to base level, 
erosion will be facilitated.

Bedrock type can determine the ultimate shapes we see on 
landscapes. Harder rocks, such as granite or limestone, tend to 
produce steep-walled canyons, whereas softer rocks such as shale 
or mudstone typically yield broader valleys. The geologic age of 
a landscape (how long the area has been subjected to the current 
conditions of weathering and erosion) determines the overall 
appearance of a landscape. Relatively young landscapes tend to 
be more rugged and angular in appearance and to have the great-
est relief. Older landscapes tend to have more rounded slopes and 
hills and to be mostly low-lying with broad, open river valleys.

Many areas undergo erosion as mass movement. Mass move-
ment involves pulses or relatively short spurts of activity where 
large amounts of material move downslope. The type of mass 
movement is related to the type of material being moved by 
erosion and amount of water associated with the process. Mud-
lows involve large amounts of water and relatively ine material, 
such as soil and mud. Rockfalls involve little water and large 
amounts of loose rock. Slumps are sudden slippage, usually of 
water-saturated soil or rock, and creep involves movement of 
water-saturated soil and rock by means of numerous small pulses 
of short duration. Mass movement causes billions of dollars of 
damage worldwide on an annual basis. Roads, buildings, and 
other cultural features can be destroyed rapidly, often without 
warning.

The products of erosion are usually transported by water, 
wind, or ice and then deposited (Figure 125-15). These deposits 
include gravel, sand, and mud (technically a mixture of clay and 
silt particles), precipitates (material that changes from solution to 
solid in bodies of water), and organic deposits (material formed 
from living organisms). Common precipitates include halite 
(common salt), gypsum, potash, and some limestones. Common 
organic deposits include most limestones, coals, and phosphates.

Sedimentary rocks can be dated by several different methods, 
including fossils, the remains of organisms that lived during 
deposition. Because life has changed constantly throughout geo-
logic time, fossils can be used to date sedimentary rocks in a 
relative way. They do not tell us “how many millions of years 
ago,” but rather “what came irst” and “what came later.” Fossils 
that are widespread laterally but that lived for only a short time 
make excellent index fossils, used to correlate widely separated 
rock units. Presence of datable grains and volcanic ash beds 
allows absolute dating that can tell us “how many millions of 
years ago.” Dating of clasts, such as zircon, must be used with 

environmental conditions at the site of deposition. Evaporite rocks 
such as halite and gypsum tell us about the chemistry of waters, 
as well as the climate during deposition. Organic material also 
relects the extent of the fecundity of the biosphere.

Ironically, sedimentation begins with weathering and erosion. 
Any type of rock exposed on Earth’s surface eventually breaks 
down as it is subjected to vagaries of the atmosphere or  
hydrosphere. Eventually, these clasts are transported downwind 
or downstream and come to rest in a basin. Formation of sedi-
mentary rocks involves initial weathering (physical or chemical) 
and erosion of preexisting rocks, transportation of the broken 
pieces to other areas as sediment, and its ultimate deposition 
as a layer of new sediment. These steps can be presented 
graphically in a sedimentary cycle. Factors such as the tectonic 
setting, climate, rock types in the source area, and distance to 
the sea affect the sedimentary cycle (Figure 125-14).

Weathering is the breakdown and change of rocks at or near 
the earth’s surface. Many rocks are formed under heat and pres-
sure within the earth, where there are relatively low amounts of 
water. Conversely, the surface of the earth has lower tempera-
tures and pressures but large amounts of water. These opposed 
conditions tend to cause minerals to change either by physical 
breakdown of the rock or by chemical alteration. Physical weath-
ering is decrease in the size of clasts from larger pieces to smaller 
ones. Freeze-and-thaw processes in rock cavities split off chunks 
of rock and are a good example of physical weathering. Chemical 
alteration in composition of the parent material is an illustration 
of chemical weathering. For example, feldspar, a common 
mineral in granite, interacts chemically with rain and groundwa-
ter to form clay minerals. This process results in a new substance 
with totally different properties than the parent mineral. Chemical 
weathering results in release of dissolved ions, such as calcium, 
iron, and silica, into the surface water and/or groundwater. These 
ions are carried by surface water to the sea and become the 
source of dissolved sea salts. They are carried by groundwater 
through rocks and often become the cementing agents for loose 
sediment (e.g., turning sand into sandstone).

Erosion is the process that removes weathered bits of rock and 
carries them to a new site. It is accomplished by moving water, 
blowing wind, soil creep, or lowing glacial ice. Erosion by 
running water forms the canyons and gullies that are so prevalent 
on our planet. The force of running water removes loose particles 
and is the method by which canyons are lengthened, deepened, 
and widened. Each new lood carries away more material to 
increase the size of the canyon. Meanwhile, weathering loosens 

FIGURE 125-14 Sedimentary cycle, in which rocks of any type are 
uplifted, weathered, eroded, and transported to a depositional basin. 
Subsidence in the basin creates the space where the sediment becomes 
buried and lithiied. (Courtesy Ron Blakey.)
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thought, they could not know that rocks contained a sequential 
record of Earth history. Modern geologic concepts began with 
the Age of Enlightenment at the end of 18th century and have 
progressed such that it is now possible to reconstruct major por-
tions of Earth’s past, even though there were no humans present 
to witness it. Several assumptions need to be accepted, however, 
most importantly that the processes acting on the earth today are 
similar to those that have acted in the past. The evidence, criti-
cally reviewed by thousands of scientists, is overwhelming that 
the earth behaves today much as it has in the past.

HOW ROCKS ARE DATED

Many nonscientists express skepticism when presented with 
ideas regarding the staggering antiquity of Earth. They wonder, 
“How can it be known?” that events happened hundreds of mil-
lions or billions of years ago. Certain physical properties of some 
common elements allow scientists to discover how long ago 
rocks formed or events occurred. It involves radioactive decay 
from a parent product into a daughter product. These naturally 
occurring decay series happen at a known and constant rate. 
One example is radiocarbon decay. Organisms such as animals 
and plants absorb carbon-14 (14C) from the atmosphere. When 
their living functions cease, they stop absorbing 14C, which is 
radioactive and begins to decay to 12C. The half-life of 14C is 5730 
years (±40 years), meaning that after that amount of time, half 
the 14C has decayed to 12C. This radiocarbon method is good for 
dating organic matter less than about 62,000 years old. After that, 
there is insuficient residual 14C to obtain a ratio.

Therefore, other decay series must be used to date older 
materials. Some common decay series used to date rocks are 
uranium-235 to lead-207 (half-life, 700 million years); uranium-
238 to lead-206 (half-life, 4.5 billion years); potassium-40 to 
argon-40 (half-life, 1.3 billion years); and rubidium-87 to 
strontium-87 (half-life, 50 billion years).

GEOLOGIC TIME

The concept of geologic time, or deep time, exposes humans, 
who are used to much smaller time frames, to vast numbers of 
years. One million years is dificult to comprehend even to the 
geologist, yet represents only a fraction of Earth’s history. An 

care, because the grains provide only the age of the parent rock, 
not the age of the sedimentary deposit. Using this method, geolo-
gists may only be able to tell a strata’s maximum age. Volcanic 
ash beds are an important dating method for sedimentary strata. 
Ash deposits originate from eruptions far away and are carried 
by the wind to become trapped in the deposits of a sedimentary 
basin. Their presence in strata can be cryptic and dificult for an 
untrained eye to detect, but once found, provide useful dating 
tools and yield increasingly reliable dates. Taken together, use 
of fossils and datable materials has allowed global correlation of 
strata.

PRESENT-DAY GEOLOGY AS A KEY TO 
UNDERSTANDING THE PAST
The concept of using the present to understand the past is an 
invaluable tool to the geologist. This concept is called uniformi-
tarianism and widely applied in the ield of historical geology. 
For example, one can study the processes and subsequent depos-
its associated with the looding of a major modern-day river. As 
loodwaters recede, they leave behind newly deposited sediment, 
and geologists may trench through the sand, mud, and debris to 
observe what is preserved. They will look to see how the grains 
of sand are arranged, what sizes they are, and how they all “stack 
up” when viewed comprehensively. Geologists are interested in 
a sediment’s texture and the sedimentary structures it contains. 
The texture and structure of these modern lood deposits (which 
have irst-person accounts that verify how they originated) can 
be used to help recognize ancient lood deposits whose origins 
were not directly observed. In this way, lood events that hap-
pened many millions of years ago can be documented, showing 
how a present reality becomes a key to understanding the past. 
Because the same rigorous observations are performed on other 
types of deposits, such as sand dunes in the Sahara, deltas in 
India, and beaches in eastern North America, a body of knowl-
edge exists that helps to interpret and differentiate the various 
types of deposits, regardless of their antiquity.

This ability to “read the rocks” has only evolved in the last 
250 years. Before that, people saw oddly located fossils and 
lacked the geologic framework to make sense of how seashells 
came to rest in the mountains. Before development of geologic 

FIGURE 125-15 Sediment types with their equivalent rock names and the environments in which they form. 
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analogy may help. Medium-sized sand grains, the common build-
ing block of many sedimentary rocks and widespread in modern 
sand dunes and beaches, are approximately 10 mm ( 1

25 inch) in 
diameter. Although 25 sand grains laid side by side in a line is 
only 2.5 cm (1 inch), 1 billion sand grains would stretch over 
more than 1015 km (630 miles). Astonishingly slow geologic 
rates, such as the movement of the earth’s plates, can accomplish 
amazing feats in a relatively short geologic time span. For 
example, with an average rate of plate motion at about 2.5 cm 
(1 inch) per year, the Atlantic Ocean has widened another 14 m 
(44 feet) since Christopher Columbus sailed from Spain to the 
New World in 1492. In just 100 million years, widening of  
the Atlantic has proceeded more than 1900 km (1200 miles) 
(Figure 125-16).

THE GRAND CANYON: AN EXAMPLE 
OF EARTH SCIENCE AT WORK
INTRODUCTION AND PHYSICAL SETTING

The Grand Canyon is one of Earth’s most iconic landscapes 
(Figure 125-17). It provides an exceptional window into the 
workings of planet Earth and serves to highlight the basic con-
cepts presented in this chapter. Grand Canyon National Park 
offers a host of colorful viewpoints from the rim that present 
visitors a platform from which to view a spectacular display of 
Earth history. Numerous trails leave the rim to provide access  
to the Colorado River, offering an exciting white-water ride 
through the length of the canyon. Almost everyone who visits 
the canyon is immediately impressed with its immense size, 
rugged and colorful topography, and stunning skies and change-
able weather.

The Colorado River and its tributaries have likely carved the 
Grand Canyon in only the last 5 to 6 Ma (mega-annum, or 
million years ago), but neither the exact age nor the speciic 
processes that acted to create it are resolved. The river lows 
through the canyon for 450 km (277 miles), but nowhere can 
the canyon be viewed in its entirety from the ground. On 
average, the canyon measures about 16 km (10 miles) wide, with 
an extreme width of 29 km (18 miles). It is more than 1.6 km (1 
mile) deep in most places, with about 4170 km3 (1000 miles3) of 
rock having been removed by erosion. Much of this material now 
resides in the area of the Gulf of California, where the Colorado 
River ends its 2333-km (1450-mile) journey to the sea.

The canyon is located entirely within the state of Arizona and 
on the southwestern edge of the Colorado Plateau, one of 26 
geographic provinces described within the boundaries of the 
United States. Because of its extreme relief and longitudinal 
proile, the canyon is home to 1750 species of plants (more than 
any other National Park in the country), 373 species of birds, 47 
reptile species, and 34 species of mammals. Its archaeological 
record extends back at least 4500 years and is based on 
radiocarbon-dated willow-stick igurines found in caves. The 
record may extend back 12,000 years or more, to the time when 
people irst arrived in the Americas, but based only on a single 
projectile point, found on the canyon’s South Rim.

Persons of European descent irst saw the canyon in 1540, 
when native guides led members of the Coronado Expedition to 
the canyon’s edge. These explorers were not impressed, and the 
canyon was not truly appreciated by humans until the irst geolo-
gist visited in 1858. From that time onward, people have come 
to the Grand Canyon to experience its sublime grandeur and 
spectacular vistas. Today, it is visited by almost 5.5 million people 
a year, with more than 40% coming from outside the United 
States.

CREATING THE ROCKS: 2 BILLION YEARS  
OF EARTH HISTORY

Basement Rocks

The geologic story at Grand Canyon National Park begins about 
1840 Ma, when other terranes collided with North America and 
became attached to it (a terrane is a discreet portion of the crust 

containing related rocks with a shared geologic history) (Figure 
125-18). This collision compressed the rocks and both raised 
mountains on the surface and folded them to great depths within 
the crust, altering them to medium- to high-grade metamorphic 
rocks. Garnet minerals within rocks exposed today reveal burial 
depths of up to about 25 km (15 miles) with temperatures of 
750° C (1382° F). They are now formally described as the Grand 
Canyon Metamorphic Suite, but historically are known as Vishnu 
Schist.

At even greater depths, the same rocks were melted and then 
rose buoyantly into the still-deforming metamorphic assemblage. 
These rocks were intruded as light-colored granitic dikes and 
plutons between about 1710 and 1660 Ma. They have been for-
mally classiied as the Zoroaster Plutonic Complex, but are his-
torically known as the Zoroaster Granite. The resulting assemblage 
of igneous and metamorphic rocks records the dynamic changes 
that added crust to the North American continent over a 
180-million-year period.

The entire assemblage of metamorphic and igneous rocks is 
informally referred to as the “Vishnu basement” (Figure 125-19). 
Mica minerals within the schist record how the overlying 21 km 
(13 miles) of rock was eroded away between 1350 and 1254 Ma. 
As erosion continued through time, the conining pressures were 
gradually lessened, and the rocks below rose isostatically. This 
is how rocks once found at 21 km (13 miles) down were brought 
back to the earth’s surface. A generally lat-lying erosion surface 
was ultimately worn down to near sea level.

Grand Canyon Supergroup

Following this period of erosion, during which the Vishnu base-
ment rocks were planed to near sea level, sediments began to 
be deposited on top of them around 1250 Ma. These rocks 
belong to the Grand Canyon Supergroup, a package of mostly 
sedimentary rocks containing nine formations that is more than 
3800 m (12,500 feet) thick. The lower part of the Supergroup 
records deposition in offshore (limestone), nearshore (shale), and 
continental (sandstone) environments. A volcanic period with 
eruptive lava lows and forceful intrusions ended deposition 
about 1100 Ma.

The upper part of the Supergroup was preceded by an interval 
of erosion lasting up to 400 million years, and the rocks in this 
package were laid down in shallow marine and nearshore set-
tings. Few rocks of this age (between 780 and 740 Ma) are 
known on Earth. The Grand Canyon Supergroup contains an 
important record of the diversiication of single-celled life and 
the appearance of heterotrophic life—organisms that gain their 
nutrition from other organisms rather than exclusively through 
photosynthesis.

The Grand Canyon Supergroup is found in only about 10% 
of the canyon and always as isolated, fault-bounded, and tilted 
blocks. The preserved blocks represent areas that were down-
faulted low into the ancient crust, allowing them to escape 
subsequent erosion. Blocks that were faulted higher were eroded 
away completely between 650 and 540 Ma. Some lithologies in 
the Supergroup were particularly resistant to erosion and stood 
as cliffs on the ancient landscape. These cliffs were preserved 
beneath the next package of rocks (Figure 125-20).

Paleozoic Rocks

A 1200-m (4000-foot) section of lat-lying Paleozoic strata makes 
up the upper four-ifths of the walls of Grand Canyon, composing 
the easily recognizable, stratiied proile of the canyon (Figure 
125-21). These rocks record deposition over a 255-million-year 
period spanning the length of the Paleozoic Era. There are 14 
separate formations that make up this stack of rocks, each with 
a distinctive story to tell about the environments that once existed 
there (Figure 125-22).

Cambrian-age rocks include the Tapeats Sandstone, Bright 
Angel Shale, and Muav Limestone. This three-part assemblage 
exposes a continental-to-marine sequence that records the 
gradual onlap (about 30 million years) of the sea onto the con-
tinental margin (Figure 125-23). A hiatus of no less than 135 
million years separates the Muav Limestone from the Devonian-
age Temple Butte Limestone. This rock unit is only exposed in 
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FIGURE 125-16 The geologic time scale. 
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discontinuous channels in eastern Grand Canyon that thicken 
and converge into a 120-m-thick (400-foot-thick) continuous 
deposit in the western canyon.

Overlying the Temple Butte Limestone is the Redwall Lime-
stone, a Carboniferous-age massive cliff-former located midway 
up the canyon walls. The deposit is 150 m (500 ft) thick and 
formed in an open marine setting that contains abundant crinoid, 
bryozoan, brachiopod, and coral fossils (Figure 125-24). The 
Tapeats to Redwall section of rocks relects the passive margin 
(continental shelf) conditions that existed in western North 
America during the early Paleozoic, after the opening of the 
proto–Paciic Ocean.

Upper Carboniferous to Permian rocks known as the Supai 
Group document the gradual replacement of marine environ-
ments to more continental conditions during the late Paleozoic. 
The Supai rocks are interpreted in ascending order as nearshore, 
coastal loodplain, and eolian (wind-derived) deposits. Some 
vertebrate trackways have been found. The overlying brick-red 
Hermit Formation consists of sandstone, mudstone, and pebble 
conglomerate. It formed on a broad coastal plain in mostly luvial 
(river) and eolian settings.

FIGURE 125-17 The Grand Canyon of the Colorado River in Arizona 
is perhaps our planet’s best monument to geologic time, sedimenta-
tion, and erosion. (Photo by Wayne Ranney.)

FIGURE 125-18 Map showing incremental growth of the North American continent. The oldest parts of 
the crust, formed more than 2500 million years ago (Ma), are labeled in orange; crust between 1900 and 
1800 Ma, in green; 1800 to 1600 Ma, in yellow; and less than 300 Ma, in blue. The Vishnu rocks in the 
Grand Canyon are part of a terrane that arrived about 1750 to 1680 Ma. Red dot indicates approximate 
location of the Grand Canyon. 
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FIGURE 125-19 Spectacular view of the Vishnu basement rocks in the 
Inner Gorge of the Grand Canyon. (Photo by Wayne Ranney.)

FIGURE 125-20 A, The Grand Canyon Supergroup, originally more 
than 3658 m (12,000 feet) thick, is found in only about 10% of the 
Grand Canyon and is tilted everywhere when seen. B, The red line 
shows the eroded top surface of the Supergroup, with a resistant cliff 
standing in the center of the photo. The younger, lat-lying Paleozoic 
layers (top) ultimately buried the Supergroup rocks. (Photo by Wayne 
Ranney.)

AA

BB

FIGURE 125-21 Paleozoic rocks were deposited in the Grand Canyon 
from 525 to 270 Ma and form the upper four-ifths of the canyon walls. 
(Photo by Wayne Ranney.)

The next deposit is the Coconino Sandstone, a pale-yellow 
unit that is 100 m (330 feet) thick and forms sheer cliffs every-
where within the canyon. It originated in an arid, inland dune 
environment similar to the modern desert in the Sahara (Figure 
125-25). Some layers contain numerous and well-preserved 
reptile trackways. The overlying Toroweap Formation is often 
overlooked in Grand Canyon because it forms slopes of easily 
eroded siltstone and gypsum that are covered in trees. It was 
deposited along the shore of a sea that encroached from the 
west. Capping the Grand Canyon and completing the entire 
Paleozoic section is the Kaibab Limestone. It represents a inal 
transgression of the late Paleozoic sea into the area. Numerous 
chert horizons (a microcrystalline form of silica that often pre-
cipitates from seawater) help to solidify the Kaibab and make it 
the durable rock that “holds up” the strata in the canyon.

Mesozoic Rocks

A voluminous stack of Mesozoic-age rocks once covered the 
Grand Canyon area, but erosion has removed most of them. 
These rocks were once on the order of 1500 to 3000 m (5000 to 
10,000 feet) thick and can be found in Zion and Bryce Canyon 
National Parks to the north, on the Navajo Indian Reservation to 
the east, and near Las Vegas, Nevada, to the west. Because the 
Grand Canyon lies between the three areas, it is logical to assume 
the rocks were once here as well, before erosion stripped them 
away.

Cenozoic Rocks

Rocks of Cenozoic age are relatively scarce at the Grand Canyon, 
because this was a time of regional uplift and erosion. Some river 
gravels are preserved that may indicate a time when the Grand 
Canyon began to form, no earlier than about 70 Ma. More recent 
volcanic rocks are located in the western Grand Canyon, where 
basalt lava, ranging in age from 830,000 to 1000 years, erupted 

along a 16-km (10-mile) stretch of the Colorado River. Numerous 
lows and cones are found perched above and within the canyon 
walls, with one remnant having traveled 135 km (84 miles) down 
the river channel, while others are perched up to 330 m (1100 
feet) high. Up to 17 lava dams blocked the Colorado River, and 
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FIGURE 125-22 Rock column for the Grand Canyon. 
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on at least ive occasions, huge outburst loods were the result 
of catastrophic failure of these dams. Deposits from these out-
burst loods are found 45 to 200 m (150 to 650 feet) above the 
modern channel, with clast sizes up to 30 m (100 feet) in 
diameter.

CARVING GRAND CANYON

Many theories have been proposed for how the Colorado River 
(or some ancestor to it) actually carved the Grand Canyon. 
Despite extensive research, some important details about its 
formation have escaped full detection. However, a broad outline 
is known, and future research will likely elucidate more of the 
story. This much is known: the Colorado River and its tributaries 
excavated this great space; it could not have happened before 
about 70 Ma; and it is likely that much of what we see today 
has formed in just the last 5 or 6 million years.

For approximately 455 million years, the Grand Canyon region 
was situated near, and many times below, sea level, thus preclud-
ing the presence of a deep canyon. A fantastic 4.8-km-thick 
(3-mile-thick) section of stratiied rocks reveal this long-lived 
nearshore setting, a time when the rocks in Grand Canyon were 
formed. Beginning about 70 million years ago, the region was 
uplifted as the Farallon Plate was subducted beneath western 
North America. This event, known as the Laramide orogeny (an 
orogeny is a mountain-building event), uplifted a broad section 

of the continent from southern Arizona to the Rocky Mountains. 
A range of mountains southwest of the Grand Canyon, called the 
Mogollon Highlands, caused the irst rivers to run from the 
southern mountains to the northeast, exactly opposite the direc-
tion of the modern Colorado River. This drainage lasted until at 
least 25 million years ago (Figure 125-26).

It is currently under debate if portions of the Grand Canyon 
could have been cut by this early northeast drainage system. 
Modern laboratory techniques are being used to tease more 
information out of Grand Canyon’s stubborn rocks, but to date 
have yielded conlicting data. One group of researchers proposes 
that by about 70 Ma, some portions of the canyon were cut to 
within 100 m (330 feet) of its current depth, whereas another 
group says that only one of ive subsections of the canyon was 
carved at this early date.

Geologists “lose sight” of the river and canyon for about 20 
million years, because a period of erosion or perhaps even non-
deposition ensued. This certainly was the time of drainage rever-
sal, whereby the old northeast-directed system gave way to the 
current southwest-lowing river. Deposits at the mouth of the 
Grand Canyon that are between 16 and 6 million years old show 
that the modern river might not have been lowing here before 
about 5 or 6 million years ago. This is why the majority of geolo-
gists think that the river (and thus the canyon) could be no older 
than this age. However, some alternative scenarios have been 
proposed that can explain why no Colorado River sediment 
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FIGURE 125-23 Paleogeographic view of the Four Corner states 
during deposition of the Tapeats Sandstone 525 Ma. The map relects 
a time before land plants evolved; thus the land area (right) is shown 
as brown. (From Blakey R, Ranney W. Ancient landscapes of the Colo-
rado Plateau, 2008, Grand Canyon Association.)

FIGURE 125-24 The Redwall Sea covered much of the American 
Southwest about 340 Ma. 

FIGURE 125-25 The Coconino Sandstone reveals the presence of a 
Sahara-like desert in the Grand Canyon area about 275 Ma. 

FIGURE 125-26 When the sea inally left the Grand Canyon region for 
the last time, an initial river system developed from the Mogollon 
Highlands (bottom) to the northeast. This is opposite to the direction 
of the modern river system and lasted for at least 45 million years. 



and create the Grand Canyon. Most geologists agree that the 
canyon we see today is the result of deep incision within only 
the last 5 to 6 million years. However, parts of this “modern” 
canyon may overprint or incorporate some sections of older 
canyons. A broad outline of the major events forming the Grand 
Canyon is now possible: (1) the Laramide orogeny produced an 
initial river system with drainage to the northeast, with possible 
early segments of Grand Canyon carved; (2) drainage in the 
region became disrupted between about 25 and 6 Ma, resulting 
in few deposits; and (3) integration of the lower Colorado River 
by basin spillover created an outlet to the sea from the Rocky 
Mountains.

The Grand Canyon continues to inspire as a unique and 
remarkable landform. It remains one of the most impressive 
outdoor laboratories for the study of Earth history. In the almost 
160 years that it has been studied scientiically, much has been 
learned about luvial processes acting on an uplifted, arid land-
scape. Over time, and with improved dating methods, the canyon 
will continued to reveal more of its secrets.

SELECTED RESOURCES

Selected resources used in this text are available 
online at expertconsult.inkling.com.

resides in these deposits (16 to 6 million years old), and so the 
“old canyon/young canyon” debate continues.

What is known is that a modern Colorado River arrived at the 
mouth of the Grand Canyon and began to ill a series of lake 
basins along the present-day course of the lower Colorado River 
on its way to the Gulf of California. Certain deposits reveal that 
the river sequentially illed closed basins, irst with water and 
then sediment. Eventually, the lake water overtopped a divide 
and began to ill another downstream closed basin. This occurred 
four times on its way to the sea and thus created a course of the 
lower Colorado River. All this occurred over a 1- to 1.5-million-
year period from about 5.6 to 4.1 million years ago.

The previous process is known as basin spillover and is one 
of three processes invoked for how the river in Grand Canyon 
may have been integrated from separate ancestors. The other 
two are headward erosion, whereby one river lengthens its 
channel upstream to intersect and capture another river, and 
karst collapse, whereby groundwater establishes a subsurface 
connection through caverns that ultimately collapses to form a 
surface connection. Any one, two, or all three of these processes 
could explain the Colorado River in the Grand Canyon.

SUMMARY OF GRAND CANYON GEOLOGY

A picture that is emerging is that headward erosion, basin spill-
over, and/or karst collapse helped integrate the Colorado River 

2596

Humans are at the threshold of a phase of exploration equal in 
signiicance to any yet undertaken by the species. Having devel-
oped technology that enables escape from the gravitational forces 
that hold us to the earth’s surface, human space programs have 
demonstrated that we can survive, function, and perform complex 
tasks in continuous microgravity. The past century has witnessed 
humans piloting spacecraft through launches, landings, rendez-
vous, and dockings in Earth orbit; constructing complex vehicles 
and habitats that allow long-term occupancy; and expanding 
human presence in the Solar System beyond the limits of Earth’s 
atmosphere.

An international coalition of space programs from the United 
States, Russia, Europe, Canada, and Japan continuously inhabit 
low Earth orbit. We have collectively experienced more than 15 
years of human presence aboard the International Space Station 
(ISS), the largest space vehicle ever assembled, with a module 
length of 50.9 m (167 feet) and a habitable volume of about 
906.14 m3 (32,000 feet3) (Figure 126-1). More recently, China has 
joined the roster of spacefaring nations, launching ive-crewed 
missions since 2003 and maintaining the Tiangong-1 space station 
in low Earth orbit for visiting crews since 2012.

With increasing human experience in space, the ield of space 
medicine continues to mature and advance, improving under-
standing of the unique threats spacelight poses to human health 
and developing a foundation of medical diagnosis and treatment 
techniques speciic to spacelight-related concerns. While drawing 
heavily from many medical and surgical specialties, aerospace 
medicine is a unique ield of study and medical practice. It 
addresses the challenges of maintaining long-term human health 
and performance in the face of the following four fundamental 
threats:

1. Microgravity. Astronauts travel in craft with suficient energy 
to attain a free-fall state in perpetuity, no longer encumbered 
by Earth’s gravity gradient. The resultant unloading of body 
luids and tissues has profound effects on human physiology 
and health and can have an impact on timing and mechanism 
of recovery from injury and illness. Further, the microgravity 
environment alters the ability to deliver medical care.

2. Radiation. The farther humans travel into space, away from 
the protective shroud of Earth’s geomagnetosphere, the more 
they are exposed to greater intensities of highly ionizing radia-
tion, pervasive throughout the universe. This type of radiation 
has the potential to inlict immediate injury and long-term 
harm to human health.

3. Psychological effects of isolation. Living in space entails living 
in close quarters with few crewmates in a dangerous environ-
ment, with visual and tactile surroundings quite dissimilar to 
those found in daily life on Earth, and an unprecedented 
disconnect from the rest of humankind. The psychological 
impact of this unique combination of stressors can be a  
signiicant challenge to human performance during space 
exploration.

4. The spacecraft environment. To survive in space, astronauts 
must rely entirely on small, enclosed, Earth-like ecosystems 
aboard their vehicles. These systems maintain a breathable 
atmosphere, water and food supply, hygiene methods, and 
other critical elements that, when disrupted, can negatively 
affect human health and are vulnerable to any insults that 
could endanger their structural integrity.
Despite these challenges, access to space may soon increase 

exponentially. Spacefaring nations are expanding their reach 
toward the goals of habitation on the lunar surface, interplanetary 

CHAPTER 126 

Space Medicine: The Next Frontier
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by a staged decompression within the airlock to inal suit pres-
sure. The usual EVA sortie lasts for about 6 hours, after which 
crews can fairly rapidly recompress back to station sea level 
pressure. Although such intentional depressurizations can cause 
injury, including decompression sickness (DCS), such events are 
rare. In fact, the only recorded DCS events in spacelight occurred 
with planned cabin depressurization during launch of a Gemini 
spacecraft from sea level to an in-light operating pressure of  
5 psia, when a crewmember experienced sharp pain in one knee. 
The same astronaut experienced similar pain when he later 
launched in an Apollo spacecraft.89

Contingency depressurization is of greater concern than are 
planned decompression protocols with respect to likelihood of 
crew injury. The most likely events leading to contingency 
depressurization are collision with other vehicles, as occurred 
between the Russian Mir station and an uncrewed cargo vessel 
in 1997, and hypervelocity orbital debris impact. Whereas vehicle 
collision can be avoided with engineering and human factor 
practices, orbital debris is a much less controlled hazard. As 
human presence in space has increased, so has the risk of 
orbital debris impacts. Any component of derelict spacecraft, 
including abandoned stages, decomposing satellites, or even 
minute debris such as paint particles, can pose a risk to other 
space vehicles. While orbital debris pieces larger than 10 cm (4 
inches) in diameter can be carefully tracked and avoided by 
means of ground-based radar, smaller pieces are dificult to 
track and can be highly damaging because of the speeds at 
which they travel. The highest-risk objects are 1 to 10 cm in 
(0.4 to 4 inches) diameter, large enough to be seen by ground 
radar but not tracked and avoided, and still able to transmit 
highly damaging force to spacecraft. The force imparted by 
collision with even a small debris particle is surprisingly large 
because of the velocity of the object and kinetic energy being 
proportional to the square of this velocity. For example, a 1 cm2 
(0.15 inch2) piece of aluminum weighing 3 g (0.0066 lb) and 
traveling at orbital velocity of approximately 8 km/sec (17.89 
miles/hr) in low Earth orbit would deliver 96,000 J of force on 
impact. The effects of orbital debris impacts depend on velocity 
of the debris, angle of impact, and the object mass, as well as 
sensitivity of the surface that is hit. A small, glancing blow may 
not cause signiicant damage to a heavily reinforced portion of 
a space vehicle, but it could cause catastrophic damage to a 
solar panel. Unfortunately, impacts are now a feature of space 
travel, with numerous reports of impact craters found on space 
vehicles, one of the largest being 3.8 mm (0.15 inch), on the 
window of Soyuz T-9 in 1983.170

The longer a vehicle stays in orbit, the greater its exposure 
to some manner of debris, and the more important it is to ensure 
that shielding is effective. The ISS has the most robust shielding 
ever lown and routinely performs maneuvers to adjust the orbit 
of the entire station to avoid collision with orbital debris; even 
so, small debris impacts do occur. For this reason, protocols are 
in place to prepare astronauts for a contingency decompression 
after debris strike or vehicle collision. In a decompression event, 
sensors would alarm at a pressure differential of greater than 
1.0 psi/hr or a total pressure decrease of 0.4 psi. Crews are 
trained to respond by irst ensuring individual access to supple-
mental O2 and a clear route to an escape vehicle, then detecting 
and isolating the leak or, in worst-case scenarios, abandoning 
the station to return to Earth.

Decompression-Related Injuries

Decompression-related injuries in spacelight are expected to be 
similar to those seen in other dysbaric events, such as rapid 
pressure changes during scuba diving or rapid decompression of 
an aircraft at altitude. Sequelae can include hypoxia from reduced 
partial pressure of oxygen (PO2), barotrauma events (e.g., pneu-
mothorax, gastrointestinal barotrauma), musculoskeletal decom-
pression symptoms (e.g., joint pain), neurologic sequelae of DCS, 
and arterial gas embolism (clinical manifestations are discussed 
in Chapters 71 and 72). DCS is avoided during nominal decom-
pression procedures for EVA through a combination of pre-
breathing 100% O2 and staged crew decompression to facilitate 
nitrogen washout (Figure 126-2). One recently adopted adjunct 

travel to Mars, and commercial spacelight offered to the general 
population. Acknowledging this rapid expansion of spacelight 
and the unique role of space as the ultimate wilderness environ-
ment, this chapter summarizes the distinctive environmental 
factors experienced by astronauts; describes the clinically rele-
vant physiologic and psychological effects of space travel, par-
ticularly as related to human function and adaptation in space; 
and provides an understanding of the medical practice of modern 
light surgeons and astronaut physicians. We further explore gaps 
in current clinical understanding with respect to the knowledge 
we must gain to reduce barriers to longer and more expansive 
space travel in the future.

THE SPACEFLIGHT ENVIRONMENT
The spacelight environment is complex and variable. In general, 
space is uninhabitable to humans and fraught with dangers that 
would rapidly prove fatal without the protection afforded by a 
vehicle with intrinsic life support systems. Major challenges of 
the spacelight environment include pressure (speciically, lack 
of pressure), thermal concerns, gaseous factors (e.g., availability 
of oxygen, concentrations of carbon monoxide and carbon 
dioxide), presence of onboard hazardous materials (e.g., cool-
ants, propellants, other contaminants), and risk of ire.

PRESSURE

The human body requires a certain amount of ambient pressure 
to sustain life. Humans exposed to vacuum conditions, as exist 
outside of Earth’s atmosphere, would experience a number of 
physiologic insults, including decompression illness, hypoxia and 
impeded gas exchange, and ebullism (the evolution of body 
luids to gas); each of these insults can rapidly lead to physiologic 
dysfunction and death. Integrity of life support systems, particu-
larly in providing the livable pressure atmosphere, is a major 
determinant of human survival in spacelight.

Spacelight Decompression Risks

Decompression is a serious concern during spacelight and can 
occur either intentionally or from a contingency event, such as 
collision, structural failure, or human error. Intentional decom-
pressions occur in normal light operations, usually to support 
spacewalks, or extravehicular activities (EVAs). Astronauts per-
forming EVAs do so in spacesuits that operate at pressures lower 
than the common sea level cabin pressure of 14.7 pounds per 
square inch absolute (psia), typically between 4 and 6 psia 
depending on the suit, using 100% oxygen (O2) as a breathing 
gas. To prevent evolution of tissue nitrogen bubbles during 
decompression to these lower pressures, ISS astronauts perform 
an O2 prebreathe session to afford nitrogen washout, followed 

FIGURE 126-1 The International Space Station (ISS), a National 
Research Laboratory currently orbiting the earth approximately 250 
nautical miles above Earth’s surface. Assembled by ive partner agen-
cies, the ISS has been continuously manned since November 2000. 
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chamber after his suit umbilical accidentally disconnected from 
its pressurized O2 supply. The technician lost consciousness in 
12 to 15 seconds,197 although was later able to report noting a 
izzing sensation on his tongue from sublimation of saliva. He 
regained consciousness seconds after rapid repressurization and 
surprisingly, suffered no sequelae (LeBlanc J: Personal commu-
nication, 2015). An individual exposed to 22,555 m (74,000 feet) 
equivalent altitude for approximately 3 minutes in another 
vacuum chamber accident suffered pulmonary barotrauma and 
massive pulmonary and neurologic sequelae of DCS, with even-
tual clinical resolution after hyperbaric and prolonged medical 
treatment.120 Protocols have been developed and published for 
treatment of ebullism syndrome based on successful rehabilita-
tion of these individuals and continuous advancement of sup-
portive medical care.165 Aside from rapid recompression to cabin 
atmosphere, few options exist for ebullism treatment on orbit. 
Unless exposure is isolated to a single crewmember and ambient 
pressure could be rapidly restored, or exposure occurs during a 
rapid descent to normal atmosphere during reentry, ebullism 
injury in a spacecraft vehicle would likely prove rapidly fatal.

In-Flight Decompression Events

Despite careful debris tracking and avoidance and extensive crew 
training on the risks and mitigations of loss of cabin pressure, 
signiicant decompressions have occurred during human space-
light. In 1997, the Russian Spektr module was damaged and 
depressurized by a collision with an uncrewed Progress resupply 
ship during an attempted docking with the Mir space station. In 
this case, the crew quickly sealed the hatch to the leaking Spektr, 
preventing further depressurization in the remaining modules of 
the space station and avoiding crew injury.

A more catastrophic loss of pressure occurred in 1971 when 
a pressure-equalization valve failed during reentry in the Soyuz 
11 spacecraft at an altitude of 168 km (105 miles). The three 
cosmonauts aboard the Soyuz (Georgi Dobrovolskiy, Vladislav 
Volkov, and Victor Patsayev) rapidly lost consciousness during 
the decompression, and it is believed they had suffered fatal 
injuries within 1 minute of exposure. Preliminary autopsy results 
reportedly revealed intracerebral and pulmonary hemorrhage as 
a result of the approximately 10-minute exposure to near-vacuum 
conditions.205

Given the potential for catastrophic outcomes of 
decompression-related events in spacelight, prevention of any 
loss of cabin pressure will remain of the utmost importance 
in vehicle design, trajectory and orbital maneuvering, and 
crewmember training.

OXYGEN

Directly related to the atmospheric pressure of a space vehicle 
cabin is the amount of O2 available. Decreases in ambient pres-
sure lead to resultant decreases in the partial pressure of O2 
available for gas exchange, which can lead to hypoxic symptoms 
despite compensatory pulmonary and cardiac responses. All 
current crewed vehicles, including the ISS and all its resupply 
craft, are nominally pressurized to 14.7 psia with a dual-gas 
system at near-terrestrial composition (21% O2 and 79% nitrogen). 
However, astronauts are occasionally exposed intentionally to 
lower ambient pressures, most often during EVA. Lower spacesuit 
pressures are useful for many reasons, particularly for manipulat-
ing suit components such as gloves, improving mobility, and 
reducing the physical strain of activity within the suits. However, 
in addition to the risk of DCS, the lower pressure of a spacesuit 
does expose astronauts to the potential for hypoxia from reduced 
PO2. Given these lower pressures and the simplicity of a single-
gas system, suits are operated at 100% O2.

Given the risk of vehicular depressurization or disruption of 
the internal gas environment from equipment malfunction, space-
craft are rigorously monitored for O2 levels, and an insidious 
decrease in PO2 would likely be detected by automatic sensing 
systems before symptomatically affecting the crew. Similarly, the 
EVA suit environment is carefully monitored for pressure and 
levels of O2 and carbon dioxide. Any slight disruption of the 
internal suit environment would prompt rapid termination of an 

is addition of a light-exercise protocol; extensive research has 
evaluated exercise as a means of accelerating nitrogen washout 
during reduced-pressure O2 prebreathe sessions.36 Another option 
is to lengthen the O2 prebreathe, then decompress directly to suit 
pressure, although this may imply logistical overhead of more 
in-suit time before decompression.

Accidental DCS events during a controlled decompression 
could occur; most would be expected to be treatable by returning 
to sea level pressure and continuing to breathe 100% O2.

126 
Decompression injury could also be treated on orbit by using an 
EVA suit as a pressure chamber. At standard sea level atmo-
spheric pressure inside the ISS, the suit with the affected crew-
member inside can be further pressurized with 100% O2 to attain 
22 psia. Although this is not as effective as a hyperbaric chamber 
and a standard hyperbaric protocol, the increased pressure may 
offer some beneit for acute DCS injuries, although isolation of 
the affected crewmember in a suit would limit other examination 
and interventional opportunities.73 Further, limitations of on-orbit 
medical capability renders treatment of most of the more severe 
decompression-related conditions listed practically untenable, 
and evacuation and return to Earth may be necessary.

With the most catastrophic events, exposure to true vacuum 
conditions is also possible. If crewmembers are exposed to 
ambient pressure of less than 1 psia, ebullism occurs in addition 
to the classic DCS, hypoxia, and barotrauma insults. Ebullism is 
spontaneous evolution of water in tissues from a liquid to gaseous 
state at ambient pressures of less than 47 mm Hg (~0.9 psia), 
where the boiling point of water is less than or equal to the 
homeostatic temperature of the human body.165 In ebullism syn-
drome, multiple insults occur, including anoxia, trapped-gas 
expansion and formation of nitrogen and water vapor bubbles, 
and rapid body luid loss.165 With an explosive decompression 
to vacuum conditions, crewmembers would be rapidly rendered 
unconscious, generally in less than 10 seconds. Even if astronauts 
were wearing supplemental O2, the ambient pressure would be 
too low to allow for effective pulmonary gas exchange. Within 
30 seconds of exposure, severe neurologic hypoxic sequelae 
would occur, leading ultimately to brain death as a result of 
hypoxia or ischemic insult from bubble formation within the 
vasculature. Bubbles can also form within thoracic organs, includ-
ing the heart, and impede intrathoracic circulation, compounding 
ischemic insult. Circulatory arrest would rapidly follow.

However, very short exposures to complete vacuum are sur-
vivable. In 1966, a spacesuit technician was exposed during a 
test to near-vacuum conditions for 30 seconds in an altitude 

FIGURE 126-2 Astronauts Rick Mastracchio (right) and Mike Hopkins 
in preparation for a spacewalk in the ISS airlock, breathing 100% 
oxygen while donning their spacesuits as part of a protocol to reduce 
the risk of decompression sickness. Note the white cooling and ventila-
tion undergarments that crews wear inside their spacesuits to regulate 
body temperature. 
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effects, including discomfort and decreased exercise tolerabil-
ity.242 However, astronauts continued to report symptoms even 
at the 5.3 mm Hg level. Crew symptomatology includes head-
ache, fatigue, and self-reports of decreased work eficiency. 
Although there is signiicant interindividual variability, the fre-
quency of symptoms resulted in the CO2 threshold being lowered 
again in 2013, to 4.0 mm Hg (0.07 psi, or 0.5%).

New data continue to accumulate. In general, CO2 levels 
below 2.3 mm Hg (0.04 psi, or 0.3%) seem to cause few crew 
symptoms, but levels as low as 2.3 to 2.7 mm Hg (0.04 to 
0.05 psi, or 0.3 to 0.35%) can result in complaints of headache 
or feelings of “full-headedness” and decreases in crew work 
eficiency. Currently, CO2 levels are generally maintained below 
3.0 mm Hg (0.06 psi, or 0.4%) to minimize symptoms, with 
allowable excursions above this limit for periods less than 24 
hours.

TEMPERATURE

The touch temperature of external spacecraft objects in low Earth 
orbit can range from approximately −100° C to +130°C (−148° F 
to +266° F) between shaded and sunlit sides of the vehicle (Figure 
126-3). These extremes require active thermal control and insula-
tion of crewed vehicles to ensure temperature management 
within habitable ranges for crewmembers. On the ISS, the crew 
controls the temperature to a typical range of 21° to 22° C (69.8° 
to 71.6° F), a “shirtsleeve” environment. However, this is a greater 
challenge than it appears because in the space environment, 
convection (transfer of heat through air or luid currents) does 
not naturally occur; as a result, heated objects tend to stay warm, 
and cold objects tend to stay cold. Temperature variations in 
space are primarily determined by radiation; only objects receiv-
ing direct or relected sunlight become warmed, and objects that 
fall into shadow rapidly cool to the low temperature extremes.

These temperature variations become apparent to a space-
walker during EVA. Despite a spacesuit’s insulation, electric glove 
heaters, and manual temperature controls, the surface tempera-
tures of a spacecraft are noticeable. Spacesuit gloves are designed 
to protect human skin from incidental contact with the ISS exter-
nal surface temperatures, but they function best in touch tem-
peratures ranging from −115° C to +115° C (−175° F to +239° F). 
Therefore, contact with surfaces receiving direct sunlight may be 
too hot for suit gloves to mitigate the heat delivered to an astro-
naut’s hand. Likewise, prolonged contact with metal surfaces 
entirely encased in shadow can result in numbness despite the 

EVA and return to the safety of the vehicle. Disruption of the 
cabin environment would prompt the crew to seek individual 
supplemental O2 equipment to mitigate hypoxia until the prob-
lem is addressed, or in the worst-case scenario, the vehicle is 
abandoned.

The aerospace medicine practitioner must remain hypervigi-
lant for hypoxic signs and symptoms because of the potential for 
exposure of entire astronaut crews to hypoxic conditions. At an 
ambient pressure of 10 psi (equivalent-pressure altitude, 3408 m 
[10,000 feet]), PO2 drops to 109 mm Hg (~2 psi), and intra-
alveolar concentrations of O2 approach 60 mm Hg (~1.16 psi).79 
Decompression of the cabin atmosphere from 14.7 to 10 psia or 
lower would prompt physiologic compensatory responses to 
hypoxia in most individuals. Immediate responses are identical 
to those in patients at high altitude: hyperventilation and tachy-
cardia to increase tissue O2 delivery. Crewmembers may report 
more obvious evidence, such as ear popping, if decompression 
is rapid. However, hypoxic conditions secondary to dysfunction 
of gas-mixing systems may not be accompanied by a pressure 
differential, and the only signs or symptoms of a hypoxic envi-
ronment may be vague and poorly deined feelings of fatigue, 
malaise, apprehension, paresthesias, visual changes, and nausea. 
Because none of the immediate symptoms of acute hypoxia can 
be considered pathognomonic, clinicians must remain vigilant for 
any crewmember complaints that may suggest an insidious 
hypoxic event and thus the need for O2 replenishment or 
supplementation.

CARBON DIOXIDE

On Earth, production of carbon dioxide (CO2) as a normal 
byproduct of ventilation is physiologically insigniicant, because 
the gas is rapidly dispersed into the atmosphere and CO2 con-
centration remains quite low, at an average of 0.23 mm Hg (.004 
psi, or 0.03%). However, in a closed spacecraft environment, CO2 
would rapidly build up without effective atmospheric scrubbers. 
Therefore, cabins must be designed not only to provide the O2 
that a crew requires, but also to remove the CO2 that the crew 
produces. Cabin scrubbers, typically adsorbents such as lithium 
hydroxide or zeolite, accomplish this task by chemically remov-
ing CO2 from the cabin atmosphere. However, components of 
CO2 removal systems have a limited lifetime, making it impracti-
cal to maintain CO2 continuously at terrestrial levels. Further-
more, without effective airlow, localized concentrations of CO2 
can exist in microgravity, particularly around a stationary crew-
member’s face. For this reason, forced convection is established 
by using cabin fans in an attempt to ensure effective cabin airlow 
and avoid stagnant gas concentrations. Because structural ele-
ments may disturb airlow, astronauts are often exposed to ele-
vated levels of CO2, particularly in less ventilated areas or more 
populated spaces within the cabin, where individuals and their 
CO2 byproducts tend to congregate and accumulate.

It was previously believed that physiologic effects of elevated 
CO2 would be recognized only at levels of greater than 12 mm Hg 
(0.2 psi, or 1.5% CO2). However, more recent evidence suggests 
that alterations in mood can occur at levels as low 0.5% CO2 
(4 mm Hg, 0.07 psi).130 Headache is the most common initial 
complaint of CO2 toxicity in space and has been reported at 
levels of less than 5 mm Hg of CO2 in the cabin atmosphere. 
Because CO2 is known to be a potent vasodilator that can 
increase cerebral blood low and therefore possibly affect intra-
cranial pressure (ICP), elevated CO2 is also a possible contributor 
to suspected ICP increases on long-duration missions. This phe-
nomenon is discussed later.

In a standard developed from terrestrial data and in concert 
with U.S. Occupational Safety and Health Administration (OSHA) 
and National Institute for Occupational Safety and Health (NIOSH) 
recommendations published in the 1980s, the average 24-hour 
CO2 levels aboard the ISS were initially allowed to climb up to 
7.6 mm Hg (0.14 psi).101 This limit was later lowered to 
5.3 mm Hg (0.1 psi) after several individuals onboard reported 
CO2-related symptoms at the 7.6 mm Hg level; the decrease was 
further supported by new ground-based information from the 
early 1990s that suggested elevated CO2 could lead to secondary 

FIGURE 126-3 Astronaut Ron Evans performing a spacewalk during 
the transit of the Apollo 17 spacecraft from the moon back to Earth. 
(Courtesy NASA.)
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during reentry, when a valve misconiguration allowed the gas 
to enter the crew cabin. Nitrogen tetroxide decomposes into 
nitric acid on contact with mucous membranes and is a potent 
irritant, causing damage to mucosal membranes and lung tissue. 
The crewmembers began to suffer from a burning sensation in 
their eyes, throats, and lungs immediately after exposure and 
developed signiicant pulmonary edema shortly after landing, 
requiring hospitalization and observation. Fortunately, all three 
crewmembers recovered completely.51,199

Hydrazine can be similarly irritating to mucous membranes. 
Signiicant exposure can also lead to nervous system injury, 
causing seizures, coma, and eventually death. Furthermore, 
hydrazine can cause damage to other major organs, including 
liver, spleen, and thyroid. Exposure to hydrazine would be of 
great concern during prelaunch fueling or a postlanding fuel 
dump. Typically, vehicles dump unused fuel shortly before or 
after landing; this could pose a concern to a crewmember or 
ground-recovery worker who might be exposed. Halocarbons 
are another class of potential contaminants, particularly because 
they are used inside the crew cabin as cleaning agents, coolants, 
and ire suppressants. Concentrations above 1% are known to 
cause cardiac irritation that can lead to dysrhythmias; these levels 
have not been seen in spacecraft.101 Ethylene glycol, used in the 
internal cooling system of the Apollo spacecraft and Mir space 
station, leaked into the cabin atmosphere during a Mir mission 
in 1997, causing ocular and respiratory irritation in the crew. 
Fortunately, inhaled ethylene glycol does not pose the high risk 
of systemic toxicity seen with oral ingestion,101 and the crew 
experienced no systemic effects.

The ISS uses liquid ammonia, pressurized in coolant lines that 
run outside the station, to transfer heat to space. When leaked, 
ammonia forms snow-like crystals near the point of leakage. 
During EVA, when working on these lines, astronauts may be 
exposed to crystallized ammonia and carry the compound on 
their suits into the cabin, contaminating the internal atmosphere 
of the airlock. If a crewmember were to come in direct contact 
with ammonia, exposure as low as 20 ppm would be immedi-
ately noticeable and irritating to the eyes and mucous mem-
branes, and inhalations of 150 ppm could cause inlammation of 
the upper airway. Higher levels of exposure can cause tracheo-
bronchial burns, pulmonary edema, and even death.241 Given the 
risks associated with ammonia exposure, several steps are taken 
to prevent contaminating the internal atmosphere of the ISS after 
EVA. Exposing a suit to sunlight during EVA, a technique known 
as a “bake-out,” can accelerate sublimation of any ammonia 
contamination. Bake-outs are required before airlock ingress any 
time suit contamination is suspected. In addition, colorimetric 
testing kits reside in the airlock to detect the presence of residual 
ammonia in the air after repressurization. If contamination is 
discovered, multiple atmosphere purges and repressurizations of 

use of glove heaters or, worse, might lead to signiicant injury. 
During one ground chamber test, a shaded object in a vacuum 
became so cold as to cause a frostbite injury from instrument 
handling through suit gloves. Should such an injury occur during 
spacelight, limited medical capabilities could lead to permanent 
damage.

Thermal conduction from structural contact is not the only 
thermal concern for an astronaut during EVA. Work outside the 
spacecraft can be very demanding. Even the simplest tasks 
require exquisite control of a human-suit complex with consider-
able mass in the microgravity environment. As a result, astronauts 
can and do overheat during rigorous EVA activities. The human 
body cools through many mechanisms, but the most rapid and 
effective method of body heat loss is through vasodilation and 
convection through blood low to the skin surface and transfer 
of heat to the environment. Due to the lack of natural convection 
in spacelight, an overheated astronaut may experience signii-
cant delay in body cooling, leading to heat stress, fatigue, and 
other sequelae of heat illness. During EVA, astronauts wear 
cooling undergarments that circulate cooled water over the astro-
naut’s skin, allowing convective heat transfer from the body to 
the cooling garment. Even with this mitigation in place, crew-
members must take care to ensure that they are allowing them-
selves suficient time to cool down after particularly demanding 
activity, such as EVA or even daily exercise activity in the cabin, 
and remain vigilant for evidence of thermal stress. Some evidence 
suggests that body heat dissipation after long-duration light 
remains impaired after landing, such that astronauts must remain 
wary of heat stress even after they return to Earth.64

Within the cabin, the environment can reach temperature 
extremes that challenge the crew’s health. On the Mir space 
station, failures of the cooling and electrical systems in 1997 led 
to internal station temperatures of greater than 40° C (104° F).198 
After the Apollo 13 command module lost power, temperatures 
as low as 3° C (37.4° F) were recorded in the cabin.18 In another 
example, in 1985, a Soyuz crew was launched to reclaim and 
repair the Salyut-7 space station, which had experienced a power 
failure earlier that year. The electrical systems had been nonfunc-
tional for months before the rescue mission, and the cosmonauts 
who boarded the derelict station entered one of the most extreme 
environments encountered in spacelight. Wearing winter coats, 
hats, and gloves, the crew worked in subfreezing temperatures, 
estimated at −10° C (14° F), to repair the station successfully.

CARBON MONOXIDE

Carbon monoxide (CO) formed from the catabolism of hemoglo-
bin is another metabolite that can normally accumulate in space-
craft, at a rate of 32 mg per crewmember per day.206 Most sources 
agree that CO levels below 70 parts per million (ppm) would 
not often cause symptoms; however, in the enclosed environ-
ment of a spacecraft, levels could rise rapidly if removal systems 
failed, and pockets of poorly circulated air may result in areas 
of higher CO concentration, as occurs with CO2 buildup. The 
rate of CO accumulation would depend on the size of the space-
craft and eficiency of the CO removal mechanisms. For example, 
if CO is not actively removed, CO levels could rise to about 
20 ppm in 20 days with three crewmembers in a habitable 
volume of 100 m3 (3500 feet3).101 Current spacecraft utilize cata-
lytic oxidizers for CO removal; under normal circumstances, CO 
accumulation is generally not a signiicant concern. However, CO 
release as a byproduct of ire is a greater risk, as discussed later.

PROPELLANTS AND COOLANTS

Accidental release of onboard propellants and coolants could 
pose a signiicant risk to astronauts. The most common propel-
lants used in spacelight, nitrogen tetroxide as an oxidizer and 
monomethyl hydrazine as fuel, are extremely hazardous. To 
mitigate the risk to crewmembers, these compounds are usually 
contained in tanks located outside the habitable volume of the 
vehicle (Figure 126-4). Unfortunately, leaks occur. During the 
Apollo-Soyuz mission in 1975, the three-member U.S. crew was 
exposed to 250 ppm of nitrogen tetroxide for about 5 minutes 

FIGURE 126-4 Emissions visible from the Space Shuttle’s orbital 
maneuvering system during an orbital correction. Once in orbit, nitro-
gen tetroxide and monomethyl hydrazine are often used to provide 
thrust to spacecraft. 
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could cause food poisoning. Water spilled aboard spacecraft, if 
allowed to accumulate, can support microbial life. On the Mir 
station, condensate accumulations found behind panels after a 
prolonged period of water system leaks contained stable micro-
bial colonies of algae, bacteria, ciliates, and protozoa.198,180 No 
illness has been attributed to microbial contamination in space-
craft water, but prevention of bioilm growth on water system 
hardware is critical because of the risk and dificulty associated 
with handling caustic cleaning liquids in microgravity.

Chemical contamination of water systems can occur. As men-
tioned, the ISS uses condensate recovery and recycling to potable 
water; atmospheric contaminants could accumulate in conden-
sate and contaminate drinking water. For this reason, certain 
chemicals, such as isopropyl alcohol, are not used aboard the 
ISS. In addition, water storage and iltering systems can them-
selves add contaminants; for example, an early iteration of the 
iodine removal system led to an accidental ingestion of signiicant 
levels of trialkylamines caused by resin leaching. In this case, 
prelight radiation sterilization of the resin accidentally caused 
chemical breakdown of the resin material and production of the 
contaminating byproduct, which leached into the water during 
iltration.17

DUST, PARTICULATES, AND  
OTHER CONTAMINANTS

Dust and particulates can affect a spacecraft’s habitability in the 
weightless environment, particularly because such particulates, 
in the absence of gravity, do not settle on surfaces. Flakes of 
skin, clothing lint, food particles, and particulates from experi-
ments are often found in samples of analyzed spacecraft air. Of 
particular concern are particles larger than 100 µm, which are 
the particle sizes most often associated with airborne microorgan-
isms.100,24 Ventilation systems aboard contemporary vehicles tend 
to be robust, relying on high-eficiency particulate arrestance 
(HEPA) ilters to maintain a clean environment. In more conined 
spaces, such as an astronaut’s private quarters, crewmembers can 
often recognize visible levels of particulate matter, particularly 
skin lakes. Known as scurf, skin lakes are released throughout 
long-duration spacelight, particularly from skin surfaces that are 
not used in a microgravity environment, such as calluses and 
thickened soles on the feet. Another common source of particu-
late contamination is the lithium hydroxide (LiOH) compound 
used in CO2 removal systems. In spacecraft such as the Space 
Shuttle or Soyuz, which lack the space and power for regenera-
tive CO2 removal systems, LiOH cartridges are used and replaced 
frequently, and small LiOH particles are often released during 
the exchange. Inhalation of LiOH dust can cause self-limited 
respiratory irritation.101

Crews are speciically trained to remove themselves from 
releases of “noncontainable” particulate lurries and don surgical 
masks and goggles if returning to work in the area. Also, the risk 
of particulate contaminant in any newly arriving vehicle is 
increased; settled tools, screws, and dust from recent manufactur-
ing and stowage operations on Earth can escape detection until 
they begin to loat in microgravity. For this reason, crewmembers 
wear surgical masks and safety goggles during the irst entry into 
most newly docked cargo vehicles.

Human spacelight experience to date has revealed other 
contaminants that can be expected to build up in the closed 
ecosystem of spacecraft, most often caused by off-gassing of 
materials. Formaldehyde, halocarbons in hardware cleaning 
agents, and trace organic compounds are frequently found in air 
samples in spacecraft, suggesting the need for continued occu-
pational surveillance of air pollutants during long-duration 
light.101 Space station maintenance operations require close prox-
imity of crewmembers to other exotic compounds, including 
cadmium and nickel (used as anticorrosives in luid lines) and 
urea, sulfuric acid, and trivalent chromium (found in waste man-
agement systems). Microgravity permits unexpected and ubiqui-
tous sources of exposure; luids can be free loating, adherent to 
walls, or hidden behind panels. Thus, accidental contact or even 
inhalation may be more likely than on Earth, particularly in the 
close quarters of a spacecraft.

the airlock may be required to dump contaminants fully before 
returning the crew into the habitable volume of the ISS.

FIRE

Fires are quite possible onboard spacecraft; three occurred during 
the Space Shuttle program from electrical arcing and combustion 
of wiring insulation or electrical components. Fires within the 
closed volume of a spacecraft can be dangerous, not only because 
of the lames but also because toxic pyrolytic products, such as 
hydrogen chloride, hydrogen cyanide, and CO, are released into 
the habitable volume. The Space Shuttle events produced minor 
combustion products easily scrubbed from the atmosphere, but 
more signiicant ires have occurred. In 1997, a ire broke out 
aboard the Mir space station when a solid-fuel O2 generator 
(frequently used at that time to add O2 to the environment) 
malfunctioned, leading to an uncontrolled and intense lame. The 
lames caused damage to station panels and internal structures 
and released thick clouds of smoke into the cabin before the 
crewmembers were able to extinguish the ire. This event almost 
led to evacuation of the station and highlighted the dangers of 
an uncontrolled lame in the cabin. During a separate event 
aboard the Mir station, paper ilters inside an overheated catalytic 
oxidizer ignited, releasing a signiicant amount of CO, with mea-
sured levels as high as 400 ppm. At least one crewmember 
reported headache and nausea from that exposure.101

To minimize the risk of ire, O2 levels are kept at the nominal 
constituent level of 21%. Materials onboard the ISS are carefully 
selected whenever possible to be lame retardant and to minimize 
toxic off-gassing. An example is minimizing plastics that off-gas 
high levels of cyanide. Care is taken to ensure that crewmembers 
always have immediate and unhindered access to nearby supple-
mental O2 stores and ire suppressants, with a clear path to the 
escape vehicles. If a ire occurs and is controllable, clearance of 
pyrolytic contaminants is achieved with airlow and iltering. 
Combustion products typically absorb quickly into water vapor; 
thus, condensers in air-conditioning systems can assist in remov-
ing these compounds. Lastly, the crew has access to colorimetric 
sensors for real-time detection of atmospheric contaminants and 
to ensure that the air has been adequately puriied.

WATER

Historically, such as during the Mercury and Gemini missions, 
water for drinking and hygiene has been provided to crews from 
storage tanks or from water generated as a byproduct of the 
electrochemical combination of hydrogen and O2 in fuel cells, as 
occurred on the Apollo spacecraft and the Space Shuttle. At 
present, the ISS Water Recovery System (WRS) recycles potable 
water from urine, cabin humidity condensate, and spacesuit 
wastewater. Water from the ISS WRS is also fed into an oxygen 
generation assembly that produces O2 and hydrogen through 
electrolysis. The O2 created is released into the cabin atmosphere; 
the remaining hydrogen is combined with CO2 in a separate 
system, which can then produce more water for consumption. 
This highly eficient generation of water reduces the weight  
of stowed water and consumables that must be launched and 
delivered to the ISS to support the nominal six-person crew; 
weight savings have been reported as high as 6804 kg (15,000 lb) 
per year.

Water contamination can be a signiicant risk on spacecraft. 
Waterborne microbes can be transported into spacecraft water 
systems from terrestrial sources or from crewmembers and crew 
activities. Potable water is chemically disinfected before crew 
consumption through a variety of mechanisms. Russian water 
stores are puriied using silver biocide, and U.S. systems typically 
use iodination. However, use of iodine raises a concern for 
thyroid dysfunction. To mitigate this risk, a resin ilter is used to 
remove iodine just before water consumption.160 Despite disinfec-
tion efforts, water contamination occurs. Burkholderia cepacia 
and Staphylococcus aureus were the most frequently identiied 
organisms in Space Shuttle and ISS water sources.100,188 Although 
B. cepacia has fairly low virulence, S. aureus contamination is a 
concern because food cooked in S. aureus–contaminated water 
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crews in LEO spend only a small fraction (~10%) of travel time 
traversing the SAA, but incur the majority of their total mission 
radiation dose there.192 In addition, captured particles travel 
along Earth’s magnetic ield lines and gather closer to Earth’s 
surface at the magnetic poles, creating a region of denser particle 
concentrations at higher latitudes. Thus, the highest LEO radia-
tion exposures are incurred in polar orbits, where a vehicle 
travels north to south around the earth, and in orbits that pass 
through the SAA.

The space radiation environment varies temporally as well as 
spatially; solar wind intensity and lare frequency wax and wane 
over an 11-year solar cycle. While increased activity near the 
peak of the cycle, known as solar max, injects more solar elec-
trons and protons into the GMS and increases the radiation 
burden from these lower-energy particles, it simultaneously 
expands the solar magnetic ield, which better delects the more 
highly energetic GCR and lowers the overall radiation dose.45 
Another source of space radiation arises from collisions between 
GCR and the spacecraft hull, which produce showers of second-
ary particles. The radiation dose that a crew traveling in LEO can 
expect to receive therefore largely depends on orbital altitude 
and inclination, timing of the mission relative to the solar cycle, 
and the potential for secondary particle creation. Much more 
distant travel, such as missions to the moon and farther destina-
tions, requires leaving the earth’s GMS and exposing crews to 
the full brunt of solar and GCR, increasing exposure rates to GCR 
as much as threefold over lower orbital altitudes.45 Solar particle 
events (SPEs) associated with solar lares, unimpeded by Earth’s 
GMS, may represent the most potent radiation event for a crew 
traveling outside LEO.

Current spacecraft aluminum hulls provide some protection 
to crews from space radiation,192 although the secondary genera-
tion of particles from GCR and aluminum collisions adds to the 
radiation environment inside of the spacecraft. Proton-dense 
hydrogenated materials, such as water or polyethylene, are excel-
lent absorbers of ionizing radiation and have been considered 
for use as linings of “safe haven” compartments within interplan-
etary spacecraft, where the crew could camp for the hours to 
days required for an SPE to pass.57 Kevlar can be used for micro-
meteoroid protection; it demonstrates shielding effectiveness 
against heavy ions of approximately 80% that of water.144 How-
ever, shielding capability is limited by the weight of effective 
materials, which may become prohibitive for larger vehicles 
designed to travel greater distances from Earth. For longer and 
more distant missions, the most effective means of decreasing 
exposures would be by limiting transit time through interplane-
tary space. Electromagnetic or nuclear propulsion engines that 
provide substantially more thrust over current chemical rocket 
engines could signiicantly shorten travel duration through inter-
planetary space, but this capability depends on advances in 
rocket propulsion technology.57

Radiation Health Effects

Signiicant ionizing radiation exposure can result in biologic 
tissue damage and an array of adverse health events on two time 
scales. Acute radiation effects include burns, vomiting, hemor-
rhage, and even death, whereas chronic effects include increased 
mutagenicity, accelerated senescence, and chromosomal altera-
tions causing carcinogenesis and genomic instability.91 Although 
the short-term effects largely result from single doses of radiation, 
long-term issues arise with repetitive and cumulative dosages.

Correlating terrestrial exposures with doses spacelight crews 
could experience is problematic because terrestrial exposures 
consist largely of single-particle types with limited energy spectra, 
whereas space radiation is a mix of multiparticle species with 
much higher energies, as well as electromagnetic wave radia-
tion.56 Because little is known about the biologic effects of many 
of these exotic particle types, the range of uncertainty in dose 
calculations can be high. It is expected, however, that acute 
clinical effects seen with high-dose terrestrial radiation exposure, 
including nausea, vomiting, fatigue, alterations to blood cell 
production, and even death, could also occur with high-dose 
acute space radiation exposures.94,111 Similarly, long-term effects, 
such as mutagenesis, are expected to be similar to prolonged 

Other environmental considerations will arise with future 
planetary missions. Close contact with alien soils and dust will 
be inevitable, so aerospace medicine practitioners will need to 
anticipate potential hazards from dust that is carried into habitats 
for study or as a contaminant on space suits and tools. Apollo 
astronauts reported signiicant dust contamination of the vehicle 
cabin after lunar excursions, even noting that the dust seemed 
to somewhat aerosolize in the low lunar gravity and led to 
unavoidable inhalation of the particles. In ground studies of 
animal models, pulmonary inlammation, thickening of alveolar 
septa, ibrosis, and granulomas have all been demonstrated after 
lunar dust exposure, although no Apollo astronaut is known to 
have had such sequelae.127 Concerns over dust contamination of 
cabins have led scientists and engineers to develop alternative 
methods to transfer a surface-walking astronaut into a vehicle, 
such as “docking” a spacesuit to the vehicle wall and climbing 
out of the suit into the vehicle, thereby avoiding bringing the 
dusty suit inside. Creative methods to mitigate particulate expo-
sures will be increasingly important as renewed lunar and then 
interplanetary travel is realized.

THE RADIATION ENVIRONMENT

Space radiation consists of multiple particle and electromagnetic 
wave types with a broad spectrum of energies. The solar wind, 
a continuous eflux of stellar material from the sun and made 
up primarily of electrons and protons, bathes Earth’s magnetic 
ield. Solar particle events, which are jets of high-energy protons 
and other atomic species, including helium nuclei (alpha parti-
cles), also periodically erupt into interplanetary space, occasion-
ally striking the earth and the orbital environment. Galactic 
cosmic rays (GCR), likely arising from distant supernovas and 
traveling at relativistic speeds, also contribute to this radiation 
milieu.

The most common range of orbital altitudes for crewed vehi-
cles is between 240 and 480 km (150 and 300 miles). The ISS 
orbits between 328 and 432 km (205 and 270 miles) above the 
surface of the earth. While crews in low Earth orbit (LEO) receive 
substantially higher radiation doses than occur with terrestrial 
exposures, the crews still reside well within the Earth’s geomag-
netosphere (GMS), which delects much of the solar wind and 
GCR. The inner and outer Van Allen belts, layered torus-shaped 
ields of electrons and protons encircling the earth along geo-
magnetic ield lines, represent a further radiation risk to orbiting 
astronauts (Figure 126-5). The lower margin of the Van Allen 
belts is closer to Earth above the South Atlantic, because of the 
offset between Earth’s center of mass and its rotational axis, 
creating a region known as the South Atlantic Anomaly (SAA), 
where radiation levels are much higher even in LEO. Spacelight 

FIGURE 126-5 Artist’s rendition of the Van Allen belts, consisting of 
solar protons and electrons that are trapped by Earth’s magnetic ield. 
(Courtesy NASA.)
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of astronauts to a mission, the total radiation burden predicted 
for that mission is combined with each astronaut’s radiation 
history from previous occupational, medical, and spacelight 
exposures.111 An individual’s gender and age at irst spacelight 
are major determinants of susceptibility to mutagenicity from 
space radiation, because women and younger individuals are 
more susceptible to effects from identical dosages than men or 
older individuals.46 These factors are also incorporated into an 
astronaut’s risk calculation.

MISSION CONSIDERATIONS
Spacelight missions vary in time, trajectory, and intent. However, 
a number of physiologic phenomena are usually experienced 
during the various phases of light, including the prelight period, 
launch, time spent in microgravity, reentry, and landing. These 
events, as well as strategies to minimize unwanted effects, are 
described next, speciically with an introduction to the signs and 
symptoms experienced by the astronaut or witnessed by the 
aerospace physician.

PREFLIGHT

Space programs usually institute a period of quarantine for about 
2 weeks before launch, primarily to prevent infectious illness 
from affecting the launching crew. A comprehensive quarantine 
program creates a controlled environment that raises awareness 
among workforce and family members to limit their contact with 
the crew and enables a medical screening process for visitors. 
Children younger than 14 years, who are less able to recognize 
their own infectious disease symptoms and are more likely to be 
carriers, constitute the greatest threat of infecting the crew.

A quarantine period has other beneits as well. The inal 
weeks before a spacelight can be an intensely active time for 
the astronaut, often requiring last-minute academic preparation 
and contacts with family, friends, trainers, and program manag-
ers. Sequestering the crew in a controlled environment can assist 
in limiting distractions and enables establishment of a well-
balanced work-rest schedule. Furthermore, missions to orbiting 
destinations, such as the ISS, may require launches at any time 
of the day to synchronize the trajectories of the launching and 
destination spacecraft. A controlled lighting environment in a 
quarantine facility can assist sleep-shifting the crew to help 
ensure optimal wakefulness at launch. Finally, since crewed 
spacecraft have very small interiors with primitive waste and 
hygiene systems, astronauts occasionally desire liquid diets or 
enemas just before launch, to minimize the need for defecation 
in the irst days of light, which an adequate quarantine facility 
and staff can facilitate.

Regardless of precautions taken, an aerospace physician may 
see a number of physiologic alterations in a crew preparing to 
launch. Astronauts are often sleep-deprived on the day of launch, 
if not from the academic workload of preparation for the light 
or an extended circadian shift, then certainly from the emotional 
excitement of anticipating their light. Wary of inadvertent injury, 
prelaunch astronauts may limit their exercise intensity and thus 
may not be at their peak physical condition. They may also 
be slightly dehydrated, having reduced their oral intake to limit 
the need for urination or defecation in the irst hours of their 
mission.

LAUNCH

To reach Earth orbit using current chemical propulsion rockets, 
astronauts nominally undergo acceleration forces of three to  
four times that of gravity (+3 to 4 G) for approximately 8 to 9 
minutes. This acceleration occurs in peaks and valleys to balance 
human and structural tolerance and fuel and engine performance, 
eventually attaining a target orbital velocity of approximately 
28,000 km/hr (17,500 miles/hr) for the altitudes usually occupied 
by orbiting spacecraft. While acceleration loads on the order of 
several Gs may be endured by humans, the human body is par-
ticularly vulnerable to excess acceleration in the head-to-toe 

accumulation of radiation dosages. In addition, single-cell studies 
have demonstrated that damage from a single high-energy atomic 
particle can propagate into long-term effects, such as mutagenesis 
from chromosomal aberrations caused by a single impacting 
particle.65 Other evidence suggests that space radiation may have 
tissue-speciic effects on the ocular lens, bone turnover, and  
the nervous and cardiovascular systems, in addition to the muta-
genic risk.

The health effects of human radiation exposure are commonly 
measured in sieverts (Sv). For context, an acquired dose of 1 Sv 
carries with it a 5.5% increased chance of eventually developing 
cancer. Terrestrial background radiation doses vary with region, 
but a person living in the U.S. generally receives a dose of 
approximately 0.0066 millisievert (mSv)/day. In LEO, the typical 
dose is about 75 times higher, about 0.5 mSv/day.192 Crewmem-
bers may receive higher exposures, closer to 1 mSv/day, during 
EVA, simply because of the lack of spacecraft shielding.192 A 
crewmember on board the ISS for 6 months is exposed to radia-
tion dosage still well below acute terrestrial dose exposure limits 
that would drive a measurable increase in cancer incidence.142 
Higher exposures would be expected, of course, with more 
distant or interplanetary travel. However, little is known about 
the biologic effects of exposure to high-energy heavy particles 
associated with unshielded GCR, so making health impact predic-
tions for deep-space missions is dificult.

Cancer risk aside, the only measured pathophysiologic effect 
in astronauts from radiation exposure is a consistent increase in 
lymphocyte chromosomal aberrations after long-duration light, 
relative to before light.72 However, an insuficient population has 
traveled in space, and insuficient time has passed since the 
beginning of human spacelight, to detect an increase in cancer 
incidence in the astronaut population (Van Baalen M: Personal 
communication, 2015). Data on doses to astronaut crews have 
been accumulating since the early days of spacelight. Crewmem-
bers carry dosimeters on their person throughout their mission, 
including during EVAs. Other dosimeters are distributed through-
out the interior of the ISS to develop spatial and temporal radia-
tion maps of the living quarters. These passive dosimeters can be 
read and analyzed only after landing; however, a tissue equiva-
lent proportional counter (TEPC) located on board the ISS can be 
read in real time for particle event monitoring. Other active 
dosimeters and space weather satellites are available to deter-
mine real-time changes in dose in case of unexpected SPEs. This 
suite of devices signiicantly adds to the data available to improve 
the collective knowledge of radiation characteristics in LEO.

Monitoring and Risk Reduction

Because no OSHA limit exists for spacelight and terrestrial guide-
lines are too restrictive, the U.S. National Aeronautics and Space 
Administration (NASA) has sought external guidance from the 
National Council on Radiation Protection and Measurements 
(NCRP) and the National Radiation Council (NRC) in determining 
an acceptable radiation exposure risk level for astronauts, and to 
recommend means to quantify and mitigate these risks. The 
NCRP stated that human spacelight should be conducted while 
keeping radiation exposure risk “as low as reasonably achiev-
able” (ALARA). Currently, the limit set for astronauts in LEO is a 
3% increased incidence (95% conidence interval) of fatal cancer 
above the background incidence in the normal terrestrial popula-
tion.46 Risk reduction currently is largely accomplished through 
mission planning. Orbital altitude and inclination, mission dura-
tion, and timing with the solar cycle can be incorporated into 
light planning to reduce exposure. These light-proile charac-
teristics are largely ixed for operations aboard the ISS, although 
a few mission parameters can be adjusted to reduce dose. For 
example, timing spacewalks to occur during orbits that do not 
transit the SAA can reduce an astronaut’s unshielded exposure 
to elevated radiation levels. Flight rules have been developed to 
guide a rapid response to acute radiation events (e.g., SPEs) by 
terminating an EVA, reorienting the ISS, or directing the crew to 
cease working and move to a safe haven in a more heavily 
shielded part of the station.

Limiting an individual astronaut’s time in space is the other 
means of risk reduction currently practiced. Before assignment 
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seconds of free-fall on Earth. Crewmembers immediately per-
ceive pressure at the base of the skull and a sense of levitation 
from the seat as they rise against the pressure of seat restraints. 
The vestibulo-ocular relex, which integrates sensed gravitational 
cues from otolith organs with eye movement and visual input of 
perceived spatial position, is now essentially uncoupled. Without 
sensed gravity to help establish a local vertical, crewmembers 
may feel as if they are hanging upside down, and any head 
movement can induce a sensation of tumbling.

In these irst minutes in orbit, the astronaut may experience 
sinus congestion, similar to what may be felt with a slight head-
down posture on Earth, manifesting in some as a headache. 
Facial edema, particularly in areas of loose skin such as the 
eyelids, and an increase in conjunctival injection are often soon 
visually apparent (Figure 126-6). In fact, forehead soft tissue 
thickness measured in microgravity with ultrasound showed a 
9% increase after several weeks of spacelight, relative to mea-
surements obtained on Earth.155 Reductions in leg circumference 
can be noted after only a few hours in microgravity, and jugular 
venous distention is also often discernible. Remarkably, CVP 
decreases to 0 to 3 cm H2O on arrival into microgravity,20 unlike 
the CVP rise associated with the recumbent position on Earth. 
Decrease in CVP may be caused by a number of mechanisms, 
including decreased intrathoracic pressure, decreased external 
cardiac constraint, diuresis, and intravascular volume depletion,63 
as discussed in detail later.

Human physiologic adaptation to weightlessness continues 
over days and weeks of life in space, as microgravity induces 
changes in luid volume and body morphology, and neural and 
hormonal regulation ensues. These changes can be detected in 
both short-duration lights of 18 days or less and long-duration 
lights of 1 month or more. Experience with long-duration light 
has led to recognition that these physiologic changes ultimately 
result in a newly adapted, weightless state of the human organ-
ism, a condition explored further in this chapter.

Space Adaptation Syndrome

Motion sickness is one of the most prominent symptom com-
plexes affecting astronauts on entry into microgravity and may 
occur within minutes of engine shutdown. Conventionally named 
space adaptation syndrome (SAS), space motion sickness consists 
of headache, nausea, vomiting, malaise, loss of appetite, and 
occasionally disorientation. SAS is common and has been studied 
extensively in attempts to predict susceptibility and determine 
prophylaxis and treatment measures. The cause of SAS is believed 

direction (+Gz). +Gz acceleration results in blood pooling in 
the lower extremities, which can overcome the cardiovascular 
system’s ability to provide adequate blood low to the brain and 
possibly lead to G-induced loss of consciousness. Given these 
necessary acceleration loads, most spacecraft position crewmem-
bers in a recumbent posture such that the major accelerations of 
rocket ascent are taken in the more favorable chest-to-back direc-
tion (+Gx).

As crews assume a recumbent position in the vehicle on the 
pad before launch, a cephalad intravascular luid shift occurs, as 
it would in any individual in such a position, and the resultant 
central volume increase triggers atrial and carotid stretch recep-
tors to activate a baroreceptor-mediated decrease in cardiac 
output and, eventually, inhibition of antidiuretic hormone (ADH) 
production, ultimately resulting in diuresis. This effect can be 
dramatic; in studies during the Space Shuttle era, measurements 
of central venous pressure (CVP) at the cardiac atrium obtained 
from indwelling venous catheters in three astronauts showed a 
rise from a standing-position pressure of 5 to 6 cm H2O to 10 to 
12 cm H2O after the astronauts took their seats before launch.20

During launch, crewmembers experience multiple vibroacous-
tic and acceleration stimuli. The noise and vibrational motion 
inside the spacecraft, although dramatic, are largely dampened 
by the crewmember’s seat, spacesuit, and helmet, so that astro-
nauts are able to hear radio-voiced commands, speak, monitor 
instruments, and write on a kneeboard. The overlying sustained 
3 to 4 +Gx acceleration to orbital velocity is clearly noticeable, 
however, in the sensation of heaviness in the limbs and anterior-
to-posterior chest pressure. The CVP at this time increases up to 
15 to 17 cm H2O

20 (Video 126-1).

EFFECTS OF MICROGRAVITY

The human cardiovascular system evolved with venous valves 
and neuroendocrine responses to ensure adequate cerebral 
blood low while standing upright under Earth’s gravitational 
inluence. Likewise, inner ear otolith organs determine head and 
body position and sense motion relative to a gravitational ield. 
These physiologic mechanisms remain active when the spacecraft 
attains LEO, the rocket engines shut down, and the spacecraft 
begins its free-fall trajectory. Precisely at this moment of engine 
cutoff, the inluence of gravity on the human body vanishes. The 
astronaut can sense a rapid, remarkable cephalad shift of their 
intravascular luid volume, unweighting of limbs, and lifting of 
intraperitoneal organs, not unlike what one feels in the irst few 

FIGURE 126-6 The facial “pufiness” common among astronauts in space is attributed to headward luid 
shifts in microgravity, as demonstrated clearly in these prelight and in-light images of astronaut Chris 
Cassidy during his 6-month mission aboard the ISS as a member of Expeditions 35 and 36 in 2013. 

A BB
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tional work or mission-critical activities such as spacewalks. SAS 
is now accepted as an unavoidable consequence of the irst few 
days of microgravity adaptation; work schedule planning and 
medications to alleviate symptoms are the main means of pre-
venting further mission impact.

POSTFLIGHT

Eventually, humans acclimate to a new functional normal during 
their time in microgravity, but this transformation results in 
deconditioning of some physiologic systems required for basic 
performance on Earth. Returning astronauts may suffer from 
neurovestibular balance disorders, cardiovascular decondition-
ing, bone loss, and muscle atrophy. The postlight state is inlu-
enced by duration of light, in-light countermeasure activities 
(e.g., exercise), nutritional state, and individual variability. With 
dedicated countermeasure performance, many long-duration 
spacelight crews have demonstrated the ability to function inde-
pendently immediately after return to Earth, being able to stand, 
ambulate, and perform light work at the landing site. Others will 
require signiicant assistance because of symptomatic orthostasis 
and disruption of balance. Discussions later in this chapter sum-
marize the physical indings the aerospace practitioner can 
expect to see in crewmembers immediately on their landing after 
a long-duration light.

PHYSIOLOGIC CONCERNS  
OF SPACEFLIGHT
The following sections delineate many common medical indings 
in humans after spacelight, focusing speciically on various phys-
iologic systems and microgravity sequelae. Expression of many 
of these symptoms is proportional to the duration of light; longer 
periods in weightlessness result in more extreme physiologic 
adaptations. As with many extreme environmental scenarios, the 
human body adapts, often remarkably, to tolerate and even thrive 
in the microgravity environment.

CARDIOVASCULAR ISSUES

Headward luid shifts, tissue unloading, and an almost complete 
lack of postural or ambulation loading drive the majority of 
changes in the cardiovascular system in weightlessness. This nul-
liied hydrostatic and hypokinetic state, different from recum-
bency or even head-down positioning on Earth,176 is unique in 
human experience. The cardiovascular system seems to function 
well with these changes, but the adaptation process has not been 
completely characterized, and its long-term systemic and end-
organ effects have not been fully identiied or completely 
understood.

As previously mentioned, on cessation of acceleration forces 
at the moment of main engine cutoff, the astronaut’s intravascular 
luid redistributes cephalad. Unweighting of tissue structures 
induces thoracic expansion, which is believed to increase venous 
compliance, allowing thoracic venous accommodation of the 
onrush of blood volume (up to 2 L) from the lower extremities 
and splanchnic vascular beds into the thorax.20,228 The CVP 
decrease previously noted is accompanied by cardiac accom-
modation of the increased luid load, evidenced by increased 
venous return, enlarged cardiac chamber volumes, and signiicant 
increase in cardiac output.232 This indicates that despite decreased 
CVP, a central transmural venous pressure increase occurs in 
microgravity,63 most likely caused by decreases in pleural and 
lung parenchymal pressures and release of pericardial con-
straint.84,235 Thus, luid shifts from the lower to the upper body 
increase the pressures across the cardiac chamber walls and thus 
increase cardiac preload. Frank-Starling–induced elevations in 
stroke volume and cardiac output follow, with cardiac output 
increases of 15% to 22% maintained 1 week into light175 and for 
up to 40% after 3 months of microgravity.173 The presence of 
jugular venous distention in some crewmembers in microgravity 
despite a reduction in CVP is not completely understood but 
clearly shows that this clinical sign cannot be relied on as an 

to be a mismatch between movement of the visual surround and 
neurovestibular stimulation, with headward luid shifts as a pos-
sible contributor. This discordance between visual and neuroves-
tibular inputs is often provoked by head motions and can be 
attributed to the microgravitational lifting of otoliths away from 
sensory hair cells in the vestibular labyrinth of the inner ear. As 
the head moves, the human body expects a resultant activation 
of the inner ear hair cells by otolithic movement; in microgravity, 
loating otoliths fail to activate the hair cells, leading to this mis-
match and the sequelae of SAS. It has been postulated that 
cephalad luid shifts may result in increased intracranial pressure 
that alters the responses of vestibular receptors, further contribut-
ing to the syndrome.90 Conining launch restraints and the small 
internal volume of early Mercury, Gemini, and Soyuz spacecraft 
likely prevented freedom of movement suficient to elicit symp-
toms of SAS; thus, the syndrome was not appreciated until the 
Apollo program. As many as 60% to 80% of all astronauts are 
affected by some degree of SAS, although the vast majority of 
cases resolve within 48 hours. Rare cases have been known to 
persist for up to 14 days before resolution of symptoms.90 Inci-
dence is decreased for repeat lyers, suggesting either some 
degree of retained adaptation or use of cognitive strategies to 
mitigate provocative movements.

Most crewmembers are able to perform operational tasks 
despite symptoms; early in the Space Shuttle program, only 13% 
were unable to complete their scheduled work in the irst hours 
of light because of SAS.48 Some suggest that adrenergic stimula-
tion from the excitement of the irst minutes in space can sup-
press symptoms.47 Limiting head movement can also minimize 
symptoms, but this is often dificult with the required work and 
occasional unintentional tumbling early in light before controlled 
motions are mastered in microgravity.

Thornton and Bonato227 review the differences between ter-
restrial and SAS-related motion sickness. Of particular interest is 
the different character of emesis in space. SAS-induced emesis 
may be described as “wet burps,” which may relect the lack of 
a distinct gastric air-luid level in microgravity. SAS emesis can 
also occur without prodrome and with rapid onset. Containing 
small amounts of vomitus in the microgravity environment is 
relatively simple with readily accessible gauze-lined emesis bags, 
which take advantage of the predominance of surface tension 
forces to wick and trap luids.

Unfortunately, there are few training-related means of reduc-
ing the incidence of SAS. Prelight exposure to cross-coupled 
angular acceleration stimuli, such as off-axis rotating chairs, have 
been unsuccessful in preventing SAS.77 Likewise, bouts of aero-
batic and parabolic light during prelight training have not 
reduced the incidence of SAS in the astronaut population.93 Pre-
light adaptation training by exposing crews to novel gravito-
inertial surrounds and stimulations in the laboratory has shown 
some success in reducing motion sickness during parabolic light 
and simulator exposure29,71 but has not been shown to be suc-
cessful for SAS prophylaxis.

Pharmaceutical agents remain the most effective treatment for 
SAS.47,103 Metoclopramide, scopolamine (oral and transdermal), 
promethazine (oral, rectal, and intramuscular), and meclizine 
have all been used as SAS pharmacologic countermeasures. Intra-
muscular promethazine was the preferred in-light medication to 
combat SAS during most Space Shuttle missions and was rou-
tinely given before sleep so the sedative side effect would not 
affect operational performance.103 Because the onset of SAS 
occurs shortly after orbital insertion, prophylactic medications are 
also frequently taken before launch. Dextroamphetamine can be 
added to promethazine or scopolamine oral preparations to 
counteract associated drowsiness and sedation, with the added 
beneit of further antiemetic properties. Of all the medications 
used to treat SAS at clinically useful doses, ground-based studies 
showed that meclizine seems to have the least inluence on 
cognitive function, and meclizine taken 12 to 14 hours prelight 
and repeated 2 hours before launch has recently become the 
prophylactic pharmacologic countermeasure of choice among 
U.S. crewmembers to prevent SAS symptoms.183

Currently, ISS mission planners allow 48 hours for an adapta-
tion period for SAS resolution before scheduling heavy opera-
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peripheral neurovascular stimulant that may help prepare crews 
for return to Earth and resultant hydrostatic stress, but its beneit 
was found to extinguish within 2 days, leaving astronauts just as 
susceptible to orthostasis after that period. Given the signiicant 
amount of time required to use LBNP as a prelanding counter-
measure and the extinguishing beneits, LBNP is not used by U.S. 
astronauts,31 although the Russian program has continued to use 
LBNP exposure for its cosmonauts in the few weeks before return 
to Earth.

Other means of reducing postlight orthostatic intolerance 
have been adopted. An inlatable lower-body antigravity (anti-G) 
suit was used during Space Shuttle launch and landing to prevent 
blood from pooling in the lower body during +Gz (head-to-toe) 
acceleration exposures. This was particularly relevant to Space 
Shuttle crewmembers who were returned from short-duration 
light in an upright seated position, rather than in the recumbent 
position in U.S. and Russian capsules. Arterial pressure was 
higher in astronauts who inlated their anti-G suit during accelera-
tion exposure than in those who did not inlate them.184 In addi-
tion, a liquid cooling garment was worn inside later Space Shuttle 
reentry suits to reduce thermal stress and allow astronauts to 
regulate their individual body temperature, which improved 
overall tolerance of the physiologic stresses of reentry. Use of 
this liquid cooling garment, in combination with the anti-G suit, 
resulted in a signiicantly lower average HR than in astronauts 
who did not use either countermeasure.184 In the Russian space 
program, Soyuz crewmembers currently wear an elastic compres-
sion garment during reentry and on the days immediately after 
landing, to provide venous compression and improve cardiac 
return from the extremities. A graded compression garment has 
also been developed to apply progressive pressures from the feet 
to the abdomen for use after long-duration and exploration mis-
sions; it has been shown to prevent tachycardia and to increase 
total peripheral resistance when standing after short-duration 
spacelight.216

Crewmembers return to Earth relatively dehydrated compared 
to the terrestrial norm. “Prehydration,” or luid loading, with oral 
water and salt in the hours before return to Earth is another 
effective countermeasure against orthostasis.21 Alfrey and col-
leagues5 described a 27% decline in stroke volume and 14% drop 
in cardiac output in astronauts who did not luid load before 
reentry. Effective luid loading countermeasures have been dem-
onstrated to help prevent this reduction of stroke volume and 
cardiac output.

By 2 weeks into a long-duration mission, aerobic capacity has 
been shown to decrease by 17% from prelight values. Although 
it can trend toward prelight values with suficient exercise, 
aerobic capacity can decrease again to 15% to 22% below pre-
light baseline after landing.141,164 With a supervised physical 
rehabilitation program, aerobic capacity returns to prelight levels 
by 30 days after landing.164 Considerable variability exists between 
crewmembers in alterations of aerobic capacity during and after 
light, apparently related to intensity of aerobic exercise while in 
orbit.164 Intense exercise countermeasures during light can effec-
tively prevent postlight aerobic deconditioning. Even with 
in-light exercise, diminished aerobic capacity can be expected 
both during light and in the irst weeks after landing from long-
duration light, most likely as a result of intravascular volume 
losses, which can take several days to return to normal, and from 
dilutional anemia that results from the intravascular luid replen-
ishment, recovery from which can take weeks.211

Dysrhythmias

Since the beginning of human space exploration, there has been 
concern about increased risk of dysrhythmias in microgravity. 
One instance of paroxysmal supraventricular tachycardia resulted 
in early termination of a Russian space station mission,171 and 
another episode was implicated in termination of a Russian 
spacewalk.83

Short-duration spacelight has not been shown to predispose 
crews to clinically signiicant dysrhythmias,196,82 although rates of 
clinically benign ectopy can increase during physiologically 
demanding activity, such as spacewalks.83 Preliminary results of 
Holter monitoring of astronauts on long-duration missions aboard 

indicator of right-sided heart dysfunction in the space-adapted 
individual in the same way as it would be in a terrestrial patient.

Monitoring of blood pressure (BP) and heart rate (HR) in 
long-duration astronauts on the ISS has shown either no change95 
or decreases of 10 mm Hg or less in mean or diastolic arterial 
pressures9,173 compared with prelight recumbent or ambulatory 
conditions, indicating a drop in peripheral vascular resistance 
(PVR) to accommodate the increase in cardiac output previously 
noted.173 However, unlike in recumbency on Earth, circulating 
noradrenaline and sympathetic nerve activity remain high in 
microgravity,58,59 so this decrease in PVR must be controlled by 
mechanisms other than a barorelex-induced decrease in sympa-
thetic nervous activity.173,174

Investigations since the Apollo program have established that 
reduction in intravascular luid volume stabilizes at approxi-
mately a 15% decrease from prelight in approximately 5 days.4 
As a response to the increase in central vascular volume, immedi-
ate diuresis would be expected, but this has not been observed 
in space. Instead, total body water is preserved.132 This inding 
suggests that Starling forces induce luid shifts from intravascular 
into interstitial and intracellular compartments,132,176 resulting in a 
novel cardiovascular euvolemic state in microgravity. Hemocon-
centration resulting from this decrease in intravascular water is 
believed to trigger a process, termed neocytolysis, in which newly 
released red blood cells (RBCs) are selectively removed from the 
circulation to reestablish a normal hematocrit.6 Loss of young, 
larger RBCs results in overall RBC mass reduction that stabilizes 
at 10% to 15% loss by 1 week into light.5 Although astronauts 
seem to function well in space after these trends stabilize, the 
adapted state may be inadequate to maintain a normal cardio-
vascular response to standing in normal Earth gravity on return 
from spacelight. Much research has been devoted to this issue 
of orthostatic intolerance after landing.

As noted earlier, return of gravity can pool blood in the lower 
body and lead to orthostatic intolerance during and initially  
after landing. As many as 20% of astronauts after short-duration 
light and up to 80% after long-duration light161 experience 
postlight presyncopal symptoms, with a somewhat higher inci-
dence among female astronauts.233 Low PVR, hypovolemia, and 
blunted adrenergic response are considered to contribute to this 
phenomenon.141

Lower-body negative pressure (LBNP) techniques, in which 
the legs and lower torso are inserted into a small vacuum 
chamber and exposed to a reduced pressure (usually 1 psi below 
ambient), were used on orbit during the Skylab and Space Shuttle 
programs as a tool to simulate the orthostatic stress of landing 
(Figure 126-7). A series of investigations found that a 5-hour 
session of in-light LBNP, in combination with hypertonic saline 
ingestion, maintained HR and systolic BP similar to the prelight 
response to orthostatic stress.32 LBNP is considered a possible 

FIGURE 126-7 Astronaut Owen Garriott using the lower-body nega-
tive pressure (LBNP) device in an experimental protocol aboard the 
Skylab Space Station during the Skylab 3 mission in 1973. 



2607

C
H

A
P

T
E

R
 1

2
6

 
S
P

A
C

E
 M

E
D

IC
IN

E
: T

H
E

 N
E

X
T

 F
R

O
N

T
IE

R
ber’s ɺVO max2  are scheduled 6 days per week on the ISS. Par-
ticipation in robust aerobic exercise during spacelight has also 
been increasingly recognized as a mitigator of postlight ortho-
stasis after even short-duration exposure to microgravity.137

Monitoring and Treatment

Screening potential spacelight crewmembers for cardiac disease 
is the most effective means of preventing cardiac issues from 
having an impact on space missions. Hypertension, cardiac struc-
tural abnormalities, evidence of inlammation of the myocardium 
or pericardium, cardiac tumors, and symptomatic atherosclerotic 
disease are considered disqualifying for selection as a career 
astronaut. Tachydysrhythmias and conduction defects can be 
disqualifying, depending on symptoms, persistence, and associ-
ated underlying conditions. Catheterizations are not routinely 
used because of cost and risk considerations, but a coronary 
artery calcium score (CACS) determined by electron-beam com-
puted tomography (CT) scanning, in conjunction with a Fram-
ingham risk evaluation, is currently used to stratify astronauts 
into low-, medium-, or high-risk categories.

After selection, a program of exercise, nutrition counseling, 
and annual monitoring is followed to detect, prevent, and delay 
progression of atherosclerotic disease in susceptible individuals. 
Members of the astronaut corps are generally it, but for some 
astronauts, age alone constitutes an independent risk factor; 
average age in the astronaut corps was 44 years for women and 
45 years for men in 2002.84 When disease resulting in light dis-
qualiication is identiied in an active astronaut, deinitive treat-
ment can be appropriate in select cases and can result in 
return-to-light status. For example, radioablation of ectopic foci 
and accessory conductive tracts has been performed in astronauts 
diagnosed with new-onset atrial ibrillation and resulted in suc-
cessful subsequent spacelights. In addition, detecting early 
stages and progression of atherosclerotic disease has been a 
major component of an astronaut’s annual physical examination. 
Risk can be decreased by reducing low-density lipoprotein (LDL) 
to less than 100 mg/dL by means of diet and medications and 
by increasing ɺVO max2  as determined by exercise stress testing. 
While hypertension is considered disqualifying on selection, 
single-agent antihypertension control can be instituted in an 
already-qualiied astronaut. Risk of a life-threatening cardiac 
event during a mission still exists because no prevention program 
will be perfectly sensitive to detecting and mitigating cardiac 
disease.

Future Research

The extent to which redistribution of luid within body compart-
ments during spacelight affects long-term human health is 
unknown. It has become apparent that luid shifts and tissue 
unweighting in microgravity impose a profound change on car-
diovascular, neuroendocrine, musculoskeletal, and hematologic 
systems. There is further evidence for effects even at the cellular 
level, in size, contour, shape, and distribution of renal microtu-
bules and changes in mechanotransduction of various cell 
types.172 A recently discovered phenomenon, known as visual 
impairment and intracranial pressure, may result from the unique 
vascular response to the luid shifts and tissue compression 
changes associated with microgravity. Likewise, we are only just 
beginning to understand the effects of ionizing radiation on 
vascular viability and rate of cardiovascular aging. Investigations 
are currently underway to detect evidence of insidious radiation 
damage to blood vessels that can manifest as intimal thickening, 
changes in vascular reactivity, or increases in O2 radicals in blood 
or urine.10

VISUAL IMPAIRMENT/INTRACRANIAL  
PRESSURE SYNDROME

Concerns related to the effects of long-duration spacelight on 
human vision have been expressed for decades. Some crewmem-
bers have historically reported minor changes in visual acuity 
during or after spacelight, with symptoms often resolving after 
return to Earth. Prolonged vision changes that required more 
signiicant or chronic corrections have been largely attributed to 

the ISS indicate no evidence of clinically signiicant electrocar-
diographic abnormalities88 (Levine B: Personal communication, 
2013), suggesting that spacelight conditions do not cause an 
increase in ventricular dysrhythmia risk. In-light ECG monitoring 
is currently performed in the U.S. program only during exercise 
testing and spacewalks, as an objective measure of activity level 
during these events.

Cardiovascular Fitness

The potential for cardiac atrophy from lack of physical demand 
in microgravity has been a concern. Decreases in cardiac mass 
measured with magnetic resonance imaging (MRI) in astronauts 
after short-duration spacelight and in terrestrial bed-rested sub-
jects185 suggested that signiicant cardiac atrophy could occur 
after 1 week or more of exposure to microgravity. However, 
rapid recovery of left ventricular (LV) mass to prelight values, 
detected in crewmembers after 4 days of short-duration light, 
suggests that LV mass changes can be explained by dehydration 
or microgravity-induced luid shifts alone.223

Reduction in postlight aerobic itness has been noted since 
the Gemini program, with decreases in peak O2 consumption 
( ɺVO max2 ) of up to 22% relative to prelight values.30,141 Generally, 
crewmembers experience a 15% to 20% decrease in ɺVO max2  
over the irst month of light, which can improve over several 
months with adequate access to in-light aerobic exercise, 
approaching prelight levels in some individuals. However, post-
light ɺVO max2  usually remains below prelight levels; after a 
6-month mission, average ɺVO max2  signiicantly decreased to 10% 
to 15% below prelight values.66,164

Aerobic exercise aboard the ISS is provided by using a cycle 
ergometer and a treadmill with a load-bearing harness (Figure 
126-8 and Video 126-2). Thirty minutes of aerobic exercise with 
protocols that generate O2 consumption at 75% of a crewmem-

FIGURE 126-8 Astronaut Satoshi Furukawa using the T2, a vibration-
isolated treadmill used extensively for exercise aboard the ISS. Note 
the white loading harness and bungees that pull the astronaut onto 
the treadmill with a force equivalent to up to 80% of the astronaut’s 
body weight. 
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light ICP remains speculative. Ultrasound measurements of optic 
nerve sheath diameter and globe dimensions show changes that 
suggest in-light rise of ICP, but data are not conclusive. Postlight 
lumbar punctures have been performed on a few affected indi-
viduals and showed normal to mildly increased opening pres-
sures.146 Ocular indings have been out of proportion to these 
ICP values, but the timing of the lumbar puncture (performed 
when the busy postlight schedule allowed) may have missed 
elevations that had since normalized. In-light lumbar puncture 
in microgravity has not been performed for many reasons, includ-
ing sterility concerns and operational risks; even if single ICP 
values could be obtained from in-light lumbar puncture, there 
is no guarantee that measurements would be representative of 
the ICP during an entire light duration. Options exist for continu-
ous ICP measurement over several months and involve paren-
chymal or subdural implantable devices, but these methods carry 
an additional set of risks.

Fluid shift contribution to increased ICP has been demon-
strated in several animal and human spacelight analog studies. 
An immediate increase in ICP was seen in rats during analog 
testing using vacuum drop tests,78 and a rhesus monkey lown 
on a Russian biosatellite showed increased ICP within minutes 
of arriving in microgravity.229 Elevated human ICP has likewise 
been seen immediately on head-down tilt,131 and a recent study 
showed ICP to be higher both in the supine position and during 
parabolic light relative to the upright seated position.131 Given 
the inability to “sit” or “stand” in space, the time-averaged ICP 
in microgravity may be higher than on Earth, where humans 
spend most of the day upright.

Clinical signs and symptoms of VIIP syndrome vary widely 
among affected individuals. Interestingly, alterations of ocular 
anatomy are more likely to occur in the right eye.146 Female 
astronauts have presented thus far with milder signs and symp-
toms than have males,13 and thus far there have been no reported 
cases of frank optic disc edema in female astronauts. This gender 
difference may be related to differences in vascular compliance; 
overall, male astronauts with VIIP indings have been older than 
their nonaffected counterparts. Age might contribute to decreased 
vascular compliance. Affected crewmembers have shown altera-
tions of their folate and vitamin B12 one-carbon metabolism 
pathway, suggesting this trait may predispose a subset of astro-
nauts to developing VIIP.245 A spectrum of expression of VIIP-
related indings suggests biologic variability between individual 
responses to spacelight and warrants determination of potential 
risk factors. A case study of a repeat long-duration astronaut 
indicated that previous spacelight experience with ocular abnor-
malities may be a predictor for developing VIIP indings during 
a subsequent mission, and repeat light may have a cumulative 
effect on the VIIP process.145

Medical management of VIIP syndrome is multifactorial, with 
the goal of preserving vision by managing increased ICP, reduc-
ing dietary sodium, avoiding medications or exposures that might 
increase ICP, and judicious use of medications to lower CSF 
production. Terrestrially, ICP may be lowered with carbonic 
anhydrase inhibitors to protect optic nerve function. Although 
this drug class may have utility in VIIP patients, it could worsen 
VIIP manifestations by lowering intraocular pressure out of pro-
portion to ICP and thus increase the pressure differential expe-
rienced by orbital structures. Corticosteroids may be used in 
addition to acetazolamide in patients with severe papilledema, 
although concerns surround the potential for rebound of elevated 
ICP after cessation. Although not routinely used in terrestrial 
clinical populations with increased ICP, omeprazole may be 
considered for treatment of VIIP indings because it is known to 
decrease CSF production in animal models.102,143 Medical evacu-
ation from space would be considered in extreme cases, such as 
impeding retinal compromise or new onset of neurologic indings 
such as diplopia.

MUSCULOSKELETAL ISSUES

Life and work during a space mission generally demands little 
from the postural muscles and load-bearing skeleton of the 
human body. Prolonged, unmitigated exposures to microgravity 

age-related presbyopia. However, toward the end of the Space 
Shuttle era, a postlight funduscopic examination and luorescein 
angiography of a visually affected long-duration ISS crewmember 
identiied indings that could not be attributed to presbyopia 
alone.2 Subsequent medical surveillance since this seminal case 
has included more detailed eye examinations and advanced 
imaging technologies to further characterize these indings, 
including pre- and postlight imaging, regular visual acuity and 
ield testing during light, ultrasonography of the globe and optic 
nerve, and similar detailed examinations throughout the pre-, in-, 
and postlight periods. Findings show that a signiicant propor-
tion of astronauts exhibit combinations of hyperopic shifts, optic 
disc edema, posterior globe lattening, optic nerve sheath disten-
tion, nerve iber layer thickening, choroidal folds, cotton-wool 
spots, and elevated postlight cerebrospinal luid (CSF) pressure, 
with variable expression of any given inding.146

This constellation of indings was noted to have similarities 
with idiopathic intracranial hypertension (IIH, formerly “pseu-
dotumor cerebri”), which raised concern for the potential of 
increased intracranial pressure (ICP) secondary to microgravity 
exposure leading to ocular and visual alterations.125 Previous 
evidence from Russian cosmonauts serving aboard the Mir station 
suggested that ICP elevation may result from long-duration 
spacelight, as indicated by postlight optic disc edema.166 Intra-
cranial hypertension was thus rapidly identiied as a possible 
causative factor for these ocular structural indings, and a provi-
sional name of visual impairment/intracranial pressure (VIIP) 
was coined to denote this variable yet prevalent phenomenon. 
Interestingly, not all affected astronauts expressed persistent 
visual symptoms; some cases resolved on return to Earth, whereas 
other astronauts retained visual acuity changes or mild elevations 
of ICP for months to years after landing.2,146 Because of this vari-
ability and the potential for signiicant disability given the wide 
range of ocular and neuroanatomic indings, VIIP has become 
recognized as one of the top health risks of human spacelight, 
and substantial resources have been allocated to study the 
phenomenon.

The etiology of VIIP is unclear, although elevated ICP is 
thought to be a signiicant contributor. ICP elevations likely occur 
secondary to a number of possible factors. The cephalic luid 
shift caused by microgravity is thought to cause cerebral venous 
congestion leading to increased ICP. Intense resistive exercise 
performed to prevent bone and muscle loss is capable of causing 
intermittent but potent spikes in intraabdominal and intrathoracic 
pressures; these intermittent Valsalva-like events may have a 
smaller but additive effect on ICP.154 Insuficiency of internal 
jugular venous valves has been proposed as a factor predisposing 
to ICP elevation for some groups of terrestrial patients53,169 and 
might play a role in ICP alterations in the astronaut population. 
Elevated concentrations of CO2 in the vehicle atmosphere may 
be another contributing factor, because CO2 is known to cause 
cerebral vasodilation and subsequently ICP elevation. As previ-
ously described, permissible CO2 concentrations have undergone 
scrutiny over the years because symptoms suggestive of CO2 
toxicity have been reported at lower concentrations. One inves-
tigation also suggests that exposure to chronically elevated CO2 
level during light may lead to the impaired cerebrovascular CO2 
reactivity seen after landing from long-duration missions.244 The 
duration of spacelight may affect cerebral autoregulation. Cere-
bral autoregulation in response to LBNP was preserved 2 weeks 
into short-duration spacelight98 and after long-duration light,244 
but cerebrovascular sensitivity to CO2 after long-duration space-
light showed signiicant reduction in cerebral blood low 
response relative to before light.244 Increased dietary sodium has 
also been suggested as a contributor to ICP elevation, precipitat-
ing a substantial reduction in allowable sodium levels in the ISS 
diet.128 Also considered is the interplay of CSF production and 
ICP in space. Recently returned astronauts with signiicant pos-
terior globe lattening had, on average, 70% increased CSF pro-
duction relative to prelight values, as measured by MRI,124 
suggesting a more nuanced contribution to ICP increases than 
that caused by venous congestion alone.

Although these clinical and imaging data suggest ICP elevation 
as a likely contributor for VIIP development,146,125,124 actual in-
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and colleagues215 demonstrated that astronauts on short-duration 
Space Shuttle lights averaged a negative energy balance while 
in space, consuming only 70% of predicted caloric requirements, 
likely because of food palatability and compressed schedules that 
limit time for food preparation. Crews are more likely to attain 
the recommended caloric and mineral intake with present-day 
menus and their wider variety of food choices, along with readily 
available vitamin D supplementation.

The bisphosphonate drug alendronate has also been evalu-
ated during spacelight as a potential pharmacologic adjunct to 
exercise in preventing bone loss. In a recent study, exercise in 
addition to alendronate attenuated all indices of bone loss, 
including aBMD, trabecular alterations, serum markers of bone 
turnover, and urinary calcium excretion.135 Because alendronate 
was evaluated during the time ARED use became routine, the 
degree of aBMD preservation attributable to the drug alone 
cannot be ascertained at this time.179

Given the beneits of exercise in maintaining musculoskeletal 
health, exercise hardware systems will continue to be a critical 
component of future spacecraft. However, exercise hardware 
development is not without its challenges. One of the most 
important issues in providing effective exercise countermeasures 
is the need for vibration isolation of any exercise equipment from 
its vehicle interface to avoid unwanted mechanical stress on 
spacecraft structure. Efforts are underway to develop more 
compact systems that can work within the smaller spacecraft 
interiors expected for exploration-class spacelights, and that 
demonstrate greater reliability for these missions where resupply 
is impractical, yet still provide musculoskeletal stresses similar to 
a 1-G environment. Investigations are also underway to develop 
resistive exercise protocols that require less crew time but main-
tain bone and muscle itness, by incorporating more explosive 
movements of the large muscles of posture and locomotion. Still 
to be determined are the long-term effects, if any, of radiation 
on bone remodeling from the higher radiation doses that accrue 
with lights outside Earth’s GMS.239

The long-term health effects of microgravity-induced bone 
loss are unknown, particularly when considered in combination 
with expected age-related losses. Quantitative CT used to evalu-
ate volumetric BMD in astronauts shows slower recovery rates 
in the more metabolically active trabecular compartment of 
bone in astronauts after long-duration light, despite preserva-
tion of aBMD (measured by DEXA), suggesting that bone 
remodels itself with altered architecture during microgravity 
exposure.129,158 It is unclear how this alteration affects fracture 
risk, or whether it reduces age of onset or characteristics of 
age-related osteoporosis.179,207

PSYCHIATRIC AND BEHAVIORAL HEALTH

Most astronauts ind months of life and work in space to be 
an enriching experience, but there are many stressors inherent 
to spacelight that can threaten psychological health of space-
light crews. Identifying and reducing these stressors are essen-
tial to mission success, particularly for deep-space exploration. 
Signiicant effort is put toward maintaining behavioral and 
psychiatric health, supporting crew cohesion and productive 
crew-ground interactions, and working with ground control 
teams to minimize crew overwork and circadian dyssynchrony 
(asynchrony).

Some negative stressors inherent to spacelight are common 
to analog environments, including remote polar or subsea sta-
tions. Studies of populations deployed to these environments are 
useful in helping deine risks to behavioral and mental health for 
astronauts who experience similar conditions, and in evaluating 
methods and products to mitigate these risks. Stressors inherent 
in both spacelight and analog missions include coninement, 
stimulus reduction, social crowding, workload responsibilities, 
and potential for unhealthy crew social dynamics.92,182 Another 
similarity is physical separation of deployed teams from their 
nuclear social networks, during preparation and for duration of 
the mission itself. A spacelight of 6 months is the culmination 
of 1.5 to 2.5 years of training that includes frequent travel to 
international training centers. Family crises and world events, 

can therefore result in signiicant muscle atrophy and bone loss 
in an otherwise healthy astronaut. Even with regularly scheduled 
resistive and aerobic exercise, whole-body dual-energy x-ray 
absorptiometry (DEXA) scans of astronauts returning from long-
duration light in both the Russian and the U.S. space program 
have shown site-speciic areal bone mineral density (aBMD)  
loss rates of 1% per month in the spine and 1.5% per month at 
the hip,129 rates higher than those seen in postmenopausal 
women.167,194 A review of the irst 23 missions to the ISS showed 
that, although no astronaut had postlight aBMD values com-
mensurate with osteoporosis, several astronauts evaluated had 
statistically signiicant aBMD decrements in the lumbar spine 
and/or hip (femoral trochanter, femoral neck, or total hip), with 
some showing aBMD decreases greater than 10% in both 
areas.136,179 Recovery to prelight levels of aBMD after return to 
Earth from the standard 6-month mission in microgravity can  
take up to 1 year, and 3 years in some cases.204,207 Removing 
gravitational compression and postural muscle tension on the 
human skeleton seems to be the cause of these losses, with 
studies providing evidence for upregulation of osteoclastic activ-
ity in space that outstrips the normally balancing effects of 
osteoblasts.225

Likewise, signiicant muscle atrophy and functional declines 
have been measured in the lower back, hips, and lower limbs 
of individuals after missions longer than 6 weeks. If atrophy is 
unmitigated, its magnitude appears to correlate with light dura-
tion, associated with a shift of muscle iber type from slow type 
I to fast type II phenotypes.61,76 Muscle volume losses of 4% in 
the psoas and 17% in the gastrocnemius, as measured by MRI,134 
as well as loss of knee lexion and extension isokinetic torque 
of 31% and 27%, respectively,138 have also been observed after 
long-duration missions.

Atrophy of bone and muscle, which limit function on return 
to Earth’s gravitational environment, can affect in-light perfor-
mance. Typical workday activities in space place little demand 
on the musculoskeletal system, but translating (moving) massive 
objects across modules, using tools to maintain station systems, 
and operating mechanisms such as hatches require in-light main-
tenance of strength and endurance. Crewmembers must learn to 
balance any pushing or pulling force with a counterforce in their 
work, often by the use of postural muscles to brace themselves 
against a structure. EVAs in particular demand signiicantly more 
strength and endurance than usual mission activities, particularly 
in the upper extremities. For example, two crewmembers con-
ducting a Salyut spacewalk after almost 2 months in space had 
dificulty opening their hatch and reentering the station airlock.170 
After this event, the Russian program established an upper-body 
exercise regimen and arm ergometry test that cosmonauts must 
now pass before EVA.

Various resistive exercise devices have been employed on 
spacecraft in an attempt to minimize microgravity-induced bone 
and muscle losses. Suficiently high loads to the musculoskeletal 
system, applied through a series of exercises that focus on pos-
tural muscle groups and load-bearing skeletal sites, are essential. 
In one study, a device capable of generating 300 lb-equivalent 
loads used for 1 hour a day in a variable exercise regimen, 
including squats, dead lifts, and heel raises, neither prevented 
loss of muscle mass or decreases in force or power,76,230 nor 
preserved bone.179 A more recent device, launched to the ISS in 
2008, uses adjustable piston-driven vacuum cylinders and an 
inertial lywheel to simulate the constant mass and inertia of free 
weights on Earth. The Advanced Resistive Exercise Device 
(ARED) delivers loads ranging from 20 to 600 lb equivalent, and 
its daily use on board during 6-month missions has demonstrated 
the capability to reduce aBMD loss signiicantly in the pelvis,  
hip, and trochanter, as well as preserve lean tissue mass210,212 
(Video 126-3).

Preservation of bone and muscle also depends on adequate 
energy intake and vitamin D supplementation.212 The required 
daily exercise during a space mission may place a greater meta-
bolic demand on the human body than working and living on 
Earth. Absence of ultraviolet light exposure during spacelight in 
conjunction with decreased vitamin D intake can signiicantly 
reduce body vitamin D stores, further adding to bone loss. Stein 
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(in other words, going to bed later than usual) is more tolerable 
than a phase advance (going to bed earlier than normal). “Slam-
shifting,” a sudden shift in the sleep/wake cycle for one-time 
critical operations, is sometimes practiced. One study identiied 
that as many as 13% of light days were spent in slam-shifted 
cycles.123 These disruptions of sleep cycles can add to social or 
operational pressures and further precipitate crew irritation or 
stress.

Dedicated efforts are made to reduce the psychological stress-
ors of spacelight. Selection of astronauts is in part based on their 
demonstration of qualities suitable for work in the spacecraft 
environment, including strong teamwork and coping skills, high 
level of motivation, competency, self-discipline and sensitivity, 
and history of good social relationships.181,208 After selection, 
annual psychiatric and psychological interviews are conducted 
to conirm itness for duty. Once astronauts are assigned to a 
mission, a dedicated behavioral health and performance program 
provides active support to crewmembers and their families. This 
focuses on behavioral health, fostering positive crew and family 
interactions, while monitoring and mitigating disruptions to sleep 
and circadian rhythms.15,209 During a mission, astronauts speak 
privately every 2 weeks with the same psychiatric and psychol-
ogy professionals with whom they trained before light. In addi-
tion, crewmembers are able to use e-mail and connect to private 
calls or videoconferences with their families. These are some of 
the many advantages of near-Earth spacelights that are capable 
of real-time voice and video communication.

As with any deployed team, optimizing crew workload is a 
common challenge on ISS missions. This includes managing the 
risk of performance being compromised by extended duty days, 
irregular work schedules, and high workload.149 In LEO, manag-
ing work/rest schedules requires satisfying research and mainte-
nance requirements, planning sleep shifts, and accommodating 
off-duty time. Preestablished scheduling guidelines include 
methods of increasing crew autonomy and establishing “pay-
back,” utilizing increased time off for more eficient operational 
activities; this provides a means of managing workload during 
periods with an accelerated operational tempo. Psychiatrists and 
psychologists have also derived light rules deining appropriate 
sleep-shifting schedules both to prevent accumulation of fatigue 
and to shift the crew’s circadian nadir away from times when 
they must perform critical activities, such as robotic operations. 
Sleep aids are available in onboard medical kits to support cir-
cadian shifting.62,190 Symptoms of depression, if detected through 
crew medical conferences, are generally treated with conserva-
tive measures that may include focusing on ensuring adequate 
rest in the schedule and providing positive feedback to the 
crew.62 Antidepressants are available in the space medical 
supply for severe or prolonged symptoms, but their use has not 
been required to date. Similarly, antipsychotic and anxiolytic 

completely unrelated to the mission, can affect crews; one cos-
monaut withdrew from ground communication for several days 
on receiving news of a family member’s death during a long-
duration light.35

Other stressors are found only in spacelight. Microgravity is 
both a source of immense fascination for the crew and a compli-
cating element in planning and executing most daily activities. At 
the same time, the microgravity environment initiates a process 
of physiologic adaptation with unknown changes in sleep demand 
and cognitive effort needed to perform several or complex tasks.92 
Other characteristics of the typical spacecraft environment include 
continuous cabin fan noise, dim lighting conditions, altered cir-
cadian cues (including 16 day-night cycles per workday in orbit), 
variations in air contaminants, and high levels of ionizing radiation 
exposure.

The spacelight experience also carries unique positive char-
acteristics, including the qualities of life in microgravity, aware-
ness of membership in an elite group,221 and, perhaps most 
important, the visual impact of Earth as seen from orbit96 (Figure 
126-9). Even so, behavioral or psychological challenges can arise 
during light. A review of Space Shuttle postmission debriefs 
conducted from 1981 to 1989 found a total of 34 comments 
regarding behavioral symptoms, most often anxiety and annoy-
ance;16 symptoms of stress, tension, mood elevation, and depres-
sion were also mentioned in a subsequent review.208 Crews on 
Russian and U.S. long-duration missions have shown signs and 
symptoms associated with negative intracrew interactions, a ten-
dency toward detachment from ground-support teams, symptoms 
of depression, irritation, boredom, and both overwork and 
underwork.37,114

Psychosocial aspects unique to a long-duration crew aboard 
the ISS include its small size, with typically only three to six 
members, its international makeup, and the high levels of educa-
tion and motivation in each of its members. In addition, the crew 
in LEO is in near-continuous communication with ground spe-
cialists, allowing mission control centers to constantly supervise 
work activity on board, which can at times undermine crew 
autonomy or increase workload (Figure 126-10).

Given the demanding schedule and operational requirements 
of spacelight activities, disruptions of sleep and sleep quality are 
known to occur during both short- and long-duration missions. 
Crews are often required to shift their own circadian rhythms, 
particularly before dynamic events such as launch, landing, and 
docking of newly arriving spacecraft. Since 1990, astronauts have 
undergone scheduled exposures to bright light during prelight 
quarantine to induce circadian shifts as needed to accommodate 
launch times or in-light shift work.218,238 Sleep-shift protocols that 
delay, rather than advance, the circadian rhythm are practiced 
aboard the ISS as needed before major dynamic operations, 
because most individuals ind that delaying their circadian cycle 

FIGURE 126-10 Mission Control at the Johnson Space Center in 
Houston. Flight directors lead a team of engineers and scientists to 
monitor the ISS and work with the in-light crew to successfully com-
plete space missions. (Courtesy NASA.)

FIGURE 126-9 Astronaut Tracy Caldwell-Dyson takes a break from 
work aboard the ISS to view Earth through the largest windows ever 
constructed for spacecraft. The view of Earth from space is often cited 
as one of the most enjoyable aspects of spacelight. 
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during and after spacewalks.202,219 This pressure has been known 
to cause bruising of hand extensor tendons and digital neuro-
praxia. Strong, continuous ingertip pressure in the suit glove is 
desired by spacewalkers to enhance tactility throughout arm 
range of motion; however, this pressure typically causes trauma 
to the nail bed matrix. Protective measures, such as applied 
synthetic enamels or cyanoacrylate adhesives, have been tried 
with variable success. The moist environment of the glove after 
hours of continuous work and perspiration can contribute to 
fungal growth, so that onychomycosis may have to be treated in 
the compromised nail bed.219

With the absence of atmospheric iltering, excessive ultraviolet 
(UV) radiation exposure is another risk inherent to spacelight. 
Although most windows aboard spacecraft have coatings to 
prevent transmission of UV radiation, some are uncoated to fulill 
science requirements in Earth and astronomy observations. Skin 
exposed to solar nonionizing radiation transmitted through non–
UV-protected windows can sustain irst- and second-degree 
burns within seconds. As a result, even momentary exposure to 
light through these windows is avoided.

In-light treatment for dermatologic problems includes topical 
corticosteroids and antibiotics, using terrestrial treatment regi-
mens in consultation with ground medical support. Photography 
is perhaps the most useful diagnostic tool for dermatologic condi-
tions, particularly to assist ground specialists in diagnosing per-
sistent cases.

TRAUMA

Minor trauma, such as contusions, abrasions, and supericial cuts, 
particularly to the hands as previously noted, is a common occur-
rence during spacelight.202 Activities most often associated with 
these injuries include interfacing with exercise machines, stowage 
operations, and translation about the spacecraft. Work in space 
occasionally requires moving massive objects such as experiment 
racks, so that more serious crush injuries, particularly to the 
hands, are possible because of an object’s inertial mass. Scalp 
lacerations, while uncommon, are possible as well from acciden-
tal collision against spacecraft structure during crew locomotion, 
particularly early in a mission before crewmembers have devel-
oped their skills in microgravity. Soft tissue trauma also fre-
quently occurs from prolonged work inside the rigid conines of 
the pressurized spacesuit, which can cause contusions of the 
hands and feet.

The hardware available to repair lacerations on orbit is similar 
to that found in the terrestrial clinic or wilderness medical kit. A 
limited variety of nylon and polypropylene sutures, curved 
needles, hemostats, forceps, iris scissors, cyanoacrylate tissue 
adhesive, staples, and bandages are available on board. The main 
challenge in repairing a wound in space, however, is in setting 
up the worksite and stabilizing hardware. Maintaining sterile 
technique is more dificult without the organizing assistance of 
gravity: Velcro, bungees, magnetic strips, and tape are most often 
used for this purpose. Wound irrigation is necessary, particularly 
because of the increased airborne particulate burden inside 
spacecraft, but irrigation can be challenging in microgravity. 
Towels or loose-weave gauze can capture luids effectively in 
space (but may require some planning).22

In vitro studies have shown variable results with respect to 
integrity of the healed wound in space; abnormal cellular migra-
tion and collagen formation, as well as increased inlammation, 
have been observed.189 Likewise, aerospace practitioners and 
astronauts have subjectively noted increased rates of wound 
infection of up to 50%.159 The greater challenge with more 
serious wounds may be to balance complexity of repair with 
in-light medical capability and degree of disability if deinitive 
treatment is not rendered in light. Considerations include limited 
capability of the medical kit and skill level of the medical 
oficer, who may not be a physician and is likely to have had 
only a few hours of training. In these situations, photographic 
documentation and conferences with ground specialists may be 
essential.

Inertial loads from impacts and sudden motion can be signii-
cant, given the speeds crewmembers can attain in translating 

medications are available, but have yet to be needed during 
spacelight.62

In the future, crews of missions beyond Earth orbit will experi-
ence a level of isolation unique in human existence. The dis-
tances involved will prevent real-time communications with any 
terrestrial social network; the round-trip journey for a signal from 
Earth to the Martian surface could take 45 minutes. The view of 
Earth, one of the most pleasing aspects of today’s missions, will 
not be present for much of the time during these expeditionary 
lights. In anticipation of these challenges, current research 
focuses on further deining personality traits and personal skills 
that, according to our long-duration experience to date, would 
be desirable characteristics for future expeditionary crews. Our 
experience continues to provide lessons in the value of increas-
ing crew autonomy and in ensuring adequate sleep and work/
rest balance. Self-assessment tools are being developed to assist 
remote crews in prevention, assessment, and management  
of sleep disruption, fatigue, and psychosocial problems.27 The 
lessons learned in continued human missions to LEO will be 
invaluable in designing for the psychological challenges of the 
longer expeditionary missions of the future.

DERMATOLOGY AND HYGIENE

After a few days in microgravity on orbit, the normal skin des-
quamation process becomes a fascinating spectacle. In fact, an 
astronaut recently returned from a long-duration mission can be 
identiied by both the lack of calluses on the foot sole and the 
addition of a corn on the foot dorsum, formed after months in 
light by repeated abrasion of wedging the feet under handrails 
for positional stability.

Understanding underlying physiologic changes in human  
skin is largely subjective. Crewmembers often describe delayed 
healing time for small cuts and abrasions, but this has not been 
objectively documented. One experiment found delayed epider-
mal cellular proliferation and loss of elasticity in one crewmem-
ber during light compared with after light. Coarser skinfolds in 
magniied images showed changes similar to those in aging skin, 
and results suggest slowing of epidermal cell turnover from the 
basal layer to the stratum corneum during light.231 The effects of 
ionizing radiation, immune changes, or microgravity are unclear 
with respect to these indings.

As discussed earlier, water is a precious commodity during 
spacelight. Because of the microgravity challenges of containing 
free-loating water and detergents, there are no running water 
showers or handwashing stations in current spacecraft. Personal 
hygiene consists of using an array of moistened wipes, dry wipes, 
and towels. Without laundering available, crews simply wear the 
same clothing on a rotation schedule and discard their clothing 
after a certain duration of use (every 2 weeks on the ISS). While 
this might suggest that the ISS would be a rather pungent envi-
ronment, body odor is generally minimal: clothes remain gener-
ally clean because of lack of terrestrial dirt, and in microgravity, 
without body weight pressing down on socks or underwear, 
clothes generally “hover” around the body and can remain sur-
prisingly clean despite normal perspiration. Even so, it is worth 
noting that contact dermatitis, folliculitis, and fungal infections 
have occurred on long-duration missions. Whether this level of 
hygiene predisposes astronauts to supericial skin infection is  
not clear.

Skin trauma is one of the most common injuries reported by 
astronauts during spacelight.202 Although generally minor, skin 
injuries can affect crewmembers on an almost daily basis. Con-
stant handling of rough materials, such as Nomex fabric or 
Velcro, will abrade a crewmember’s hands and ingers. Minor 
cuts are common because the hands are so frequently used for 
mobilization and stabilization. Primary irritant contact dermatitis 
is also common; EVAs, exercise tests, and scientiic payloads 
require repeated application of electrocardiographic electrodes, 
the usual cause of this condition. Other dermatologic conditions 
include tinea pedis and cruris infections.80

Skin trauma from working in a spacesuit deserves special 
attention. A pressurized suit glove acts as a rigid, jointed shell, 
and pressure points on the hands and elsewhere are common 
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during this period. Knee injuries accounted for the majority of 
the surgical conditions, and running, skiing, and basketball were 
most frequently associated with injuries.104 Restricting and moni-
toring athletic activity, along with improved awareness of the risk 
of prelight injury, are necessary to prevent impacts of such 
injuries on space missions.

For inger, wrist, and ankle strains during light, current space-
light medical kits contain compression bandages and splinting 
devices similar to those found in a wilderness medical kit. Cold 
packs are available, although refrigeration in spacecraft is primar-
ily used to support research and will not likely be available on 
deep-space exploration missions because of weight and power 
restrictions. It is not known how bone callous integrity and for-
mation rate in response to a fracture would be affected by 
microgravity, although investigations in simulated microgravity 
indicate the potential for alterations to the fracture healing 
process.178 A graded loading protocol, such as on the treadmill 
using an adjustable loading harness, would likely need to be 
devised for rehabilitation and functional recovery.

For shoulder injuries, in-light evaluation of soft tissue struc-
tures using ultrasound has been performed in space,60 and non-
steroidal antiinlammatory drugs (NSAIDs) are generally used  
by crewmembers for exacerbations of a chronic problem in  
light. Efforts are currently focused on prelight prevention and 
early detection and intervention for musculoskeletal and trau-
matic injuries, in particular shoulder injuries associated with  
EVA training in water immersion. This includes a consistent 
exercise regimen to help protect the shoulder through a rotator-
strengthening and scapular stabilization program. Still, surgical 
intervention is often required. Sports medicine specialists are 
assisting in development of a new spacesuit, which will include 
new torso/upper arm conigurations to allow more freedom of 
shoulder and upper arm movement and minimize the risk of 
shoulder injury.

IMMUNOLOGY

Radiation exposure, altered sleep cycles, noise, isolation, aller-
gens, and other terrestrial factors are known immunologic stress-
ors experienced during spacelight. In addition, microgravity 
itself directly or indirectly alters the human immune system and 
may disturb its performance and response to host or environ-
mental pathogens.40,163,226 Dysregulation of the immune system 
may increase the risk of contracting infectious diseases during 
spacelight. Astronauts and cosmonauts aboard the Mir space 
station experienced a number of infectious disease events, 
including conjunctivitis, upper respiratory infections,156 otitis 
media/externa, pharyngitis, urinary tract infections, and skin 
infections. Severe infections or those not responding to antimi-
crobials may require medical evacuation from LEO. In 1985, one 
Soviet cosmonaut developed prostatitis while on board the 
Salyut-7 space station and was medically evacuated after his 
condition did not improve.112 Even with all these incidents, no 
increased incidence of infectious disease has been attributable to 
spacelight factors, relative to terrestrial experience.

Alterations of blood hematologic components have been doc-
umented in crewmembers and persist for the duration of ISS 
lights. Decreased resistance to viruses is suggested by cytokine 
shifts observed in humans and animals during spacelight. Of 
note, microgravity alters production of the interferon class of 
cytokines, reducing the quantity of available defenders to combat 
invading viruses.140,214 Furthermore, antiinlammatory cytokines in 
mice12 and astronauts42 have been shown to increase in micro-
gravity; this could weaken the inlammatory response needed to 
combat immunologic insults. Leukocyte cell distribution shifts 
have also been observed after spacelight. Granulocyte percent-
ages from peripheral blood have been shown to increase 
(although this change is likely caused by demargination with the 
stress of landing) and lymphocytes to decrease after landing, 
whereas monocytes remain relatively unchanged when measured 
after short-duration lights.43 In multiple studies, T-cell function 
has been shown to be impaired in both short- and long-duration 
spacelight.41,81,121 The extent of immunologic alterations and 
amount of time needed to return to baseline after light depend 

through the relatively large volume of the ISS and the torque that 
can be imparted to a single hand or foot acting as a pivot to 
stabilize the entire mass of the body (Video 126-4). Foot restraints 
are used throughout the ISS, both inside and outside the space-
craft. Although essential to stabilize oneself for close work, foot 
restraints can allow transfer of torsional stress, for example, to 
the knee if only one foot is constrained. Minor knee injuries, 
such as ligamentous sprains, have occurred. No fractures have 
occurred in space, but accidental entrapment of a inger or foot 
between panels or handrails during translation could result in 
hand or foot fractures. One phalangeal dislocation occurred on 
Skylab by such a mechanism; fortunately, one of the other crew-
members happened to be a physician and was able to perform 
rapid relocation of the digit.38

Back pain is also a common complaint among crewmembers. 
In a review by Kerstman and colleagues,117 back pain was shown 
to affect 52% of U.S. astronauts during spacelight. Onset typically 
occurs on the irst light day, usually resolving by the second 
day. The pain has features of musculoskeletal or myofascial 
origin, is typically located in the lumbar region, and is most often 
mild. Radicular symptoms can also arise, with lancinating pain 
and patchy anesthesia over the lower extremities. Spinal column 
lengthening likely contributes to in-light back pain as a natural 
consequence of body gravitational unloading.117,200 One study 
demonstrated that crewmembers can expect to “grow” 2 to 6 cm 
(0.8 to 2.36 inches) above their terrestrial prelight height during 
even short-duration missions, demonstrating signiicant spinal 
elongation in microgravity and resultant strain on spinal 
nerves.19,220 In general, back pain is alleviated by donning the 
treadmill harness to impart a compressive load on the spine,117 
or more often by pulling the knees to the chest in a fetal position 
and stretching the lumbar musculature. Some crewmembers use 
a strap behind the back and around the knees to maintain this 
fetal position during sleep.

Herniated nucleus pulposus (HNP) is increasingly recognized 
as a postlight injury among astronauts, after both short- and 
long-duration missions.110 The incidence of both cervical and 
lumbar HNP is four times higher in astronauts than in terrestrial 
cohorts in the 12 months after landing.110 Although the mecha-
nism of this increased incidence is unknown, persistent spinal 
elongation in microgravity, with intermittent compression from 
using a harness for treadmill exercise or from loading while 
performing squats on the ARED, may predispose an astronaut to 
annulus stress that manifests as postlight herniation.117 To protect 
themselves from vertebral disk injuries, astronauts limit heavy 
load lifting or overaggressive return to nominal exercise regimens 
for at least 2 weeks after landing.

Shoulder injury constitutes another prominent musculoskeletal 
risk for astronauts. Spacewalk training in particular is known to 
be associated with shoulder rotator cuff injuries.219 Astronauts 
spend at least 72 hours overall in the spacesuit in an underwater 
simulated weightless environment before a mission, working 
continuously for 5 to 6 hours at a time. Training for and execut-
ing spacewalks in the U.S. program generally involves repetitive, 
sustained shoulder joint stress, pulling and pushing the mass of 
the body and the 250-lb spacesuit during translation. Since the 
spacesuit is designed around a hard upper-torso component, 
rotator cuff impingement against the arm opening can occur with 
arm abduction, lexion, and external rotation (Video 126-5). 
Rotator cuff tendon strains, subacromial bursitis, and labral tears, 
usually of the superior labral anterior-to-posterior (SLAP) variety, 
are relatively common and occur more frequently in astronauts 
training for and performing EVA200 (Scheuring R: Personal com-
munication, 2015). In-light acute shoulder injury is rare but has 
occurred during the process of spacesuit dofing and during 
Apollo lunar surface operations after using a drilling tool on the 
lunar surface.14

One of the periods of greatest risk of musculoskeletal injury 
for astronauts is the prelight period. An injury during this time 
can have signiicant impact on the upcoming mission or even 
prevent an astronaut from lying. In one review of an 8-year span 
during Space Shuttle operations, astronauts sustained ligamen-
tous sprains and fractures during prelight athletic activity and 
light training that resulted in 28 orthopedic surgical procedures 
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result in poorly executed tasks, early mission termination, or at 
worst, loss of crew life. Even a minor illness can result in sub-
stantial mission costs, particularly if illness forces an evacuation 
and early mission termination. Fortunately, the incidence of infec-
tious disease remains low.

UROLOGY

Renal stone formation, urinary retention, and urinary tract infec-
tions (UTIs) are the most prevalent genitourinary disorders in 
spacelight.113 Speciic stresses associated with spacelight elevate 
the risk of urinary problems during light and in the pre- and 
postlight periods and contribute to formation of renal stones. 
Decreased urine output from reduced plasma volume or luid 
restriction is known to lead to increased urinary solute concentra-
tions. Fluid restriction can result from limited access to water 
during launch and landing operations, during spacewalks, and 
during the compressed timeline of on-orbit operations. Inten-
tional luid restriction may be practiced by some astronauts to 
avoid use of primitive hygiene systems (e.g., simple absorbency 
garments) during launch and spacewalks. Increases in urinary 
calcium and phosphate from leaching of bone, secondary to 
skeletal unloading in microgravity, and increased dietary salt also 
contribute to an elevated risk of forming urinary calculi.236,237

Kidney stones can be incapacitating and risk crew health, 
safety, and mission success. The one reported case of a symp-
tomatic renal stone in spacelight involved a Russian cosmonaut 
who experienced severe lower abdominal pain that spontane-
ously resolved, barely preventing an emergency deorbit.133 The 
postlight period may also carry increased risk of kidney stones. 
Some NASA astronauts experienced kidney stones during the 12 
months following their spacelight. These kidney stones might 
have developed during spacelight, or the postlight period may 
continue to increase the risk of kidney stone formation.

American astronauts are screened for the presence of renal 
stones with ultrasound imaging both at selection and again on 
assignment to a long-duration mission, and their stone formation 
risk is evaluated through measurement of stone risk parameters 
(urinary analytes, pH, urine volume, and supersaturation of 
calcium oxalate, calcium phosphate, and uric acid).112 In an effort 
to prevent stone formation, astronauts are encouraged to ensure 
adequate oral intake of water, suficient to maintain urine output 
of 2 L/day.112 In addition, the ISS food system is undergoing 
reformulation to decrease the sodium content of food items, 
potentially changing the urinary biochemistry environment to 
make it less conducive to stone development.

During spacelight, should symptoms suggestive of acute 
ureterolithiasis arise, remote guided ultrasound imaging can be 
used to localize and measure ureteral stone size or to detect 
the presence of obstruction or alternate diagnoses. Urinalysis 
using standard reagent sticks can be performed in light; the 
presence of blood may assist with diagnosis. For conirmed 
cases, in-light kidney stone treatment would mirror standard 
terrestrial symptomatic care. Tamsulosin, ketorolac, morphine, 
ondansetron, promethazine, and intravenous (IV) rehydration 
are available in the current ISS medical kit. Medical evacuation 
may be required depending on the astronaut’s condition, ultra-
sound characteristics, and associated complications, such as 
concomitant urinary infection or inability to manage nausea 
and emesis.

Urinary retention has occurred during both short- and long-
duration spacelight. Intentional voiding delay, possibly because 
astronauts may prefer not to use absorbent pads during launch, 
landing, and EVA, may contribute to this incidence. In the close 
quarters of spacecraft, psychosocial (“shy” bladder) inluences 
may be a contributor because there is often limited privacy for 
bathroom activities. In addition, anticholinergic and sympatho-
mimetic side effects of medications used during spacelight (e.g., 
promethazine, pseudoephedrine) are likely a predominant inlu-
ence on the frequency of urinary retention. Lastly, absence of 
gravity may be a separate, unique contribution to urinary reten-
tion in spacelight.217

Terrestrially, urinary retention is almost exclusively seen in 
older men secondary to prostatic hypertrophy; in spacelight, 

on the light duration and accompanying stress levels.69 Stress 
hormone elevation during spacelight may also play a role.

It is uncertain whether allergic or hypersensitivity reactions 
that have occurred in space result from these immune system 
changes. Basophil granulocytes contain histamine and have an 
important role in human allergic response, and the increased 
granulocyte percentage seen in spacelight may worsen allergic 
symptoms. Cosmonauts have demonstrated hypersensitivity to 
several substances during long-duration spacelights.69 Likewise, 
NASA astronauts have reported numerous atypical allergies and 
prolonged rashes while on board the ISS. There have been 3.29 
cases of skin rashes per person-year of U.S. spacelight,97 a rate 
signiicantly greater than the incidence of skin rashes in the 
general terrestrial population (0.044 case/person-year),118 
although the terrestrial data may be limited because these data 
represent only individuals who sought medical attention for skin 
complaints.

The risk of infectious disease relects a balance among host 
defense strength, host exposure, and the pathogen’s capability 
to evade the host defense. There is some evidence that pathogen 
virulence is inluenced by microgravity-induced alterations in 
pathogen mechanotransduction. For example, Salmonella has 
been shown to increase in virulence during spacelight.172 Larger 
particulates, such as sloughed skin, offer microorganisms a 
unique harbor in microgravity. While terrestrial gravity causes 
these particulates to settle, spacelight gives free-loating particu-
lates enhanced potential for inhalation, resulting in direct contact 
with an astronaut’s ocular, nasal, and respiratory mucous mem-
branes. Cramped conditions in small vehicles may also lead to 
transfer of microorganisms between crewmembers.186,187 Fortu-
nately, geographic isolation of a crew in space from the terrestrial 
population allows introduction of a new contagious process only 
when a new crewmember arrives, and virulent pathogens are 
generally hindered from hitchhiking to space by a strict, imme-
diately prelight quarantine process.

Even with these precautions, in at least one instance, a recently 
arrived Space Shuttle astronaut disseminated an upper respiratory 
infection throughout the ISS and Space Shuttle crews. Further-
more, the quarantine process cannot be effective against reactiva-
tion of latent viruses. An average of 65% of asymptomatic ISS 
astronauts reactivated latent varicella-zoster virus, and 82% shed 
Epstein-Barr virus during their mission.37,162 It is unknown whether 
microgravity-induced alterations render immune cells less able to 
defend against growth of cancer cells induced by the increased 
radiation exposure outside Earth’s atmosphere.

Prevention is the primary space medicine countermeasure 
against immune disorders. Acquired immunity is enhanced with 
prelight immunizations against speciic disease processes, such 
as inluenza and herpes zoster. Routine sampling of ISS air, water, 
and surfaces is used to gauge potential pathogenic challenges to 
crewmembers’ host defense systems. Monitoring and early inter-
vention through station cleaning also prevent bioilm propagation 
across spacecraft surfaces, which could otherwise result in unhy-
gienic conditions during spacelight. Modern spacecraft engi-
neered with eficient ventilation systems, adequate air ilters, 
microbial limits on launching space vehicles, and strict quarantine 
before launch help prevent occurrence or transfer of infectious 
illness in space.

For onboard treatment, ISS medical kits contain standard 
topical, oral, and injectable medications to combat active infec-
tions and hypersensitivity reactions. Ground-based light sur-
geons assist crews in selection of a medical regimen and evaluate 
treatment progression.

Future immune countermeasures may include nutritional sup-
plements. Cervantes and Hong28 suggested that astronauts may 
be able to maintain a healthy microbiome by supplementing a 
well-managed diet with probiotic therapies. Immunotherapies, 
such as recombinant cytokines, monoclonal antibodies and 
immunoconjugates, immunomodulators, activated immunocytes, 
and gene therapy, are other countermeasures that could someday 
be tailored for spacelight.

Infectious disease, viral reactivation, hypersensitivity, and 
increased risk of cancers are the principal immunologic concerns 
during spacelight. Immunologically impaired crew health could 
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The cardiovascular response to spacelight shows gender dif-
ferences. In stand tests conducted after Space Shuttle missions, 
women had a signiicantly higher incidence of presyncope than 
did men, likely from gender differences in cardiovascular response 
to orthostatic stress. Men tend to respond with a greater increase 
in PVR, whereas women respond with a greater increase in HR.68 
Recent improvements in maintaining cardiovascular and musculo-
skeletal itness during long-duration missions seem to be reduc-
ing the incidence of postlight orthostatic intolerance for both 
men and women.

Radiation exposures are expected to put women at greater 
risk than men to long-term health. For all ages, ionizing radiation 
exposure limits for female astronauts are lower than for their 
male counterparts. The additional cancer risk for the breast and 
ovaries, the higher lung cancer risk from radiation in women, 
and other gender-related differences in natural cancer incidence 
contribute to an overall higher risk of cancer for women exposed 
to space radiation.168 Likewise, the longer female life expectancy 
allows more time for any postlight carcinogenesis to arise.75 
Organ dose equivalents are a few percent higher for women 
because of their smaller body mass shielding. Female astronauts 
are therefore at a greater risk of exceeding their career limits for 
radiation than men are for an equivalent radiation exposure.45

Pregnancy is contraindicated for most astronaut training activi-
ties and is disqualifying for spacelight. Flying time in high-
performance jets is limited to no later than the irst trimester  
of pregnancy (although most women choose not to ly at all 
during pregnancy) because of the concern for exposure to high-
acceleration forces with potential ejection, possibility of acciden-
tal cockpit decompression, hypoxia, and similar risks. Other 
training risks include rapid pressure changes with standard 
spacesuit training in vacuum chambers, which includes exposure 
to 100% O2, hypercarbia, and depressurization deltas as great as 
10 psi from ambient. These and other exposure risks, such as 
the risks of increased radiation on a developing fetus, require 
deferral of spacelight training and light itself for the pregnant 
astronaut. Additionally, abnormalities have been demonstrated in 
neonatal mammals exposed to microgravity during their fetal 
development, with observable detriments to function of the neu-
rovestibular system.195

Spacelight is not known to affect postlight female fertility. 
No differences in rates of conception or spontaneous abortion 
have been detected in female astronauts compared with age-
matched controls. Because many female astronauts choose to 
delay their irst pregnancy until completion of selection, training, 
and their irst spacelight, they often require assisted reproductive 
technology due to advanced maternal age. Success rates for both 
natural pregnancy and assisted reproduction in these women are 
similar to those of nonastronaut cohorts of the same age.105 For 
long-duration missions, prelight cryopreservation of embryos or 
oocytes may be desired, because of the risk in delaying a preg-
nancy after years of light and training and the risk of ionizing 
radiation exposure to reproductive organs.

OPHTHALMOLOGY

Ophthalmologic issues have historically been the predominant 
reason for disqualiication from astronaut selection.109 Visual 
acuity, stereopsis, color vision, intraocular pressure (IOP), the 
fundus, and visual ields150 are all evaluated in the selection 
physical examination. However, acuity standards for selection 
have relaxed since the beginning of the U.S. space program. 
Currently, visual correction with laser-assisted in situ keratomileu-
sis (LASIK) or photorefractive keratectomy (PRK) is acceptable.74 
Visual correction is common during spacelight; approximately 
80% of U.S. astronauts wear some form of correction. Contact 
lenses are often worn, and one astronaut has also lown in space 
with bilateral intraocular lens replacements, demonstrating no 
instability or visual defects.147

The spacelight environment can be particularly hazardous to 
the eyes. Microgravity increases the risk of ocular injury from 
free-loating objects, and increased particulate burden in cabin 
air raises the incidence of foreign body contamination. Cephalad 
luid shifting also contributes to elevated IOP early in light,54 

women represent a larger percentage of this incidence. Most 
spacelight cases of urinary retention have occurred in the irst 
30 days of space missions, implicating SAS (and thus antiemetic 
medication use and dehydration) as a causative factor. Urinary 
retention during a mission can generally be treated successfully 
with a variety of urinary catheters (straight or indwelling) avail-
able from the current ISS medical kit. Ultrasound evaluation of 
bladder urine volume to determine the need for catheterization 
has been shown to reduce the rate of this procedure terrestrially, 
reducing bladder or ureteral irritation and nosocomial UTIs; this 
may be a useful adjunct in spacelight.108

Cystourethritis has occurred during both short- and long-
duration spacelight. Stepaniak and colleagues217 reported two 
cases associated with bladder catheterization during shuttle 
lights. Urinary infection has also been described in one return-
ing Apollo astronaut,14,112 and one Russian medical evacuation 
resulted from a case of septic UTI/prostatitis during a long-
duration space mission.112 Currently, in-light UTI diagnosis is 
limited to symptoms and simple urinalysis; urine cultures cannot 
be obtained, and UTIs must be treated empirically. Onboard 
antibiotic stores are limited, and even a single case of UTI can 
signiicantly deplete resources.

GYNECOLOGY AND REPRODUCTIVE ISSUES

Women comprise about 10% of the more than 500 individuals 
who have lown into space on short- or long-duration missions 
and have participated in most aspects of spacelight activity. The 
light experience of female astronauts has not revealed any 
obvious difference in incidence of gynecologic disorders in space 
or after landing, compared with the terrestrial population.105,113 
However, a 2014 review of the life sciences literature on physi-
ologic adaptation to spacelight highlights the lack of spacelight 
data pertaining to reproductive physiology.153

Medical screening criteria for women are the same as for men, 
with the exception of breast and reproductive system evaluations. 
Maintenance of women’s health before spacelight follows the 
same practice as does terrestrial clinical medicine, with the addi-
tion of pelvic and abdominal ultrasound examinations every 5 
years. On assignment of a female astronaut to a long-duration 
light, repeat pelvic ultrasound is required to detect uterine or 
ovarian abnormalities that may have arisen since the astronaut’s 
selection. During light, menstrual suppression has been prac-
ticed by about one-half of female U.S. astronauts, including  
use of levonorgestrel implants and oral contraceptives.99,105 For 
astronauts who choose to continue menstruating during their 
mission, standard sanitary products are available, and control and 
disposal of blood and blood products present no greater chal-
lenge in microgravity than do other routine hygiene activities. 
Although microgravity seems to have no effect on menstrual 
cycling,105 the overall picture of spacelight effects on the 
hypothalamic-pituitary-ovarian cycle has yet to be fully explored. 
Microgravity poses a greater challenge for women to maintain 
hygiene after urination. Toilet designs use controlled airlow in 
place of gravity to collect and contain urine, and each female 
astronaut uses a custom-made funnel to interface with the 
perineum. Surface tension causes urine to collect in the vaginal 
oriice or remain in the distal urethra in some women, making 
postvoid drying more dificult. Although this phenomenon is 
described as a relatively minor annoyance,105 care must be taken 
to prevent UTI.

Preventing bone loss during a long-duration spacelight is of 
particular interest given the existing risk of bone mineral density 
loss in postmenopausal women. Fortunately, there appear to be 
no gender differences in musculoskeletal response to micrograv-
ity or in the eficacy of in-light impact and resistive exercise in 
preventing bone loss.210 Adherence to the in-light itness regimen, 
estrogen replacement for postmenopausal astronauts,39,50 and par-
ticular attention to adequate dietary calcium and vitamin D sup-
plementation are necessary to help mitigate potentially additive 
osteoporotic inluences. Bisphosphonates have been shown to 
be effective as an adjunct to in-light exercise135 and are also 
offered to postmenopausal astronauts to help protect the skeleton 
in microgravity.
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Work aboard the ISS at times requires proximity to caustic 

materials, such as the sulfuric acid used to treat urine before 
recycling it into potable water, or lithium hydroxide, a common 
particulate in CO2 removal systems. Eye protection is mandatory 
for procedures involving these systems. If an ocular toxic expo-
sure occurs that requires copious irrigation, an eyewash station 
using potable water and modiied swim goggles can lush potable 
water across each eye at a rate of 1 L/min203 (Figure 126-12).

For more complex and serious ocular injuries, communication 
with the ground is essential. Still images are valuable for ground 
evaluation of injury severity. Ultrasound is useful in visualizing 
injuries and can be immediately streamed to the ground to facili-
tate real-time guidance and diagnostic assistance. Comprehensive 
ocular examinations using B-mode ultrasonography and Doppler 
with remote guidance are regularly performed as part of a peri-
odic in-light ocular examination.33 Optical coherence tomogra-
phy, currently aboard the ISS, can also be used to measure the 
size and depth of corneal foreign bodies, abrasions, and ulcers.

Radiation poses an ophthalmologic risk during spacelight. 
Window coatings protect astronauts from the intense solar UV 
radiation found outside Earth’s atmosphere, but as noted earlier, 
some windows are uncoated to allow transmission of the full 
electromagnetic spectrum for scientiic observations. Exposure of 
the eye to radiation transmitted through these windows has 
occurred and quickly results in UV keratitis.133 “Light lashes,” 
noted by crewmembers in a darkened compartment or when the 
eyes are closed, occur when energetic particles hit the retina70 
and are reminders of the ionizing radiation environment in space. 
The GCR component of space radiation has been found to be 
associated with increased risk of cataracts,44 although a subse-
quent 5-year NASA study of lens opacities in astronauts showed 
no increase in cataract progression with subsequent light expo-
sure.34 These indings are relevant to the long-term ophthalmo-
logic health of pilots participating in high-altitude sorties as well 

likely from engorgement of the choroid,148 and is probably a 
component of the spectrum of physiologic changes that affect 
visual acuity, retinal vascular diameter, and the optic nerve, the 
constellation of indings known as the VIIP syndrome (see Visual 
Impairment/Intracranial Pressure Syndrome, earlier).

Minor ocular injuries resulting in limited, self-resolving ocular 
irritation are a daily fact of life in space. Crewmembers often ind 
their work or mealtime halted for a few moments to remove a 
foreign body from the eye or to lush out mild irritants (Figure 
126-11). As previously noted, certain activities, particularly entry 
into a newly arrived spacecraft and packing operations, pose a 
particular risk for corneal abrasions from atmospheric debris. 
Crews are required to wear safety glasses during initial entry into 
newly arrived cargo vehicles, because dust, lint, or metallic 
debris can easily escape detection during ground cleaning opera-
tions and ind its way into the open cabin space on arrival to 
microgravity. The momentum of free-loating particles on impact 
with the cornea is generally insuficient to embed a foreign 
body; however, larger free-loating objects, such as tools or 
writing pens, particularly if tethered to the worksite or crew-
member and hovering near the face during work, can pose a 
risk of eye injury. Corneal abrasions from larger free-loating 
objects, requiring ocular examination and antibiotic ointment, 
have occurred several times during light and usually resolve in 
24 to 36 hours. Elastic straps can be particularly hazardous 
because of the signiicant potential energy that can be released 
when they are stretched and snapped back into place. In one 
crewmember, failure of an exercise cord with elastic snap-back 
caused traumatic iridocyclitis with photophobia and a decrease 
in visual acuity in the affected eye, resolving 10 days after the 
initial injury.

Greater particulate contamination in spacecraft air and difi-
culty maintaining appropriate hygiene in microgravity without 
running water likely create increased microbial load to the eye. 
Sterile iniltrative keratitis has occurred during missions, diag-
nosed after light upon discovery of corneal iniltrative scarring. 
Erythromycin ointment and ciproloxacin 0.3% solution are avail-
able in space medical kits; however, even these medications pose 
challenges in the microgravity environment. In the absence of 
gravity, liquid ophthalmologic medications must be placed 
directly onto the eye so that surface tension can wick the solution 
onto the conjunctival surface. Therefore, contamination of the 
dropper tip is likely, and some wasted dropper luid is expected. 
Ophthalmologic ointments are preferred for use in space;74 oth-
erwise, extra liquid preparations are provided to compensate for 
waste and contamination.

FIGURE 126-11 Astronaut Jean-Francois Clervoy demonstrates an 
effective spacelight technique for removing foreign bodies from  
the eye using potable water. In microgravity, the water forms a dome 
that bathes the eyes and can in most cases remove offending 
particulates. 

FIGURE 126-12 The emergency eyewash system, demonstrated here 
by astronaut Tom Marshburn during training. The system can lush the 
eyes with copious amounts of potable water to remove chemical con-
taminants, capturing the waste water in a plastic waste bag (not shown). 
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believed to predispose crews to epistaxis, another common oto-
laryngologic malady that occurs during spacelight.3 Anterior 
nasal bleeds can occur spontaneously or after nose blowing, and 
crewmembers are trained to apply direct external nasal pressure 
at the onset of epistaxis. If bleeding continues, oxymetazoline, 
silver nitrate, and lidocaine with epinephrine are available in the 
ISS medical kit. Posterior epistaxis has not occurred in space, 
although nasal packing and Foley catheters are available to  
tamponade a posterior bleed. Sulfamethoxazole-trimethoprim is 
available as prophylaxis against infection from nasal packing.

Astronauts are exposed to a wide range of vibroacoustic 
energy throughout a mission, so hearing protection is another 
aspect of spacelight preventive care. Astronauts are exposed to 
signiicant noise from rocket engines during a launch phase, and 
high sound pressure levels also occur on board space vehicles 
in orbit. The main contributors to noise in the orbital phase of 
light are internal to the spacecraft and include exercise hard-
ware, experiment payloads, ventilation fans, and pumps. Astro-
nauts living aboard space stations experience less noise than 
exists in many industrial workplaces, but because they live and 
work continuously in the same environment for 6 months or 
more, progressive hearing loss from occupational noise exposure 
is considered a risk of long-duration spacelight. Also at risk are 
speech intelligibility, sleep, and detection of alarms. Space station 
hardware degradation and refurbishment and the constant addi-
tion of new experiment payloads result in a dynamic acoustic 
environment, which necessitates occupational hearing surveil-
lance for crewmembers and monitoring of the spacecraft sound 
environment for long-duration missions. Onboard hearing assess-
ments, acoustic dosimeters, and pre- and postlight audiometry 
are all utilized for hearing surveillance and to identify the need 
for improved hearing protection. Hearing-protective devices that 
have been used in spacelight include foam earplugs, custom-
made earplugs, passive headsets, and active noise reduction 
headsets. Rather than personal hearing protection, however, 
engineering controls are the preferred means of protecting crews 
from excessive noise levels.

DENTAL CONCERNS

Dental problems requiring urgent or emergency care pose sig-
niicant risk in the space environment. Although no speciic 
aspect of spacelight presents a unique risk for dental issues, the 
freedom of multidirectional movement possible in spacecraft 
(and therefore inadvertent impacts between an astronaut and 
vehicle component) and the tendency for crewmembers to hold 
small tools or other items in their teeth while using their hands 
for movement control can increase the risk of tooth fracture. 
Launch vibrations have been known to dislodge dental crowns, 
and airlock operations place astronauts at risk for barodontalgia. 
Apical abscesses, usually from undiagnosed dental caries, can 
lead to signiicant and even debilitating pain.

Proper prelight monitoring and dental care are paramount 
for limiting the risk of mission impact caused by dental problems. 
Astronaut oral care is focused on prevention. Crewmember 
dental examinations and prophylaxis are required annually after 
selection and 1 to 3 months before launch, so that any issues 
identiied can be remedied. During light, the dental kit includes 
a dental mirror, explorer, spoon evacuator, and elevator. Dental 
extraction forceps and anesthetic are also available for intractable 
tooth pain. Carpules for anesthetic injection are preilled with 
bupivacaine for ease of preparation in microgravity. Before 
launch, crewmembers learn simpliied examination techniques 
and simple dental procedures, including temporary illing appli-
cation, crown cementation, and dental injections.

GASTROINTESTINAL ISSUES

Once SAS symptoms have resolved, gastrointestinal (GI) function 
seems to readily adapt to microgravity (see Space Adaptation 
Syndrome, earlier). However, some mild GI symptoms often arise 
during space missions. Constipation is a common GI complaint 
among spacelight crews early in light; although the cause is 
unknown, some degree of decreased gastric motility is likely 

as of astronauts, particularly those who will crew vehicles travel-
ing beyond LEO on extended exploration missions.111

OTOLARYNGOLOGY

Microgravity, cephalic luid shifts, pressure and PO2 differentials, 
and noise exposure are all components of spacelight that can 
affect otolaryngologic structures. Nasal congestion is a common 
occurrence during spacelight. Mucosal swelling associated with 
cephalic luid shifts is believed to be the major contributor to 
congestion symptoms; pharyngeal mucosal hyperemia has been 
noted in the normal physical examination in space.87 Although 
the cephalic luid shift can increase the thickness of soft tissue 
structures above the clavicles, in microgravity there is no poste-
rior displacement of the tongue, soft palate, uvula, or epiglottis, 
as occurs with the supine position terrestrially. Snoring and signs 
of obstructive apnea were reduced relative to pre- and postlight 
measurements and were almost eliminated during in-light sleep 
studies conducted on the Space Shuttle,52 perhaps a welcome 
inding given that living in close quarters is a common charac-
teristic of life aboard spacecraft.

Nasal congestion can wax and wane in severity during a 
mission. Symptoms seem to vary depending partly on adequacy 
of air ventilation in the spacecraft interior, suggesting an allergic 
component to congestive episodes. Blockage of air ventilation 
ilters has been associated with increased congestion among the 
crew, and symptom improvement has been noted after ilter 
cleaning.157 Although symptoms associated with upper respira-
tory infection (URI) are rare during spacelight since the estab-
lishment of prelight quarantine, they remain the most common 
otolaryngologic complaint.3 URI symptoms can be particularly 
troublesome when compounded with nominal nasopharyngeal 
congestion. Of note, rhinorrhea is not often seen in space 
because of the lack of gravity-assisted drainage of nasopharyn-
geal secretions; this may also exacerbate congestion. Intranasal 
oxymetazoline, cromolyn, mometasone, and oral antihistamines 
are available in the onboard medical kits.

Upper respiratory congestion is of particular concern during 
procedures that require cabin or spacesuit atmospheric pressure 
changes. Atmospheric pressure in the Space Shuttle and the U.S. 
airlock on the ISS is decreased during preparations for EVA as 
part of a DCS prevention protocol. Within the airlock, pressure 
in the U.S. and Russian spacesuit is reduced from the normal 
14.7 psia to 4.2 to 5.8 psia, to allow suficient lexibility of limbs 
and hands as the airlock pressure drops for hatch opening into 
the vacuum of space. Repressurization after an EVA has led to 
sinus pressure discomfort from blockage of sinus ostia or eusta-
chian tubes in some congested astronauts. EVA crewmembers 
use yawning, swallowing, and jaw movement to help maintain 
patency of the eustachian tubes. Valsalva maneuver, if needed, 
must be done by compressing the nares against a foam block on 
the inside of the helmet, since EVA crewmembers are unable to 
access their face with their hands when fully suited. After an 
EVA, swollen mucosal blockage can again cause problems, and 
EVA astronauts have reported pain from barotitis media. Prophy-
lactic nasal decongestants (oxymetazoline and/or pseudoephed-
rine) may be used before EVA as a preventive measure, and 
symptomatic crewmembers can pause the airlock pressurization 
process to allow equalization of inner ear pressure when neces-
sary. URIs can exacerbate any of these symptoms, so astronauts 
with URI symptoms are not allowed to perform EVAs.

Delayed barotitis, also called O2 otitis, can occur during avia-
tion training or after an EVA as a result of breathing pure O2. In 
this condition, O2 is absorbed in the middle-ear mucosa for up 
to 24 hours after low-pressure exposure. This absorption creates 
enough negative middle-ear pressure to cause discomfort if active 
equilibration is not initiated. Most often, astronauts report delayed 
barotitis symptoms after a sleeping period when they are not 
suficiently awake to perform these equilibration maneuvers.

Otitis externa is occasionally seen with use of earplugs on 
orbit. If required, antimicrobial ear drops must be administered 
by inserting a wick or by allowing the dropper tip to touch the 
external canal skin such that the surface tension allows the drops 
to adhere to the skin. Dry cabin air and cephalic luid shifts are 
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mitigation of postlight neurovestibular ataxia.8 A dedicated reha-
bilitation regimen in the irst few weeks after return to Earth is 
intended to return crewmembers to their prelight itness levels 
and to reduce the risk of injury as they assume activities of daily 
life on Earth. Exercises are tailored to one’s individual neuroves-
tibular state, with increasingly challenging exercises that promote 
multisensory integration.243 The rehabilitation period also allows 
the clinician to observe the return of neuromotor function during 
the readaptation process.

Regarding speciic neurologic complaints, headaches occur 
fairly frequently in light; up to two-thirds of astronauts have 
reported at least one headache during their mission, even when 
they had not suffered from headaches on Earth. Headaches 
occurring early in light are likely associated with luid shifts, 
SAS, or caffeine withdrawal. The etiology of headaches after the 
irst days of a mission are not as easily discernible, although 
elevated CO2 levels have been suggested as an inciting factor in 
some crewmembers.130 Cerebral venous hypertension has been 
postulated as well and may be caused by venous insuficiency 
similar to that suspected with acute mountain sickness or in 
patients with idiopathic intracranial hypertension.240 In-light 
medical kits contain acetaminophen and NSAIDs; these medica-
tions can be used as needed for headache.

Objective measures of crew performance rarely show decre-
ments aside from those related to fatigue. Crewmembers often 
note a need for increased focus to prevent mistakes early in light; 
fatigue, sensory overload, and other nonspeciic stressors likely 
contribute to this effect, making any speciic effects caused by 
microgravity dificult to extract.152 CO2 may be a contributor in 
some cases; some crewmembers have reported that only after 
CO2 levels were reduced for operational reasons did they notice 
greater mental clarity and ease in performing their daily tasks.130 
Space radiation damage to the CNS is increasingly recognized as 
a potential risk to astronauts on extended-duration missions 
beyond LEO. Rodents exposed to heavy ion radiation have 
shown CNS pathology similar to that seen with aging, including 
CNS atrophy222 and decreases in cell division with alterations in 
behavior.224

ONBOARD MEDICAL CAPABILITY
In-light medical capability has expanded to keep up with the 
growing demands associated with increasingly complex mission 
proiles. The current makeup and function of the ISS Health 
Maintenance System (HMS) distinctly express the aggregate expe-
rience of space physiology and space medicine, coupled with 
operational and technologic advances of recent decades. Similar 
to wilderness medical supplies, the contents of the HMS are 
based on predictions of most likely medical threats and the 
medical expertise of the in-light crew, and must be reasonable 
in terms of weight, volume, safety, and compliance with vehicle 
requirements. In addition to general limitations on mass and 
volume, constraints exist for certain types of equipment, such as 
alcohol-containing products (because of their volatility and con-
tamination of condensate reclamation systems) and radiographic 
equipment (because of power use and electromagnetic interfer-
ence). Shelf life stability is also a critical factor that must be 
considered due to cost of launch and resupply logistics.

All ISS crews are trained to respond autonomously to emer-
gency medical conditions, such as anaphylaxis, choking, and 
cardiopulmonary arrest. Because of signiicant prelight training 
time limitations, this training is procedure focused, has a very 
narrow scope, and is limited to lifesaving functions. ISS crew-
members are typically not physicians, and training for select crew 
medical oficers (CMOs) is limited to less than 40 hours in the 
15 months before launch. Computer-based “just-in-time” instruc-
tional and ground-based physician coaching are available before 
medical procedures are performed in orbit.

MEDICAL KITS

Medical supplies that are unique to individual astronauts are 
lown in a personal ISS Medical Accessory Kit (IMAK). These 
items could include personal medical devices such as shoe 

present in light.86,191 Onboard medical kits include iber supple-
ments and bisacodyl to be used as needed, and constipation 
usually self-resolves within 1 week of arrival in microgravity.157 
Relux symptoms are also common and are usually associated 
with ingestion of a large meal or large bolus of luid; symptomatic 
treatments are available to crewmembers as needed.

Because GI diagnostic and surgical capabilities aboard  
spacecraft are extremely limited, prelight GI abnormalities are 
identiied and addressed before light. Screening colonoscopy, 
endoscopy, and abdominal ultrasonographic examinations are 
performed on astronaut candidates at selection. Abnormalities, 
such as the presence of gallstones, biliary sludge, or evidence of 
inlammation in the gallbladder or pancreas, discovered in the 
intervening period between selection and assignment to a light, 
would require aggressive treatment or surgical resolution and a 
suficient recovery period before medical approval would be 
given to return to training or light. Management of abdominal 
pain of unknown etiology has generated much discussion among 
aerospace practitioners and surgical specialists.11,24 Acute surgical 
abdomen, such as suspected appendicitis or cholecystitis, is a 
signiicant concern. It may be possible to perform some degree 
of diagnostic imaging for such conditions using the onboard 
ultrasound, but true suspicion of these conditions would likely 
result in early termination of the mission and return to Earth. 
Before evacuation, the mainstay of treatment would be antibiotic 
control of the infection with the goal of walling off an abscess 
to prevent rupture until return to Earth for deinitive treatment. 
IV access capability, parenteral luids, antibiotics, and pain 
control are available on board, along with suficient hardware to 
attempt percutaneous drainage of an abdominal abscess under 
remote guidance and ultrasonic visualization.119

Prophylactic appendectomies or cholecystectomies are per-
formed by some sponsoring agencies before Antarctic and other 
long-duration deployments. These have not been instituted to 
date in the U.S. space program,26 however, in part because of 
the increased risk of small bowel obstruction from adhesions. 
The risk of an acute abdomen has been considered suficiently 
low given the prescreening mandated before light, and because 
the average age of the astronaut corps is higher than the age of 
peak incidence for appendicitis.7 This practice may be reconsid-
ered because improvements in laparoscopic technique decrease 
the terrestrial surgical risk to an otherwise healthy astronaut in 
training, and as space missions extend deeper into space,11 an 
emergency return to Earth becomes less tenable.

NEUROLOGY

The human nervous system undergoes a rapid adaptive process 
in microgravity and again on return to Earth. Neurovestibular 
changes, oculomotor function (e.g., eye-hand coordination, gaze 
tracking), alterations in sensory perception, changes in proprio-
ception, and cognitive effects (e.g., three-dimensional visual per-
ception, mental spatial representation), must all take place for an 
astronaut to function effectively in microgravity.193 In micrograv-
ity, the inluence of otolith inputs on central nervous system 
(CNS) sensory integration seems to decrease,115,116,177 resulting in 
a central prioritization of retinal information over vestibular 
inputs.67 At the same time, semicircular canal inputs seem to be 
unaffected.115,116 Degradation of proprioception115,116,177 and re-
membered limb position,234 loss of orientation without visual 
cues,85 and decrements in visuomotor tracking122 and dual-task 
performance151 have been detected during in-light investigations.

Given these profound and rapid CNS alterations, it is not 
surprising that neurovestibular complaints are the most common 
neurology-associated issues that arise during spacelight, and 
their severity seems to be correlated with light duration.243 Neu-
rovestibular symptoms are often reported with motion sickness 
early in light, contributing to the diagnosis of SAS (described 
earlier). Symptoms similar to those of SAS, collectively termed 
entry adaptation syndrome, often occur in crewmembers imme-
diately on return to Earth. In addition, astronauts have demon-
strated marked ataxia, poor hand-eye control, and neurovestibular 
confusion with any rapid motion in the early postlanding period. 
In-light exercise is increasingly recognized as providing some 
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ing a bag-valve-mask, intraosseous access kit, and injectable 
medications for treatment of anaphylaxis and cardiopulmonary 
arrest. Suficient supplies, as well as an automated external dei-
brillator (AED), are available to progress through two rounds of 
assessment and medication delivery for basic life support and 
advanced cardiac life support algorithms. There is also a rigid 
plastic platform, ixed to the cabin deck, with integrated restraint 
straps to stabilize a patient for medical procedures and transport, 
similar to a medical backboard. It also provides electrical isola-
tion to protect the CMO(s) and space station avionics during 
deibrillation (Figure 126-13).

Using injectable medications or luid rehydration poses chal-
lenges unique to the microgravity environment. Although modi-
ied off-the-shelf bags of normal saline are available on the ISS, 
medical oficers must ensure adequate air/water separation 
before injection, generating angular acceleration by spinning the 
IV bag and driving luid to the outside of the spin radius. A 
similar technique must be employed with syringes to minimize 
infusion of air into IV lines or during intramuscular injections.

DIAGNOSTIC IMAGING

Onboard imaging equipment is limited to ultrasound technique. 
The ISS ultrasound unit is a lightweight, modiied commercial 
device that is primarily used to support scientiic research. A 
phased-array probe and a curvilinear probe are available for 

FIGURE 126-13 Astronaut Dan Burbank demonstrates two methods for performing chest compressions 
during refresher medical training aboard the ISS. The table shown provides patient restraint, a rigid platform 
for medical interventions as shown here, and electrical isolation from a patient requiring deibrillation. 

orthotics (for use with treadmill exercise), contact lenses and eye 
care accessories, and medications used to treat chronic condi-
tions. This kit is launched with the crewmember and is also used 
to deliver resupply items to the various ISS medical kit packs.

The ISS onboard HMS is a collection of consumable and 
durable equipment used to monitor crew health as well as 
respond to illnesses and injuries. ISS medical kits are collections 
of primarily consumable goods, separated into nine different 
notebook-like packs, ideal for viewing all contents at a glance 
and for quick transport to a worksite. The packs are color coded, 
items are individually restrained, and packs are organized in 
functional groups according to medical problem, frequency of 
use, or resupply eficiency. The most frequently used medications 
are stowed separately for easier access.

Kit contents vary according to their intent and function. Over-
the-counter and prescription medications are available; many of 
the medications are designed for astronaut use at their own 
discretion, with notiication of the ground physician for aware-
ness and resupply needs. Diagnostic equipment, including hemo-
dynamic monitors, otoscopes, and ophthalmoscopes, are also 
readily available to the crew. Less common and injectable medi-
cations, dental cements, urinary catheterization equipment, and 
wound care equipment are stored separately; crewmembers are 
required to notify ground physicians when using such equip-
ment. Lastly, there is a separately contained Emergency Medical 
Treatment Pack with advanced life support consumables, includ-
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processes that trend toward a state that is injurious on return  
to normal gravity. Although current countermeasures seem to 
protect the musculoskeletal and cardiovascular systems from  
the hypokinesis associated with microgravity, we are still unclear 
on the mechanical integrity of trabecular bone formed in space, 
and whether a permanent state of increased fracture exists.  
The pathologic mechanisms and long-term outcomes of VIIP 
syndrome, the most recently recognized microgravity-induced 
syndrome, are largely unknown, and knowledge gaps remain 
regarding individual susceptibility and effective mitigation strate-
gies. The International Space Station, operating in a high-ionizing-
radiation environment, offers a platform to better understand 
effects of a unique radiation population on cells and human 
physiology. As more astronauts ly, we will better understand the 
permanency of microgravity- and radiation-induced effects, as 
well as gender differences in these physiologic changes.

Regarding medical care delivery, knowledge is lacking about 
the pharmacodynamics, pharmacokinetics, and bioavailability of 
drugs in the setting of microgravity, particularly given the con-
founders of body luid shifts, radiation effects on wound healing, 
immunosuppression, and lack of sterile capabilities in orbit.49,55 
There is still much to understand about minimizing risk through 
diagnostic evaluation of individuals during astronaut selection 
and improved prelight health maintenance programs, as well as 
determining which medical conditions should truly be considered 
risky or disqualifying for spacelight. Commercial access to space 
will broaden the lying population and include a wider distribu-
tion of age and underlying medical conditions. This will improve 
our understanding of human limits to the stressors of launch, 
landing, and exposure to microgravity, expanding our collective 
knowledge of the human body in space.1,106,107

The health and function of humans in space will always be 
intimately tied to the engineering systems that propel and sustain 
crews, so that the medical risk for missions outside low Earth 
orbit will largely depend on the capabilities of future spacecraft. 
While crews will remain dependent on adequacy of rocket and 
spacecraft integrity to deliver them safely to and from space, 
advances in propulsion could have the greatest overall effect 
on medical risk by reducing transit times and therefore minimiz-
ing human exposure to ionizing radiation and microgravity. 
Improved shielding of spacecraft may be necessary to protect 
crews from the continual background radiation and intermittent 
solar particle events. As popular media have identiied, exposure 
to the microgravity environment could be further reduced with 
artiicial gravity generation through radial acceleration of rotating 
vehicles, although this approach carries signiicant engineering 
challenges.

As distance from Earth increases, so does the ability to resup-
ply dwindling medical and life support equipment, such that 
more robust environmental control systems, exercise hardware, 
better food storage, and improved onboard medical capability 
will be necessary. Crewmembers will be less able to interact 
effectively with Earth-based experts and their nuclear social 
groups. Destinations for longer missions are likely to include  
the moon, an asteroid, or Mars, where extravehicular activities 
(spacewalks) are likely to be conducted, and next-generation 
spacesuits should incorporate ergonomic improvements that 
cause less injury, particularly to the shoulders, and better accom-
modate both genders and a wider variety of body types. Neu-
rovestibular compromise on arrival into a new fractional-gravity 
gradient is still a concern, and methods for adapting crewmem-
bers to gravity gradients will need to be considered. Spacecraft 
intended for deep-space missions, for the foreseeable future, will 
be small in size, and onboard medical systems will need to be 
designed to it within these limits. The medical system will 
compete with other components essential to human survival, 
such as adequate water supply, power to run environmental 
control systems, and suficient fuel to reach the destination with 
a margin for safety. Minimizing the weight and volume of medical 
hardware, reducing the number of consumable components, or 
perhaps including components that can be easily manufactured 
onboard through three-dimensional printing, will be desirable. 
There will be signiicant pressure to simplify medical delivery in 
space.

abdominal, cardiac, thoracic, and transcranial Doppler imaging. 
High-frequency probes (linear and curvilinear) are available for 
imaging more supericial structures, such as blood vessels, 
muscles, and bones. The crew routinely uses ultrasound to 
perform occupational surveillance of ocular structures, usually 
guided in real time by imaging experts and ground investigators. 
Also, the ultrasound and remote guiders are available in the event 
of a medical contingency to assist with diagnosis and treatment.

Absence of gravity offers both challenges and advantages to 
ultrasound imaging (Video 126-6). The patient, operator, and 
hardware must be physically restrained in congruent positions 
during the exam, typically by using foot restraints. Imaging joints 
under stress (i.e., valgus/varus) can unintentionally reposition the 
entire patient rather than the joint alone; occasionally, additional 
operators, restraints, or ingenuity are needed to ensure patient 
stability.

Most astronauts undergo prelight photography training. 
Given the need for photographic documentation of so many 
aspects of a human spacelight, high-quality camera equipment 
is easy to ind aboard most spacecraft. Ground-based physicians 
use downlinked still and video imagery to evaluate skin and 
mucous membranes, urine reagent stick results, the tympanic 
membrane, and other visual targets in symptomatic astronauts. 
Tympanic membrane images obtained with a commercially avail-
able otoscope are an important part of the medical examination 
before and after a spacewalk. Corneal abrasions can also be 
photo-documented with a high-quality digital camera.

FUTURE CAPABILITIES

Enhanced diagnostic capability that can operate under the con-
straints of minimal size, weight, power requirements, and com-
plexity will be desired for future generations of spacelight 
medical kits. Near-infrared spectroscopy for noninvasive blood 
chemistry analysis213 has been investigated for use in spacelight. 
Enhancement of surgical care capabilities may entail the ultimate 
challenge in signiicantly expanding medical capabilities, because 
this involves balancing risk and capability against the speciic 
aspects of a spacelight scenario, such as remoteness, duration, 
and crew size. Clearly, the signiicant overhead associated with 
a terrestrial standard of surgical care, including extensive periop-
erative imaging, nursing care, delivery of anesthesia, sterility 
maintenance, and postoperative care,11 makes application of a 
terrestrial surgical standard unobtainable in the spacecraft envi-
ronment. Even so, ideas regarding future surgical capabilities 
currently drive an integrated assessment of spacecraft design, 
acceptable medical risk, and requirements for prelight preven-
tive procedures. Evaluations of standard surgical preparation and 
technique in parabolic light23,25 have been performed, highlight-
ing the challenges in maintaining hardware restraint and sterility 
in microgravity. Interventional radiologic techniques have like-
wise been considered as a means of further reducing the weight 
and complexity of hardware required to perform minimally inva-
sive repair in space.139 The need for a physician in long-duration 
deep-space missions seems likely, and this physician should have 
a skill set that includes percutaneous venous access for hydration 
and medication delivery, ultrasound for diagnosis and procedure 
guidance, proiciency in treating ophthalmologic and genitouri-
nary problems, and suficient surgical skills to treat dental prob-
lems and repair soft tissue trauma.

SUMMARY AND FUTURE 
CONSIDERATIONS
Much has been learned in the past 50 years to enable habitation 
of space, and humans have demonstrated a remarkable ability to 
adapt, both physiologically and behaviorally, to extended stays 
in low Earth orbit. Still, much work remains to be done to under-
stand this new frontier, to reduce the risk that the inherent 
dangers of the spacelight environment will affect human health, 
and to maximize human effectiveness. We are still only beginning 
to understand the space-normal human and time course of each 
body system as it adapts to microgravity, and how best to arrest 
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Our continued experience with long-duration lights will likely 
uncover other unexpected long-term effects of adaptation to 
microgravity and contribute further to the basic knowledge of 
human physiology. Spacelight programs will continue to be both 
the recipients of and the contributors to advances in disease 
detection and health maintenance and to a better understanding 
of human disease as a whole.
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ENVIRONMENTAL FACTORS 
INFLUENCING DRUG STABILITY
The main environmental factors affecting drug stability are tem-
perature, light, and humidity. In addition, additives included with 
a medication can preserve or, under certain conditions, diminish 
a drug’s eficacy during long-term storage.

Extreme temperatures and light can cause medications to 
spontaneously decompose, reassemble, or react with air, contami-
nants, or a drug’s otherwise inactive ingredients. Exposure to high 
humidity can decrease a drug’s rate of dissolution, the bottleneck 
step in bioavailability of drugs taken by mouth. Common addi-
tives, such as bicarbonate or D5W, and dilution can drastically 
reduce robustness and durability of some medications in extreme 
environments. Knowing a medication’s anticipated rate of break-
down indicates how to titrate the dosage during extended periods 
in the ield and how often to resupply. The most accurate under-
standing of the robustness of a medication’s eficacy in the wilder-
ness stems from evidence-based research.

Manufacturers generally recommend little variation in storage 
temperatures. Brief excursions into temperatures below the 
minimum or beyond the maximum recommended temperatures 
for a given drug are often acceptable, so long as two conditions 
are met: (1) the drug is not exposed to a maximum temperature 
constituting excessive heat for a period longer than 24 hours and 
(2) the mean kinetic temperature (MKT), or average temperature, 
for the drug remains at or below the maximum temperature of 
its ideal range.25 These less commonly known rules for excur-
sions ease medical ieldwork related to wilderness emergency 
situations of short duration by minimizing the amount of artiicial 
cooling absolutely necessary in the ield, depending on the drugs 
involved.

Being mindful of the season for which one estimates the MKT 
enables one to anticipate conditions that risk degrading drug 
potency and composition. Monthly MKTs were recorded for an 
emergency medical services (EMS) vehicle in South Africa that 
was not equipped with an electrical cooling system.21 For the 
12-month study period, the MKT was 24.7° C (76.5° F), just under 
the 25° C (77° F) limit for drugs needing controlled room tem-
perature storage. However, the 6-month period between the 
Southern Hemisphere’s warmer months of October through 
March had an excessive MKT of 27° C (80° F).

Helm and colleagues evaluated how season affected storage 
temperatures in unpowered containers in prehospital EMS  
vehicles that included a helicopter, ambulance, and physician  
car in southern Germany.12 Despite the temperate climate, 
storage temperature exceeded 25° C (77° F) 33% to 45% of  
time in summer, and was less than 0° C (32° F) 19% of the time 
in winter.

In another study, epinephrine kept primarily at room tempera-
ture but exposed to extreme heat for 8 hours per day had 
impaired drug durability following dilution. Exposure to 5° C 
(41° F) did not cause epinephrine (1 : 1000 or 1 : 10,000 concentra-
tion) degradation at 4, 8, and 12 weeks. At 70° C (158° F), no 
1 : 1000 epinephrine was lost, but only 36% of 1 : 10,000 epineph-

rine remained at 12 weeks.11 Similarly, 7 days of constant expo-
sure to 65° C (149° F) caused no depletion of 1 : 1000 epinephrine 
but complete destruction of 1 : 10,000 epinephrine.5 Degraded 
1 : 10,000 epinephrine is less effective in clinical use. Compared 
with controls stored at room temperature, at least 30% more (by 
volume) 1 : 10000 epinephrine exposed cyclically to 70° C for 8 
or 12 weeks was required to achieve the same physiologic 
effect.11

The effect of dry desert heat on drug stability has also been 
studied. Valenzuela and associates studied degradation of 23 
prehospital drugs stored in an unventilated drug box in a metal 
storage shed in arid Tucson, Arizona during the dry desert heat 
of summer.26 The drugs included aminophylline, atropine, brety-
lium tosylate, calcium chloride, dexamethasone, dextrose, diaz-
epam, diphenhydramine, dopamine hydrochloride, epinephrine, 
furosemide, isoetharine, isoproterenol, lidocaine, metoprolol tar-
trate, morphine sulfate, naloxone, nifedipine, nitroglycerin tab-
lets, phenobarbital, sodium bicarbonate, thiamine, and verapamil. 
This 4-week study exposed the drugs to temperatures that ranged 
from 28° to 39° C (82° to 102° F). By the end of the study, only 
isoproterenol, epinephrine, and nifedipine exhibited noteworthy 
chemical changes. Isoproterenol was 11% less potent. Although 
the epinephrine itself remained unaffected, the pH of its storage 
solution degraded, creating a more acidic solution. As with epi-
nephrine, nifedipine remained stable, but its delivery vehicle was 
compromised. The nifedipine capsules melted.

In the temperate climate of Los Angeles County in southern 
California, Gill and colleagues evaluated how exceeding the 
recommended MKT in advanced life support paramedic vehicles 
affected drug concentrations.10 The 45-day study measured tem-
perature and drug concentrations of atropine, epinephrine, and 
lidocaine in 15 different geographic locations, including one 
laboratory control, an inland airport, a harbor, six high desert 
neighborhoods, and six inland suburbs. The manufacturers of all 
three drugs recommended storage at 20° to 25° C (68° to 77° F), 
with temperatures not to exceed 40° C (104° F) for periods of 
more than 24 hours. The authors’ indings indicate that atropine, 
epinephrine, and lidocaine can withstand an MKT of up to 29° C 
(84° F) for up to 45 days without degradation. The study also 
concluded that those drugs could tolerate spikes up to 52° C 
(125° F) for a cumulative time of up to 13 hours (795 minutes) 
without degradation.

Drugs can withstand only so much heat and cold before they 
begin to lose potency. Gammon and colleagues tested stability 
of 23 prehospital drugs thermally cycled between 12-hour periods 
at −6° C (21° F) and 54° C (129° F) for 1 month.9 The drugs 
included adenosine, albuterol, amiodarone, atropine, diltiazem, 
dopamine, epinephrine, etomidate, haloperidol, heparin, hydral-
azine, ipratropium, labetalol, lidocaine, naloxone, nitroglycerin, 
ondansetron, oxytocin, procainamide, succinylcholine, terbuta-
line, thiamine, and vasopressin. Eight drugs degraded to less than 
90% potency: diltiazem, dopamine, haloperidol, ipratropium, 
lidocaine, naloxone, nitroglycerin, and succinylcholine.

Mathijssen and associates examined antibiotics stored at con-
stant temperatures ranging from −80° C to 37° C (−112° to 99° F) 
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S for up to 1 year.16 Antibacterial activity of linezolid and 

clindamycin pills and solution was unchanged. However,  
eficacy of oxacillin and cefazolin diminished when stored at 
37° C (99° F) for 1 month or at 20° C for 6 months. Activity of 
vancomycin became substandard when stored at 37° C (99° F) for 
6 months.

EXPIRATION DATES AND SHELF LIFE
The United States Pharmacopeia (USP) requires manufacturers to 
list a drug’s shelf life as the time during which a drug’s potency 
(or concentration of active product) is guaranteed to be 90% to 
110% of its listed potency (or concentration).25 Expiration dates 
are based on the shelf life of a drug under ideal, manufacturer-
suggested conditions of temperature, humidity, light exposure, 
and packaging integrity. When stored in environments that do 
not correlate with those listed by the manufacturer, the printed 
expiration date no longer indicates whether a drug is potent. For 
this reason, multiple studies have evaluated the rate and extent 
of degradation and loss of potency for numerous drugs under 
various circumstances.

Tropical climates pose dificulty for drugs susceptible to heat 
and humidity. One concern is that drugs from one climate may 
not be optimized for use in another environment. Risha and col-
leagues evaluated two primary markers of potency, namely drug 
content and bioavailability, for ciproloxacin and diclofenac 
tablets in Tanzania by exposing the drugs to the following condi-
tions: temperature of 40° ± 2° C (104° ± 4° F) and 75% ± 5% rela-
tive humidity.20 Drug content and bioavailability were tested at 
the beginning of the study and again at 3 and 6 months for eight 
formulations of ciproloxacin from Belgium and India, and for 
four formulations of diclofenac sodium from Belgium, India, 
Malaysia, and Cyprus. All formulations of both drugs complied 
with the USP required level of 90% to 110% of labeled drug 
content during the entire span of the study. Oral bioavailability 
remained within required levels for all formulations of ciproloxa-
cin, because all formulations complied with ciproloxacin’s dis-
solution regulations, dissolving 80% or more of the drug within 
30 minutes. However, dissolution levels were substandard for 
two of the four diclofenac formulations. Those from Camden 
(Malaysia) and Remedica (Cyprus) failed to dissolve during the 
full course of the dissolution test. This indicates that although a 
drug may be active, stable, and of proper concentration, it still 
may be inaccessible after ingestion if, because of environmental 
exposures, it can no longer dissolve. Drug potency and dissolu-
tion should be tested regularly, because the robustness of a drug 
in more extreme environments may vary between manufacturers, 
formulations, and batches.

Maintaining drug integrity requires quality control in all steps 
of the process, from manufacturing through storage to delivery. 
In preparing for an expedition, be mindful that drugs purchased 
in certain locations may be less potent and durable than those 
purchased elsewhere. Twagirumukiza and associates studied 16 
formulations of the medications atenolol, captopril, hydrochloro-
thiazide, methyldopa, and propranolol, 10 purchased from 
Rwandan pharmacies and 6 reference formulations purchased in 
Belgium or France.24 All drug formulations were labeled with 
expiration dates indicating that at least 2 years of shelf life 
remained. Of the 10 formulations purchased in Rwanda, 2 exhib-
ited substandard percentages of content on initial receipt. After 
6 months, 7 of the 10 medications purchased in Rwanda had less 
than 90% of their original content, and 6 had impaired dissolution 
proiles. This indicated both reduced content and diminished 
bioavailability of the remaining medication.

PACKAGING
Where drugs are stored signiicantly inluences their stability and 
safety. Packaging can shield drugs from environmental assaults, 
but only when conditions optimize the packaging’s performance. 
For example, glass or plastic syringes containing medication, 
such as epinephrine, for immediate use may develop hairline 
cracks when frozen, leading to leakage and compromising stabil-
ity and sterility of the remaining drug.

Independent of environmental conditions, packaging can 
negatively inluence a drug’s stability by leaching chemicals into 
drugs, absorbing drugs, and reacting with medications. These 
effects may reduce eficacy of stored medications and increase 
potential for their toxicity. Polyvinylchloride (PVC) is known to 
contain toxic compounds that may seep into drugs in trace 
amounts; the most infamous is the carcinogen diethylhexyl 
phthalate, which represents 30% to 80% of the weight of medical 
bags and intravenous (IV) tubing that contain PVC.22 Medications 
can also be absorbed by the PVC itself. Alternative packaging 
materials, such as polypropylene and polyethylene, have dem-
onstrated lower risk for absorption than does PVC for medica-
tions such as nitroglycerin and diazepam.23 Over extended 
periods, glass containers can deposit reactive alkali decomposi-
tion materials into drugs. Leaching, absorption, and reactivity of 
packaging made of glass, PVC, polypropylene, and polyethylene 
have not been studied for most medications.

Although packaging may protect a drug from environmental 
extremes and degradation, packaging might degrade the drug, 
reducing its bioavailability. For example, blister packs of atenolol 
from Alpharma maintain bioavailability after 28 days at tempera-
tures of 40° C (104° F) and humidity levels of 75%, but blister 
packs of atenolol from CP Pharmaceuticals do not, even though 
both versions of atenolol, when not stored in blister packs, are 
equally robust in some similar environmental conditions.7

Hoye and colleagues evaluated eficacy of hydroluoroal-
kane (HFA) inhalation aerosols commonly used in albuterol  
metered-dose inhalers (MDIs) for proiciency in drug delivery at 
high temperatures.13 The study included (1) a 185-day evaluation 
of albuterol (Proventil) HFA and albuterol (Ventolin) HFA MDIs 
stored in extreme temperatures but tested at room temperature 
and (2) evaluation of the performance of the MDIs when actuated 
at 4°, 22°, 47° and 60° C (39°, 72°, 117°, and 140° F). In the irst 
portion of the study, inhaler frames warped and canisters had a 
minor increase in rates of propellant leakage, but showed integ-
rity for the size of emitted particles and the dose per actuation. 
Proper drug delivery was unaffected by storage at temperatures 
ranging from −3° to 88° C (26° to 190° F). The second portion of 
the study concluded that the amount of drug successfully deliv-
ered decreased as the temperature at the time of delivery in-
creased. The dose per actuation was more drastically reduced for 
the Proventil HFA MDI, for which 15% less albuterol was dis-
persed at 60° C (140° F) than at 4° C (39° F); the Ventolin HFA MDI 
exhibited only an 8% decrease. It is therefore recommended that 
propellant-based drug delivery systems be sprayed in conditions 
as close as possible to the manufacturer’s storage parameters.

It is not always possible to keep drugs in the original packag-
ing. Drugs stored outside of the manufacturer’s container might 
exhibit signiicantly altered shelf lives. Rawas-Qalaji and associ-
ates evaluated the effects of the duration of humidity and sunlight 
on the stability of 0.3 mg of 1 mg/mL epinephrine transferred  
to unsealed syringes stored at high temperatures.19 Their study 
examined four standardized storage environments at a constant 
38° C (100.4° F): darkness with low (15%) humidity, darkness with 
high (95%) humidity, sunlight with low (15%) humidity, and 
sunlight with high (95%) humidity. Results suggest that presence 
or absence of sunlight did not affect injectable epinephrine. On 
the other hand, low humidity accelerated decompensation. 
Syringes placed into low humidity decreased to 90% potency by 
the end of the second month, and drastically dropped to 60%, 
55%, and 39% potency at the end of months three, four, and ive, 
respectively. Syringes placed into high humidity statistically fared 
better. Their epinephrine reduced to 90% potency by the end of 
the third month and dropped below regulation limits, falling to 
83% and 82% in months four and ive, respectively. Humidity is 
protective of repackaged epinephrine solution.

Repackaged lidocaine solution is stable over a moderate range 
of temperatures. In one study, lidocaine placed into 2-mL Tubex 
cartridges (20 mg/mL) and lidocaine diluted with 5% dextrose in 
plastic infusion bags (4 mg/mL) remained potent and stable for 
3 months at room temperature; the latter also remained stable 
for 3 months under refrigeration at 4° C (39° F).14

Storage of drug mixtures can cause loss of potency and  
bioavailability that worsens with time. One percent lidocaine 
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buffered with bicarbonate at a pH range of 7.38 to 7.41 remained 
effective for up to 1 week, decreasing in potency by approxi-
mately 10%, the lowest acceptable loss of potency, after 1 week 
of storage.2 Avoid storing pills of different drugs in the same 
container, because interactions in storage can reduce dissolution 
rates, as occurs when atenolol is costored with some formulations 
of generic aspirin.7

Other forms of drug costorage are extremely stable. Implant-
able infusion systems are helping previously impaired individuals 
return to the outdoors. Mixtures of bupivacaine and clonidine 
with either morphine or hydromorphone have been shown to 
remain stable in implantable infusion systems at 37° C (99° F) for 
90 days.3

For small pill storage, be aware that some pill containers 
appear to maintain pill integrity more than do others. One study 
demonstrated that Medidose pill packs maintained atenolol’s 
bioavailability more effectively than did either blister packs or 
reillable pill containers at 25° C (77° F), but the converse was 
true at 40° C (104° F) and 75% humidity.7 Place such pill packs 
in a water-sealed, light-tight container not containing PVC. Brands 
such as SealLine, Seattle Sports, Dry Pak, and Sea to Summit offer 
bags that meet these requirements.

STERILITY
Some drugs must be mixed with buffer or saline solutions 
prior to use. When preparing these solutions, caution should 
be taken to ensure sterile formulation. Brief exposures of less 
than 4 hours to air do not appear to compromise sterility. 
Carrasco and colleagues evaluated stability and sterility of 
saline infusion solutions.18 Solutions of 0.9% saline in their 
original containers were transferred to polyethylene bottles or 
PVC bags, each equipped with a 1.5-µm bacterial ilter, air 
intake, and nonextendable three-way valve with protected 
caps. These solutions were placed in various mobile intensive 
care units in urban portions of western Andalusia, and tested 
for sterility after 24, 48, and 72 hours. Bacterial colonization 
was found within 1.7% of the 8028 cultures tested from 672 
solution units. Only two cultures contained clinically relevant 
concentrations greater than 5 colony-forming units per millili-
ter. No signiicant difference existed between sterility of saline 
infusion solutions used immediately and those repackaged up 
to 72 hours prior to use.

STORAGE
The site selected to store medications affects drugs’ stability either 
by shielding drugs from extremes of environment or by increas-
ing the chance that medications will be exposed to those 
extremes.

Air conditioning and refrigeration, humidiiers and desiccants, 
and light control can create a stable environment for medications. 
Short of an ongoing energy source to power climate-controlled 
storage, all storage systems eventually fail in one or more ways 
to protect medication from ambient environmental conditions. 
Furthermore, storage systems can actively damage drugs. For 
example, storage containers can prolong exposure to high tem-
peratures if they are overinsulated in heated environments, or 
can create an environment that is too arid when air conditioning 
is used, destabilizing drugs such as some formulations of 
epinephrine.

Vehicular storage is convenient in many wilderness and tacti-
cal settings. It offers a mobile source of medications and potential 
power supply for artiicial cooling.

McMullan and associates evaluated the potency of midazolam, 
diazepam, and lorazepam, stored in the air-conditioned cabs of 
four EMS vehicles in two EMS systems in the southwestern United 
States.17 After 120 days of being exposed to an MKT of 32° C 
(90° F), only the minimal acceptable potency of 90% (95% con-
idence interval [CI]: 85% to 95%) of lorazepam remained at 90 
days. At 120 days, the concentration was below the acceptable 
level of potency at 86% (95% CI: 81% to 92%).

Air ambulances expose the drugs they carry to extremes that 
are similar to those of ground ambulances. Madden and associ-

ates evaluated ambient and internal temperatures of nylon drug 
bags carried on EMS helicopters in Texas.15 Temperatures within 
the nylon bags failed to comply with the USP recommendations 
for room temperature of 15° to 30° C (59° to 86° F) on 49% of 
winter days, 62% of winter nights, 56% of summer days, and 27% 
of summer nights.

Other cooling and heating methods include ice packs and 
chemical heat or cold packs. Given the density of water, ice 
packs are heavy; chemical packs are expensive, given the vast 
quantities needed in most circumstances.

Nonelectric “coolers” sometimes heat their contents and gen-
erally should not be relied on for drug storage. Vehicle windows 
and the sides of some coolers passively transform solar into 
thermal energy, acting as solar cookers. Although these storage 
units might be effective in resisting rising temperatures, when 
overheated they maintain high temperatures well after the heat 
of the day. Nonelectric “cooler” insulation neither cooks nor 
heats, but provides a temporary buffer to temperature change. It 
lacks capacity for maintaining any temperature for more than a 
period of minutes to hours; the duration is determined by the 
speciic insulator. An exception to this is the Cambodian Cooler 
Box, a 24-L chamber of thin galvanized iron covered by cotton 
sack cloth connected to a top dish holding 9 L of water.4 At an 
MKT of 27° C (81° F) in Cambodian drug storerooms, the cooler 
box reduced the percentage of hours at more than 30° C (86° F) 
from 4.5% outside the box to 0.1% in the box.

Electrical systems cool more consistently do than nonpowered 
systems. The Koolatron P9 Traveler III Cooler runs on 12-volt 
car adapters, weighs 3 kg (7 lb), stores 7 L, and cools to 11° C 
to 22° C (20° F to 40° F) below the ambient temperature. Its dura-
bility is inconsistent. Dison and M-Cool manufacture portable 
insulin cases that provide 0.1 to 0.2 L of storage, weigh 0.5 to 
1.5 kg (1 to 3 lb), last 8 to 24 hours with batteries, and can take 
AV or AC power. Insulin cases with portable solar systems weigh-
ing less than (7 kg) (15 lb) are available from Goal Zero and 
Instapark.

DuBois studied the temperature of nonelectrically and electri-
cally cooled drug storage boxes on ground EMS vehicles in the 
Sonoran Desert of California when outside temperatures were 
29° to 38° C (84° to 100° F).8 Temperatures in nonelectrically 
cooled compartments were often as hot, and occasionally up to 
6° C (10° F) hotter than, was ambient air temperature. While the 
vehicles were immobile, the temperature in electrically cooled 
compartments remained at approximately 27° C (81° F) when set 
at 25° C (77° F) to 38° C (100° F). However, when the vehicles 
were mobile, the temperature in those same compartments occa-
sionally increased to up to 41° C (106° F), exceeding the ambient 
temperature and manufacturer’s maximum suggested storage 
temperature by 12° C (22° F) for 16 of 17 drugs stored in these 
EMS vehicles. This indicates the vulnerability to high tempera-
tures of even electrically cooled mobile systems.

All modalities risk uneven temperatures for multiple drugs 
stored in the same compartment.

DRUGS FOR A BASIC FIELD KIT
A basic ield medical kit includes the following types of 
medications:
Analgesic
Antianaphylactic and antiallergy
Antibiotic
Antiemetic
Antiepileptic
Antipyretic
Sterile luid (for IV use)

HOW TO READ THE DRUG LIST
The following list summarizes stable conditions for drugs most 
likely to be included in ield or tactical medical kits.1,6 The list 
offers options for similar types of drugs, depending on the par-
ticular requirements of the users.

Certain terms are used for brevity’s sake. Room tempera-
ture is deined as 15° to 30° C (59° to 86° F). Controlled room 
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heat is deined as a temperature exceeding 40° C (104° F).
In the United States, availability of medications is subject to 

regulations of the Food and Drug Administration and Drug 
Enforcement Agency (DEA). The following labels note drug avail-
ability in the United States: OTC (over-the-counter), Rx (prescrip-
tion required), DEA Schedule (S II, S III, or S IV indicating drugs 
with abuse potential, with S II having the greatest abuse potential 
and S IV the least), or NA (not available).

Packaging and inert compounds used with a medication 
may vary, especially for generic drugs. In all cases, informa-
tion from the manufacturer should supplement the guide 
below.

Deviation from the manufacturer’s recommendations is the 
decision of the treating medical professional and not recom-
mended by the authors of this Appendix. Medications are gener-
ally listed by their generic names. Mention of trade names does 
not imply endorsement.

DRUG LIST

ACETAMINOPHEN CAPSULES, TABLETS, ORAL 
SOLUTION, AND SUPPOSITORIES (OTC)

Store capsules, tablets, and the oral solution at a controlled room 
temperature. Most are fairly stable in light, moisture, and heat, 
but high humidity should be avoided for gel-coated capsules. 
High humidity and light should be avoided for oral-dissolving 
and chewable tablets. Excessive heat (≥ 40° C [104° F]) should be 
avoided for extended-release tablets. Solid forms of acetamino-
phen remain stable for 3 years and liquid forms remain stable 
for 2 years from the date of manufacture. Store suppositories at 
8° to 25° C (46° to 77° F).

ACETAMINOPHEN WITH CODEINE TABLETS  
AND ORAL SOLUTION (S III)

Store tablets and the solution in light-resistant containers at a 
controlled room temperature.

ACETAMINOPHEN WITH HYDROCODONE 
TABLETS AND ORAL SOLUTION (S II)

Store tablets and the solution in light-resistant containers at a 
controlled room temperature.

ACETAZOLAMIDE TABLETS, EXTENDED-RELEASE 
CAPSULES, ORAL SOLUTION, AND INJECTION (RX)

Store tablets and extended-release capsules at a controlled room 
temperature. Brief excursions to 15° to 30° C (59° to 86° F) are 
permitted for tablets. Dry powder for the injection solution 
should be stored in an unopened vial at a controlled room tem-
perature. Powder reconstituted with 5 mL sterile water is stable 
for 12 hours at room temperature, and is stable for 3 days if 
refrigerated at 2° to 8° C (36° to 46° F).

An extemporaneous formulation can be prepared in three 
ways:

To prepare a solution of acetazolamide 50 mg/mL, crush 20 
acetazolamide 250-mg tablets in 25 mL glycerin or distilled water. 
Add lavored syrup or 2 : 1 simple syrup or lavored syrup to 
bring the total volume to 100 mL. Shake well before use. This 
solution should be stored under refrigeration and is stable for  
1 week.

To prepare a solution of acetazolamide 5 mg/mL, crush two 
acetazolamide 250-mg tablets in 7 mL polyethylene glycol 400, 
53 mL propylene glycol, 15 mL 70% sorbitol solution, 15 mL 85% 
sucrose solution, 1 mL sweet syrup, 0.5 mL ethanol, and 8 mL 
of 0.1M citrate to achieve a total volume of 100 mL.

The solution can be prepared in a concentration of acetazol-
amide 25 mg/mL by crushing 10 acetazolamide 250-mg tablets 
in 50 mL Ora-Sweet and 50 mL Ora-Plus. Store the solution in 
an opaque container at room temperature. This solution remains 
stable for 60 days.

ACETIC ACID OTIC SOLUTION (OTC)

Store the solution in an airtight, light-resistant container at room 
temperature. Protect from heat.

ALBUTEROL TABLETS, SYRUP, AND INHALED 
FORMULATION (RX)

Store tablets at 2° to 25° C (36° to 77° F). Store extended- 
release tablets at 15° to 30° C (59° to 86° F). Store syrup at 2°  
to 30° C (36° to 86° F). Store capsules for inhalation at room 
temperature.

For the inhalation route, be certain that albuterol is at room 
temperature prior to use. For the nebulization route, store alb-
uterol solution for inhalation 0.083% (Proventil), 0.5% (Ventolin), 
and 0.42% or 0.21% (Accuneb) at 2° to 25° C (36° to 77° F). 
Accuneb nebulized solution must be used within 1 week after 
removal from the foil pouch. In the pouch, Ventolin Nebules 
inhalation solution can be stored at 2° to 8° C (36° to 46° F)  
for up to 6 months and remains stable at room temperature for 
14 days.

Store albuterol aerosol inhalers containing chloroluorocar-
bon propellants at room temperature. Store albuterol sulfate 
aerosol inhalers containing hydroluoroalkane (HFA) propellants 
out of direct sunlight at 15° to 25° C (59° to 77° F). To avoid 
bursting, do not exceed 49° C (120° F). Do not puncture or 
incinerate. If infrequently used, Ventolin HFA is stable for 6 
months from removal from the pouch. Store Ventolin HFA can-
isters with the mouthpiece down. If frequent nebulization is 
required, 200 mcg/mL of albuterol sulfate inhalation solution in 
normal saline remains stable for 7 days at room temperature or 
under refrigeration when placed in polyvinyl chloride or poly-
olein bags, polypropylene syringes and tubes, or borosilicate 
glass tubes.

ALOE VERA GEL, OINTMENT, 
AND LAXATIVES (OTC)

Store gel, ointment, and laxatives away from excessive heat and 
prolonged strong direct light.

AMIODARONE TABLETS, ORAL  
SOLUTION, INHALANTS, AND  
INJECTIONS (RX)

Store tablets in a light-resistant container at a controlled room 
temperature. An extemporaneous 5 mcg/mL formulation can be 
created by crushing ive amiodarone 200-mg tablets into a 200-mL 
solution of 1 : 1 of Ora-Plus to Ora-Sweet or Ora-Sweet SF. Solu-
tion stored in a glass or plastic bottle under refrigeration remains 
stable for 91 days. The solution remains stable at room tempera-
ture for 6 weeks. Shake before use. Store conventional amioda-
rone ampules at a controlled room temperature. Ampules may 
be briely removed for use at temperatures of 15° to 30° C (59° 
to 86° F). Protect all injection solutions from light and excessive 
heat. Do not freeze.

ANTACIDS (OTC)

Store aluminum hydroxide and magnesium hydroxide (often 
called milk of magnesia) products in tightly sealed containers at 
a controlled room temperature. Store calcium carbonate conven-
tional tablets at 15° to 30° C (59° to 86° F). Store calcium carbon-
ate chewable tablets below 25° C (77° F). Protect all products from 
light, moisture, and excessive heat. Do not freeze.

ASPIRIN TABLETS, ORAL SOLUTION, AND 
SUPPOSITORIES (OTC)

Store tablets and solution in tightly sealed, light-resistant contain-
ers at room temperature. Protect from moisture. Store supposi-
tories in the original sealed wrapper at 2° to 15° C (35° to 59° F). 
Do not freeze. Protect from light, moisture, and excessive heat. 
Discard aspirin if a strong vinegar odor is present, because 
potency may be signiicantly decreased.
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ATENOLOL TABLETS (RX)

Store tablets in light-resistant containers at a controlled room 
temperature.

ATROPINE INJECTION AND OPHTHALMIC 
SOLUTION (RX)

Store ophthalmic and injection solutions in light-resistant contain-
ers at room temperature. In order to prevent contamination, do 
not touch the applicator tip directly to the eyes or skin. Atropine 
sulfate 1 mg/mL injection solutions in Tubex (0.5-mL and 1-mL) 
packaging have been shown to remain stable for 3 months. 
Atropine methyl nitrate 10 mg/mL solutions have been shown to 
remain stable for 6 months. Inspect the solution prior to admin-
istration for the presence of particulate matter, cloudiness, or 
discoloration, and discard if present. Do not freeze.

AZITHROMYCIN TABLETS, ORAL SOLUTION, 
INJECTION, AND OPHTHALMIC SOLUTIONS (RX)

Store tablets at room temperature. Store dry powder for recon-
stitution below 30° C (86° C). After reconstitution, store suspen-
sion at 5° to 30° C (41° to 86° F) and discard after use. After 
reconstitution, store extended-release solution at a controlled 
room temperature and use at room temperature. Do not refriger-
ate or freeze. The solution remains stable for 12 hours. Shake 
oral azithromycin suspension before use and do not take simul-
taneously with antacids containing aluminum or magnesium. The 
injection solution remains stable for 24 hours if stored at 30° C 
(86° F), or for 7 days if stored under refrigeration below 5° C  
(41′ F). Store ophthalmic solution in an unopened bottle under 
refrigeration at 2° to 8° C (36° to 46° F), and at 2° to 25° C (36° 
to 77° F) once opened. The solution remains stable for 14 days.

BACITRACIN TOPICAL FORMULATION (OTC)

Store the aqueous topical formulation at 2° to 8° C (36° to 46° F) 
for up to 1 week. Store the nonaqueous topical formulation at 
room temperature for 3 days, and for longer periods if stored in 
an anhydrous base, such as lanolin and parafin.

BISMUTH SUBSALICYLATE TABLETS  
AND ORAL SOLUTION (OTC)

Store tablets and suspension in tightly sealed containers at room 
temperature. Protect from direct light and excessive heat. Do not 
freeze the suspension.

BRETYLIUM TOSYLATE (RX)

Store at a controlled room temperature.

BUPIVACAINE INJECTION (RX)

Store the injection solution at a controlled room temperature. 
Protect solutions containing epinephrine from light. Bupivacaine 
hydrochloride 1.25 mg/mL in 0.9% sodium chloride injection 
solution in disposable polypropylene syringes is stable for 32 
days at 3° to 23° C (37° to 73° F).

BUTORPHANOL TARTRATE NASAL SPRAY  
AND IM AND IV INJECTIONS (S IV)

Store nasal spray at room temperature. Store the injection solu-
tion in the original container at 20° to 25° C (68° to 77° F). Protect 
from light. Discard if discoloration occurs or particulate matter 
forms in injection solution.

CALCIUM CHLORIDE, CALCIUM GLUCEPTATE, 
AND CALCIUM GLUCONATE INJECTION (RX)

Store injection solutions of calcium chloride, calcium gluceptate, 
and calcium gluconate at room temperature. Sterile solutions of 
calcium in water are indeinitely stable.

CALENDULA TOPICAL FORMULATION (OTC)

Protect from heat, moisture, and direct light.

CEFTRIAXONE INJECTION (RX)

Store dry powder for solution preparation in a light-resistant 
container at or below 25° C (77° F). Dry powder for injection 
solutions should not be combined with diluents containing 
calcium, such as Ringer’s or Hartmann’s solution, because there 
will be particulate formulation. After constitution, intramuscular 
(IM) solutions in water or normal saline remain stable for 2 days 
at 25° C (77° F) and for 10 days refrigerated at 4° C (39° F) in a 
concentration of 100 mg/mL; however, at a concentration of 
250 mg/mL, such solutions remain stable for only 24 hours at 
25° C (77° F) and 3 days refrigerated at 4° C (39° F). IV solutions 
at concentrations of 10, 20, and 40 mg/mL remain stable for 2 
days at 25° C (77° F) and for 10 days refrigerated at 4° C (39° F). 
Do not refrigerate injection solutions that contain 5% dextrose 
and 0.9% or 0.45% sodium chloride diluent solutions. IV solutions 
of ceftriaxone that contain 5% dextrose and 0.9% sodium chloride 
solution can be frozen at −20° C (−4° F) in PVC or polyolein 
containers and remain stable for 26 weeks. Thaw at room tem-
perature before use, and discard any unused, thawed solution.

CEPHALEXIN CAPSULES, TABLETS,  
AND ORAL SOLUTION (RX)

Store capsules at room temperature. The suspension is stable for 
14 days under refrigeration.

CHARCOAL, ACTIVATED (OTC)

Store activated charcoal in an airtight container. Sealed aqueous 
suspensions are stable for 1 year.

CIPROFLOXACIN TABLETS, CAPSULES, ORAL 
SOLUTION, INJECTION, OPHTHALMIC SOLUTION, 
AND OTIC SOLUTIONS (RX)

Store tablets below 30° C (86° F). Store extended-release tablets 
at 25° C (77° F). Brief excursions are permitted at room tempera-
ture. Store microcapsules and diluent for oral suspensions below 
25° C (77° F). Do not freeze. After reconstitution, the solution 
should be stored below 30° C (86° F); it remains stable for 14 
days. Store the ophthalmic solution in original vials at 2° to 25° C 
(36° to 77° F). Protect from light and excessive heat. Do not freeze 
tablets or oral and ophthalmic solutions. Store the otic solution 
in a light-resistant container at room temperature of 15° to 25° C 
(59° to 77° F).

CROTALIDAE ANTIVENOM (RX)

Store vials at 2° to 8° C (36° to 46° F). Do not freeze. Use within 
4 hours of reconstitution.

CYCLOPENTOLATE HYDROCHLORIDE 
OPHTHALMIC SOLUTION (RX)

Store ophthalmic solution in the original container at room tem-
perature. Use only if the sealing neckband on the container is 
intact.

DABIGATRAN TABLETS (RX)

Store in a tightly sealed container at 25° C (77° F). Brief excursions 
are permitted at room temperature. Protect from moisture. Once 
the container has been opened, use within 4 months.

DEET (N,N-DIETHYL-META-TOLUAMIDE, 
DIETHYLTOLUAMIDE)–CONTAINING INSECT 
REPELLENT (OTC)

Store the repellent below 49° C (120° F). Store away from heat 
and lame.
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DERMABOND (2-OCTYL CYANOACRYLATE) 
TOPICAL SKIN ADHESIVE (RX)

Store the adhesive below 30° C (86° F). Discard if the package is 
open or has been tampered with. Discard the excess after use 
because the adhesive hardens on exposure to air. Protect from 
moisture and direct heat.

DEXAMETHASONE TABLETS AND ORAL, 
INJECTION, IMPLANTATION, INTRAVITREAL,  
AND OPHTHALMIC SOLUTIONS (RX)

Store tablets in a light-resistant container at a controlled room 
temperature. Protect from moisture. Store the oral solution in the 
original bottle and only dispense with the supplied calibrated 
dropper at a controlled room temperature. Once opened, the 
oral solution remains stable for 90 days. Discard if precipitation 
forms. Store the implantation, intravitreal, and ophthalmic solu-
tions at room temperature. Extemporaneous formulations remain 
stable for 91 days.

DEXTROAMPHETAMINE TABLETS, CAPSULES, 
AND ORAL SOLUTION (S II)

Store non–extended-release capsules and tablets at room  
temperature. Store extended-release capsules and tablets at a 
controlled room temperature. Store the elixir in an airtight, light-
resistant container at room temperature.

DEXTROSE ORAL SOLUTION (OTC) AND 
INJECTION (RX)

Store oral solution in a well-illed, airtight container. For injection, 
do not exceed 25° C (77° F). Do not freeze or expose to extreme 
heat. Discard if cloudy prior to use and discard any unused por-
tions once open.

DIAZEPAM TABLETS, ORAL SOLUTION, 
SUPPOSITORIES, AND INJECTION (S IV)

Store tablets, oral solution, and suppositories at room tempera-
ture. Protect from light, heat, and moisture. Do not freeze  
the oral solution. Suppositories are stable for 8 months at  
40° C (104° F) and can withstand at least three freeze-thaw cycles. 
Brief excursions are permitted to room temperature. Store the 
injection solution at a controlled room temperature. Do not 
refrigerate.

DIGOXIN TABLETS AND INJECTION (RX)

Store at a controlled room temperature. Brief excursions are 
permitted to room temperature. Protect from light. Protect tablets 
from moisture.

DILTIAZEM TABLETS, ORAL SOLUTION,  
AND INJECTION (RX)

Store tablets at 25° C (77° F). Brief excursions are permitted to 
15° to 30° C (59° to 86° F). Avoid excess humidity. An extempo-
raneous formulation of a 1-mg/mL solution can be prepared 
using 250 mg diltiazem (2.5 mL of diltiazem hydrochloride stock 
solution) combined with dextrose, fructose, mannitol, sorbitol, 
or sucrose to a volume of 250 mL. A solution of 12-mg/mL diltia-
zem can be prepared by crushing 16 tablets of 90-mg diltiazem 
in 10 mL of 1 : 1 mixtures of Ora-Plus with either Ora-Sweet or 
Ora-Sweet SF or in 1 : 4 mixtures of lavored syrup with simple 
syrup and then bringing the solution to a total volume of 120 mL. 
Protect from light.

DIPHENHYDRAMINE TABLETS, ORAL SOLUTION 
(OTC), AND INJECTION (RX)

Store at a controlled room temperature in a light-resistant con-
tainer. Do not freeze oral and injection solutions.

DOMEBORO (ACETIC ACID AND ALUMINUM 
ACETATE) OTIC SOLUTIONS (OTC)

Store otic solutions in a tightly sealed container at either room 
temperature or under refrigeration. Protect from direct light, heat, 
and moisture. Do not freeze.

DOPAMINE HYDROCHLORIDE INJECTION (RX)

Store the injection in a light-resistant container. Discard if the 
injection has yellow-brown discoloration or if pH outside of the 
4.0 to 6.4 range is detected, because these are indications of 
decomposition. Dopamine 6.4 mg/mL in 5% dextrose injection 
is stable at a controlled room temperature for up to 24 hours in 
ambient humidity and in the presence of light.

DOXYCYCLINE CAPSULES, TABLETS, ORAL 
SOLUTION, AND INJECTION (RX)

Store capsules and tablets in light-resistant containers at room 
temperature. Store doxycycline hyclate delayed-release tablets in 
light-resistant containers at a controlled room temperature. Brief 
excursions are permitted at room temperature. Store lyophilized 
powder in a light-resistant container at a controlled room tem-
perature. Refrigerate in a light-resistant container immediately 
after reconstitution, or dilute the injection solution to 0.1 to 1 mg/
mL within 12 hours after reconstitution, where it will remain 
stable for up to 48 hours at 25° C (77° F) and 72 hours at 4° C 
(39° F). Avoid direct sunlight during storage and infusion. Infu-
sions of doxycycline made with lactated Ringer’s or 5% dextrose 
in lactated Ringer’s diluents must be used within 6 hours of 
reconstitution to ensure stability. Solutions of 10 mg/mL doxycy-
cline in sterile water can be frozen and stored at −20° C (−4° F) 
and remain stable for up to 8 weeks. Avoid excess heat after 
thawing and discard any unused thawed solution.

EDOXABAN TABLETS (RX)

Store at a controlled room temperature. Brief excursions are 
permitted at room temperature.

EMLA (LIDOCAINE/PRILOCAINE) TOPICAL 
FORMULATION (RX)

Store EMLA at room temperature. Do not freeze. Discoloration 
does not necessarily indicate lack of stability. Precipitate indicates 
that the solution is not stable.

EPINEPHRINE INJECTION AND TOPICAL, 
INHALED, AND INTRANASAL FORMULATIONS (RX)

Store injection ampules at 5° to 25° C (41° to 77° F). Do not freeze. 
Injection ampules stored at 38° C (100° F) will last less than 3 
months at low humidity (15%) and less than 4 months at high 
humidity (85%). An extemporaneous formulation of a topical 
anesthetic solution can be prepared with 2.25 mg/mL of racemic 
epinephrine hydrochloride, 40 mg/mL of lidocaine hydrochlo-
ride, 5 mg/mL of tetracaine hydrochloride, and 0.63 mg/mL of 
sodium metabisulite. Store this topical solution in a light-resistant 
container at 18° C (64° F) for no more than 4 weeks, and at 4° C 
(39.2° F) for up to 26 weeks. Store the epinephrine inhaler at a 
controlled room temperature. Do not exceed 49° C (120° F). Do 
not puncture or incinerate the inhaler. Store the intranasal solu-
tion in a light-resistant container at 15° to 25° C (59° to 77° F). 
Do not freeze.

ERYTHROMYCIN TABLETS, ORAL SOLUTION,  
AND TOPICAL OINTMENT (RX)

Store tablets and oral solution at less than 30° C (86° F). Recon-
stituted granules must be used within 10 days. Reconstituted 
erythromycin ethyl succinate solution must be used within 14 
days if kept at room temperature. Reconstituted EryPed solution 
should be stored at less than 25° C (77° F) and used within 35 
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days. Refrigeration of the suspension is encouraged for the best 
taste. Optimal stability is maintained at pH above 6.0, with sig-
niicant decomposition at or below pH of 4.0. Store the topical 
ointment at less than 27° C (81° F).

FAMOTIDINE TABLETS (OTC) AND INJECTION (RX)

Store regular and chewable tablets at a controlled room tempera-
ture. Brief excursions for chewable tablets to room temperature 
are permitted. Protect from moisture. Store injection vials in a 
light-resistant container at 2° to 8° C (36° to 46° F).

FENTANYL ORAL LOZENGES, SUBLINGUAL 
TABLETS, SUBLINGUAL SPRAY, BUCCAL  
FILM, INJECTION, AND INTRANASAL 
FORMULATION (RX)

Store oral lozenges, sublingual tablets, sublingual spray, and 
buccal ilm at a controlled room temperature. Brief excursions 
to room temperature are permitted. Protect from moisture. Do 
not freeze. Store the injection solution in a light-resistant con-
tainer at a controlled room temperature. Store the intranasal 
canister in a light-resistant container at 2° C to 25° C (36° F  
to 77° F).

FLUOCINOLONE ACETONIDE TOPICAL OINTMENT, 
OTIC SOLUTION, AND SHAMPOO (RX)

Store topical cream, ointment, and shampoo at room tempera-
ture. Do not freeze. Store the otic solution at a controlled room 
temperature.

FURAZOLIDONE TABLETS AND SOLUTION (NA)

Store tablets and liquid in light-resistant containers. Tablets can 
be crushed and administered with a spoonful of corn syrup. 
Exposure to strong light may cause darkening.

FUROSEMIDE TABLETS, SOLUTION,  
AND INJECTION (RX)

Store tablets and solution in light-resistant containers at 25° C 
(77° F). Brief excursions are permitted to 15° to 30° C (59° to 
86° F). Protect from moisture. Store the injection solution in a 
light-resistant container at room temperature. Discard all types of 
furosemide if discoloration occurs.

GLUCAGON INJECTION (RX)

Store dry powder in a light-resistant container at a controlled 
room temperature. Do not freeze. Powder remains stable for 24 
months. Use the injection solution immediately after reconstitu-
tion and discard unused portions.

HALOPERIDOL TABLETS AND INJECTION (RX)

Store tablets in a tightly closed, light-resistant container at a 
controlled room temperature. Store the injection solution in a 
light-resistant container at room temperature. Do not freeze.

HYDROCORTISONE TABLETS, SOLUTION, 
INJECTION, AND TOPICAL CREAM (RX)

Store tablets, oral solution, injection, and topical cream at room 
temperature in the original container. Protect from light, moisture, 
and heat. Do not freeze the oral solution or injections.

HYDROMORPHONE TABLETS, SOLUTION, 
SUPPOSITORIES, AND INJECTION (S II)

Store tablets, solution, suppositories, and injectables in light-
resistant containers at a controlled room temperature. Excursions 
are permitted to 15° to 30° C (59° to 86° F). Slight yellow discol-
oration of the injection liquid does not affect potency.

IBUPROFEN TABLETS AND SOLUTION (OTC)

Store the tablets at a controlled room temperature and the solu-
tion at room temperature.

INSULIN (REGULAR) INJECTION AND INHALED 
FORMULATION (RX)

Store the subcutaneous and IV injections in a light-resistant con-
tainer refrigerated at 2° to 8° C (36° to 46° F). Do not freeze. Store 
the open vials at room temperature for up to 31 days. Store 
inhalers refrigerated at 2° to 8° C (36° to 46° F). Store at room 
temperature for up to 10 days. Discard unused cartridges from 
an open blister pack strip after 3 days.

INTRAVENOUS SOLUTIONS (D5W, NS, LR, D5NS, 
AND OTHER ADMIXTURES)

Store solutions below 90° C (194° F) and preferably at room tem-
perature for ease of use. Pure sodium chloride and lactated 
Ringer’s solutions at concentrations used in medicine are unlikely 
to show precipitation at 0° C (32° F), or if frozen for 3 months.

ISOPROTERENOL HYDROCHLORIDE INHALANT 
AND INJECTION (RX)

Store the inhalation solution and injection in light-resistant con-
tainers at room temperature. The injection is stable indeinitely 
in normal saline. Avoid excessive heat. Discard inhalation or 
injection solution if pink or brown discoloration or precipitation 
occurs. Store isoproterenol (5 mg/L) in 5% dextrose in water at 
room temperature. This solution remains stable for 24 hours.

IVERMECTIN TABLETS (RX)

Store below 30° C (86° F).

KALETRA (LOPINAVIR/RITONAVIR) TABLETS (RX)

Store tablets at a controlled room temperature. Brief excursions 
are permitted at room temperature. Once the tablet container is 
opened or tablets are exposed to high humidity, tablets remain 
stable for up to 2 weeks.

KETOCONAZOLE TABLETS, SHAMPOO,  
FOAM, AND GEL (RX)

Store tablets in light-resistant containers at a controlled room 
temperature. Protect from heat and moisture. Store the shampoo 
in a light-resistant container below 25° C (77° F). Store the foam 
in a light-resistant container at a controlled room temperature. 
Do not refrigerate. Avoid direct light. Store the foam at a con-
trolled room temperature with excursions permitted to room 
temperature.

Store drops in a tightly sealed container below 30° C (86° F).

LACOSAMIDE TABLETS, ORAL SOLUTION,  
AND INJECTION (RX)

Store at a controlled room temperature. Brief excursions are 
permitted at room temperature. The oral solution remains stable 
for up to 7 weeks after the bottle has been opened. Do not 
freeze. Once the injection is diluted, store at room temperature 
for up to 4 hours.

LACRISERT (HYDROXYPROPYL 
METHYLCELLULOSE) OPHTHALMIC SOLUTION (RX)

Store drops in a tightly sealed container below 30° C (86° F).

LEMON GRASS (CYMBOGOGON) CITRONELLA OIL 
TOPICAL FORMULATION (OTC)

Store at room temperature. Protect from heat, moisture, and 
direct light.
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LEVETIRACETAM TABLETS, ORAL SOLUTION,  
AND INJECTION (RX)

Store immediate-release tablets, extended-release tablets, and 
oral solution at 25° C (77° F). Brief excursions are permitted at 
room temperature. The injection diluted in solution in a polyvinyl 
chloride bag is stable for at least 24 hours. Discard the unused 
portion of the vial after opening.

LEVOFLOXACIN TABLETS, SOLUTION, INJECTION, 
AND OPHTHALMIC FORMULATION (RX)

Store tablets at 15° to 30° C (59° to 86° F). Store the oral solution 
at 25° C (77° F). Brief excursions are permitted at 15° to 30° C 
(59° to 86° F). The injection solution remains stable for 72 hours 
if stored at or below 25° C (77° F). Injection solution can be 
diluted in plastic or glass containers, and then frozen at −20° C 
(−4° F), where it remains stable for up to 6 months. Thaw slowly 
(no hot water baths or microwaves) at 25° C (77° F) or under 
refrigeration at 8° C (46° F). Use immediately after thawing. Do 
not refreeze. Store lexible containers of premixed solutions in a 
light-resistant container at or below 25° C (77° F). Avoid excessive 
heat and do not freeze. Store levoloxacin 0.5% and 1.5% oph-
thalmic solutions at 15° to 25° C (59° to 77° F).

LIDOCAINE INJECTION AND TOPICAL, 
INTRADERMAL, AND OPHTHALMIC  
SOLUTIONS (RX)

Store injection solution in a light-resistant container at room 
temperature. Do not freeze. Do not reuse “one-time-use” injec-
tion bottles, because they lack methylparaben preservative. Store 
the topical gel and jelly at a controlled room temperature. Store 
the viscous topical preparation, topical patches, and intradermal 
powder in sealed original packaging at room temperature at 15° 
to 30° C (59° to 86° F).

LIDOCAINE/EPINEPHRINE/TETRACAINE (LET) 
TOPICAL SOLUTION (RX)

Store solution in a light-resistant container. The solution remains 
stable at 18° C (64° F) for 4 weeks, and at 4° C (39° F) for 26 
weeks.

LINDANE (GAMMA-HEXACHLOROCYCLOHEXANE) 
LOTION AND SHAMPOO (RX)

Store lotion and shampoo at a controlled room temperature.

LOPERAMIDE HYDROCHLORIDE CAPSULES (OTC)

Store capsules at 15° to 25° C (59° to 77° F). Placing the contents 
of 10 of the 2-mg capsules in hard fat, such as suet, leaf lard, or 
fatback lard, and rolling into shape can also create rectal sup-
positories of 20 mg loperamide.

LORAZEPAM TABLETS, ORAL SOLUTION,  
AND INJECTION (S IV)

Store tablets in a tightly sealed container at a controlled room 
temperature. Store oral solution at 2° to 8° C (36° to 46° F). 
Discard an opened bottle after 90 days. Store IM and IV solutions 
in light-resistant containers at 2° to 8° C (36° to 46° F).

MALARONE (ATOVAQUONE/PROGUANIL) 
TABLETS (RX)

Store in a light-resistant container at a controlled room tempera-
ture. Brief excursions to room temperature are permitted.

MANNITOL INJECTION (RX)

Store vials of mannitol solution and powder for reconstitution at 
a controlled room temperature. Discard the unused portion of 

the solution. Concentrations of 15% or more may crystallize when 
exposed to lower temperatures. To resolubilize crystals, place 
the vial in a heated water bath at 60° to 80° C (140° to 176° F) 
and shake occasionally. Using a microwave is not recommended, 
because the vial is likely to explode. Cool to room temperature 
before use. Do not heat the solution if a white locculent pre-
cipitate forms after contact with PVC, because crystals will re-form 
rapidly.

MEBENDAZOLE TABLETS (RX)

Store at 15° to 25° C (59° to 77° F).

MEPERIDINE HYDROCHLORIDE TABLETS,  
ORAL SOLUTION, AND INJECTION (S II)

Store tablets and the oral solution at a controlled room tempera-
ture. Brief excursions are permitted to 15° to 30° C (59° to 86° F). 
Store the injection solution in a light-resistant container at a 
controlled room temperature.

METOPROLOL TABLETS, ORAL SOLUTION,  
AND INJECTION (RX)

Store tablets at a controlled room temperature. Brief excursions 
are permitted to room temperature. An extemporaneous oral 
suspension solution can be created by combining 12 crushed 
100-mg metoprolol tablets with a small amount of Ora-Sweet, 
Ora-Sweet SF, or Ora-Plus and bringing the volume to 120 mL 
with water. The suspension remains stable for 60 days under 
refrigeration. Shake well before use. Store the injection ampules 
in tight, light-resistant, moisture-free containers at a controlled 
room temperature.

METRONIDAZOLE CAPSULES, TABLETS,  
AND INJECTION (RX)

Store capsules at 15° to 25° C (59° to 77° F). Store extended-
release tablets at a controlled room temperature. Brief excursions 
are permitted to room temperature. Store the injection solution 
in a light-resistant container at room temperature.

MIDAZOLAM ORAL SOLUTION AND  
INJECTION (S IV)

Store oral solution at a controlled room temperature. Brief  
excursions are permitted to 15° to 30° C (59° to 86° F). Store 
injection solution at a controlled room temperature. The injection 
solution may be stored for at least 28 days at 3° to 25° C (37°  
to 77° F).

MODAFINIL TABLETS (S IV)

Store tablets at a controlled room temperature.

MORPHINE SULFATE TABLETS, EPIDURAL 
SUSPENSION, AND INJECTION (S II)

Store tablets in light-resistant containers at a controlled room 
temperature. Excursions are permitted to room temperature.

Store the epidural extended-release suspension under refrig-
eration at 2° to 8° C (36° to 46° F). Do not freeze. Unopened 
vials remain stable for 30 days at a controlled room temperature. 
Do not return vials to the refrigerator once they have been 
stored at room temperature. Solution withdrawn from the vial 
can be stored at room temperature for up to 4 hours prior to 
administration. After that, all withdrawn solution should be 
discarded.

Store injection solution in the original carton at a controlled 
room temperature. Brief excursions are permitted to 15° to  
30° C (59° to 86° F). Do not freeze. Discard any unused 
solution.

Pain cocktails containing preservatives without alcohol or chlo-
roform water will remain stable for 3 weeks after compounding.
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MOXIFLOXACIN TABLETS, ORAL SOLUTION, 
INJECTION, AND OPHTHALMIC ROUTE (RX)

Store tablets and injection solution at a controlled room tempera-
ture. Brief excursions are permitted to 15° to 30° C (59° to 86° F). 
Do not refrigerate injection solution because precipitate forms. 
Extemporaneous oral suspension can be formed to create 60 mL 
of 20 mg/mL moxiloxacin hydrochloride by combining three 
crushed 400-mg tablets with 30 mL of Ora-Plus, Ora-Sweet, or 
Ora-Sweet SF. When stored in a light-resistant amber plastic 
bottle, oral suspension remains stable for 90 days if stored at 23° 
to 25° C (73° to 77° F). Store 0.5% moxiloxacin ophthalmic solu-
tion at 2° to 25° C (36° to 77′ F).

MUPIROCIN TOPICAL FORMULATION (RX)

Store cream and ointment at a controlled room temperature. Do 
not freeze cream.

NALBUPHINE HYDROCHLORIDE INJECTION (RX)

Store injection solution in a light-resistant container at a con-
trolled room temperature.

NALOXONE HYDROCHLORIDE INJECTION (RX)

Store injection solution ampules and vials in original containers 
at a controlled room temperature. Use infusion solutions within 
24 hours of opening. For Evzio, store between 15° and 25° C (59° 
and 77° F). Brief excursions are permitted to 4° to 40° C (39° to 
104° F).

NEOSPORIN OINTMENT (OTC)

Store ointment in the original container with the cap tightly 
sealed at room temperature. Protect from light, moisture,  
and heat.

NIFEDIPINE CAPSULES, TABLETS, ORAL 
SOLUTION, AND INJECTION (RX)

Store capsules in a light-resistant container at 15° to 22° (59° to 
77° F). Store tablets in a light-resistant container below 30° C 
(86° F). An extemporaneous formulation of an oral solution can 
be made by combining ive nifedipine 10-mg tablets and soaking 
them in a small amount of 1% hypromellose for 5 minutes and 
then bringing the total volume to 50 mL with 1% hypromellose. 
Package the 1-mg/mL extemporaneous suspension in single-dose 
syringes stored in opaque black plastic bags. Solution remains 
stable for 28 days at 6° or 22° C (43° or 72° F).

Store injection solution in a light-resistant container below 
25° C (77° F). Because the infusion is extremely light sensitive, 
the solution retains its potency for 1 hour in daylight and 6 hours 
in artiicial light. Do not remove the vial from the container until 
immediately before use.

NITROGLYCERIN CAPSULES, SUBLINGUAL 
TABLETS AND SPRAYS, INJECTION, PATCHES, 
AND TOPICAL FORMULATION (RX)

Store capsules at room temperature. Store sublingual tablets and 
sprays at a controlled room temperature. Protect tablets from 
moisture. Sprays may have brief excursions to room temperature. 
Store concentrated nitroglycerin for injection solution in a light-
resistant container at room temperature. Injection solutions in 
polyolein containers can be stored at room temperature for at 
least 24 hours. Premixed nitroglycerin in either normal saline or 
5% dextrose can be stored for 48 hours at room temperature  
and 7 days under refrigeration. The extemporaneous formulation 
of solutions with a concentration of 0.035 to 1 mg/mL in  
glass containers remains stable for 70 days at room temperature 
and 6 months under refrigeration. Store transdermal patches at 
room temperature. Store topical ointment at a controlled room 
temperature.

NORFLOXACIN TABLETS, ORAL SOLUTION,  
AND OPHTHALMIC SOLUTION (RX)

Store tablets at a controlled room temperature in tightly sealed 
containers. Brief excursions to room temperature are permitted. 
Extemporaneous oral solution can be created by crushing three 
400-mg tablets into a small amount of Ora-Plus and lavored 
syrup to taste and bringing the total volume to 60 mL to create 
a 20-mg/mL solution. Under experimental conditions, the sus-
pension remains stable (containing ≥ 93% norloxacin) for at least 
56 days at a temperature of 23° to 25° C (73.4° to 77° F) or under 
refrigeration at 3° to 5° C (37.4° to 41° F). Store the ophthalmic 
solution at room temperature.

OFLOXACIN TABLETS, INJECTION, OPHTHALMIC 
SOLUTION, AND OTIC SOLUTION (RX)

Store tablets in a tightly sealed container below 30° C (86° F). 
Store single-use vials and premixed bottles of injection solution 
in light-resistant containers at room temperature. Brief exposure 
to temperatures up to 40° C (104° F) are permitted. Do not freeze. 
In diluted concentrations between 0.4 and 4 mg/mL and stored 
in a glass or plastic container, solution remains stable for 14 days 
under refrigeration at 5° C (41° F), or for 6 months frozen at −20° C 
(−4° F). Solution will remain stable for up to 14 days under 
refrigeration at 2° to 8° C (36° to 46° F) after thawing. Do not use 
hot water or a microwave oven for rapid thawing. Store ophthal-
mic and otic solutions at 15° to 25° C (59° to 77° F).

PENICILLIN G PROCAINE INJECTION (RX)

Store at 2° to 8° C (36° to 46° F). Avoid freezing. Injection is  
stable for 7 days at 25° C (77° F) and 1 day at 40° C (104° F). 
Wycillin remains stable for 6 months if stored at room 
temperature.

PENICILLIN GK AND G SODIUM INJECTION (RX)

Store penicillin GK vials at a controlled room temperature. Once 
they have been diluted, refrigerate for up to 7 days. Once pre-
pared, penicillin G solutions remain stable and free from aller-
genic components for 24 hours at room temperature or under 
refrigeration. At a concentration of 40 million units/L, more than 
90% potency was retained for 1 month for penicillin GK, and for 
39 days for penicillin G when stored in PVC containers at −20° C 
(−4° F), and for 70 days for penicillin G under refrigeration.

PHENOBARBITAL TABLETS, SOLUTION,  
AND IM AND IV INJECTIONS (S IV)

Store tablets, oral solution, and IM and IV injection solutions in 
tightly sealed light-resistant containers at a controlled room tem-
perature. Protect oral solution and tablets from moisture. Slight 
discoloration is allowable. Discard the solution if there is more 
discoloration or any precipitation.

PHENYLEPHRINE INJECTION AND OPHTHALMIC 
SOLUTION (RX) AND NASAL SPRAY (OTC)

Store injection solution in a light-resistant container at a con-
trolled room temperature. Brief excursions to room temperature 
are permitted. Once it has been diluted, the solution is stable  
for 4 hours at room temperature and 24 hours if refrigerated. 
Store nasal spray in light-resistant containers at room tempera-
ture. Refrigerate ophthalmic solution. Discard all forms of  
phenylephrine if brown discoloration occurs or a precipitate 
forms.

PHENYTOIN CAPSULES, TABLETS, ORAL 
SOLUTION, AND INJECTION (RX)

Store capsules, tablets, and oral solution at a controlled room 
temperature. Keep extended-release tablets and oral solution in 
a light-resistant container. Do not freeze oral solution. Store 
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perature. The solution is usable while clear or faintly yellow. 
Discard if the solution becomes hazy or if a precipitate forms 
and persists at room temperature. Because phenytoin is more 
stable in saline than in dextrose, use or discard phenytoin in 5% 
dextrose solution within 2 hours of mixing.

POLYSPORIN OINTMENT (RX)

Store at room temperature. Do not freeze.

POTASSIUM PERMANGANATE ASTRINGENT 
SOLUTION (OTC)

Store solution in a tightly sealed container at 15° to 30° C (59° 
to 86° F).

POVIDONE-IODINE SOLUTION (OTC)

Store solution at a controlled room temperature. Brief excursions 
are permitted to 15° to 30° C (59° to 86° F).

PREDNISONE TABLETS AND ORAL SOLUTION (RX)

Store tablets and oral solution at a controlled room tempera-
ture. Brief excursions to room temperature are permitted. 
Extemporaneous formulations should be stored at room tem-
perature or under refrigeration, and will remain stable for 1 to 
2 months.

PROCHLORPERAZINE CAPSULES, TABLETS, ORAL 
SOLUTION, AND INJECTION (RX)

Store capsules, tablets, and solution in tightly closed light- 
resistant containers at room temperature. Slight yellow discolor-
ation is acceptable. Discard if more discoloration develops. If 
preparing an IV admixture, use it immediately or dissolve the 
prochlorperazine in a dextrose solution and store under refrigera-
tion in a light-resistant container. Prochlorperazine 5 mg/mL or 
10 mg/2 mL retained 100% potency when it was stored at room 
temperature in Tubex containers for 3 months.

PROMETHAZINE CAPSULES, TABLETS, SOLUTION, 
INJECTION, AND SUPPOSITORIES (RX)

Store capsules, tablets, and oral and injection solutions in a light-
resistant container at a controlled room temperature. Light pink 
discoloration of white promethazine tablets does not indicate a 
signiicant loss of potency. Discard the solution if color or pre-
cipitate develops. Refrigerate suppositories. Suppositories remain 
stable at room temperature for 2 weeks, and under refrigeration 
for weeks.

PSEUDOEPHEDRINE AND PSEUDOEPHEDRINE/
TRIPROLIDINE CAPSULES AND TABLETS (OTC)

Store capsules and tablets in light-resistant containers at 15° to 
25° C (59° to 77° F). Protect them from moisture.

RIVAROXABAN TABLET (RX)

Store at 25° C (77° F). Brief excursions are permitted to room 
temperature.

ROCURONIUM INJECTION (RX)

Store at 2° to 8° C (36° to 46° F). Do not freeze. Injection solutions 
can be stored at a controlled room temperature for 60 days. Open 
vials should be used within 30 days.

SILDENAFIL TABLETS (RX)

Store tablets at a controlled room temperature. Brief excursions 
are permitted to room temperature.

SIMETHICONE CAPSULES, TABLETS, DROPS, AND 
ULTRASOUND SUSPENSION (OTC)

Store capsules, tablets, and drops in a light-resistant container 
below 40° C (104° F), and preferably at room temperature. Do 
not freeze.

SODIUM BICARBONATE TABLETS, INJECTION, 
AND SUPPOSITORIES (RX)

Store tablets at room temperature. Do not refrigerate. Store injec-
tion solution at a controlled room temperature in an airtight 
container to stop the solution from changing to sodium carbon-
ate. Brief exposure to 40° C (104° F) does not affect stability or 
potency.

SODIUM SULFACETAMIDE TABLETS, CREAM, 
LOTION, OINTMENT, AND OPHTHALMIC  
ROUTE (RX)

Store tablets and cream in light-resistant containers at 15° to 30° C 
(59° to 86° F). Do not freeze vaginal cream. Store 10% sulfaceta-
mide topical lotion and ointment at room temperature. The lotion 
will remain stable for 4 months. Do not freeze. Store ophthalmic 
solution in a light-resistant container at 8° to 15° C (46° to 59° F). 
Discard if it becomes darkened.

SUCCINYLCHOLINE INJECTION (RX)

Store at 2° to 8° C (36° to 46° F). The injection solution is stable 
at a controlled room temperature for 14 days. Once it has been 
diluted, discard within 24 hours.

TEMAZEPAM CAPSULES (S IV)

Store capsules in light-resistant containers below 30° C (86° F). 
Protect from moisture.

TETANUS TOXOID, TETANUS TOXOID/
DIPHTHERIA/ACELLULAR PERTUSSIS,  
AND HYPERIMMUNE TETANUS GLOBULIN 
VACCINE SOLUTIONS (RX)

Store vaccine solutions at 2° to 8° C (36° to 46° F). Do not freeze. 
The solutions are stable for 72 hours at a controlled room 
temperature.

TETRACAINE HYDROCHLORIDE OPHTHALMIC 
SOLUTION (RX)

Store ampules in light-resistant containers at 2° to 8° C (35.6° to 
46.4° F) to prevent oxidation and crystallization. Tetracaine 
hydrochloride remains stable for 3 days at room temperature, 
and retains the original manufacturer’s expiration date if returned 
to refrigeration. For topical “LET” solution information, see the 
Lidocaine/Epinephrine/Tetracaine entry.

TETRACYCLINE CAPSULES, TABLETS, ORAL 
SOLUTION, INJECTION, AND TOPICAL  
OINTMENT (RX)

Store capsules, tablets, oral solution, and topical ointment in 
light-resistant containers at room temperature. Reconstituted solu-
tions are stable for 12 hours, and tetracycline hydrochloride is 
stable in 5% dextrose and water for 6 hours. Do not use outdated 
products, because they may cause proximal renal tubular acidosis 
and Fanconi’s syndrome.

TOLNAFTATE TOPICAL ANTIFUNGAL  
SOLUTION (OTC)

Store topical solution at room temperature. Solidiication may 
occur at lower temperatures, but the solution reliqueies easily 
when warmed.
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TRIAZOLAM TABLETS (S IV)

Store tablets at a controlled room temperature.

TRIMETHOPRIM/SULFAMETHOXAZOLE 
(80 MG/400 MG) TABLETS, ORAL SOLUTION,  
AND INJECTION (RX)

Store tablets, oral solution, and unopened injection vials at a 
controlled room temperature. Protect tablets from moisture. Store 
the oral solution in a light-resistant container. Injection solution, 
including 80 mg trimethoprim in 100 mL D5W, is stable for 4 
hours, but will last longer if it is more dilute. Vials drawn into a 
polypropylene syringe will remain stable for 60 hours. Do not 
refrigerate. Do not inject intramuscularly. Discard if cloudiness 
or precipitation develops.

TRUVADA (EMTRICITABINE/TENOFOVIR)  
TABLETS (RX)

Store in a tightly closed container at 25° C (77° F). Brief excursions 
are permitted at room temperature.

VERAPAMIL HYDROCHLORIDE CAPSULES, 
TABLETS, AND INJECTION SOLUTION (RX)

Store verapamil sustained-release and all immediate-release 
tablets in a light-resistant container at 15° to 25° C (59° to 77° F). 
Immediate-release tablets remain stable for 3 years. Protect all 
tablets and capsules from moisture. An extemporaneous oral 
suspension of 50 mg/mL verapamil can be created from 20 of 
the 80-mg verapamil tablets in a 1 : 1 mixture of Ora-Plus with 
Ora-Sweet, Ora-Sweet SF, or lavored syrup mixture (1 : 4 con-
centrated lavoring to simple syrup). When stored in light- 
resistant amber polyethylene terephthalate bottles, the solution 
retains 91% potency for 60 days at 25° C (77° F) or under refrig-
eration at 5° C (41° F).

Store verapamil hydrochloride powder and premixed vials in 
a light-resistant container at room temperature. Protect from 
moisture. Discard unused portions of the injection solution.

WARFARIN TABLETS (RX)

Store in a light-resistant container at room temperature. Protect 
from moisture.

ZINC SALTS (OTC)

Store zinc salts in an airtight, nonmetallic container. An extem-
poraneous formulation of an oral solution can be made up for 
zinc sulfate by combining 22 g of zinc sulfate powder with 
250 mL of lavored syrup and bringing the total volume to 
500 mL with puriied water. The solution of 10 mg/mL zinc 
remains stable for 60 days under refrigeration, or for 12 months 
after addition of a paraben concentrate for a inal zinc concentra-
tion of 0.5%.

ZOLPIDEM TABLETS, SUBLINGUAL TABLETS,  
AND SPRAY (S IV)

Store sublingual, immediate-release, and extended-release tablets 
and oral spray in a light-resistant container at a controlled room 
temperature. Protect from light and moisture. Brief excursions 
are permitted to temperatures of 15° to 30° C (59° to 86° F). Do 
not freeze.
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Index

A

A-lines (arterial lines), in thoracic ultrasound, 
2381-2382, 2382f

Abalone poisoning, 1784
Abandon ship, 1577-1581
Abandonment doctrine, duty to rescue and, 

2258-2259
ABCDEs of melanoma, 343
Abdomen

acute, 400
injuries to, 394-395
pain

in children, 2109
differential diagnosis of, 397t
in wilderness, preparing for, 2296

Abdominal hernias, diving and, 1616
Abdominal injuries, blunt trauma, 394
Abdominal muscles

conditioning, 2196-2197
and the core, 2192-2194
isometric, retraining drill, 2196-2197

Abdominal trauma, penetrating, 394-395
Abdominal wall defect, incarceration within, 

399
Abductees in hostage situation, 1959b
ABG. see Arterial blood gases
ABI. see Ankle-brachial index
Aborted eruption, 1932
Abortifacient plants, 1446, 1459t
Abrasion resistance, of life safety ropes, 2365
Abrasions, 440-441

corneal, 1114-1115, 1115f
Abrin, 1437f, 1454
Abscess

acute apical (tooth), 1138-1139, 1138f, 
1139b

amebic liver, 1871
intracranial, hyperbaric oxygen therapy for, 

1632
management of, 449, 449f
periodontal, 1141

Absolute rating, 1996
Acanthamoeba keratitis, 1793
Acariniformes, 966-967
Acceptance of medical care, during 

endurance events, 2214, 2214b
Access phase, of SAR event, 1232-1233
Access to patient, in cave rescue, 1409
Accessory cord, 2363, 2363t
Accidental hypothermia, 135-162

cardiopulmonary resuscitation, 157-159, 
157b

cerebral resuscitation, 159
classiications, 135, 136t

epidemiology, 135
luid resuscitation, 149
forensic pathology, 161-162
laboratory evaluation

acid-base balance, 143-144, 144f
hematologic, 144-145

normal physiology of temperature 
regulation, 135, 136f

outcomes, 162
pathophysiology

cardiovascular system, 136-139, 139f
coagulation, 140
core temperature afterdrop, 139
nervous system, 135-136
renal system, 139-140
respiratory system, 139

predisposing factors
decreased heat production, 140-141
impaired thermoregulation, 141-142
increased heat loss, 141
infections or conditions, 142
recurrent hypothermia, 142
trauma, 142

presentation, 142-143
resuscitation

complications of, 160-161
pharmacology, 159-160

rewarming options
active, 149b, 150, 150f, 157f
active external, 149b, 150-152, 157f
endovascular, 154
extracorporeal blood, 154-157, 155t, 156b
heated lavage, 152-154
passive external, 149-157, 149b, 157f

treatment, 145-149, 145f
management in emergency department, 

148-149
prehospital life support, 147-148, 147f

Accidents
aircraft, and wilderness survival, 1351-1352
dive accident, investigation of, 1618
recreational boating, 1550-1551

Acclimation, thermal, 133-134
Acclimatization, 2504-2505

acute mountain sickness and, 11
diabetes mellitus and, 36-37
to heat, 265-266, 265b, 266f, 1179
at high altitude, 2-8, 5f

ACE inhibitors, 770
Acetaminophen, 2624

for acute pain, 1085
Acetazolamide, 28, 29f, 2624

in Antarctic, 242
and diabetes, 1186
prophylaxis for high-altitude illness, 16

Acetic acid
Chironex leckeri and, 1689
otic solution, 2624

Acetylene lamps, 2412

Achaearanea house spiders, 1016
Achilles tendinopathy, 547
Achilles tendon

injuries, genetics of, 2515
rupture, 484
stretching of, 2199

Acid-base imbalance, due to snake 
envenoming, 816

Acid-base balance, accidental hypothermia 
and, 143-144, 144f

Acidosis, complication of infection with  
P. falciparum (malaria), 904

Ackee fruit, 1457
Aconite, 1519

alkaloids, 1450-1451
Acromioclavicular joint dislocation, 464-465, 

465f
Acromioclavicular joint injection, 488
Actinaria, envenomation by, 1703-1705
Actinic keratoses, 347
Actinopodidae, spiders, 1003-1004
Activated charcoal, 1522-1523

botanical poisons neutralized by, 1524b
for travel, 1524-1525
in water disinfection, 1994b, 1995

Activated protein C, 264
Active core rewarming, 151
Active external rewarming, 149b, 150-152, 

157f
Active injury prevention strategies, 597
Active rewarming, 149b, 150, 150f, 157f
Activity, level of, effect on body temperature, 

131
Activity planning

energy and, 1969-1973
nutritional considerations and, 1965-1969

Acute abdomen
acute cholecystitis and biliary colic, 398
appendicitis, 398
diverticulitis, 398
incarcerated abdominal wall hernias, 

398-399
mechanical small bowel obstruction, 

398-399
peptic ulcer disease, 398

Acute altitude illnesses, 2505-2506
Acute brucellosis, 698
Acute care, provision of, during natural 

disaster, 1878
Acute cerebral hypoxia, 8-9
Acute cerebral ischemia, hyperbaric oxygen 

therapy for, 1634
Acute coronary syndrome, in wilderness 

emergency medical services, 1209
Acute energy restriction, 1977-1978, 1978f
Acute illness, Zika virus and, 888
Acute mountain sickness, 1154, 1823, 2505

diagnosis of, 12
differential diagnosis of, 12-13, 13b, 13t
epidemiology and risk factors for, 10-12

Accidental hypothermia (Continued)

Page numbers followed by “f ” indicate igures, 
“t ” indicate tables, and “b” indicate boxes.
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headache and, 12
pathophysiology of, 13, 14f
in pregnancy, 2140
prevalence of, 12f
prevention of, 15-17, 15f
risk categories for, 16t
treatment of, 13-15, 15b

Acute myocardial ischemia, hyperbaric 
oxygen therapy for, 1633-1634

Acute pain
integrated multimodal analgesia for, 

1084-1085
pharmacologic treatment of, 1084-1088

acetaminophen, 1085
fentanyl, 1087-1088
ketamine, 1088, 1088t
morphine, 1087, 1087f
muscle relaxants, 1088
nonsteroidal antiinlammatory drugs, 

1085
opioids, 1085-1087, 1086t

Acute red eye
nontraumatic luorescein-positive, 

1116-1117
with improvable discomfort, 1117-1119
with pain, 1117

traumatic ocular disorders, 1113-1116
Acute renal failure, 269
Acute scrotum, 400
Acute stress disorder, 591-592
Acute trauma, 440
Adaptation of cardiovascular system in 

pregnancy, 2133
Adaptive sports, in persons with disabilities, 

2177-2180
Adaptive thermogenesis, 1966f
Adders

Berg, envenoming by, 801f, 803
death, 794f
European, 775f, 780f, 799-801

envenoming, 802f
fangs and venom apparatus, 769
giant rain forest, envenoming, 803, 

805f-806f
Old World, envenoming, 795-798
puff adder, 763f, 801-803, 804f-805f
velvety-green night, 774f

Adequate intake, 1965-1966
for daily total water, 2031

Adhesive, improvised, 1054
Adhesive drops, instillation into eye of, 1111
Adipose tissue, brown, 1968
Adjunctive treatments

for arterial gas embolism, 1603
for decompression sickness, 1611
for frostbite, 216-218
in trauma emergencies, 380-381

Adolescents
malaria chemoprophylaxis in, 915t-916t, 

918
in wilderness, 1177

α2-adrenergic agonists, for anaphylaxis, 1501
Adsorption, in water disinfection, 1995
Adult learning, 2441-2451

basic principles of, 2442
concepts, theories, and models of, 

2442-2444, 2442f
educational techniques of, 2444-2451

Adults
airway anatomy, 403, 404t, 405f
malaria chemoprophylaxis for, 1821t
older. see Elders in the wilderness
pulses in, 1046, 1047f

Advanced medical module, 578
Advanced medical training, for National Park 

Service rangers, 2490-2492
Advection, 2361

Advection fog, 2354
Adventure races, 2209

emergency response in, 2214, 2214t
injuries and illnesses during, 2216-2217, 

2216t
orienteering and, 2347

Adverse effects
algae, 1989
of deforestation, 1951
of earthquakes, 1926-1927, 1927f
of loods, 1943-1944
of landslides, 1935
of pollution, 1948-1949, 1948f
of tropical cyclones, 1939
of tsunamis, 1929-1930
of volcanic eruptions, 1932-1933

Adverse reactions, to antivenoms, 751
Aerobic itness, 2183
Aerodontalgia, 1597
Aeromedical helicopters, 1269, 1269f
Aeromonas spp.

A. hydrophila, 1748-1749, 1749f
enteropathogenic, 1868
freshwater, wound infections caused by, 

1642
Affordability, of medicinal plants, 1506
Africa

snakebite deaths, 777
Viperinae envenoming, 801-805

African neurotoxic cobra, 791, 792f
African tick bite fever, 988
African trypanosomiasis, 1855-1856
Africanized honeybees, 936
Aftercare

for anaphylaxis, 1501
in Native American healing, 2435

Afterdrop, 171-172, 192b
mean body temperature and, 123

Aftershocks, 1926
Agaricus

A. bisporus, 1467, 1467f
A. hondensis, 1470f
A. xanthodermus, 1470f
causing gastrointestinal irritation, 1469

Agave ibers, for wound closure, 1055, 1055f
Age

acute mountain sickness and, 11-12
body temperature and, 131-132
and health, classifying older adults by, 

2151, 2151t-2152t, 2152b
hydration and, 2043
in mountain biking injuries, 2240
as risk factor for drowning and submersion 

injuries, 1531-1532
strategies for drowning prevention based 

on, 1546-1547, 1546f
and survival from starvation, 1981, 1981t

Agelenidae, spiders, 1012-1013
Agelenopsis aperta, 1013, 1013f
Agencies responding to humanitarian crises, 

1889
Aggression, of lightning victim, 101, 101t
Aging

process of, 2149
and training, 2188-2189, 2188f

Agonic lines, 2335-2336
Agricultural drought, 1944
Agriculture

disease related to, epidemiology of, 
828-829

and volcanic eruptions, 1933
Aid worker in humanitarian crisis, 1899-1914, 

1916f
becoming and staying involved, 1904-1905
daily ield responsibilities of, 1902-1904, 

1902f-1903f
motivating factors for personal involvement 

in, 1899-1900, 1899f-1900f

practical considerations for, 1907-1913
activities after returning from a mission, 

1914
additional training, 1907
getting oriented, 1907, 1907b
for good mission, 1907-1913, 1909f
how to pack, 1907
returning home, 1913-1914, 1914f

professional characteristics of, 1900-1902, 
1900f-1901f

Aid workers
murder rates of, 1955b
targeting of, 1956

Ailments, common, in wilderness Emergency 
medical services (EMS), 1210

Aiming off, in orienteering meets, 2348
Air-fall tephra, 1931-1932
Air Force Rescue Coordination Center, 

1219-1220
Air medical transport, 1294-1326

aircraft for, 1295f-1297f, 1299-1310
airplanes, 1299-1301, 1300t
factors in, 1309-1310, 1310f
helicopters, 1301-1309, 1302f-1303f, 

1304t
short- and medium-length transports, 

1301, 1301f-1302f
speed and range of, 1300

communications and coordination for, 
1315-1319

cost-effectiveness of, 1321
crew models in, 1297-1298, 1297f
effects of altitude, 1312-1313
evolution of, 1295
general considerations for triage in, 1319
judicious use of, 1326, 1326f
medical care in, 1313-1315
medical director in, 1298
missions, types of, 1299
outcomes literature, 1319-1321
patient populations and, 1319-1321
physician in, 1298
programs, business and organizational 

models for, 1295-1297
Air operations, in National Park Service, 

2495-2496, 2496f
Air pockets, in snow, 40-41
Air pollution, 1947
Air-powered darts, 550-551
Air quality, in hydraulic fracturing, 2556
Air Quality Index (AQI), 2355, 2355t
Air safety, in Antarctic, 244, 244f
Air-scenting dogs, 1228
Air splints, 456, 503, 503f
Air toxins, in wildland ires, 303-304
Air transport organization, 1296-1297
Air travel, hazards of, 1809-1810
Airbag, avalanche, 54-57, 54f, 56f
Aircraft

accidents, and wilderness survival, 
1351-1352

ixed-wing, 278f
in mountain rescue, 1268

ixed-wing, 1268, 1268f
safety, in technical rescue, 1250
in SAR event, 1229
speed, 1300

Airplane travel, and thrombosis, 1193
Airplanes

for air medical transport, 1299-1301, 1300t, 
1301f

selection of, 1310
in search and rescue, 1321

Airway, 324-325
alternatives to secure, 1052, 1053f
anatomy, 403

Acute mountain sickness (Continued) Aid worker in humanitarian crisis 
(Continued)
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assessment, 403
in primary survey, 379

in combat, 587-588
external anatomy, 404f
failure protection, 403-404
patency, 1153
surgical, 1050-1052, 1050b, 1051f-1052f

Airway dificulty, predictors of, 409-410
Airway equipment, for wilderness, 419, 419b
Airway freeboard, 183, 184f
Airway management

advanced, 408-413
alternative airway adjuncts and techniques, 

414-416
basic, 405-407
clinical assessment of, 412-413
deinitive airway

nasotracheal intubation, 413-414
rapid sequence oral intubation, 408-409

improvised
mouth-to-mouth rescue breathing barrier, 

1050-1052, 1051f
opening of airway, 1049-1050
positioning for safe airway, 1049, 1049f

opening of airway
head positioning, 405
mechanical airway adjuncts, 406-407
recovery position, 405, 405f

suction of, 407, 407f
supplemental oxygen, 407
surgical, 416-419
for tactical combat casualty care, 569, 570f
in technical terrain, 1252, 1252f
ventilation, 407-408

bag-mask, 409f
rescue breathing, 408

Airway rewarming, 151
AK-47, 1956, 1956f
Alar cartilage laceration, 435f
Alarmins, 258-259
Albuterol, 2624
Alcohol

all-terrain vehicles and, 2251
contributing to drowning incidents, 1533
in disinfection of medical equipment, 1057
education about, prevention of drowning 

and, 1548
effect on hydration, 2043
ire from, emergencies at sea, 1558
at high altitude, 27
regulated temperature altered by, 133
snowmobiling injuries and, 2247

Alcohol abuse, in Antarctic, 245
Alcohol consumption

in Antarctic, 238
contributing to frostbite, 204
hypothermia and, 182

Alcohol-disuliram reaction, mushrooms 
causing, 1477b

Alcohol-fuel stoves, 2421
Algae, 1989

blue-green, 1783
marine, that produce phytotoxins, 

1766-1767
Algal blooms

harmful, 2570
poisonings associated with, 1774-1785

amnestic shellish poisoning, 1781-1782
azaspiracid shellish poisoning, 

1783-1784
blue-green algae, 1783
ciguatera, 1774-1777
clupeotoxic ish poisoning, 1777-1778
diarrhetic shellish illness, 1780-1781
Haff disease, 1783
neurotoxic shellish poisoning, 1780
paralytic shellish poisoning, 1778-1780

possible estuary-associated syndrome, 
1782-1783

shellish and invertebrate poisoning, 
1784-1785

Algeria, scorpion envenomation in, 1019
Alkaloids, 1434, 1437t

as gastrointestinal irritants, 1452-1454
piperidine, 1440-1442
pyridine, 1440-1442
pyrrolizidine, 1455
taxine, 1451-1452
tropane, 1437-1440
veratrum, 1451

All-terrain vehicles (ATVs), 2249-2253
alcohol and, 2251
equipment of, 2249, 2249f
injuries in, 834-835

epidemiology of, 2251
fatal, 2251
mechanism of, 2250-2251, 2250f
nonfatal, 2251
pediatric, fatalities and, 2251
types of, 2251-2252

protective gear and helmets for,  
2249-2250

safety and risk reduction with, 2252-2253, 
2252b, 2252f

Alleles, 2497, 2503b
Allergen-speciic immunotherapy,  

1804-1805
Allergens

in allergic rhinitis, 1492-1493
crustacean, 1801t, 1802
ish, 1800-1802, 1801t
mollusk, 1801t, 1802-1803

Allergic contact dermatitis, 1419-1429
Compositae family, 1427-1429
immunology of poison ivy and poison oak 

dermatitis, 1424-1425
plants causing, 1423t
prevention of, 1426-1427
related to diving, 1764
Toxicodendron plants, 1420-1424
treatment of, 1425-1426
urushiol and, 1421

Allergic reactions
to Anisakis simplex, 1759f-1760f
envenomation by aquatic invertebrates

anaphylaxis, 1679
antivenom administration, 1679-1680
serum sickness, 1680

to hymenopteran stings, 943
photoallergy, 353
seasonal and acute, 1490-1501

Allergic rhinitis, 1491-1496
allergens in, 1492-1493
clinical evaluation of, 1493-1494

allergy testing, 1494
differential diagnosis, 1494, 1494b

epidemiology and risk factors for, 1491
functions of nose in, 1493
pathophysiology of, 1491-1492, 1491f
prevention of, 1496
treatment for, 1494-1496

Allergies, to seafood
aftercare of, 1799-1800, 1800f
biologic classiication of seafood, 1794
clinical manifestations of, 1797
cross-reactivity of, 1803-1804

ish, 1803
shellish, 1804

diagnosis of, 1798-1799
differential diagnosis of, 1798
epidemiology of, 1794
future directions of, 1804-1805
immunologic mechanisms of, 1794-1797
management of, 1799

molecular biology of
crustacean allergens, 1801t, 1802
ish allergens, 1800-1802, 1801t
mollusk allergens, 1801t, 1802-1803

occupational, 1797-1798
Alligator attacks, 639, 639f, 687-692, 688f-689f

characteristics, lifestyle, and habits of, 687, 
688t

dealing with, 692, 692f
feeding and predation habits of, 687-688
overview of, 688-690, 689f-690f
treatment of, 690-691

irst aid for, 690-691, 690b
hospital management for, 691
microbiology and antimicrobials for, 691, 

691b
prevention of, 691-692, 691b

Alligators
as food, 2060
tropical, 1370

Allium sativum, 1509-1511
Aloe, 1456, 1513-1514
Aloe vera, 1506, 1513-1514, 1513f

for frostbite injury, 211, 212f
Aloe vera gel, 2624
Alpide belt, 1924
Alpine operations, air medical responses for, 

1321-1326
Alpine tundra, 2551
Alternobaric facial palsy, 1598
Alternobaric vertigo, 1598
Altimeter, 2411
Altitude, 866, 2341

considerations during rescue, 1254-1255, 
1255f

effects of, on air medical transport, 
1312-1313

extreme, long-line operations, 1325
eye at, 1120-1124
and frostbite injury, 203, 203f
genetics and, 2504-2512
high. see High altitude
illness, 2505-2506, 2505f, 2505t

in Antarctic, 242
hyperbaric chambers for, 1622-1624, 

1623f
injury prevention and, 612
macronutrient mix for work at, 1968-1969
older adults and, 2152-2153, 2153b, 2154t
during pregnancy, 2139-2140
women and, 2119-2120

Alveolar luid balance, high-altitude 
pulmonary edema and, 23

Alveolar hydatidosis, 723
Alveolar segment fracture, 1134
Amanita, 1465f-1466f, 1486

A. brunnescens, 1470f
A. caesarea, 1474f
A. citrina, 1481f
A. lavoconia, 1470f
A. lavorubescens, 1470f
A. fulva, 1487f
A. inaurata, 1475f
A. muscaria, 1465f, 1478f
A. pantherina, 1479f
A. phalloides (death cap mushroom), 1465f, 

1486f
A. rubescens, 1467f, 1480f
A. smithiana, 1485f
A. virosa, 1486f
causing gastrointestinal irritation, 1469
causing renal failure, 1485
look-alikes of mushrooms containing 

amatoxin, 1486t
Amateur radio service, 2-meter and 

70-centimeter, 2324-2325, 2325f
Amatoxins, 1485-1489, 1486b, 1486t, 1488b

Airway (Continued) Algal blooms (Continued) Allergies, to seafood (Continued)
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Ambient oxygen, decreased, 302-303
Ambrosia species, 1427f
Amebic infections, 1792-1793

Acanthamoeba keratitis, 1793
after drowning, 1545
granulomatous amebic encephalitis, 

1792-1793
Amebic liver abscess, 1871
Amebic meningoencephalitis, primary, 1642
America, snakebite deaths, 774-776
American Association of Poison Control 

Centers, 729
American Canyoneering Association, 

classiication of canyons, 2225-2226, 
2226t

American College of Sports Medicine, luid 
replacement recommendations, 
2042-2043

American Sign Language, 2174, 2175f
Americans with Disabilities Act, 2253, 

2255-2256
Amino acids, branched-chain, 1972-1973
Amiodarone, 2624
Amnestic shellish poisoning, 1781-1782
Amphetamines, performance-enhancing 

effects of, 2206-2207
Amphibians

as food, 2060-2061
poison-dart frogs, 1372, 1372f

Amplitudes, direction inding by, 2344
Amputation

for frostbite, 218-219, 218f
of injured extremities, 462, 462f
in nonfreezing cold-induced injuries, 229f
persons with, 2169-2170, 2169f
scuba diving for persons with, 2179-2180
thumb, 843
traumatic, 396

AMS. see Acute mountain sickness
Amygdalin, 1437f
Amyloid, 1465-1466, 1466f
Anabolic steroids, 2207
Anacardiaceae family, 1423, 1423t
Anaconda, 827f
Anal issure, 399, 399f
Analgesia

adverse consequences of, 1082t
for corneal abrasions, 1091
for snakebite, pit vipers, 745-746, 745f

Analgesics
phytopharmaceuticals as, 1520t
for wilderness travel, 2279t-2287t

Anaphylactic shock, due to snake 
envenoming, 818-819

Anaphylactic type of reactions, to antivenom, 
822-823

Anaphylaxis, 1498-1501, 1498b
from aquatic invertebrate envenomation, 

1679
clinical presentation of, 1499-1500, 1499t, 

1500b
diagnostic tests for, 1500
in dogs, 854
epidemiology and risk factors for, 1499
etiology of, 1498-1499
pathophysiology of, 1499
prevention of, 1501
treatment for, 944, 1500-1501
in wilderness emergency medical services, 

1208
Anapyrexia, in heatstroke recovery response, 

251
Anatomy

of abdomen, 394
airway, 403

lateral, 404f
coral snakes, 736-737, 737f

external, of araneomorph spider, 994f
of frostbite, 198-199
of head injury, 384, 385f
New World venomous lizards, 758
pit vipers, 734-736, 734f-735f
skin, 323f
of tick, 969f

Anatoxin-a, 1783
Anchors

basket hitch, 1256, 1257f
canyon, 1274, 1274f
girth hitch, 1256, 1257f
load-sharing, 1257-1258, 1257f
for rescue, 1256-1258
tensionless, 1256, 1256f

Ancylostoma braziliense, 1762
Ancylostoma duodenale, 1989
Andragogy, principles of, 2443, 2443b
Androctonus scorpions, 1019f
Androstenedione, 2207-2208
Anemia, 36

severe
complication of P. falciparum, 903
hyperbaric oxygen therapy for, 1633

and wilderness travel, 1190-1191
Anemones

envenomation by, 1703-1705, 1704f-1705f
poisoning by, 1785

Anesthesia
four-quadrant ield block, 439f
local, 444, 444t

for dental emergencies, 1144, 1144f
for management of traumatic wounds, 

444-445
topical, 445t

for acute red eye, 1117-1119
in wilderness, 403
wound, 1052-1053

Anesthetics, regulated temperature altered by, 
133

Angel shark, 1651f
Angel’s trumpet, 1439f
Anger management, 1174
Angina, Ludwig’s, 1141f
Angioedema, 1497-1498, 1497f, 1498b
Angiogenesis, hyperbaric oxygen and, 1620, 

1620b
Anhydrous ammonia, 836
Animal bites

in children, 2111-2112
general epidemiology of, 618-619
hospital care for, 623-627, 623b

allergic reactions in, 627
bites of hand in, 624
facial and scalp wounds in, 625
follow-up care in, 625
general complications in, 627
neurotropic infections in, 626
prophylactic antibiotics in, 626
psychiatric consequences of animal 

attacks in, 627
puncture wounds in, 625
rabies in, 625-626
septic complications in, 627
tetanus prophylaxis in, 626-627, 627t
wound closure and infection risk factors 

in, 624
wound culture in, 626
wound management in, 624
zoonoses in, 625, 625b

out-of-hospital care for, 622-623, 622b, 
623t

prevention of, 620, 620t, 621b
principles for avoiding, 620-622, 621b-622b
typical victim of, 619-620
venomous, exposure during pregnancy, 

2141

Animal models, of nonfreezing cold-induced 
injuries, 225-227

Animal threats, in tactical medicine, 576, 577t
Animal trails, leading to water, 2046
Animals

allergic rhinitis and, 1492-1493
aquatic. see Aquatic animals
desert, 1387, 1389b
jungle, weight of, 1368t
wild. see Wild animals

Anisakiasis, 1789-1790
Anisakidosis, 1759-1760, 1759f
Anisakis simplex, 1759, 1760f
Anker’s (Monash) pressure-pad method, for 

snakebite, 816-817, 817f-818f
Ankle

bandaging, 523
common injuries, 546-549
conditioning exercises of, 2197-2198
dislocation or sprain, 479-481, 480f-481f
fracture, 479, 479f
fracture-dislocation, 482f
injuries, 517

improvised treatment of, 1074
splinting, 505, 1069f, 1325f
stirrup splint, 517, 517f
taping, 519, 520f

Ankle block, 1107, 1107f
Ankle-brachial index (ABI), 1187
Ankle hitch, in femoral traction system, 

1069-1071
Ankle wrap, improvised for traction, 458f
Annelid worms, envenomation by, 1713-1714
Anorexia, 1968
Anovulatory uterine bleeding, 2124-2126
Antacids, 2624
Antarctic Bottom Water, 2563
Antarctic krill, 2538, 2538f
Antarctic medicine

distinction from Arctic medicine, 234-235
medical stations, 234-235
psychosocial health problems, 245
somatic health problems, 241-244, 242f

Antarctica and Mt Everest Base Camp, use of 
telemedicine, 2321-2322

Anterior cord syndrome, 390
Anterior cruciate ligament tear, 483f
Anterior mandibular dislocation

classic technique for reduction of, 421f
ipsilateral extraoral approach for, 422f
posterior approach for, 422f
recumbent approach for, 422f
wrist pivot method for, 422f

Anterior shoulder dislocation, 1064f
Anterior sternoclavicular dislocation, 464f
Anthozoa, envenomation by, 1703-1705
Anthrax, 693-695, 693f

bacteriology of, 693-695, 693f
diagnosis of, 694-695, 695f
epidemiology of, 694
presentation and symptoms of, 694
prevention of, 695
transmission of, 694
treatment of, 695
vaccine for, 1818

Anthropocene, 2524
Anthropogenic climate change, 2546
Antiarrhythmic agents, 160b
Antiarrhythmic characteristics, 161b
Antibacterial activity

in aloe extracts, 1513
in garlic, 1509-1511

Antibiotics
in dental emergencies, 1139b
in eye emergency kit, 1109
for frostbite injury, 210
for gunshot wounds, 558
for lightning victims, 103

Anatomy (Continued)
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for open fractures, 462b
in pediatric wilderness medical kit, 

2107-2108
phytopharmaceuticals as, 1520t
therapy, 271

for bear attacks, 686, 686b
for traveler’s diarrhea, 1823
for wound infections from aquatic 

environment, 1641-1642
for wound infections from freshwater 

environment, 1643
treatment of

human granulocytic ehrlichiosis, 990
Lyme disease, 979
possible bacterial meningitis, 1161t
Rocky Mountain spotted fever, 987

Antibody-based rapid diagnostic tests (RDTs), 
911, 912f

Anticholinergic drugs, for allergic rhinitis, 
1496

Anticholinergic plants, central nervous system 
toxins in, 1437-1440, 1445

Anticholinergic syndrome, 1438, 1438b
treatment of, 1440

Anticholinesterase drugs, for snake 
envenoming, 824-825

Anticipated clinical course, 404
Anticoagulant activity, 781
Anticoagulants

for decompression sickness, 1611
plants with anticoagulant properties, 1456
in treating heatstroke, 264

Anticoagulation, chronic, 1192-1193, 1193t
Anticytokine therapies, for heatstroke, 

264-265
Antifungal

garlic as, 1511
goldenseal as, 1508
phytopharmaceuticals as, 1520t

Antigenic drift, 714
Antigenic shift, 714
Antigenic variation, in tick-borne relapsing 

fever, 981-982
Antihistamines

for allergic rhinitis, 1494-1495, 1495t
for anaphylaxis, 1500b, 1501
oral, 1745t
for seasickness, 1566
for urticaria, 1497

Antihistaminic properties, of chamomile, 1515
Antiinlammatory agents, 

phytopharmaceuticals as, 1520t
Antimalarials, acquired overseas, 919, 

920f-924f
Antimicrobial activity

in aloe, 1513
in Calendula oficinalis, 1506
in goldenseal, 1508

Antimicrobials
for alligator and crocodile attacks, 691, 

691b
for Lyme disease, 978t
for traveler’s diarrhea, 1824t, 1864-1865, 

1865t
for wilderness travel, 2279t-2287t

Antioxidant activity, in garlic, 1510
Antioxidant nutrients, 1974-1975, 1975f
Antioxidants, 351

in photoprotection, 351
Antiparasitic therapy, for giardiasis, 1869t
Antipersonnel land mines, 1957
Antiperspirants, for foot blister, 537-538, 538t
Antiplatelet agents, for frostbite, 222
Antiprostaglandin agents, for frostbite injury, 

211
Antipruritics, topical, 1745t
Antiseptic, phytopharmaceuticals as, 1520t

Antiseptic ointment, 449
Antivenom, 820-824

administration of, 751, 823-824
for aquatic invertebrates envenomation, 

1679-1680
for box-jellyish, 1701, 1702f
choice of, 820
conservation and expiration date, 820-822
contraindications to treatment of, 820
dose of, 823
early reactions of, 823
indications for, 820
prediction of reactions, 823
production, 748-750, 748f-749f
reactions, 822-823
recurrent envenoming and, 823
repeated dosing of, 823
route of administration, 823
for scorpion envenomation, 1030-1031
for sea snake, 1743
“6-hour rule” in, 823-824
for stoneish, 1734, 1734f
supply of, 822

Antivenom therapy
adverse reactions to, 751
history of, 748
for hymenopteran stings, 945
indications for, 750, 750b
for snakebites, 748-751

coral snakes, 746-748
in ield, 743

Ants, 937f, 939-941, 941f
conga ant, 1369
as food, 2060

Anxiety, scuba diving for persons with,  
2180

Anxiety disorders, 1170-1171
Aphotic zone, 2568
Aphthous ulcers, 1141-1142, 1142f
Apiaceae, 1432, 1433t, 1446
Apical abscess, acute, 1138-1139, 1138f, 

1139b
Apis, 1519
Appendicitis, 398
Appendicular skeleton injuries, in mountain 

bikes, 2242
Apple, for diarrhea, 1522
Appliance sores, 1135
Application, of medicinal plants, 1506
Approaching the helicopter, 1271
AQI. see Air Quality Index
AquaRain 200, Katadyn, 2019f
AquaRain 400, Katadyn, 2019f
Aquatic animals, nonvenomous, injuries from, 

1636-1678
barracuda, 1665-1666
defense of ish, 1636
divisions and deinitions, 1636
electric ish and rays, 1677-1678
general principles of irst aid, 1636
giant clams, 1671
giant groupers, 1668-1669
giant manta ray, 1673
giant octopus, 1673
giant squid, 1672-1673
killer whales, 1671
large leaping ish, 1670-1671
mantis shrimp, 1673-1674
moray eels, 1666-1668
needleish, 1669-1670
piranha, 1674-1675
sawishes, 1676
sea lions and seals, 1669
sharks, 1643-1665
snapping turtle, 1675
stony corals, 1676-1677
triggerish, 1675-1676
wound management for, 1636-1637

Aquatic invertebrates, envenomation by, 
1679-1720, 1719f

allergic reactions, 1679-1680
annelid worms, 1713-1714
phylum Cnidaria, 1682-1705

class Anthozoa, 1703-1705
class Hydrozoa, 1690-1696
class Scyphozoa, 1696-1703

phylum Echinodermata, 1705-1713
sea cucumbers, 1712-1713
sea urchins, 1706-1712
starish, 1705

phylum Mollusca, 1714-1720
cone snails, 1714-1717
mollusks, 1714
octopuses, 1717-1720

sponges, 1680-1682
Aquatic plants, 1372
Aquatic skin disorders, 1743-1766

bacterial infections, 1748-1759
dermatoses related to diving, 1764-1766
parasites, 1759-1763
phytoplankton dermatoses, 1743-1748
yeast, 1763

Aquatic vertebrates, envenomation by, 
1721-1743

catish, 1734-1737
platypus, 1740
scorpionish, 1728-1734
sea snakes, 1740-1743
stingrays, 1721-1728
surgeonish, 1739
venomous (horned) sharks, 1739
weeverish, 1738-1739

Arachnids, shellish cross-reactivity with,  
1804

Aramids, for ropes, 2366
Araneidae, spiders, 1016
Araneomorphae, spiders, 1004-1016
Araneus, 1016
Aravan virus (ARAV), 671
Arctic medicine

current and future trends, 238
distinction from Antarctic medicine, 

234-235
effects of cultural and demographic 

transition, 236-237
environmental and occupational health 

problems, 237
psychosocial health problems, 237-238

Arctic region, wild plants, 2081t-2082t
Areca catechu, 1441-1442, 1441f
Argasid ticks, 970, 971f
Argentina, scorpion envenomation in, 1023
Argiopes, 1016, 1016f
Arid climates, 2353
Arm

emergency regional anesthesia for, 
1096-1097, 1097f

improvised sling, 1065, 1065f
proximal humerus fracture, 467-468, 468f
techniques for pinning, 1397f

Arm-wrap rappel, 1258, 1258f
Armed conlict, and humanitarian medicine, 

1885-1886, 1886f
Armillaria mellea, 1475f
Arnica, 1508-1509, 1519, 1522-1524
Arnica latifolia, 1509f
Arnica montana, 1508-1509, 1508f-1509f

homeopathic preparation of, 1505
Arrhythmia, 35

basic management of, 1152
and preparation for travel, 1151

Arrow injuries, 551-552, 552f, 558, 558f
Arroyo, 1384, 1385f
Arsenicum, 1519
Arterial blood gases (ABG), 21

altitude and, 3t

Antibiotics (Continued)
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clinical manifestations of, 1601-1602
hyperbaric oxygen therapy for, 1626-1628, 

1627b, 1627f
pathophysiology of, 1600
prevention of, 1603
sudden death and, 1600-1601
treatment for, 1602-1603

Arteriovenous anastomosis rewarming, 
150-151, 196

Arteriovenous rewarming, continuous, 155, 
155f

Arthroplasty, total joint, 1190
Arthropod envenomation and parasitism, 

936-968
beetles, 952-953, 952f-953f
centipedes, 949-950, 949f-950f
Diptera (two-winged lies), 953-960, 954f, 

954t
biting midges, 955
blacklies, 955
horselies and deerlies, 955
myiasis, 956-960
other biting diptera, 955-956

leas, 962-963
Hemiptera, 950-952, 951f
Hymenoptera, 936-945, 937f
Lepidoptera, 945-949
lice, 960-962
millipedes, 949-950, 950f
mites, 963-967

acariniformes, 966-967
miscellaneous, 966-967
parasitiformes, 966
scabies, 963-967, 964f
trombiculid, 966, 966f

Arthropods
jungle, 1369-1372
personal protection against, 1036-1043
poisonous, ticks as, 971-972
protection from blood-feeding, 1032-1043, 

1033b
Artiicial tears, 1109
Ascariasis, 1858
Ascaris lumbricoides, 1989
Ascenders

mechanical, 1259-1260
used in SAR, 1237-1238, 1238f

Ascent
canyon, 1275
in technical rescue, 1259-1260, 1260f

Ash, volcanic, 369-371, 371f-372f
Asia

scorpion envenomation in, 1020-1023
snakebite deaths, 776-777
Viperinae envenoming, 805-809

Asian arboreal pit viper, 774f
envenoming, 810, 811f

Asiatic black bear, 679-680, 679f-680f
Asp, burrowing, 774f

envenoming, 782f
front fang of, 768f
worldwide, 788-789

Asphyxia, traumatic, 393
Asphyxiants, simple, 830-831
Asphyxiation, of avalanche victim, 63, 65
Aspiration

of auricular hematoma, 437f
devices for, 413
of water, submersion and, 1534

Aspirin, 2624
anaphylaxis and, 1499
for peripheral arterial disease (PAD),  

1188
prophylaxis, 2128
in treating heatstroke, 264

Asplenic patient, 1194
Assassin bugs, 950, 951f

Assessing learning, 2453-2456
design in, 2455-2456, 2456t
evaluating the assessment tool in, 

2455-2456
feedback in, 2454, 2454f
360-degree evaluation in, 2454-2455, 2455b
timing of evaluation in, 2453-2454

Assessment and diagnosis, in Native American 
healing, 2432-2433

Assessment of Blood Consumption score, for 
massive transfusion, 383b

Assistance dogs, for persons with disabilities, 
2180-2181

Assisted rescue, cold water, 190
Asthenosoma anemone, 1708f
Asthenosphere, 2580
Asthma, 32

in children, 2112
diving and, 1615
occupational, in seafood allergy, 1797
and wilderness travel, 1180-1181, 1180b, 

1181t
Astringent, phytopharmaceuticals as, 1520t
Asymptomatic wilderness adventurers, 

cardiovascular screening and, 1148-1149
Atenolol, 2625
Athletic performance, genetics on, 2514-2515
Athletic tape, 518, 518f
Atmospheres absolute, 1619
Atmospheric aerosol, loading of, 2548-2549
Atmospheric circulation, 2350, 2351f
Atmospheric hazard, in cave rescue, 1409-1410
Atmospheric proile, 2350
Atopy, 1793
Atopy patch test, for seafood allergy, 1799
Atovaquone-proguanil, 915t-916t, 917
Atractaspis spp.

fangs and venom apparatus, 768, 768f
fatal envenoming of, 782f, 788-789

Atrax funnel-web spiders, 1002-1003
Atrial arrhythmias, 160
Atrial septal defect, diving and, 1613
Atropa belladonna, 1439, 1504-1505
Atrophic rhinitis, 1494
Atrophic vaginitis, 2130-2131
Atropine, 1437f, 2625

for hypotension, 1501
Attack, by sharks, 1652-1656
ATV. See All-terrian vehicles
Audio and visual aids, in teaching, of 

wilderness medicine, 2459-2460
Augers, injury related to, 835-836, 836f
Auricular acupuncture

in austere environments, 1089-1090
battleield, 1090, 1090f
mechanism of, 1090

Auricular hematoma, 435, 436f-437f
Auscultation, direct precordial, 1047f
Austere environments

auricular acupuncture in, 1089-1090
sterility in, 402-403
treatment for scorpion envenomation, 1031

Australasian Fire Authorities Council, 284
Australia, scorpion envenomation in, 1023
Australian bat lyssavirus, 671
Australian elapid, envenoming, 792-793, 795f
Australian encephalitis, 885
Australian National Antarctic Research 

Expeditions, 2321-2322
Autism, persons with, 2174
Autism spectrum disorder, 2174
Auto lighter, in stoves, 2422
Autolocking mechanism, 1259
Automated Merchant Vessel Reporting 

program, 1581-1582
Automatic identiication system, 1563
Automatic radar plotting aid, collisions with 

other vessels and, 1563

Automobiles. see also Vehicles
gasoline from, as ire-starting aid, 1348, 

1348f-1349f
stalled or wrecked, in wilderness, 1351

Autonomic nervous system
injury, in lightning victim, 96
nicotinic and muscarinic receptors of, 1438f

Autonomy, 2263
Autosome, 2497, 2503b
Autotrophic plankton, in ocean, 2569
Availability, of medicinal plants, 1506
Avalanche air bags, 603
Avalanche burial, and cardiac arrest 

resuscitation, 1153t
Avalanche country, survival kit for, 1357
Avalanche rescue

equipment, 53-58
individual rescue, 58
initiate search and scan for clues, 58-59
professional, 59-61
small-team, 58

Avalanche rescue dogs, 61
Avalanche-speciic protective gear, for injury 

prevention, 602-603, 603f
Avalanche terrain

identifying, 47-48, 50
safe travel in, 50-58

Avalanche victim
hypothermia in, 69-70, 69b, 69f, 70t
medical treatment

physiology and, 65-70, 65f, 65t-66t
resuscitation and, 67-69, 68f

rescue statistics, 64-65, 64t
respiratory physiology of, 66-67, 66f-67f
statistics of avalanche burial, 62-64,  

62f-64f
Avalanches

dynamics, 45-46, 47f
with earthquakes, 1926
formation, contributing factors, 48-50
helicopters and, 1322
properties of snow, 40-45
types, 43
volcano debris, 369

AvaLung, 57-58, 57f, 2292, 2292f
Avian/swine inluenza, 713-715

epidemiology of, 714
symptoms and diagnosis of, 714
transmission of, 714
treatment and prevention of, 714-715
virology of, 713-714, 714f

Aviation
logistics and selection of, transport vehicle, 

1310-1311
safety, 1311-1312

Aviation Medical Assistance Act of 1998, 2262
Avobenzone, 344
Avoidance, for allergic rhinitis, 1494
Avoidance of sun, 350
Avoidant personality disorder, 1173
Avulsion, 1132-1133, 1133f
Awake oral intubation, 413
Awareness stage, of SAR operations, 1215
Axes

for backcountry, 2415
for ire building, 1346, 1346f

Axillary block, 1100-1101, 1100f-1102f
Axillary temperature, 123
Ayahuasca, 1371
Azaspiracid shellish poisoning, 1783-1784
Azimuth (Zn), 2341
Azithromycin, 2625

B

B-lines, in thoracic ultrasound, 2381-2382, 
2382f-2383f
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Babesiosis

clinical manifestations of, 991-992
diagnosis of, 992, 992b
epidemiology of, 990-991
pathogenesis of, 991-992, 991f
treatment and prevention of, 992

Baboon spiders, 1000-1001, 1000f-1001f
Baby food, 2091
Bacillary angiomatosis, 695-696, 696f
Bacille Calmette-Guérin vaccine, 1817
Bacillus anthracis, 693-694, 693f
Bacitracin topical formulation, 2625
Back pain

in Native American healing, 2435-2437
prevention during long travel, 2203-2204
in spacelight, 2612

Backcountry equipment, nonmedical, for 
wilderness professionals, 2409-2428

choosing equipment in, 2409, 2410f
duffels, stuff sacks, and dry bags in, 

2418-2419, 2419f
electronics in, 2419-2420, 2420b
essential emergency equipment in, 

2409-2411
ire-starting materials in, 2415
irst-aid kit in, 2415
food in, 2415
heat packs and heaters in, 2416-2417
for lights, 2412-2413
for navigation, 2411, 2411f
optics in, 2417
outdoor equipment and, care of, 2428
overnight gear in, 2420-2427, 2420f
packs in, 2417-2418
power in, 2420
for sun protection, 2412
tools in, 2413-2415

gear repair, 2415, 2415b
knives, 2414-2415, 2414f
multifunction, 2413-2414, 2413b, 2414f
saws and axes, 2415
shovels and trowels, 2415

water in, 2415-2416, 2416f, 2416t
Backcountry weather forecasting, 1352
Backing, in weather prediction, 2361
Backpack carry, 1078, 1080f
Backpack frame, as litters, 1062-1063, 1062f
Backpacking, injury prevention and, 615, 615f
Backpacks

in backcountry, 2417-2418, 2417f-2419f
and children, 615
with external frames, 615
focal neuropathies due to, 1162
with internal frames, 615
for jungle travel, 1363
lifting, 615

Backup systems, with belay, in technical 
rescue, 1261

Bacteria
associated with fecal contamination, 

1785-1787
deep-living chemosynthetic, 2568f
enteropathogenic, 1860t
marine, 1638b
susceptibility to halogen disinfection, 2000
waterborne, 1986b

Bacterial and viral pathogens, 1785-1789
associated with fecal contamination, 

1785-1788
botulism and, 1788-1789
Vibrio poisoning and septicemia, 1786-1787

Bacterial enteropathogens, 1866-1868
Aeromonas spp., 1868
Campylobacter, 1867-1868
Escherichia coli, 1866-1867
Plesiomonas shigelloides, 1868
Salmonella, 1867
Shigella, 1867

Vibrio, 1868
virulence properties of, 1861t

Bacterial infections, 1748-1759, 1851-1855
Aeromonas hydrophila, 1748-1749, 1749f
after drowning, 1545
Chromobacterium violaceum, 1750, 1750f
diphtheria, 1854
Erysipelothrix rhusiopathiae, 1757-1758, 1758f
green nail syndrome, 1752, 1752f
hot tub folliculitis, 1751-1752, 1751f
maxillofacial, 1138-1141
melioidosis, 1756-1757, 1757f
meningococcal disease, 1852-1853
Mycobacterium marinum, 1755-1756, 

1755f-1756f
Mycoplasma, 1758-1759
otitis externa, 1752-1754, 1753f
paratyphoid fever, 1851-1852
pertussis, 1853-1854
Pseudomonas aeruginosa, 1750-1754, 

1750f-1751f
Shewanella putrefaciens, 1754-1755
tetanus, 1854-1855, 1855f
typhoid, 1851-1852
vaginosis, 2130
Vibrio vulniicus, 1754, 1754f

Bacterial meningitis, 1161, 1161t
Bacterial spores, waterborne, 1989
Bactericidal effects, of hyperbaric oxygen, 

1620, 1620b
Bacteriology of aquatic environment, 

1637-1643
freshwater, 1642-1643
marine, 1637-1638
wound infections caused by Vibrio species, 

1638-1642
Bacteriostatic effects, of hyperbaric oxygen, 

1620, 1620b
Badumna insignis, 1008
Bag-valve-mask alternative device, 577-578, 

578f
Bag-valve-mask device, 2307-2308, 2308f
Bag-valve-mask ventilation, 408
Baited snares, 2064
Baking, cooking method, 2085
Balance challenges, scuba diving for persons 

with, 2179
Balance skills for the trail, 2200
Balanced diet, 2044
Balantidium, 1874

B.coli, 1874
Ball lightning, 84
Ball-of-foot blisters, 542-543, 543f-544f
Ballistic ejecta, 369, 370f
Balloon tamponade, 428f
Balsa raft, 1374, 1374f
Bamboo

container, 1377, 1378f
ire saw, 1377, 1377f
as source of water, 1375, 1376f

Banana plant, water from, 1375, 1376f
Banana spiders, 1010-1011
Bandages, improvised, 1057
Bandaging, 517-532

ankle and foot, 523
Barton bandage, 431f
ear or side of head, 532, 532f
eye, 532, 532f
inger, 528, 531f
knee, 523, 528f
scalp, 528, 532f
securing bandages in, 523, 528f
shoulder, 528, 531f
thigh and groin, 523, 529f
thumb, 528
types of bandages for, 523
wrist and hand, 528, 530f

Bandaging techniques, 846-849
casts, 848-849
in feet, 846
limbs

of dogs, 846-847, 848f
of large animals, 861-862, 861f

open wounds, covering of, 846
tie-over bandages, 847-848, 849f
of trunk, 847

Bandwidth, 2317-2319, 2318t
Bang stick, sharks and, 1663f
Bangladesh, snakebite deaths, 776
“Bar code” sign, in thoracic ultrasound, 2381, 

2382f
Bark scorpion, 1025
Barodontalgia, 1597
Barometer, 2355

marine weather and, 1568
Barometric pressure (PB), 2
Barotrauma, 1593-1600

of ascent, 1598-1600
alternobaric vertigo, 1598
facial baroparesis, 1598
gastrointestinal barotrauma, 1598
pulmonary barotrauma, 1598-1600
reverse sinus or ear barotrauma, 1598

in canyoneering, 2228
as complication of hyperbaric oxygen 

therapy, 1625
of descent, 1594-1598

mask barotrauma, 1594-1595
sinus barotrauma, 1595-1597

from lightning, 88-89, 89f
ocular and periocular, 1125-1126, 1125f

Barracuda, 1665-1666, 1665f
Barrel cactus, 2051, 2053f

as source of water, 1385f
Barrel knot, 2373, 2375f
Barrier contraceptives, 2126
Barton bandage, 431f
Bartonella bacteremia, 696
Bartonella henselae, 696
Bartonella infections, 695-697
Bartonella quintana, 695
Basal cell carcinoma, 340, 341f, 347
Base level, 2587
Basement rocks, of Grand Canyon, 2589, 

2592f-2593f
Bash kit, 1249
Basic emergency kit, 2410b
Basic medical module, in tactical medicine, 

577-578, 577t
Basilar migraine, 1160
Basin spillover, 2596
Basket hitch anchor, 1256, 1257f
Basket-style stretchers, 1286-1288, 1286f-

1288f
Basking shark, 1650f
Bats

animal attacks, 638
rabies in, 649-650
tropical, 1370

Batteries
for head lamps, 2412
selection and use of, 2420b
for ultrasound in wilderness, 2394, 2394t

Battery-operated luorescent-bulb lanterns, 
2413

Battleield analgesia, 591t
Battleield auricular acupuncture, 1090, 1090f
Battleield medicine, 582
Baxter (Parkland) formula, 327b
Beach wells, 2051, 2052f
Beacons

emergency, 1576-1577
EPIRBs, 1216
personal locator, 1216-1217, 1216f-1217f, 

1555-1556

Bacterial enteropathogens (Continued)



I-8

I
N

D
E

X Beaded lizard
anatomy of, 758, 758f
bites, 759f

clinical presentation, 758-759
management, 759-760
morbidity and mortality, 760
scope of the problem, 758

Mexican, 758f
venoms, 758

Beak, of needleish, 1670f
Beaked sea snake, 776f, 1742f
Bear behavior and attacks, 674-686, 675t

bear-induced injuries in, 685-686, 685f
antibiotic therapy for, 686, 686b
rabies in, 686
wound management for, 686

black bears, 675f, 677-678, 678f
grizzly bears, 674-677, 675f-677f
North American bears, 674-680
polar bears, 675f, 678, 678f
prevention and risk reduction of, 680-685, 

681b
avoid provoking an attack as, 682
avoiding an encounter as, 680-681, 

681f-682f
preventing predatory behavior as, 683, 

683f
reducing severity and extent of injuries 

as, 682-683, 682f
Bear bells, 680, 681f
Beaver tail cactus, 1415, 1416f
Bed surface, 49
Bedding, for jungle travel, 1363
Bee pollen, 2208
BEEM rater tool, 2486, 2487f
Bees, 936-937, 937f-938f
Beetles, 952-953, 952f-953f

and beetle larvae, as food, 2060
Behavior, ire, 289

common denominators of fatality ires, 
300-301

early-warning system, 289-290
environmental factors inluencing, 294-295
extreme, 295-298, 297f
fundamental wildland ire characteristics, 

292-299, 293f, 293t
physical principles of heat transfer, 

290-291, 291f-292f
urban and wildland ire threats, 288-290, 

288f
value of ire danger ratings, 298-299
wildland ire, 288-299

Behavioral adjustment, in thermoregulation, 
130-131

Behavioral health, in spacelight, 2609-2611, 
2610f

Behavioral issues
of lightning victim, 101-102
survivor behavior in cold-water immersion, 

183, 184f
Belays, in technical rescue, 1263
Belladonna, 1519-1521
Bell’s palsy, 1163
Bends, 1607

skin, 1608
Beneicence, 2263
Benign paroxysmal positional vertigo, 

1163-1164
Benzalkonium chloride, for rabies, 664
Benzodiazepines, 2297
Benzoin, for blister treatment, 544-545
Berberine

Chlamydia trachomatis and, 1508
goldenseal and, 1508

Berg adder, envenoming, 801f, 803
Berloque dermatitis, 1433
Betamethasone, 15
Betel nut, 1441-1442, 1441f, 2206

Bias, in evidence-based medicine, 2483b
Bicarbonate, in seawater, 2560t
Bicycling, specialized equipment for, 2292
Big Dipper (Ursa Major), celestial navigation, 

2344-2345
Bight, of rope, 2367, 2367f
Bilge pumps, 1560, 1560f
Biliary colic, 398
Bill, sailish, 1670f
Binding, of wounds, improvised, 1054
Binoculars, in backcountry, 2417
Biodiversity

crisis, 2535-2536, 2536f
deinition of, 2535
erosion of, 2527-2528, 2527t
genetic diversity and, loss of, 2538-2539
hotspot, map of, 2537f
human health and, 2535-2543, 2536f
invasive species in, 2539, 2539f
reduction of, 2532-2533
species decline in, 2538, 2538f
threatened ecosystems and, 2536-2538, 

2537f-2538f
Biodiversity loss, climate change and, 

2546-2547
Bioethical decision-making process, 

2265-2267
choosing action in standard setting, 

2265-2266, 2265f
choosing action in wilderness, 2266, 2266f
using algorithm as guide for decision, 

2266-2267, 2266f
Biogenic amines, in snake venom, 770
Biogeochemical cycles, in ocean, 2570-2571
Biologic raw materials, loss of, 2540, 2540f
Biomarkers, of hydration status, 2032t
Biomass, 2552
Biosand ilters, in water disinfection, 1998, 

1998f
BioUD (2-Undecanone), 1041
Biphasic reactions, anaphylaxis and, 1501
Bipolar disorder, 1172
Bird-lime, 1458
Birds

attacks by
domestic, 645
wild, 636-637

movement, 2046
wild, as food, 2057-2058, 2058f-2059f

Bismuth subsalicylate, 2625
for traveler’s diarrhea, 1822-1823

Bison, American, attacks by, 633-634, 634f
Bisphosphonates, jaw osteonecrosis related 

to, 1142
“Bite and spin,” tiger shark, 1660f
BiteBlocker, 1041
Bites

animal. See Animal bites
barracuda, 1666
inlicted by wild and domestic animals, 

617-645, 619f, 619t
injury prevention and, 612-613, 612f
insect, general treatment of, 967
moray eels, 1667, 1668f
mosquito, 870-872

in children, 2100-2101, 2100b
piranha, 1675f
sea snakes, 1742
shark, 1658f-1661f
snake. See Snakebites
spider, 993-1016

Araneomorphae, 1004-1016
general assessment and treatment of, 

994-999
Mygalomorphae, 1000-1004

in wilderness, preparing for, 2299
Biting midges, 955, 1034f, 1035
Bitter gentian, 1516-1517

Bivouac sacks, 1338, 2426, 2426f
Black bears, attacks by, 675f, 677-678, 678f
Black cohosh, 1455
Black house spider, 1008-1009
Black powder weapons, 553
Black widow spider, 1013
Blacklies, 955, 1033, 1034f
Blackout, shallow water, diving and, 

1605-1606
Blacktip reef shark, 1648f
Blanket drag, 1281, 1281f
Blankets

as litter, 1078-1080
space blanket, 1077, 1332

Blast injuries, 584-586, 585f
from lightning, 99-100

Blastocystis, 1874
Bleeding

complication of P. falciparum, 904
control of, in technical rescue, 1252-1253
due to Bothrops spp. envenoming, 813f
due to carpet viper envenoming, 804f
due to Malayan pit viper envenoming, 810f
persistent, 449-450
sign of systemic snake envenoming, 

780-783
uterine, abnormal, 2124
from wounds, 443

Blends, in clothing, 2398
Bleomycin

diving and, 1616
and wilderness travel, 1194

Blepharitis, 1118, 1118f
Blindness, cortical, at high altitude, 1122
Blist-O-Ban, for blister prevention, 537
Blister pain, 539
Blister prevention compounds, 535-536
Blisters

of foot, 533-545, 534f
pathophysiologic indings of, 533, 

534f-535f
prevention, 533-538
treatment, 538-545, 540b

foot care and, 2297, 2298f
hemorrhagic, at site of viper snakebite, 

802f
management of, 441, 1057, 1058f

Bloat, 854-855, 854f
Blood

high altitude and, 5-7
sharks and, 1663

Blood bags, pressure for, 1049
Blood-feeding arthropods, 1032-1043, 1033b

biting midges (family Ceratopogonidae), 
1034f, 1035

blacklies (family Simuliidae), 1033, 1034f
chigger mites (family Trombiculidae), 

1034f, 1035-1036
leas (family Pulicidae), 1034f, 1035
kissing bugs (family Reduviidae), 1034f, 

1035
mosquitoes (family Culicidae), 1032-1033, 

1034f
personal protection against, 1036-1043
sand lies (family Psychodidae), 1034f, 

1035
stable lies (family Muscidae), 1034f, 1035
tabanids (family Tabanidae), 1034f, 1035
ticks (families Ixodidae and Argasidae), 

1034f, 1036
tsetse lies (family Glossinidae), 1034f, 1035

Blood-illed blisters, 545, 546f
Blood pressure

improved measurement of, 443, 1046-1047
monitoring, in spacelight, 2606

Blood smear, 905-911, 906f-907f
examination, 906-911, 907t-908t, 908f-910f
preparation, 905-906, 906f-907f
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Blood transfusion, as artiicial training 

methods, 2191
Blood urea nitrogen, 259-260
Blood viscosity, frostbite and, 213
Blood volume changes in pregnancy, 2133
Blowguns, 550
Blue cohosh, 1442
Blue-green algae, 1989

blooms, 1783
intoxication, 852

Blue lagoon in Iceland, 357f
Blue shark, 1648f, 1652f
Blue-spotted stingray, 1724-1726, 1727f
Blue thistle, 1458
Blunt abdominal trauma, 394
Blunt chest trauma

blunt cardiac injuries, 393
lail chest, 392-393
hemothorax, 392
pneumothorax, 391
rib fractures, 391
sternal fracture, 391
tension pneumothorax, 392
traumatic asphyxia, 393

Blunt injury, from lightning, 88-89, 99-100
Blunt neck injuries, 388-390
Boas, injuries caused by, 752
Boat, pinned, rescuing, 1401
Boating

accidents, recreational, 1550-1551
drowning related to, 1533-1534
injury prevention and, 609
instruction, prevention of drowning and, 

1547-1548
Bobcats, attacks by, 632
Body

amount immersed, in cold water, 176,  
177f

cooling mechanisms, 188
immersion in cold water, 178f-179f
morphology, cold-water immersion and, 

176, 176f
posture in cold water, 180, 180f

Body armor, 580
for injury prevention, 602

Body luids, universal precautions, 379
Body heat

decreasing, loss of, 1330-1331
increasing, production of, 1338-1344
to melt snow, 2051

Body mass, in hydration assessment, 2033
Body proportions, 2089f
Body recoveries, 1250
Body temperature. see also Core temperature

ability to maintain, 131-132
at ambient temperature, 121f
control of, 127-128, 127f, 249-251
regulation of, wilderness survival and, 250, 

1329-1330, 1329f
responses, 256-257

Body water, and luid requirements, 
2031-2034

Body-to-body rewarming, 195
Boil time, 2422
Boiling

cooking method, 2085
of medical equipment, 1056

Boletus
B. edulis, 1468f
B. luridus, 1468f
causing gastrointestinal irritation, 1469

Bolts and wing nuts, 1077
Bone

health of, mineral supplements and, 1975
injuries, 547-548
palpable discontinuity in, 1063t

“Bone marrow” transplantation, 1195-1196, 
1195t

Bony necrosis, hyperbaric oxygen therapy 
for, 1631-1632

Boomslang, 786f
healing bite from, 788f

Booties, waterproof, 1049
Boots, 2403, 2403f

camp boots, for jungle travel, 1362
heaters for, 2416
overboots, 1332

Bore, 1928
Boreal forests, 2574, 2575f
Borrelial diseases, tick-borne, 973-980, 973f

Lyme disease, 973-980
southern tick-associated rash illness, 980, 

980f
tick-borne relapsing fever, 980-982,  

981t
Botanical poisons, activated charcoal and, 

1524, 1524b
Botanical repellents, 1040-1041, 1041t
Botanicals, 351
Bothrops spp., envenoming, 810-811
Botulinum toxin injection, for hyperhidrosis, 

549
Botulism, 1788-1789

dog, 855
large animals, 868

Boundary layer stability, in weather 
prediction, 2361

Bovine spongiform encephalopathy, 728
Bow and drill method, 1350f
Bow hunting, 550
Bow saws, 1347, 1347f
Bowline

on a bight, 2369-2370, 2370f
on a coil, 2368, 2369f
with safety, 2368, 2368f
with Yosemite safety, 2368, 2369f

Box canyons, and ire, 297f
Box-jellyish, envenomation by, 1697-1702, 

1698f-1699f, 1701f
Boyle’s law, 1594f

altitude and, 1312-1313
Brachial neuritis, acute, 1163
Brachial plexus, blocks of terminal branches 

of, 1099-1101, 1099f
Bracing materials, 491
Bradycardia, 12
Bradykinin, excessive, angioedema and, 1498, 

1498b
Bradykinin-potentiating peptides, 770
Brain

bleeding, after snakebite, 783f
bubble-induced infarcts in, 1601f
cooling mechanisms, 188-189, 188f

Brain injuries
in mountain bikes, 2242
traumatic, hyperbaric oxygen therapy for, 

1634
Brake bar rack, 1236, 1237f
Brake racks, 1258
Brancard Piguillem, 1289
Branch chief, of emergency services, in 

National Park Service, 2489
Branched-chain amino acids, 1972-1973
Branches, from trees, for building ires,  

1344f
Brassicaceae, 1418
Brazil

scorpion envenomation in, 1023
snakebite deaths, 776

Brazilian green racer, 789f
Breach of duty, 2254
Break-apart Stokes litter, 1287f
Breaking seas, 1570-1571, 1571f
Breaking strength, 2362

of webbing, 2363t
Breast health, 2129

Breastfeeding, 2134
malaria chemoprophylaxis in, 919
medications during, 2148
practicalities of, 2148

Breath-hold diving, 1586
decompression sickness in, 1611

Breath holding, 1160
Breathing

assessment, in primary survey, 379
rescue, 1050-1052, 1051f, 1153

Breathing gas, contaminated, diving and, 1605
Breech delivery, 2146-2147, 2146f
Bretylium tosylate, 2625
Bridges, dislodged, 1134-1135
Bristleworm, 1713f-1714f
Broach, as river hazard, 1394, 1395f
Broadband Global Area Network, 2328
Broiling, cooking method, 2085
Bromelain, 1521
Bromeliads, 2539, 2539f

water from, 1375, 1376f
Bronchitis, high-altitude, 29
Bronchodilator, ephedra as, 1507
Bronchospasm, anaphylaxis and, 1500b
Bronzers, 350-351
Brooks-Range Mountaineering Equipment 

Company Eskimo Rescue Sled, 1291-
1292, 1291f

Brown adipose tissue, 1968
Brown bears, 674, 675f-676f

with cubs, 677f
Brown recluse spiders, 1004-1008, 1004f, 

1006f
bite, hyperbaric oxygen therapy for, 1635

Brown-Séquard syndrome, 390
Brown tree snake, 787, 788f
Brucella abortus, 697, 697f
Brucellosis, 697-698
Brugmansia, 1371
Bubbles

arterial gas embolism and, 1600, 1601f
decompression sickness and, 1607
intraocular gas, at altitude, 1121-1122

Bubonic plague, 709
Buccal space infection, 1140f
Buccal vestibule swelling, 1138f
Buck’s traction, 1070-1071, 1071f
Buddy systems, 604-605, 604f
Buddy taping, 519, 523f, 1065, 1067f
Buffalo, African, attacks by, 633, 633f
Bulomedil, for frostbite injury, 212-213
Bugs

kissing, 1034f, 1035
sucking, 950-952

Buildings
lightning safety and, 109
taking refuge in, protective ire shelters 

used by, 307-309
Bulbar and respiratory muscle paralysis, due 

to snake envenoming, 824
Bull Guadalupe fur seal, 1651f
Bull-riding helmet, 844f
Bull shark, 1644f
Bullet ant, 1369
Bullets

comparison of, 555t
motion in light, 556

Bullous lung disease, diving and, 1615
Bull’s-eye electric ray, 1678f
Bumblebees, 937
Bungarotoxins, kraits, 770
Bunions, 548
Buoyancy of human body, 1534
Bupivacaine, 2625
Burial depth, of avalanche victim, 64
Burkholderia pseudomallei, 703
Burkina Faso, snakebite deaths, 777
Burn center referral criteria, 334b
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emergency care of

from campire, 441f
care at the scene, 324-326
clinical presentation of, 322-324

depth of burn, 323-324
estimation of burn size, 322-323

considerations in, 333-335
emergency department care, 327-329
epidemiology of, 319
international resource of, 334-335, 335b
outpatient burns, 329-330
physiology of, 319-320
rehabilitation, 330-331
severity and categorization of burn, 

333-334
smoke poisoning, 331-333
transport and transfer protocols, 334, 334f
types of burns, 320-322

Burn out a safety area, 312
Burn time, 2422
Burn wound debridement, technique of, 326, 

326f-327f
Burn wound management, 329, 329f
Burned patient, emergency care of, 319-335
Burnoose, 1383f
Burnover, emergency procedure during, 

310-313, 311b
Burns

air medical transport and, 1320
in combat, 589, 590t
as lightning injury, 96, 97f, 100f
thermal, hyperbaric oxygen therapy for, 1633

BURP maneuver, 412
Burrowing asp, 774f

envenoming, 782f
front fang of, 768f
worldwide, 788-789

Burrowing lea, 962, 963f
Bursitis, 485
Buses and lights, back pain prevention in, 

2204
Bush vipers, 806f

envenoming, 803-805
Bushires, Tasmania, 284
Bushmasters, 774f
Business models, for air medical transport 

programs, 1295-1297, 1296f
Butorphanol tartrate, 2625
Buttercup, 1419f
Butterlies

as food, 2060
venomous, 1369-1370

Butterly knot, 2369, 2370f
Buys Ballot’s law, 2360
By-the-wind sailor, 1685f

C

Cabin, in-light setting
consideration, 1313-1314
layout and space, 1314-1315, 1314f

Cachexia, 1977
Cactus

barrel, 2051, 2053f
beaver tail, 1416f
irritant contact dermatitis from, 1414
prickly pear, 1415f
as source of water, 1385f
spine injury, 1416f

Cactus spines, 1058, 1059f
Caffeine, 1967, 2297

effect on hydration, 2043
performance-enhancing effects of, 

2205-2206
Cage, for divers, sharks and, 1662f-1663f
Caimans, as food, 2060

Caisson disease, 1606
Calamus, 2435
Calcaneal traction pin placement, 460f
Calcaneal fracture, 453, 454f
Calcium channel blockers, for Raynaud’s 

phenomenon, 1189
Calcium chloride injection, 2625
Calcium gluceptate injection, 2625
Calcium gluconate injection, 2625
Calcium hypochlorite, for water disinfection, 

2027-2028
Calcium ions, in seawater, 2560t
Calcium oxalate, 1418
Calculated altitude, 2341
Calderas, 361, 363f-364f
Calendula, 1516, 2625
Calendula oficinalis, 1504f, 1506, 1516
Calf, blood pressure measurements at, 1047, 

1047f
Caliciviruses, 1788
California encephalitis, 886
California tactical medicine diagram, 571, 571f
Callistin shellish poisoning, 1784
Calorie deprivation, sodium and, 1975
Cam lock, 505, 509f

or Fastex-like slider, 1072, 1073f
Camel hitch, 1366, 1367f
Camelids, 2396
Camellia sinesis, 351
Camels

for desert travel, 1389f
injuries from, 644, 644f

Camp boots, 1362
“Camp crud”, 303
Camp life, in jungle, 1366-1369
Campire impacts, minimizing, 2550
Camphor, toxic essential oil from, 1460t
Canada

venomous lizards of, 758-760
venomous snakes of, 729-757

Cancer, sun and skin, 339-343
Candida albicans, 2129
Candidate-gene association studies, 2501, 

2503b
Candirú, 1370, 1735, 1736f
Candle lanterns, 2413
Canebrake rattlesnake, 732f
Canines

attacks by, 628-629
cardiopulmonary resuscitation, 851, 851f
irst-aid kit, 845, 846b
glottis, 851f
physiology and physical examination of, 

845
skeletal anatomy, 849f
toxins in, 851-853

Canister stove, 2420t, 2421, 2421f
Cannabis, 1443-1444
Cannibalism, 2056
Canoe system, 1063

paddle system, 1071, 1071f
single ski pole, 1071, 1072f

Canoeing, by persons with disabilities, 2177
Canoes

travel, 1372
in whitewater sports, 1390

Canteen, collapsible, 1384f
Cantharellus, 1471f

C. cibarius, 1467, 1467f-1468f
causing gastrointestinal irritation, 1469

Canthotomy, 1112f
Cantil, 733f
Canyon

anchors, 1274, 1274f
ascent, 1275
classiication and mapping of, 2225-2226, 

2226t, 2227f
deinition of, 2219

descent, 1274, 1274f-1275f
environment, 2219-2220, 2220f-2221f
hazards, 1273, 1274f
litters, 1276
organized, rescue and evacuation for, 

1276-1277
rescue, by helicopter, 1277-1278
self-rescue and companion rescue, 

1275-1276
Canyon medicine, 2226-2238

evacuation in, 2235-2236
communication equipment during, 2236, 

2236f
medical considerations in, 2235-2236, 

2236f
planning, 2235, 2236f
technical materials for, by search and 

rescue teams, 2236
injuries and illnesses. see Injuries and 

illnesses, in canyon medicine
medical equipment, 2233-2235
medical management in, 2229-2233, 2230t
rescue in, 2236-2238

companion in, 2236-2237, 2236f
costs of, 2238
search and rescue operations in, 

2237-2238
Canyon stretchers, 2235
Canyoneering

canyon environment in, 2219-2220, 
2220f-2221f

deinition of, 2219
demographics in, 2219
equipment for, 2222-2224, 2223f
hazards in, 2220-2221
historical perspective of, 2219
progression techniques in, 2224-2225

with rope, 2224-2225, 2225f
without rope, 2224, 2224f

ropework whistle signals in, 2223-2224, 
2223t

survival kit for, 2222b, 2233, 2235f
Canyoning. see Canyoneering
Canyoning hand, 2229, 2229f
Capacity, 2264
Capillary leak, high-altitude pulmonary edema 

and, 23
Capillary reill time, in dogs, 845
Capillary waves, 2564, 2564t
Capparis spinosa, 351
Caps and masks, improvised, 1049
Capsaicin, 1418, 1967-1968
Capture, in hostage situations, 1379
Carabiners

used in SAR, 1236, 1236f
for whitewater rescue, 1399

Carbamates, 837
Carbide lamps, 2412, 2413f
Carbohydrates

critical for performance of high work 
output, 1969-1970, 1970t

performance-enhancing effects of, 2208
tailoring, to different environments, 1968

Carbon, granular activated, 1995
Carbon dioxide

end-tidal, 413, 1314-1315
in ocean, 2566
in spacelight environment, 2599
volcanic, 359

Carbon monoxide, in spacelight 
environment, 2600

Carbon monoxide poisoning, 26
in automobiles, 1351
diving and, 1605
hyperbaric oxygen therapy for, 1629-1630
pathophysiology of, 331

Carcinoid syndrome, 1160

Canyon (Continued)
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Cardboard splints, 500-502, 501f-502f
Cardiac arrest, 1152-1154, 1153t

in lightning victim, 95
recognition of, 1153

Cardiac disease
air medical transport of, patients with, 1320
Lyme disease stage II and, 976, 976f
Rocky Mountain spotted fever and, 986

Cardiac evaluation, of dogs, 845
Cardiac glycosides, plant-derived, 1447-1450, 

1447f
Cardiac injuries

blunt, 393
in lightning victim, 95

Cardiac rhythm disturbances, in older adults, 
2156

Cardiac syncope, 1160
Cardiac view, FAST ultrasound examination 

in, 2378-2380, 2380f-2381f
Cardiomyopathy, and preparation for travel, 

1150, 1150t
Cardiopulmonary arrest

in drowning patient, 1539-1541
in lightning victim, 95

Cardiopulmonary bypass, 155-157, 156f-157f
Cardiopulmonary resuscitation

accidental hypothermia and, 157-159,  
157b

barrier, 1051f
in dogs, 851, 851f
in hypothermia, 193b, 194f

Cardiovascular conditions
arrhythmia, 35
congenital heart disease, 35
coronary artery disease, 34, 34f
heart failure, 34-35
hypertension, 33-34

Cardiovascular disease
and high altitude, 1179
in older adults, 2156-2157

Cardiovascular disorders, diving and, 
1613-1615

Cardiovascular effects, of scorpion 
envenomation, 1027

Cardiovascular issues, in spacelight, 
2605-2607, 2606f

cardiovascular itness as, 2607, 2607f
dysrhythmias as, 2606-2607
future research for, 2607
monitoring and treatment for, 2607

Cardiovascular system
accidental hypothermia in, 136-139
adaptation in pregnancy, 2133
of children, 2088-2089
drowning and, 1543-1544
emergencies in, 1151-1154
examination for, 2156
medications for, in wilderness travel, 

2279t-2287t
responses to wilderness environments, 

1146-1148
screening and preparation for wilderness 

travel, 1148-1151
submersion and, 1537

Cardiovascular therapy, for lightning victims, 
103-104

Cardiovascular toxins
plant-derived, 1435t-1436t, 1447-1452, 

1447b
cardiac glycosides, 1447-1450
steroid alkaloids, 1450-1451
taxine alkaloids, 1451-1452

in snake venom, 770
Care under ire, 567, 582
Caribbean, snakebite deaths, 774-776
Caribbean reef sharks, 1644f
Carotid artery, internal carotid artery 

dissection, diving and, 1612

Carpal bone fracture, 472
Carpal tunnel syndrome, 484-485, 485f, 

1162
Carpet vipers, 803f

envenoming, 801, 804f, 805-806
Carries

improvised, 1077-1078
in rescue operations, 1281-1282

Carrots, cooked, for diarrhea, 1522
Carrying, ill or injured patient, 1265
Carrying loads, healthier spine positioning 

for, 2202
Cartilaginous disc, TMJ, 423f
Cartridges, 553, 553f
Carving Grand Canyon, 2594-2596, 2595f
Cascade Designs and PATH SE 200, 2013t-

2026t, 2022f
Case-based learning, in educational 

techniques, 2447-2448
Cassiopeia, in celestial navigation,  

2344-2345
Castor bean plant, 1454, 1454f
Castor bean toxicosis, 852
Casts, 848-849
Casualty evacuation, 582
Cat-scratch disease, 641, 696-697

diagnosis of, 697
epidemiology of, 696
symptoms of, 696-697
transmission of, 696
treatment of, 697

Cat snakes, Ceylon, 768f
Cataplexy, 1160
Catapult hunting, 2065-2066, 2065f-2066f
Cataract, due to lightning, 100
Catastrophic Incident SAR Addendum, to 

National SAR Supplement, 1219, 1219b
Catechin, 1967
Caterpillars

envenomation
clinical aspects, 947-948, 947f
treatment and prevention, 948-949, 

948f-949f
stinging patterns, 947
venomous, 945-946, 946f-947f, 1369-1370

Catish, 1734-1737
clinical aspects, envenomation of, 

1736-1737, 1737f
life and habits of, 1734-1735
prevention, envenomation of, 1737
stings of, 1736
treatment, envenomation of, 1737
venom and venom apparatus of,  

1736-1737
Catheter

Epi-Max, 428f
Foley, in improvised treatment of epistaxis, 

425, 426f, 1075f
urinary, 400

Cathinone, 1444-1445, 1445f
Cats, domestic, attacks by, 641
CATSSOF (combat application tourniquet 

system), 567, 567f
Cattle, injury from, 643-644, 644f
Causal phenomena

of deforestation, 1950
of desertiication, 1951-1954, 1952f
of drought, 1944-1945, 1945f
of earthquakes, 1923
of environmental pollution, 1947-1948
of loods, 1942
of landslides, 1933
of tornadoes, 1940-1941
of tropical cyclones, 1935-1936
of tsunamis, 1928
of volcanic eruptions, 1930-1931
of winter storms, 1946

Causation, 2254

Cave rescue, 1403-1412
basic evacuation, 1407-1412

cave access, 1409
environmental hazards, 1409-1410, 1410f
equipment for vertical evacuation, 1408
logistics, 1409
medical hazards, 1410-1411
patient care, 1411-1412, 1411f

caving expedition and, 1412
hypothermia as concern in, 1405-1406
litter, in tight spot, 1404f
medical kit for, 1408b
navigation in, 1407
personal safety in, 1406-1407
search in, 1407

Caves, 1403
cave-acquired disease, 1410
close contact in, 1406f
room, 1405f
SAR and, 1240
snow caves, 1336, 1337f

CDC recommendations for vaccination during 
pregnancy, 2135t

Ceftriaxone injection, 2625
Celestial horizon, 2340-2341, 2341f
Celestial navigation, 2338-2342

coordinates in, 2340, 2340f
direction inding in, 2342-2346

by amplitudes, 2344
circumpolar stars in, 2344-2345, 2345f
by observation of other stars, 2345-2346, 

2345f-2346f
shadow methods in, 2342-2344

horizon coordinate system, 2340-2341, 
2341f

lines of position, 2341-2342, 2341f
practical ield-expedient, 2346

Cell and satellite phones, 2420
Cell phone technology, injury prevention 

and, 599-600
Cellar spiders, 1008
Cellular damage, indirect, in frostbite, 199-200
Cellular injury, direct, in frostbite, 199
Cellular telephones, at sea, 1573-1574
Cellulitis, 401, 449

due to brown recluse spider bite, 1006f
maxillofacial, 1138-1139, 1138f, 1139b
necrotizing, due to human pythiosis, 1748f
preseptal, 1110

Cenozoic rocks, of Grand Canyon, 2593-2594
Center-ire ammunition, in irearms, 553
Center pin, 1401
Centers for Disease Control and Prevention, 

935
Centipedes, 949-950, 949f-950f
Central America, snakebite deaths, 774-776
Central cord syndrome, 389
Central nervous system

of drowning patient, in-hospital treatment 
for, 1544

effects of ephedrine to, 1507
heatstroke-related dysfunction, 250
injury, in lightning victim, 96
oxygen toxicity, 1625, 1625b, 2306

diving and, 1605, 1605b
submersion and, 1535-1537

Central nervous system toxins, plant-derived, 
1435t-1436t, 1437-1447

convulsant plants, 1445-1447
hallucinogenic plants, 1443-1444
mescal bean bush, 1444-1445
neuromuscular blocking plants, 1442
neurotoxic amino acids, 1445
nicotinic and muscarinic receptors of, 1438f
pyridine and piperidine alkaloids, 

1440-1442
sedating plants, 1445
tropane alkaloids, 1437-1440
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hyperbaric oxygen therapy for, 1628

Central signal, in thermoregulation, 130-131
Central sleep apnea, 1183
Central thermal sensors, 126-127, 126f
Centruroides sculpturatus, 1024f

envenomation of, 1025-1027, 1025b-1026b
Cephalexin, 2625
Cephalopod poisoning, 1784-1785
Ceramic knives, 2415
Cercariae, of schistosomiasis, 1989
Cerebral circulation, at high altitude, 5
Cerebral edema. see also High-altitude 

cerebral edema
in lightning victims, 104

Cerebral hypoxia, acute, 8-9
Cerebral ischemia, acute, hyperbaric oxygen 

therapy for, 1634
Cerebral malaria, complication of  

P. falciparum, 902, 904f
Cerebral palsy

challenges during trip with, 2170
persons with, 2170
trip preparation in, 2170

Cerebral perfusion pressure, 385
Cerebral resuscitation, accidental hypothermia 

and, 159
Cerebrovascular accident, 19, 19b
Cerebrovascular disease, 36, 1165
Ceremony, in Native American healing,  

2434t
Certiication programs, in wilderness 

medicine, 2467-2469, 2468b, 2469t
Cervical collars, improvised, 1060-1061
Cervical myelopathy, 1163
Cervical spine

immobilization, 493f, 494-495
injury

in drowning patient, 1541
in mountain bikes, 2242
potentially life-threatening, 453

trauma, improvised treatment of, 1060
Cessation-of-transmission crew overboard 

devices, 1555f
Chagas’ disease, 1856
Chain mesh metal suit, sharks and, 1664f
Chainsaws, pocket, 1346
Chaitén volcano eruption, 354f
Chamomile, 1515, 1515f, 1523
Chant, in Native American healing, 2434t
Chanterelles, 1467, 1468f
Characid dogish, 1675f
Charcoal, activated, 2625
Charles’s law, altitude and, 1313, 1313f
Checkpoints, for international travelers,  

1958
Cheek, contusions and lacerations, 435-437
Cheiracanthium spiders, 1011-1012, 1012f
Chelonintoxication, 1791-1792
Chemical, biologic, radiologic, or nuclear 

specialty modules, 580
Chemical burns, 321-322

care at the scene, 325
Chemical disinfectants, for water, halogens, 

1998-2002, 1998t, 1999f, 2000t
Chemical dispersants, in food production, 

2541
Chemical hazards, in surface water, 1989
Chemical injury, of eye, 1111-1112
Chemical methods, of water disinfection, 

1991
Chemical pollution, in environmental change, 

2549
Chemical repellents, 1038-1040, 1039t
Chemical species, alteration, iodine and, 2006
Chemicals

injury from, 836-837, 836f
plant-derived, 1416, 1419t

Chemoprophylaxis
malaria, 913-918, 914t-917t, 1819-1821, 

1820t-1821t, 2106t
for infants, children, and adolescents, 

915t-916t, 918
medications used for, 914-918
during pregnancy, 919
side effects, 917t, 919
while breastfeeding, 919

during pregnancy, 2138-2139
for traveler’s diarrhea, 1822-1823, 1822t, 

1866
Chemotherapy, and wilderness travel, 

1194-1195, 1194b-1195b
Chest, anterior, stretching of, 2198-2199
Chest compressions, 1153

techniques, 851
Chest pain, 1151-1152
Chest radiography, for snake envenoming, 

816
Chest trauma, 588
Chest tube drainage systems, 1059-1060, 

1060f
Chest tube placement, 392
Chest wound, penetrating, 393, 393f
Chicha, 1370-1371
Chicken egg membrane, for wound closure, 

1056
Chicken mushroom, 1468f
Chickenpox vaccine, 1817
Chigger mites (family Trombiculidae), disease 

vector, 1033b, 1034f, 1035-1036
Chiggers, jungle, 1369
Chikungunya virus, 887-888, 887f
Chilblains, 232

injury prevention and, 608
Child abuse, drowning and, 1533
Children, 2087-2116

irst 2 years, 2090-2091
bites in, 751
cardiovascular and respiratory systems, 

2088-2089
at high-altitude, 26
hyperbaric oxygen therapy and, 1626
immunologic system and infection, 2090
jungle travel with, 1372-1373
malaria chemoprophylaxis in, 915t-916t, 

918
nursemaid’s elbow in, 470-471, 470f
pulses in, 1046, 1047f
rabies in, 670-671
size and shape, 2088
with suspected spine injury, 458-459
thermoregulation, 2089-2090
traumatic injuries, types of, 2090
in wilderness, 1177

Children: travel-related problems, 2107
abdominal pain in, 2109
animal bites, 2111-2112
conjunctivitis, 2111
constipation of, 2109
eustachian tube dysfunction, 2107
fever of unclear etiology, 2110-2111, 2110b
foreign bodies, 2112
headache, 2111
lacerations, 2111, 2111f
motion sickness, 2107
poisoning, 2112
rashes, 2111
respiratory infections and otitis media, 

2109-2110
traveler’s diarrhea, 2107-2109, 2107t, 

2109b
Children in wilderness

bites and stings, 2099-2100
chronic medical problems, 2112-2113
dehydration, 2094-2095
drowning, 2098-2099

environmental concerns and child health, 
2116

foreign travel
general recommendations, 2102-2103, 

2102b, 2103f
immunizations, 2103-2105, 2105t
malaria chemoprophylaxis, 2106t

frostbite, 2096
general considerations and expectations 

for, 2090-2094
irst 2 years, 2090-2091
2 to 4 years, 2091-2093
school age, 2093-2094

homesickness, 2101-2102
hyperthermia, 2096, 2096f
hypothermia, 2095-2096, 2095f
immunologic system and infection, 2090
infants and neonates, 2113-2114
lost children and survival, 2101-2102
musculoskeletal system, 2088
pediatric wilderness medical kits, 2114-

2116, 2114t-2115t
size and shape, 2088
sun damage, 2096-2098, 2097f
traumatic injuries, types of, 2090

Chin lift, head tilt with, 405, 406f
Chin lift-jaw thrust, 1049, 1050f
Chinaberry trees, 1452-1453, 1453f
Ching Wang Hun burn ointment, 1522
Chironex, envenomation by, 1697-1702
Chironex leckeri, skin biopsy after sting 

from, 1688f
Chloramphenicol, for plague, 710
Chloride ions, in seawater, 2560t
Chlorination-locculation, for water 

disinfection, 2028-2029
Chlorine, in water disinfection, 2001t-2003t, 

2002-2003
chemistry, 2002-2003
versus iodine, 2005-2006
products and techniques for chlorination, 

2003
superchlorination-dechlorination, 2003
toxicity, 2003

Chlorine dioxide, in water disinfection, 2007, 
2007b, 2029

Chlorophyllum molybdites, 1470f-1471f
causing gastrointestinal irritation, 1469

Chloroquine, 915t-916t, 917-918
Chloroquine-resistant malaria

P. falciparum acquired in areas with, 
922-924, 926t-929t

travelers to areas with, 918
Chloroquine-sensitive malaria

P. falciparum acquired in areas with, 922, 
926t-929t

travelers to areas with, 918
Chokes, decompression sickness and, 1608
Cholecystectomies, in spacelight, 2617
Cholecystitis, acute, 398
Cholera, vaccine for, 1813-1814
Cholesterol

garlic and, 1510
ginger and, 1511-1512

Cholinergic stimulants, 2206
Chromatin immunoprecipitation (ChIP), 

2503b, 2504
Chromobacterium violaceum, 1750, 1750f
Chronic altitude illnesses, 2506-2509
Chronic apical abscess, 1140, 1141f
Chronic brucellosis, 698
Chronic diarrhea, 1862-1863
Chronic diseases

asthma, 1180-1181, 1180b, 1181t
in children, 2112

considerations for wilderness travel, 1178
diabetes, 1184-1187, 1184t, 1186t-1187t

Children in wilderness (Continued)
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and environmental extremes
cold, 1179
heat, 1179
high altitude, 1179-1180

hematologic conditions, 1190-1194
oncology in, 1194-1196
osteoarthritis, 1189-1190, 1189t
peripheral arterial disease, 1187-1188
Raynaud’s phenomenon, 1188-1189, 1188f
sickle cell disease, in children, 2113
sleep apnea, 1183-1184
solid-organ transplant recipients in, 

1196-1197, 1196f
and wilderness activities, 1177-1197

Chronic mountain sickness (CMS), 25-26, 
2506-2508

Chronic obstructive pulmonary disease, 30-33
preexisting, evaluation for, 2275
and wilderness travel, 1181-1183, 1182f, 

1182t
Chronic phototrauma

melanoma, 342-343, 342f-343f
molecular basis of photocarcinogenesis, 

339-340
natural defenses and skin type, 337-338
photoimmunology, 340

Chronic sequelae of snakebite, 814-815
Chronic wasting disease, 626
Chrysanthemum, 1427f
Chrysaora, envenomation by, 1703
Cicuta species, 1446f
Cicutoxin, 1446f
Cigarette lighter, 1342, 1342f
Ciguatera dermatitis, 1746, 1746f
Ciguatera poisoning, 1774-1777

clinical presentation of, 1776-1777
diagnosis of, 1777
pathophysiology of, 1774-1776
prevention of, 1777
treatment of, 1777

Cinder cones, 2585-2586
Cinnamates, 344
Ciproloxacin, 2625

for anthrax, 695
Circadian changes, effect on body 

temperature, 131
Circadian rhythm, in Antarctic, 243
Circulation

assessment, in primary survey, 380
at high altitude, 4-5
of ocean, 2562-2563, 2562f-2563f

Circulatory shock, from Viperidae venom, 798
Circum-Paciic belt, 1924
Circumpolar stars, direction inding by, 

2344-2345, 2345f
Circum-rescue collapse, 170-172, 171f
Cirrhosis, 38
Citronella, 1041
Citrus, in water disinfection, 2008, 2030
Civil Air Patrol, 1221-1222, 1222f
Civilian activities, and frostbite, 198
Civilian case reports, and nonfreezing 

cold-induced injuries, 223
Civilian casualties, 1955
Civilian tactical medicine, 565f, 567-569

principles of, 569-580, 569f-571f
Civilian trauma, 587-588, 587f
Civilians

and nonfreezing cold-induced injuries, 223
targeting, on the basis of nationality, 1956

Civilization, 2518
Clams, giant, 1671
Clariication, in water disinfection, 1992, 1994
Classic heatstroke, 253
Classic reduction technique, 

temporomandibular joint and, 421, 421f
Claudication, intermittent, 1187

Claustrophobia, as complication of hyperbaric 
oxygen therapy, 1625

Clavicle, regional anesthesia for, 1095,  
1096f

Clavicular fracture, 463-464, 464f
Clay baking, cooking method, 2085
Cleaner wrasse, blue-striped, 1666f
Cleaning, of medical equipment, 1056
Cleaning tool, in stoves, 2422
Cleansing techniques, for wounds, 442-443
Cleats, 1359
Climate change, 1947-1948, 2544

loods and storms in, 2544-2545, 2545f
heat-related health impacts of, 2544
heatstroke and, 254
on human health, 2544-2545
as issue of environmental change, 

2524-2526, 2525f, 2526t
as threat multiplier, 2546-2548

in biodiversity loss, 2546-2547
in ecosystem services, 2547-2548
in fresh water use, 2548
in mental health, 2546
in nutrition, 2546
in violence and conlict, 2546

in vulnerable populations, 2544
Climate controls, 2350
Climate regions, for ire, 294-295, 296f
Climate-speciic clothing, 2406-2408, 2407t

for cold, 2407-2408, 2408f
for extreme cold, 2408
for heat, 2407, 2407f
for temperate, 2407, 2408f
for water (ocean and river), 2408

Climates. see also Environments
snow, 40

Climatic hazards, 1935-1947
drought, 1944-1946
loods, 1352, 1941-1944
storms, 1352
tornados, 1352, 1940-1941
tropical cyclones, 1935-1940
winter storms, 1940-1941

Climatic regions, controlled by latitude, 
2350-2354

arid climates, 2353
marine/coastal climates, 2353-2354, 2354f
midlatitude and polar climates, 2350-2351, 

2351f
monsoons, 2351-2352
mountain climates, 2353, 2354f
subtropical and tropical climates, 2351
thunderstorms, 2352-2353
tropical cyclones, 2352, 2352f

Climber pick-off, 1244
Climbing

injury prevention and, 616, 616f
by persons with disabilities, 2177-2178

Climbing teams, and rescue teams, 
communication in, 1246

Clinical aspects, of hymenoptera stings, 
942-944, 942f

Clinical characteristics, of exertional heat 
illness cases, 257t

Clinical guidelines, for wilderness medicine 
providers, 2483-2485

Clinical manifestations
of babesiosis, 991-992
of Lyme disease

early disseminated disease (stage II), 
976-977

early localized disease (stage I), 975-976, 
975b, 975f

late disease (stage III), 977
of Rocky Mountain spotted fever, 986-987, 

986f
of seafood allergies, 1797
of tick-borne relapsing fever, 981-982

Clinical practitioner, evidence-based, 
2479-2480, 2479f

Clinical presentation
of botulism, 1788
of burn injury, 322-324

depth of burn, 323-324
estimation of burn size, 322-323

of ciguatera poisoning, 1776-1777
of clupeotoxic ish poisoning, 1778
of erysipeloid, 1758
of human protothecosis, 1746-1747
hyperemic phase, 227-228, 228f-229f
more severe injuries, 232
of neurotoxic shellish poisoning, 1780
posthyperemic phase, 229, 229f-230f
prehyperemic phase, 227
of scombroid, 1772
snakebite

coral snakes, 741
pit vipers, 739-741

of tetrodotoxin poisoning, 1773
traumatic wounds, 441-442

Clinical Queries, PUBMED, for wilderness 
medicine providers, 2481

Clinical skills
of expedition medical oficer, 1828-1829
in humanitarian medicine, 1900

Clinical syndromes, in patients with traveler’s 
diarrhea, 1861-1862

Clitocybe mushrooms, 1477f-1478f
Clitoral microcalciications, from mountain 

bicycle riding, 2244
Clopidogrel, for PAD, 1188
Closed-cell foam system, 1060
Clostridial myonecrosis, hyperbaric oxygen 

therapy for, 1630
Clostridium spp., 1989
Closure

techniques
deep tissue closure, 447
traumatic wounds, 441

wound, 1053-1056
of wound from aquatic environment, 1637

Clothing, 2396. see also Gear; speciic kinds 
of clothing

and decreasing body heat loss, 1330-1331
for desert travel and survival, 1382-1383
dressing for cold weather, 1330t, 1331-1332
emergency equipment for, 2410b
facilities and, effect on hydration, 2043
and frostbite injury, 203-204, 204f
for heat-related illnesses, 273
impregnating, with permethrin solution, 

1820f
as improvised cervical collars, 1060
for jungle travel, 1362
outdoor, for wilderness professional, 

2396-2408, 2397f
protective

against blood-feeding arthropods, 1037b
and cold shock response, 183
sun protection, 350, 350f
thermal protection, 173t-175t, 174f-176f, 

176b
protective gear, for injury prevention, 601
removal, in primary survey, 380
and wildland ires, 315-316

Clotting disturbances, sign of systemic snake 
envenoming, 780-783

Cloud lashes, 84
Cloud forests, 2575, 2576f
Clouds

weather and, 2360-2361, 2360f
weather prediction, 2358, 2360f

Cloud-to-ground lightning lashes, 84
Clove hitch, 2372, 2373f
Clove hitch stretcher, 1283-1284
Clove oil, 1460t

Chronic diseases (Continued)
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Clowns without borders, 1913f
Clues

during locate phase of SAR event, 1228
to severe envenoming, 820

Clupeotoxic ish poisoning, 1777-1778
Cluster, 1880
Cluster headaches, 1156
Cnidaria, 1682-1705

class Anthozoa, 1703-1705
class Hydrozoa, 1690-1696
class Scyphozoa, 1696-1703
cnidarian syndrome, 1685-1690
morphology, venom, and venom apparatus, 

1682-1685
Cnidarian syndrome, 1685-1690

clinical aspects of, 1685-1688
prevention of, 1690
treatment of, 1688-1690

Cnidocytes, 1682-1683
Coagulation

accidental hypothermia and, 140
heatstroke related, 259

Coagulation-locculation, in water disinfection, 
1992, 1994-1995, 1994b

Coagulopathies, 140
Coast Guard

search and rescue helicopters, 1583t
United States, rescue coordination centers, 

1220-1221
Coast Guard Auxiliary, United States, 1222
Coastal loods, 1942-1943
Coated fabrics, 2399
Coatis, attacks by, 637, 638f
Cobra envenoming

African neurotoxic cobra, 791, 792f
African spitting cobra, 794, 798f
Asian cobra, 790, 794, 800f
King cobra, 791, 793f

Cobra venom, chemical injury to eye, 
1111-1112

Cobras
African neurotoxic, envenoming, 791, 792f
Asian, 799f

envenoming, 790, 794, 800f
King cobra, 764f

envenoming, 791, 793f
spitting cobra

African, 794, 797f
black-necked, 769f
Mozambican, 763f

Coca, 2207
Cocaine, 1437f
Cocculus indicus, 1523
Cockle, 1521
Cocklebur, 1457-1458
Codeine, acetaminophen with, 2624
Coffee senna, 1455
Cognitive challenges, persons with, 2174-2175
Cognitive function, in lightning victim, 101
Cognitive performance, dehydration and, 

2039
Cohesion, 2564
Colchicine, 1456
Cold

application, for burn victims, 325
essential oil for, 1526
irst-aid kit of natural products for, 1523
ginger for, 1512
and SAR, 1242

Cold-air advection, 2361
Cold diuresis, 139-140
Cold environments

conditioning for, 2201
women and, 2120

Cold exposure
chronic diseases and, 1179
cold-related problems, in Antarctic, 241-242

specialized equipment for, 2291-2292, 2292f
surface, in polar diving, 1592
tolerance among older adults, 2153-2154, 

2154b
Cold Exposure Survival Model, 185
Cold incapacitation, 169, 169f-170f
Cold-induced diuresis, 2041
Cold-induced injuries, nonfreezing, 222-234

assessing injury severity, 231
chilblains, 232
clinical presentation of, 227-229
cold urticaria, 233-234, 234f
cryoglobulinemia, 233
epidemiology of, 222-223
pathophysiology of, 224-227, 224f
physiology of, 223-224
Raynaud’s phenomenon, 232-233
risk factors for, 227
thermoregulatory role of skin, 223-224
trench foot, 232

Cold injury
injury prevention and, 607, 607f
susceptibility to, dehydration and, 2041

Cold loading, 1316-1317
Cold packs, for wilderness travel, 2297
Cold receptors, 125
Cold shock response, 167-168, 168f-169f

ability to control, 182-183, 182f
Cold urticaria, 233-234, 234f
Cold water

behavior and posture of body in, 180,  
180f

commercial activities on, 163-166, 167f
dangers of ishing in, 166b
ishing fatalities, 166b
immersion

for exertional heat illness, 263
factors that affect cooling of the body’s 

core, 172-182
with head above water, physiologic 

responses to, 167-172
with head under water, physiologic 

responses to, 187-189
history and epidemiology, 163-167
medical management, 192-197, 192b, 

193f
rescue, 177f, 189-192
respiratory responses to, 169f

military activities and, 163f, 166
polar diving and, 1591-1592
recreational activities and, 163
survival, 182-187
survival time in, 172-173, 175f

Cold weather survival
decreasing body heat loss, 1330-1331
dressing for, 1331-1332

Cold-induced diuresis, 182
Colibri Quantum lighters, 1342, 1343f
Colic, in large animals, 863-864
Collecting feature, in orienteering meets, 2348
Colles fracture, reduction, 459f
Colligative properties, 2560
Collision mat, 1561, 1561f
Collisions with other vessels, emergencies at 

sea, 1562-1564, 1562f, 1564b
Colloids, 386-387
Colombia, scorpion envenomation in, 1023
Color-coding system, in orienteering, 2347, 

2347t
Colorado River, Grand Canyon and, 2589
Colorado River ecosystem, biodiversity in, 

2541-2543
Colorado tick fever, 982-983
COLREGS, 1562-1563
Colubroid snakes

clinical pattern of envenoming, 786-788
mimics, 764

Coma, in wilderness environment, 1154
Comb-footed spiders

Argiopes, 1016, 1016f
false widow spiders, 1015-1016
grey house spiders, 1016
orb-weaving spiders, 1016
widow spiders, 1013-1015, 1013f-1014f

Combat and casualty care, 582-593. see also 
Tactical medicine

background of, 582
battleield medicine versus standard civilian 

prehospital care in, 582
blast injuries in, 584-586, 585f
burns in, 589, 590t
chest trauma in, 588
death in, 593, 593f
luid resuscitation in, 588-589
joint theater trauma system and registry in, 

582-583
management of airway in, 587-588
medical equipment unique to military in, 

584
medication for, 589
mild traumatic brain injury in, 589-590
military triage and mass casualties in, 591
pain management in, 590-591, 591t
scopes of practice for military medical 

personnel in, 584
telemedicine in, 592
tourniquets and hemostatic agents for, 

586-587, 586f-587f
traumatic emotional stress in, 591-592
unexploded ordnance in, 592-593, 592f
wound care in, 590

Combat and operational stress reaction, 591
Combat application tourniquet system 

(CATSSOF), 567, 567f
Combat Gauze, 443
Combat medicine, advances in wilderness 

care adapted from, 381-384
“Combat tactical breathing,” in pain 

management, 1082
Combat trauma, ield treatment of, hyperbaric 

oxygen therapy for, 1635
Combat wounds, 590
Combi, 2013t-2026t, 2014f
Combitube, 414-415
Comet tails, in ultrasound to diagnose 

pneumothorax, 2381, 2381f
Comet-tail scoring, 21
Comfort measures, in pain management, 

1082, 1085b
Comfrey, 1506, 1512-1513, 1512f
Commercial activities, on cold water, 163-166, 

167f
Commercial expeditions, liability on, 1839
Commercial helicopters, 1269
Commercial WEMS schools, in United States, 

1202-1203
Committee for Tactical Emergency Casualty 

Care, 566
Commodity ropes, 2364
Common peroneal nerve block, 1106, 1106f
Common striped scorpion, 1025, 1025f
Communicable diseases, control, in 

humanitarian crises, 1893-1894
Communication

air and ground medical resources, 
1315-1319

emergency, at sea, 1571-1577
emergency equipment for, 2410b
LCES safety system and, 304
in medical support for endurance events, 

2214
prelight, 1315
in technical rescue, 1246-1247
technology, in expedition medicine, 

1836-1837

Cold exposure (Continued)
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Communication device, for injury prevention, 

599-600, 600f-601f
Communication skills, in humanitarian 

medicine, 1901
Community-acquired methicillin-resistant 

Staphylococcus aureus infections, 401-402
Community-based air transport services, 1296
Comorbidities, contributing to frostbite, 205, 

205f
Companion rescue, 1244, 1255

in canyons, 1275-1276
Compartment syndrome, 449, 462-463

due to snakebite, 825
hyperbaric oxygen therapy for, 1630-1631

Compass navigation, 2335-2338
compass types in, 2336-2337, 2336f
compass use in, 2337-2338, 2337f-2339f
magnetic dip, deviation, and declination, 

2335-2336, 2336f
makeshift compasses in, 2338, 2339f

Compeed, for blister prevention, 537, 537f
Competency-based education, 2451-2452
Competent, 2264
Competitive freediving, 1586, 1587t
Complement activation, 783
Complexity, in environmental change, 2533
Complicated crown fracture, 1131-1132, 1132f
Complications

with P. falciparum, 901-904, 902t, 903f
with P. knowlesi, 905
with P. malariae, 905
with P. vivax and P. ovale, 894f, 902t, 

904-905, 905t
of traumatic wounds, 449-450

Complications during pregnancy in 
wilderness, 2141-2143

ectopic pregnancy of, 2142
later pregnancy

placenta previa, 2143
placental abruption, 2143
preeclampsia, 2143
premature labor, 2143

miscarriage of, 2141-2142
Compositae family, causing allergic contact 

dermatitis, 1427-1429, 1427b, 1427f
Composite volcanoes, 360-361, 362f, 

2585-2586
Comprehensive training courses, for 

wilderness medicine, 1835b
Compressed-gas lanterns, 2413
Compression

of nerve, at elbow, 1162, 1162f
in pain management, 1083

Compression dressing, of ear, 438f
Compression test, 52, 52f
Compromised laps, hyperbaric oxygen 

therapy for, 1630, 1631f
Concentrates, in capsule form, 1504
Concentration disturbance, due to lightning 

injury, 101, 101t
Conclusion stage, of SAR operations, 1215
Concussion, 589-590

rodeo related, 843-844, 844t
tooth, 1132

Concussive injuries, from lightning, 99-100
Concussive/explosive force, 88, 89f
Conditioning, 2194-2202

balance skills for the trail, 2200
developing speed, 2200-2201
lexibility-enhancing techniques, 2199-2200
functional, 2194-2195
physical. see Physical conditioning
power and plyometrics, 2198
in preparation, for jungle travel, 1359
for special environments, 2201-2202

cold, 2201
heat, 2201
scuba diving, 2201-2202

strength, endurance, and power  
for wilderness preparedness,  
2195-2198

stretching, 2198-2199
for technical rescuers, 1250

Conditions, for oceanic life, 2566-2567, 2566t, 
2567f

Conduction, 123, 177
and frostbite injury, 203
of heat exchange, 249

Conductive heat exchange, 123-124, 123t
Condylar fracture, 431f
Cone shells, envenomation by, 1714-1717
Cone snails, envenomation by, 1714-1717, 

1715f-1716f
Conidentiality, in expedition medicine, 1838, 

1838b
Conined spaces

helicopter landing zones, 1270
injury related to, 830

Conlict
armed, and humanitarian medicine, 

1885-1886, 1886f
climate change on, 2546
resolution, skills of, 1829-1830
traveling and working in a conlict zone, 

1961-1962
Conga ant, 1369
Congenital heart disease, 35

in children, 2113
and preparation for travel, 1150-1151

Congestive heart failure, and preparation for 
travel, 1150, 1150t

Coniine, 1440f
Conium maculatum, 1441, 1441f
Conjunctival foreign body, 1119, 1119f
Conjunctival injection, in leptospirosis, 

701-702, 702f
Conjunctivitis, 1117-1118, 1118f

in children, 2111
Conocybe, 1486
Consciousness, impaired, 1158
Consent

decision-making capacity and, 2264-2265, 
2264b

in expedition medicine, 1838-1839
Consideration, in effective waiver, 2258
Consortium service, 1296
Constant low devices, for adequately 

breathing patients, 2310-2311
Constipation, in children, 2109
Construction

of knives, 2414-2415
of shelters, 2425-2426

Contact burns, 321, 321f
Contact dermatitis

allergic, 1419-1429
related to diving, 1764

injury prevention and, 614, 614f
irritant, 1414-1419
phytophotoallergic, 1433
phytophototoxic, 1432-1433
urticaria, immunologic and 

nonimmunologic, 1429-1432
in whitewater sports, 1398-1399

Contact injury, lightning injury, 86f, 87, 88f
Contact lens

displaced, locating, 1120
in diving, 1125
in mountaineering, 1122
overwear syndrome, 1119

Contact lens wear, corneal abrasion and ulcer 
due to, 1116-1117

Contact time, in water disinfection, 1992
Containers

bamboo, 1377, 1378f
for matches, 1340-1342, 1341f-1342f

palm spathe, 1377, 1378f
for water, 2415

Contaminated breathing gas, diving and, 1605
Contamination

environmental, related to seafood, 1791
mercury, in jungle, 1372

Continental crust, 2580
Continental shelves, 2580
Continental snow climate, 40, 41t
Continuing medical education, in wilderness 

medicine, 2466-2467
conferences and travel in, 2470-2471

Continuing quality improvement, in National 
Park Service, 2493-2494

Continuous arteriovenous rewarming, 155, 
155f

Continuous loop system, 1062, 1062f
Continuous positive airway pressure, for 

sleep apnea, 1184
Continuous venovenous rewarming, 155
Contraception, 2128
Contraceptive choices, 2122t-2124t

emergency contraception, 2127
during wilderness travel, 2122t-2124t

Contraindications
for emergency oxygen administration, 2306
in Native American healing, 2433-2435

Contraindications, to wilderness travel during 
pregnancy, 2132b

Contributory negligence, 1839
Controlling the situation, in wilderness trauma 

emergencies, 379
Controversies, in humanitarian crisis, 

1916-1918
Conus dalli, 1715f
Conus striatus, 1715f
Convection, 124, 177

of heat exchange, 249
Convection-dominated crown ire, 298, 299f
Convective heat exchange, 124
Convergent plate margins, 2582, 2584f
Conversion, of wilderness, 2530
Convulsant plants, 1445-1447
Cook sets, in backcountry, 2422
Cookie-cutter sharks, 1654f
Coolants

and frostbite injury, 203, 203f
in spacelight environment, 2600-2601, 

2600f
Cooling

application of cool water to burn injury, 
325

heatstroke and, 263-264, 264f
Cooling rate, of body, cold-water immersion 

and, 182
Copper, in water disinfection, 2008
Copperhead, southern, 733f
Coprine toxicity, 1477
Coprinus (inky caps), 1476f-1477f

disuliram-like toxins from, 1476-1477
Coral, ire, envenomation by, 1691-1693
Coral poisoning, 1676-1677
Coral reefs

climate change on, 2548, 2548f
environmental change in, 2531-2532
threatened, 2537-2538

Coral snakes
anatomy of, 736-737, 737f
clinical presentation, 741
eastern, 733f
envenoming, 793, 796f
fangs and venom apparatus, 768-769
hospital care of, 746-748, 747f
mimicry, 767f
morbidity and mortality, 757
prehospital care of, 743
Sonoran, 734f

Conditioning (Continued) Containers (Continued)
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South American, 767f
Texas, 734f, 768f
venoms, 739

Corals, stony, 1676-1677, 1676f
Cord compression, 1163
Cordage, 2362
Cordellette, 1256
Core, of Earth, 2580
Core hypothermia, 122
Core muscle conditioning, 2196-2197
Core temperature

afterdrop, in accidental hypothermia, 139, 
139f

altered, consequences of, 121-122
basics of, 120-121
for heatstroke victims, 251f
measurement of, 148t
monitoring of, 122
response of a nonshivering volunteer, 171f
response to cold water immersion, 179f

Coriaria, myrtle-leaved, 1446-1447
Corinnidae, spiders, 1012
Corneal abrasion, 1114-1115, 1115f

analgesia for, 1091
with contact lens wear, 1116-1117

Corneal erosion, 1116
Corneal foreign body, 1119, 1119f
Corneal frostbite, 1111
Corneal ulcer, 1115, 1115f

with contact lens wear, 1116-1117
Cornice failures, rescue operations and, 1248
Coronary artery disease, 34, 34f

diving and, 1614
in older adults, 2157
and preparation for travel, 1149-1150, 

1149b, 1149f
Cortical blindness, 19
Corticosteroid injection, 486-489, 487t

medication, 487
risks and side effects of, 487

Corticosteroids
for anaphylaxis, 1500b
for asthma, 1181t
characteristics of, 1426t
for decompression sickness, 1611
intranasal, for allergic rhinitis, 1495, 1495t
for wilderness travel, 2299

Cortinarius mushrooms, 1485, 1485f
COSPAS-SARSAT, 1215-1217, 1215b
Cost-effectiveness, of air medical transport, 

1321
Costa Rica, snakebite deaths, 776
Cotton ball, as ire-starting aid, 1349, 

1349f-1350f
Cotton thread, for wound closure, 1055
Cotton wool spots, 1121f
Cottonmouth water moccasin, 733f
Cougars, attacks by, 631-632, 632f
Cough

essential oil for, 1526
irst-aid kit of natural products for, 1523
high-altitude, 29

Coumarin glycosides, 1452, 1456
Counseling

in Native American healing, 2434t
in prevention of malaria, 912-913

Countries, lesser-developed, search and 
rescue, 1323-1324, 1324f

Covariate lightning, 117
Cowpox infections, 715
Coyotes, attacks by, 628, 628f
Crab poisoning, 1785
Crab spiders

six-eyed, 1008, 1008f
sparassids, 1009-1010

Cracked tooth syndrome, 1136
Cracks, in caves, 1405

Cramps, heat, 252, 267
Cranial nerve palsies, 1163-1164
Craniofacial disjunction fracture, Le Fort III, 

430
Craniofacial injuries, in mountain bikes, 2241
“Crash” intubation, 410
Cravat dressings, for bandaging, 523, 528f
Creatine, 2208
Creeps, 1934
Creosote bush, 1429f, 2435
Crepitus, in diagnosing fractures, 1063t
Creutzfeldt-Jakob disease, variant, 727-728

biology of, 728
epidemiology of, 728
historical aspects of, 727
symptoms and diagnosis of, 728, 728f
transmission of, 728
treatment and prevention of, 728

Crevasse rescue, extrication devices for, 1255
Crevasses, 1249

in Antarctic, 240, 244f
Crew models, in air medical transport, 

1297-1298
Crew overboard, 1554-1557

module, 1555, 1555f
Crickets, as food, 2058-2060
Cricothyrotomy, 416-418

improvised, 1050-1052, 1050b, 1051f-
1052f

Crimean-Congo hemorrhagic fever, 983-984, 
1847

Crisis
in biodiversity, 2535-2536, 2536f
hemolytic, with G6PD deiciency, 1191b
humanitarian, needs in, 1892-1894
response to, and mental health, 1175-1177, 

1176t
“Crispy critter” myth, 74-75
Critical appraisal, in evidence-based medicine, 

2483b
Critical burials, 62-63
Crocodile attacks, 639, 639f, 687-692, 

688f-689f
characteristics, lifestyle, and habits of, 687, 

688t
dealing with, 692, 692f
feeding and predation habits of, 687-688
overview of, 688-690, 689f-690f
treatment of, 690-691

irst aid for, 690-691, 690b
hospital management for, 691
microbiology and antimicrobials for, 691, 

691b
prevention of, 691-692, 691b

Crocodiles
as food, 2060, 2060f
tropical, 1370

Crocodylia, 687, 688f
CroFab antivenom, 744f, 750
Cromolyn, for allergic rhinitis, 1496
Crops

in loods, 1943-1944
tsunami and, 1929-1930

Cross-country cycling, 2238, 2239f
Cross-reactivity, 1803-1804

ish, 1803
shellish, 1804

Crossbow projectiles, 551-552
Crotalidae antivenom, 2625
Crotalinae envenomation

Asian arboreal pit viper, 810, 811f
Chinese mamushis, 809
Latin American pit vipers, 810-811, 813f

Bothrops, 810-811
Crotalus, 811, 814f
Lachesis, 811

Malayan pit viper, 780f, 809-810, 810f
Croton bush, 1417f

Crown ire, 284
plume-dominated, 298, 299f
wind-driven, 298

Crown infraction, 1131
Crown-of-thorns starish, 1705f
Crown-root fracture, 1132, 1132f
Crow’s-light distance, 1232t
Crush injuries, 443f

hyperbaric oxygen therapy for, 1630-1631
and rhabdomyolysis, 396-397

Crust, of Earth, 2580, 2581f
Crustaceans

allergens, 1801t, 1802
as food, 2061

Crutwell ire, 289f
Cryoglobulinemia, 233
Cryotherapy, in stingray envenomation, 1726
Cryptosporidium

oocysts, 1988-1989
in traveler’s diarrhea, 1872-1873

Crystalloids, 386-387
Crystals, iodine, 2026-2027
Ctenidae, spiders, 1010-1011
Cuff, blood pressure without use of, 1046-1047
Cultural factors

demographic transition in Arctic, 236-237
jungle-dwelling populations, 1378-1379

Culture mediums, for Vibrio species, 
1640-1641

Cultures, of Native Americans, 2428
Curcin, 1454
Currents

ocean, in surface zone, 2561
river, recirculating, 1393f

Curriculum, of MedWAR, 2474t
Curriculum development

concepts and models of, 2465
illness data in, 2464-2465, 2464f-2465f
program and, 2463-2466
retention of learning in, 2464
steps of, 2465-2466

content as, determining, 2466
desired outcomes in, 2466
select learning assessment instruments, 

2466
select teaching methods in, 2466

wilderness medicine injury in, 2464-2465, 
2464f-2465f

Cutaneous abscess, 401, 401f
Cutaneous anthrax, 694, 694f
Cutaneous circulation, frostbite and, 198
Cutaneous decompression sickness, 1608, 

1765-1766, 1766f
Cutaneous hypersensitivity, persistent, jellyish 

sting and, 1690
Cutaneous larva migrans, 1762, 1762f
Cutaneous lesions, supericial, 1746, 1747f
Cutaneous MRSA infection, 402f
Cutaneous tularemia, 712f
Cutaneous vascular tone, 224
Cutis marmorata, 1608, 1608f, 1765f
Cuts, from corals, 1677, 1677f
Cuttleish, 1714f-1715f
Cyanide poisoning, hyperbaric oxygen 

therapy for, 1629-1630
Cyanoacrylate, 1054
Cyanobacteria, 1743-1744, 1783, 1989
Cyanogenic plants, 1458-1459
Cycling events

in endurance events, 2210
injuries and illnesses during, 2215

Cyclone formation, 1936f
Cyclone Nargis, in Burma, 1939-1940, 1940f
Cyclones, 2352

marine weather and, 1569-1570
Cyclopentolate hydrochloride, 2625
Cyclospora cayetanensis, in traveler’s diarrhea, 

1873-1874

Coral snakes (Continued)
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Cylinders

administer oxygen from, 2312
for oxygen administration, 2306-2307, 

2307f, 2307t
Cystic ibrosis, 32-33
Cystic hydatidosis, 723, 723f
Cysticercosis (taeniasis), 718-721

diagnosis of, 720-721, 721f
epidemiology of, 720
parasitology and transmission of,  

719-720
prevention and control of, 721
symptoms of, 720
treatment of, 721

Cystoisospora belli, in traveler’s diarrhea, 
1873

Cystourethritis, in spacelight, 2614
Cytisine, 1442, 1442f
Cytokine-induced malnutrition, 1977
Cytokines, heatstroke related, 261
Cytotoxic Elapidae, 794-795

D

Dabigatran, 2625
Dacryocystitis, 1110
Daddy longlegs, 1008
Dahlia, 1427f
Daily water balance, 2031
Daisy, 1427f

ox-eye, 1458
Dalton’s law of partial pressures, 1603-1604, 

1604f
Damage control kit, for looding at sea, 

1560b, 1560f-1561f
Damages, 2254
Damming events, 2351
Dantrolene, 271

effect on body cooling, 263
Daphne, 1452
Darkling ground beetles, 953
Darts, with toxins, for hunting, 550
Dasyatis kuhlii stingray, 1724-1726
Data analysis, in RHA, 1896-1897
Datura spp., 1438-1439, 1439f
Day packs, in backcountry, 2417
Dead zone, Mississippi, 2540, 2540f
Deadly hurricanes, 1938, 1938f
Deadly nightshade, 1439
Death. see also Fatalities

causes of, weather related, 2533b
in combat and casualty care, 593, 593f
snakebite related

in Africa, 777
in America, 774-776
in Asia, 776-777
in Europe, 777
in Oceania, 777

sudden
arterial gas embolism and, 1600-1601, 

1601f
in people with sickle cell trait, 1191

from whitewater sports, 1390-1391
Death adder, 794f
Death cap mushroom (Amanita phalloides), 

1465f
Debridement

mechanical, in wound cleansing, 442
of wound from aquatic environment, 1637

Debris avalanches, 369
Debris low, 1934
Decay stage, 1936
Deceased, care of, following natural disaster, 

1879
Decision making

bioethical decision-making process, 
2265-2267

dilemmas in, 2269-2270
advance directives, 2269
euthanasia, 2269-2270

medical, Fourth World, 248
preventive, in technical rescue, 1245-1247

Decision making algorithm, for cold water 
immersion, 185f

Decision-making capacity, consent and, 
2264-2265, 2264b

Declination, magnetic, 2335
Declination curve, in celestial navigation, 

2342
Decoction, 1504

of devil’s club, 1518
Decompression

bladder, 400
pleural, improvised, 1058-1059, 1059b, 

1059f
polar diving and, 1592
in spacelight, 2597
of stomach, in acute abdomen, 400

Decompression illness, in drowning patient, 
in-hospital treatment for, 1544

Decompression-related injuries, in spacelight, 
2597-2598, 2598f

Decompression shock, 1609
Decompression sickness, 1126, 1154-1155

in breath-hold divers, 1611
cause of, 1606
cutaneous, 1765-1766
diagnosis of, 1609
hyperbaric oxygen therapy for, 1628
long-term sequelae of, 1609
pathophysiology of, 1606-1609
prevention of, 1611
in spacelight, 2597-2598
symptoms and signs of, 1607t
treatment of, 1609-1611

Decongestants
for allergic rhinitis, 1494-1495
phytopharmaceuticals as, 1520t

Decreased vision, after diving, 1127, 1127b
Deep burns, 98, 99f
Deep fascial space infections, 1139-1140, 

1140f-1141f
Deep partial-thickness burns, 324, 324f

outpatient care, 330
Deep time. see Geologic time
Deep vein thrombosis, 1193, 1810
Deep-water waves, 2564
Deep zone, of ocean, 2561
Deer, attacks by, 636
Deerlies, 955
DEET (N,N-diethyl-3-methylbenzamide), 613, 

1038-1040, 1039t, 1040b, 1042, 2100, 
2138

Defense and Veterans Pain Rating Scale, 
1083, 1086f

Defensive swim position, whitewater, 1394
Deibrillation, 1153
Deiciency

glucose-6-phosphate dehydrogenase, 1191, 
1191b

vitamin, 1974b
Deforestation, 1950-1951

climate change on, 2547, 2547f
Deformation of snow on slope, 44-45
Degloving injuries, 462
Dehalogenation, 2006
Dehydration

causing delirium, 1173
in children, 2094-2095
cognitive performance and, 2039
deinition of, 2031
and electrolyte imbalance, 251-252, 253f, 

267
environmental heat stress and, 2036-2038

heat-related illness, 2039
limits of survival and, 2040-2041
and performance, 2036-2038, 2037f-2038f, 

2037t
physiologic consequences of, 2035-2041
rehydration and, 2031-2044
signs of, 2108b
susceptibility to cold injury and, 2040f, 

2041
during wilderness and endurance events, 

2218, 2218f
work productivity and, 2038-2039

Dehydro-3-epiandrosterone (DHEA), 2207
Delayed barotitis, in spacelight, 2616
Delayed radiation injuries, hyperbaric oxygen 

therapy for, 1631-1632, 1631f
Delayed reaction, jellyish sting and, 1690
Delirium, 1173
Delta hepatitis, 1850
Delusions of parasitosis, 967
Demographics

associated transition in Arctic, 236-237
of expedition, 1827f, 1828-1830

Demonstrations
in educational techniques, 2446-2447
international, 1958

Dendrobates frog toxins, 550
Dengue, 872-876, 1845-1846, 1846f

clinical presentation of, 874-875
diagnosis of, 875-876, 875f
distribution of, 873, 873f
epidemiology and transmission of,  

872-874
growth of incidence of, 874f
treatment and prevention of, 876, 877f
virology and pathophysiology of, 1845

Dengue hemorrhagic fever, 873-874
Dengue viral disease, climate change in,  

2545
Density, of snow, 40
Density zones, of ocean, 2561
Dental anatomy, 1128, 1129f-1130f
Dental barotrauma, 1597
Dental concerns, in spacelight, 2616
Dental loss, for wound closure, 1055
Dental issues, in older adults, 2158
Dental trauma, 1075-1076, 1075f, 1128-1135, 

1131b
Denticles, shark, 1657f
Dentistry

aphthous ulcers in, 1141-1142, 1142f
dental trauma in, 1128-1135, 1131b
exodontia in, 1143-1144, 1143b
irst-aid kit in, 1144-1145, 1145f
history and examination in, 1128, 

1130b-1131b
jaw osteonecrosis in, 1142, 1142f
local anesthesia in, 1144, 1144f
maxillofacial infections in, 1137-1143
mucocele in, 1142-1143, 1143f
orofacial pain in, 1135-1137, 1135b, 1136t
prevention of emergencies in, 1145
in wilderness, 1128-1145

Dentoalveolar fracture, 1133, 1134f
Dentures

for older adults, 2158
sores from, 1135

Depression
due to lightning injury, 101
severe, 1171-1172

Depth hoar, 41-42
Depth of burn injury, 323-324
Deputy Director, of National Park Service, 

2489
Derma Shield, jellyish sting and, 1690
Dermabond (2-octyl cyanoacrylate) topical 

skin adhesive, 2626

Decision making (Continued) Dehydration (Continued)
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actinic, chronic, 353
allergic contact, 1764f-1765f
ciguatera, 1746, 1746f
jellyish sting and, 1689-1690
Lyngbya, 1744-1746
plant-induced, 1413-1433

allergic contact dermatitis, 1419-1429
contact urticaria, 1429-1432
irritant contact dermatitis, 1414-1419
phytophotoallergic contact dermatitis, 

1433
phytophototoxic contact dermatitis, 

1432-1433
Prototheca, 1746-1747
pustular, caused by beetle, 953
red tide, 1744f
Sargassum algae, 1744, 1745f
schistosome cercarial, 1760-1762, 1761f

Dermatologic conditions, irst-aid kit of 
natural products for, 1522-1523

Dermatologic disease
of Lyme disease stage II, 976
of Lyme disease stage III, 977

Dermatologic disorders, in older adults, 2157
Dermatologic medications, for wilderness 

travel, 2279t-2287t
Dermatologic occupational seafood allergy, 

1797-1798
Dermatology, in physiologic concerns of 

spacelight, 2611
Dermatomes

distribution map, 387f
sensory, 452f

Dermatoses
phytoplankton, 1743-1748
related to diving, 1764-1766

Descent
canyon, 1274, 1274f-1275f
in technical rescue, 1258-1259, 1258f-1260f

Descent and belay (friction) devices, 
1236-1237, 1237f

Desert parsley, 1517, 1517f
Desert region, wild plants, 2079t-2081t
Desert shade shelter, 1387f
Desert snakes, 764f

vipers, envenoming, 805
Desert survival, 1380-1389

food, 1386
hazards, 1387
shelter, 1385-1386, 1387f-1388f
water, 1384-1385

Desert travel, 1380-1389
modes of, 1387-1389
preparation for, 1382-1383

clothing, 1382-1383, 1383f
survival kit, 1383, 1384b

Desert violin spider, 1004f
Desert willow, 2053
Desertiication, 1951-1954

causal phenomena of, 1951-1953, 1952f
characteristics of, 1953
predictability of, 1953
rate and scope of, 1953
risk reduction for, 1953-1954

Deserts
environment, 1380-1382
hazards of, 1834t
landscape, 1382f
sustainability in, 2551
water hole, 1384f
of the world, 1381f, 1382t

Desidae, spiders, 1008-1009
Design factor, 2363
Desmodesmus armatus, from aquatic 

environment, infection caused by,  
1643

Detention, global perspective of, 1960

Deterioration
high-altitude, 26-27
of subject’s condition during rescue,  

1251
Developing countries

guidelines for travel in, 2273b
waterborne diseases, 1987, 1987t

Deviation, 2335
Devil’s club, 2435, 2436f

as plant medicine, 1517-1518, 1517f
Dew, collecting, 2048-2049, 2049f
Dew point temperature, 2350
Dewatering pumps, 1562, 1562f
Dexamethasone, 2626

in Antarctic, 242
and diabetes, 1186
prophylaxis, 16-17

Dextroamphetamine, 2626
Dextrose, 2626
Dextrose solution, for wilderness travel, 

2279t-2287t
DHEA (dehydro-3-epiandrosterone). see 

Dehydro-3-epiandrosterone
Diabetes

in children, 2112-2113
diving and, 1616
in older adults, 2157
and wilderness travel, 1184-1187, 1184t, 

1186t-1187t
Diabetes mellitus, 36-37
Diabetic alert dogs, 2181
Diabetic travelers, wilderness preparation for, 

2275
Diagonal lashing, 2373, 2374f
Diameter, of life safety ropes, 2365
Diamondback rattlesnake, 731f
Diapers, 2091
Diarrhea

essential oil for, 1526
irst-aid kit of natural products for, 1522
infectious. see Infectious diarrhea
traveler’s. see Traveler’s diarrhea
in wilderness, preparing for, 2296

Diarrhetic shellish illness, 1780-1781
Diathermy, 157
Diatoms, 2569f
Diazepam, 2626
Dieffenbachia, 1418, 1418f, 1452, 1452f
Dientamoeba, 1874
Diet

balanced, 2044
effect on hydration, 2043

Dietary reference intakes, 1965
N,N-diethyl-3-methylbenzamide (DEET), 613, 

1038-1040, 1039t, 1040b, 1042, 2100, 
2138

Differential diagnosis
of acute loss of vision in white, quiet eye, 

1112b
of acute periocular inlammation, 1110b
of acute red eye, 1113b
of decreased vision after diving, 1127, 

1127b
of scorpion envenomation, 1029
of seafood allergies, 1798

Diffuse radiation, 2355
Diffusely adherent E. coli, 1867
Digestion, gentian and, 1517
Digital block, 1101, 1103f
Digital intubation, 416
Digital selective calling, at sea, 1574
Digitalis purpurea, 1448f
Digoxin, 2626
Dilemmas, ethical, 2267-2270, 2267b

decision-making dilemmas, 2269-2270
advance directives, 2269
euthanasia, 2269-2270

priority-in-care dilemmas, 2268-2269

direct life-threatening situations for the 
health care provider, 2269

issues of survival, 2269
triage choices, 2268-2269

standard-of-care dilemma, 2267-2268
cultural differences, 2267
giving authority to untrained personnel, 

2268
limited resources, 2267

in wilderness policies, 2270
motor vehicle restrictions and 

environmental protection, 2270
no-rescue areas, 2270
when to stop searches, 2270

Diltiazem, 2626
Dilutional hyponatremia, 1975
Dinolagellates, 2569, 2569f
Dip, magnetic, 2335-2336
Dip net, 2068
Diphenhydramine, 28, 444-445, 2297, 2626
Diphtheria, 1854

tetanus, and pertussis vaccine, 1818
Dipluridae, spiders, 1003
Diptera (two-winged lies), 953-960, 954f, 

954t
biting midges, 955
blacklies, 955
horselies and deerlies, 955
myiasis, 956-960
other biting diptera, 955-956

Direct cellular injury, in frostbite, 199
Direct luorescent antibody, for plague, 710, 

710f
Direct medical oversight, 1206
Direct pressure, to control bleeding, 443
Direct strike, lightning injury, 86f, 87
Direction, in compass navigation, 2335
Director, of National Park Service, 2488
Directorate, of National Park Service, 2489
Director’s order #51, in National Park Service, 

2489-2490
Disability. see also Persons with disabilities

deined, 2166
diving with, 1617
etiquette, 2166-2167

brief history of, 2166-2167
prevalence of, in United States, 2166, 2166t
terminology, brief history of, 2166-2167

Disabled, deined, 2166
Disaster medicine, relationship with 

emergency medical services, wilderness 
medicine, and tactical medicine, 1201

Disaster relief, 1885-1920
actors during, 1889-1892
aid worker in, 1891f, 1899-1914

becoming and staying involved, 
1904-1905

daily ield responsibilities of, 1902-1904, 
1902f-1903f

motivating factors for personal 
involvement in, 1899-1900, 
1899f-1900f

practical considerations for, 1907-1913
professional characteristics of, 1900-1902, 

1900f-1901f
current challenges in, 1916-1918
evolution of the humanitarian system, 

1914-1916, 1914f
health care needs following a disaster, 

1894-1899
humanitarianism and environmentalism in, 

1918
key events and medical problems in, 

1885-1889
needs in humanitarian crises, 1892-1894

control of communicable diseases and 
epidemics, 1893-1894

Dilemmas, ethical (Continued)
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coordination and logistics in, 1894
food and nutrition, 1892-1893
human resources and training in, 1894
public health surveillance, 1894
shelter, security, and site planning, 1893, 

1893f
water and sanitation, 1892

suggested packing list, 1919-1920
Disaster response and recovery continuum, 

1882f
Disasters, 1876. see also Natural disasters

air medical responses in, 1321
cycle, 1877f
health consequences of, 1876-1877
mitigation, 1922-1923
response to, 1175-1177, 1176t
risk reduction and management of, 

1920-1921
Discomfort, caused by prosthetics, 2170
Discussion, in educational techniques, 

2449-2450
Diseases

chronic. see Chronic diseases
epidemics, and humanitarian medicine, 

1887-1888, 1887f, 1893-1894
epidemiology of, altered, 2540, 2540f
etiology of, in Native American, 2430
neglected, and humanitarian medicine, 

1888
Disinfection. see also Chemical disinfectants

of alternative suture materials, 1056
constant, 2002
deinition of, 1991-1992
of ield water, 1985-2030
of medical equipment, 1056-1057

Disk protrusion
cervical, 1163
lumbar, 1163

Dislocations
ankle, 479-481, 480f-481f
elbow, 470-471, 470f-471f
extremity

physical examination and diagnosis of, 
1063-1064, 1063t

treatment of, 1064
hip, 476, 476f-477f
knee, 478, 478f
shoulder, in whitewater sports, 1396, 

1396f-1397f
ultrasound of, 2383-2384, 2384f
in wilderness, preparing for, 2297

Dispatch, for air medical transport, 1315
Displaced iliac wing fracture, 455f
Displacement, in 2010 Haitian earthquake, 

1889f
Disposable batteries, for head lamps,  

2412
Disposition, for pit viper envenomation, 746, 

746f
Disqualiication, medical, in endurance event, 

2215
Disseminated intravascular coagulation, 259, 

259f, 269
Dissemination and implementationscience, in 

evidence-based medicine, 2483b, 
2485-2487, 2487f

Dissolved gas concentrations, in air medical 
transport, 1313

Dissolved gases, in ocean, 2566
Dissolved organic carbon, 2570
Dissolved organic nitrogen, 2570
Distal biceps tendon rupture, 842-843,  

842f
Distal radius fracture, 459f
Distance learning, in educational techniques, 

2450-2451
Distress radio beacons, 1216-1217

Distress signals, 1571-1577
cellular telephones, 1573-1574
emergency beacons, 1576-1577
Global Maritime Distress and Safety System 

and digital selective calling, 1574
nonpyrotechnic signals, 1573
satellite phones, 1574
send devices, 1577
SSB-HF radios, 1576
VHF-FM marine radios, 1574-1576
visual and sound, 1571-1572

Distributive justice, 2263
Disuliram-like toxins, in Coprinus spp., 

mushrooms, 1476-1477
Diuresis, cold-induced, 182, 2041
Dive knives, 2414
Divergent plate margins, 2582, 2584f
Divers Alert Network, 1610, 1610f
Diverticulitis, 398
Diving. see also Scuba diving

accident investigation, 1618
arterial gas embolism and, 1600-1603

clinical manifestations of, 1601-1602
pathophysiology of, 1600
prevention of, 1603
sudden death and, 1600-1601
treatment for, 1602-1603

asthma and, 1181
barotrauma, 1593-1600

of ascent, 1598-1600
of descent, 1594-1598

breath-hold, 1586
COPD and, 1183
decompression sickness and, 1606-1611

in breath-hold divers, 1611
cause of, 1606
diagnosis of, 1609
long-term sequelae of, 1609
pathophysiology of, 1606-1609
prevention of, 1611
treatment of, 1609-1611

dermatoses related to, 1764-1766
with disabilities, 1617
eye and, 1124-1127
lying after, 1617
historical perspective of, 1585
immersion pulmonary edema and, 1612
indirect effects of pressure, 1603-1606

contaminated breathing gas, 1605
Dalton’s law of partial pressures, 

1603-1604
hyperventilation and shallow water 

blackout, 1605-1606
nitrogen narcosis, 1604
oxygen toxicity, 1604-1605

injuries, hyperbaric chambers for, 1624, 
1624f

internal carotid artery dissection and, 1612
long-term health effects of, 1611-1612
medical itness for, 1612-1616

general considerations, 1612-1613
medical clearance, 1613
speciic conditions of concern, 1613-1616

medications and, 1616
mixed-gas, 1589-1590
one-atmosphere, 1592
physics of, 1592-1593
polar, 1591-1592
rebreather, 1587-1589
safe scuba, 1617
saturation, 1590-1591
surface-supplied (tethered), 1589
technical, 1590
types of, 1586b
underwater, and cardiovascular system, 

1146-1147
Diving medicine, 1583-1618
Diving relex, 1146, 1537

Dizygotic twins, 2498
Djenkol beans, 1456
DNA immunization, 1805
DNA repair enzyme T4 endonuclease V,  

351
Doctors Without Borders (Médecins Sans 

Frontières), 1885, 1886f
Doctrine of negligence, tort law and, 

2253-2254
Docusate sodium (Colace), 2294
Dog-handling techniques, 845-846
Dogs, 845-855. see also Canines

anaphylaxis in, 854
bandaging techniques for, 846-849

casts, 848-849
in feet, 846
of limbs, 846-847, 848f
open wounds, covering of, 846
tie-over bandages, 847-848, 849f
of trunk, 847

against bear attacks, 684-685
capillary reill time in, 845
cardiac evaluation of, 845
dog-handling techniques, 845-846
domestic, attacks by, 641
drowning of, 854
endotracheal intubation in, 851, 851f
luids for, 850
fractures in, 850
frostbite in, 854
gastric dilation and volvulus in, 854-855, 

854f
grass awns and, 854
gunshot wounds, 850
heatstroke in, 853
hydration status of, 845, 846f
infectious diseases in, 855
lacerations in, 849
laryngeal paralysis in, 853
medications for, 856t
mucous membrane color of, 845
muzzle for, 846, 847f
myelopathies in, 850
of native groups, 1370
ocular and periocular injuries in, 850
oral medication for, 845-846
porcupine quills in, 853-854
pulse of, 845
restraint, manual, 846, 848f
in SAR event, 1228, 1228f
sled, 853
snakebite in, 853
spinal injuries in, 850
tail injuries in, 850
temperature of, 845
toenail injuries in, 849
wounds

gunshot wounds, 850
open, covering of, 846
stapling, suturing, and gluing, 850

Dome volcanoes, 2585-2586
Domeboro, 2626
Domestic animals

attacks by, 641-645
rabies in, 650

Domoic acid, 1781
Dona Ana cactus, 1444
Donkeys, injury from, 643
Dopamine, for hypotension, 1501
Dopamine hydrochloride injection,  

2626
Doppler and blood low studies, 2385, 

2385f-2386f
Doppler echocardiography, 24-25
Doppler radar scale of intensity, rainfall, 

2358, 2358t
Dose-response, iodine, 2004
Double boots, 2403

Disaster relief (Continued)
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2371f

Double isherman’s bend, 2370-2371, 2371f
Double-runner splint, 505, 508f
Double-runner system, 1070, 1070f
Double-sheet bend, 2371, 2371f
Down, for outdoor clothing, 2396-2397, 

2397f, 2398t
Downhill riding, 2238, 2239f
Doxycycline, 915t-916t, 918, 2626

for anthrax, 695
for leptospirosis, 703

Dracunculus medinensis, 1989
Dragon

eastern bearded, 761f
Komodo, 827-828

Drags, in rescue operations, 1281-1282
Drainage system (bottles/bags), 1059-1060, 

1060f
Drained blister, 539-540, 540f
Dressings

compression dressing of ear, 438f
improvised, 1057

for blister, 1058f
“sterile”, 1057

Drip Ceradyn, 2013t-2026t, 2014f
Drivelines, injury related to, 835-836
Drones, 1273
Drought, 1944-1946
Drowning, 1529-1549

and cardiac arrest resuscitation, 1153t
by children, 2098-2099
clinical presentation of, 1538-1539
of dogs, 854
element of time in management of, 1538
emergency department treatment of, 1542, 

1542b
in-hospital treatment of, 1542-1545

cardiovascular system and 
hemodynamics, 1543-1544

central nervous system, 1544
decompression illness, 1544
hypothermia, 1544
infectious diseases, 1544-1545
pulmonary management, 1543
renal system, 1544

incidence and epidemiology of, 1530-1531, 
1531f

of large animals, 865
management, in canyon medicine, 2230
on-scene management of, 1539-1542
pathophysiology of, 1534-1538, 1536f
patients

classiication of, 1546t
prehospital management and 

classiication of, 1540t
prevention and survival of, 1546-1549
prognosis and termination of resuscitation, 

1545-1546
risk factors for, 1531-1534, 1531b
scenarios, classiication and types of,  

1530
Drowsiness, excessive daytime, 1160
Drug interaction, affecting oral contraceptive 

eficacy, 2128
Drug offenses abroad, 1960
Drug reactions, as cause of sudden apparent 

loss of consciousness, 1160
Drug resistance, malaria, 1820t
Drug stability, 2621-2631

drug list in, 2623-2631
environmental factors inluencing, 

2621-2622
expiration dates in, 2622
packaging in, 2622-2623
shelf life in, 2622
sterility in, 2623
storage in, 2623

Drugs. see also Medications
for basic ield kit, 2623
contributing to drowning incidents, 1533
contributing to frostbite, 204
controlled, problems of transporting, 1836
education about, prevention of drowning 

and, 1548
for lightning patients, 105t
and nonfreezing cold-induced injuries, 230
performance-enhancing, 2205-2206
precipitating hemolytic crisis with G6PD 

deiciency, 1191b
for status epilepticus, 1159b
for therapy in traveler’s diarrhea, 1864t

Dry bags, in backcountry, 2418-2419, 2419f
Dry eye, 1119
Dry heat exchange, 249
“Dry socket”, 1144
Dry wood, for building ires, 1344f
Drying, of clothing, 2405
Drysuits, for canyoneering, 2223, 2223f
Dual-itting stoves, 2422
Dual-slalom races, 2238
Duct tape, for blister prevention, 537, 537f
Duffels, in backcountry, 2418-2419, 2419f
Dulfersitz rappel, 1258, 1258f
Dumb cane, 1418, 1418f
Dunant, Henry, 1885
Duplex ultrasonography, 209, 209f
Durable surfaces, travel and camp on, 2550
Durable water-repellent inish, 2399, 2399f

care and storage for, 2405
Dust, in spacelight environment, 2601-2602
Dust mites, allergic rhinitis and, 1492
Duty, 2254
Duty of care, 1837-1839
Duvenhage virus, 671
Dye marker, luorescent, at sea, 1573
Dynamic kernmantle rope, 2366, 2366f
Dysbaric osteonecrosis, decompression 

sickness and, 1609
Dysbaric retinopathy, decompression sickness 

and, 1609
Dysbarism, 1313
Dysentery, essential oil for, 1526
Dysmenorrhea, 2121, 2126
Dysrhythmias

diving and, 1614
during resuscitation after drowning, 1543
in spacelight, 2606-2607

Dzo, attacks by, 636

E

Early disseminated disease (stage II), Lyme 
disease, 976-977

Early localized disease (stage I), Lyme 
disease, 975-976, 975b, 975f

Early-warning system, for wildland ire, 289-290
Earpiece, for stethoscope, 1048, 1048f
Ears

bandaging, 532, 532f
barotrauma and

external auditory canal, 1595
inner ear, 1597
middle ear, 1595-1597

foreign body in, 437-439
infection of, in whitewater sports, 1398
injuries, lightning-related, 100
lacerations, 433-435, 436f
nose, and throat disorders, diving and, 

1616
stethoscopes and, 1047

Earth, 2578-2596
composition of, 2580-2581, 2580f-2581f
Grand Canyon, 2589-2596
interior structure of, 2579-2580, 2580f

origin of, 2578-2579, 2579f
plate tectonics in, 2581-2586, 2581b
present-day geology, in understanding the 

past, 2588-2589
sedimentary rocks, sedimentation and, 

dynamics of, 2586-2588, 2587f-2588f
Earth oven, 2085
Earth potential rise, lightning injury, 86f, 87
Earthquakes, 1923-1927

adverse effects of, 1926-1927, 1927f-1928f
causal phenomena, 1923
characteristics, 1923, 1924f
Haiti, 1880-1881, 1887f, 1889f
hazards of, 1926
location and predictability of, 1924-1926
Pakistan, in 2005, 1880-1881
risk reduction measures, 1927
scales of, 1923
typical adverse effects of, 1926-1927

Earthworms, as food, 2060
Eastern bearded dragon, 761f
Eastern coral snake, 733f
Eastern diamondback rattlesnake, 731f
Eastern equine encephalitis, 884-885, 885f
Eastern green mamba, 763f, 769f
Eating utensils, three-bowl system of 

washing, 615
Ebola, 1847
Ebullism, 2598
Ebullism syndrome, 2598
Ecchymosis

in diagnosing fractures, 1063t
from rattlesnake envenomation, 740f

Echinacea, 1515-1516, 1515f-1516f, 1523
Echinacea purpurea, 1516f
Echinacin, 1516
Echinococcosis, 722-724

diagnosis of, 723-724
epidemiology of, 723
parasitology and transmission of, 722-723, 

722f-723f
prevention and control of, 724
symptoms of, 723
treatment of, 724

Echinococcus granulosus, 723-724, 1989
Echinococcus multilocularis, 723-724
Echinococcus oligarthus, 723
Echinococcus vogeli, 723
Echinodermata, envenomation by, 1705-1713

sea cucumbers, 1712-1713
sea urchins, 1706-1712
starish, 1705

Echinopsis, 1444
Echocardiography, for patent foramen ovale, 

2385-2387, 2387f
Economic measures, in disaster mitigation, 1922
Ecosystem services, climate change on, 

2547-2548
Ecosystems

Colorado river, 2541-2543
threatened, 2536-2538, 2537f

Ecotherapy, 1166
Ecthyma gangrenosum, associated with Vibrio 

vulniicus sepsis, 1639f
Ectopic pregnancy, 2142

in wilderness emergency medical services, 
1209

Eddies, 1393, 2219-2220
Eddy fence, 2219-2220
Edema

cerebral, in lightning victims, 104
facial, acute poison oak dermatitis, 1423f
high-altitude cerebral. see High-altitude 

cerebral edema
high-altitude pulmonary. see High-altitude 

pulmonary edema
pulmonary. see Pulmonary edema

Earth (Continued)
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Edibility test, 1375
Edible ishes, taxonomic relationships among, 

1795t
Edible mushrooms, 1467

look-alikes of mushrooms containing 
amatoxin, 1486t

Edoxaban, 2626
Education

approach to injury prevention, 596
following an allergic reaction to seafood, 

1800
human organism and, 2442-2443
learner-centered, 2443
in MedWAR, 2477-2478, 2477f-2478f
sessions, in National Park Service, 2494, 

2494f-2495f
tsunamis and, 1930
wilderness medicine. see Wilderness 

medicine education
Education cycle, 2442, 2442f
Educational techniques, of adult learning, 

2444-2451
case-based learning in, 2447-2448
demonstration in, 2446-2447
discussion in, 2449-2450
distance learning in, 2450-2451
ield experiences in, 2451, 2451f
learning strategies in, 2445, 2445b
lecture in, 2445-2446, 2446b
problem-based learning in, 2447, 2448b
scenarios and role-play in, 2448-2449, 

2448f-2449f
skills development sessions in, 2447, 2447f
small-group learning in, 2450
subject-based learning in, 2449

Eel
electric, 1678
moray, 1666-1668

Effect modiication, in injury prevention, 597
Effect size, in evidence-based medicine, 

2483b
Effector responses, in thermoregulation

central signal, 128-129
local modulation, 129
vascular adjustments, 128

Eficiency of movement, 2187-2188
Eficiency ratio, of knots, 2374
Effusions, 484
Eggs, wild bird, 2058, 2058f
Ehrlichiosis, 989
Elapid envenoming

African neurotoxic cobra, 791, 792f
African spitting cobra, 794, 798f
American coral snakes, 793, 796f
Asian cobra, 790, 794, 800f
Asian kraits, 791-792
Australian and New Guinean, 792-793, 795f
King cobra, 791, 793f
mamba, 790-791, 790f-791f
sea snakes and sea kraits, 793-794, 797f

Elapidae
cytotoxic, 794-795
fangs and venom apparatus, 768-769
neurotoxic, 789-790
venom ophthalmia, 794-795, 801f
worldwide, 789-795

Elapids, North American, 730t-731t
Elastic bandages, 518f, 523, 528f
Elastic deformation, 44
Elastic rebound in earthquake, 1924f
Elastic tape, 518
Elastikon

for blister prevention, 537
for blister treatment, 540, 541f
for heel blister, 541-542, 542f

Elbow
dislocation, 470-471, 470f-471f

splint for, 505, 510f

fracture, 468-470
splint for, 505

taping, 521, 526f
ulnar nerve compression at, 1162, 1162f

Elder, deinition of, in Native American 
healing, 2430

Elderberry, 1523
Elders in the wilderness

checklist for adventurers, 2149b
women, health issues, 2148-2149

Electric current
behavior of, in tissue, 92-93
conduction, myths about, 75-76

Electric eel, 1370, 1678, 1678f
Electric ield, 85

effects, 89-90, 90f
Electric ish, 1677-1678
Electric foot warmers, 221, 221f
Electric rays, 1677-1678, 1678f
Electrical burns, 321, 321f-322f

care at the scene, 325
Electrical injury, physics of, 85, 89-91
Electricity, concepts in, 85
Electrocardiogram

abnormalities, due to snake envenoming, 
816

high-altitude pulmonary edema and, 21
at rest and peak exercise, 1149f

Electrolysis, in water disinfection, 2007
Electrolyte content, of common sports drink, 

2043t
Electrolyte disorders, in mountain bikes, 2243
Electrolyte disturbances, submersion and, 

1537
Electrolyte imbalance, dehydration and, 

251-252, 253f, 267
Electrolytes, mineral supplements and, 1975
Electromagnetic spectrum, 335, 336f
Electronic closed-circuit rebreather, 1588
Electronic position-indicating radio beacon, 

2322
Electronic thermometers, 122
Electronics, in backcountry, 2419-2420,  

2420b
Elephant, attacks by, 634-635, 634f-635f
Elephant seal, 1650f

attacks by, 640
Elevation, in pain management, 1083
Elk, attacks by, 635-636
Elliptical ires, 293f
Elongation, of life safety ropes, 2365
Emboli, venous gas, decompression sickness 

and, 1606-1607
Emergencies

common indicators of population mortality 
in, 1897t

in polar diving, 1591
at sea, 1557-1564

collisions with other vessels, 1562-1564
ighting ires, 1558-1559
ire, 1557-1558, 1557b
looding, 1559-1562

Emergency airway management, 403-419
Emergency beacons, 1576-1577, 2329
Emergency care

for avalanche rescue, 60
of burned patient, 319-335

Emergency consent, 2264-2265
Emergency contraception, 2126-2128, 2127t
Emergency delivery

breastfeeding, 2148
breech delivery, 2146-2147, 2146f
delivery of placenta, 2147
fetal position, 2144
neonatal resuscitation, 2147
resource for obstetrics in remote settings, 

2147-2148

shoulder dystocia, 2145-2146
vertex delivery, 2145, 2145f

Emergency department care, for gunshot 
wounds, 558-559

Emergency department management
of accidental hypothermia, 148-149
of drowning patients, 1542b
of venomous lizards, 759-760
of venomous snakebite

coral snakes, 743, 746-748, 747f
pit vipers, 741-746, 741f

Emergency equipment, for backcountry, 
2409-2411

Emergency food supplies, 1985
Emergency harnesses, 2373
Emergency kit, 2410b

for eye, 1110b
Emergency locator transmitters, 1216
Emergency management

of meningitis, 1161, 1161t
of seizures, 1159-1160

Emergency medical dispatchers, 1206
Emergency medical response, 376, 376b, 376t
Emergency medical services (EMS)

in agricultural rescue operation, 829-830
in National Park Service

medical advisor role in, 2493
training levels of, 2490, 2490t, 2493

tactical, 570, 570f
during wilderness and endurance events, 

2215, 2215f
Emergency medical supplies, 605, 605t
Emergency medical technician, 300
Emergency oxygen administration, 2306-2313

contraindications for, 2306
equipment for, 2306-2312
hazards of, 2312-2313
at high altitude, 2311-2312
indications for, 2306
legal issues of, 2313
special considerations in, 2312

Emergency position-indicating radio beacons, 
1216, 1576, 1576f-1577f

Emergency response, during wilderness and 
endurance events, 2214

Emergency shelters
emergency equipment for, 2410b
portable, 1338
summer, 1332
winter and cold weather, 1333-1334

Emergency veterinary medicine, 845-868
EMLA (lidocaine/prilocaine), 2626
Emotional and behavioral health

evacuation in, 1170
evaluation of, 1168-1169
identiication of, 1168
prevention of, 1166-1168, 1168t
role of wilderness guide/medical provider 

in, 1166-1170, 1167t
treatment initiation of, 1169-1170

Emotional lability, due to lightning, 101
Emotional stress, traumatic, 591-592
EMS. see Emergency medical services
Encephalitis, 1162

California, 886
eastern equine encephalitis, 884-885, 885f
granulomatous amebic, 1792-1793
Japanese encephalitis, 880-882
La Crosse, 886
Murray Valley encephalitis, 885
St. Louis encephalitis, 884
tick-borne, 983, 1817

Encephalopathy, bovine spongiform, 728
Encyclopedia of DNA Elements, 2504

components of, 2502f
End-of-line knots, 2368-2373
End-tidal carbon dioxide detection, 413

Elbow (Continued) Emergency delivery (Continued)
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1314-1315

Endermatic method, plant administration and, 
1505

Endocrine dysfunction, from lightning injury, 
101

Endocrine effects, of scorpion envenomation, 
1028

Endocrine studies, in Antarctic, 243
Endocrinologic failure, accidental 

hypothermia and, 141
Endogenous photosensitivity disorders, 

352-353
Endophthalmitis, Posttraumatic, 1113
Endoscopes, disinfecting, 1057
Endotoxin shock, regulated temperature 

altered by, 133
Endotracheal intubation

in air medical transport, 1310
in dogs, 851, 851f
in technical terrain, 1252
tube placement, 412

Endovascular interventions, for frostbite, 
213-215

Endovascular warming, 154
Endurance. see also Wilderness and 

endurance events
muscular, 2192-2194
for wilderness preparedness, 2195-2198

Endurance races, 2238
Energy, 1969-1973, 2551-2553, 2552b

biomass, 2552
geothermal, 2553
nuclear, 2553
recommended dietary allowances for, 2045t
renewable, 2552
restriction of

acute, 1977-1978
long-term, 1978-1979, 1979f

solar power, 2552-2553
wind power, 2552

Energy therapies, in Native American healing, 
2434t

Energy-transforming pathways, heat 
production and, 1966f

Enforcement approach, to injury prevention, 
596

Engine, boat, crew overboard and, 1556b
Enhancer, 2502-2504, 2503b
Enriched air nitrox, for mixed-gas diving, 

1589, 1590b
Entamoeba, in traveler’s diarrhea, 1870-1872
Enteric disease

clinical syndrome in, 1862t
epidemiology of, 1859-1860
general principles of, 1859-1861
pathophysiology of, 1860-1861

Enteric pathogens
deinition of, 1992
estimated infectious dose, 1986t
persistence of, in environment, 1989,  

1990t
in U.S. wilderness or recreational water, 

1987b
waterborne, 1986b

Enteroaggregative E. coli, 1867
Enterobiasis, 1859
Enteroinvasive E. coli, 1867
Enteropathogens, in tropical and wilderness 

travel, 1860t
Enterotoxigenic E. coli, 1866
Enteroviruses, from shellish, 1788
Enthusiast, wilderness, 353
Entoloma (Rhodopyllus) salmoneum, 1469, 

1471f
Entrapment

in grain storage bin, 832-833, 832f-833f
by wildland ire, 310b, 310f

Envenomation
acute kidney injury from, 784-786, 

785f-786f
autonomic hyperactivity and, 812
beetles, 952-953, 952f-953f
centipedes, 949-950, 949f-950f
clinical features of, 779-786, 779t
clinical pattern by taxa of venomous 

snakes, 786-811
coral snakes

clinical presentation, 741
hospital care of, 746-748, 747f
morbidity and mortality, 757
prehospital care of, 743

course and sequelae of envenoming, 
812-815

death, 812
Diptera (two-winged lies), 953-960, 954f, 

954t
biting midges, 955
blacklies, 955
horselies and deerlies, 955
myiasis, 956-960
other biting diptera, 955-956

evolution and recovery, 812-813
leas, 962-963
Hemiptera, 950-952, 951f
Hymenoptera, 936-945, 937f
interval of bite and death, 812
laboratory investigations for, 815-816
Lepidoptera, 945-949
lice, 960-962
local signs at site of bite, 779, 780f-781f
millipedes, 949-950, 950f
mites, 963-967

acariniformes, 966-967
miscellaneous, 966-967
parasitiformes, 966
scabies, 963-967, 964f
trombiculid, 966, 966f

ocular, from spitting cobra, 1111
periocular, from insect, 1110
pit vipers

clinical presentation, 739-741
hospital care of, 743-746
morbidity and mortality, 752-757
prehospital care of, 741-743, 741f

of scorpion, 1017-1032, 1018f
differential diagnosis of, 1029
pathophysiology and clinical effects of, 

1027-1029
prevention of, 1032
regional considerations of, 1017-1027
treatment of, 1029-1032

signs of systemic envenoming, 779-784, 
782f-783f

Envenomation by aquatic invertebrates, 
1679-1720, 1719f

allergic reactions, 1679-1680
annelid worms, 1713-1714
phylum Cnidaria, 1682-1705

class Anthozoa, 1703-1705
class Hydrozoa, 1690-1696
class Scyphozoa, 1696-1703

phylum Echinodermata, 1705-1713
sea cucumbers, 1712-1713
sea urchins, 1706-1712
starish, 1705

phylum Mollusca, 1714-1720
cone snails, 1714-1717
mollusks, 1714
octopuses, 1717-1720

sponges, 1680-1682
Environment Canada, 2356
Environmental, deinitions of, in Native 

American, 2431, 2431f
Environmental approach, to injury prevention, 

596

Environmental change, 2524-2535
complexity and uncertainty in, 2533
consequences of, 2531-2533
health implications of, 2543-2549

atmospheric aerosol loading in, 
2548-2549

chemical pollution in, 2549
climate change in, 2544
through natural systems, 2545-2546

human and natural forces for, 2524, 2525f
impacts of, on wilderness areas, 2529-2531

conversion, 2530, 2530t
direct, 2531
high-risk technologies, 2531
human penetration of, 2530-2531
indirect, 2531

issues of, 2524-2529
climate change as, 2524-2526, 2525f, 

2526t
erosion of biodiversity as, 2527-2528, 

2527t
pollution as, 2529
population growth as, 2528-2529, 2528f, 

2528t
stratospheric ozone depletion as, 

2526-2527
limiting, 2533-2535
and medical emergencies, 2532-2533, 2533b

Environmental effects, on UVR exposure, 
335-336

Environmental hazards, 1947-1954
in cave rescue, 1409-1410, 1410f
deforestation, 1950-1951
desertiication, 1951-1954
environmental pollution, 1947-1949
in whitewater sports, 1398-1399

Environmental health issues, in Arctic, 243
Environmental pollution, 1947-1949

adverse effects of, 1948-1949
causal phenomena of, 1947-1948
characteristics of, 1948-1949
measurement of pollutants in, 1949
risk reduction measures in, 1949

Environmental Protection Agency, 1985
registration for, portable disinfection 

products, 1991
Environmental stress

and nutrient requirements, 1964-1969
and older adults, 2151-2155

Environmentalism, humanitarianism and,  
1918

Environments. see also Climates
aquatic, bacteriology of, 1637-1643
austere

sterility in, 402-403
treatment for scorpion envenomation, 

1031
caves, 1404-1406
cold. see Cold environments
desert, 1380-1382
high altitude, 2
hostile geopolitical, 1954-1955
hot. see Hot environments
hyperbaric, 1124, 1146
inluences on phenotype, 2497-2498, 

2498f-2499f
wilderness, candidate genes relevant to, 

2507t-2508t
jungle, coping with, 1365-1372
SAR, within wilderness setting, 1239-1242
space, 2597-2603

carbon dioxide in, 2599
carbon monoxide in, 2600
dust, particulates, and other contaminants 

in, 2601-2602
ire in, 2601
oxygen in, 2598-2599
pressure in, 2597-2598
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propellants and coolants in, 2600-2601, 
2600f

radiation, 2602-2603, 2602f
temperature in, 2599-2600, 2599f
water in, 2601

special, conditioning for, 2201-2202
technical, patient care in, 1251-1255
tropical, 1358-1359

Enzyme adaptation, 1971
Enzymes

plants with irritant, 1418t
procoagulant, 780-781
in snake venom, 769-770

Ephedra, 1506-1507, 1507f, 1523, 2207
Ephedra americana, 1507f
Ephedra nevadensis, 1507
Ephedra viridis, 1506f, 1507
Ephedrine, 1445f, 1507
Ephemeris, 2330
Epibatidine, 2536
Epicenter, 1923
Epicondylitis injection, medial and lateral,  

488
Epicontinental seas, 2580
Epidemic keratoconjunctivitis, 1118f
Epidemic polyarthritis, 886
Epidemics

in acute crises, 1906b
and humanitarian medicine, 1887-1888, 

1893-1894
Epidemiology

of babesiosis, 990-991
of burned patient, 319
of diseases, altered, 2540, 2540f
of frostbite, 198
of infectious diarrhea, 1859-1860
of Lyme disease, 974
of malaria, 891, 892f-896f
of nonfreezing cold-induced injuries, 

222-223
review, for wilderness preparation, 2272
of Rocky Mountain spotted fever,  

985-986
of scorpion envenomation, 1017-1027
of seafood allergies, 1794
of tick-borne relapsing fever, 981

Epidermatic method, plant administration 
and, 1505

Epidural spinal cord stimulation, for frostbite, 
217-218

Epigenetic analyses, 2502
Epigenetics, 2503b
Epilepsy

in children, 2113
classiication of, 1159
diagnosing seizure, 1159
emergency management of seizures, 

1159-1160
risk assessment of, 1165

Epinephrine, 2626
for anaphylaxis, 1500-1501, 1500b
preparations of, 2299, 2299f

EpiPen, 945f
Episcleritis, 1119, 1119f
Epistaxis, 423-425

anterior cavity packing, 424
evaluation of, 424
improvised treatment of, 1074-1075, 

1074f-1075f
nasal balloons, 425
in whitewater sports, 1396, 1397f-1398f

Equal altitude method, 2342
Equids, 855

glanders in, 699
Equilibrium metamorphism, snow, 42-43, 43f
Equine F(ab’)2 fragment rabies 

immunoglobulin, 666

Equipment. see also Gear; speciic types of 
equipment

of all-terrain vehicles (ATVs), 2249, 2249f
for avalanche rescue, 53-58
for canyoneering, 2222-2224, 2223f
for cave rescue, vertical evacuation, 1408
for children in wilderness

irst 2 years, 2091
school age, 2094

compatibility of life safety ropes with, 2365
diagnostic, in expedition medicine, 1835
emergency, in expedition medicine, 1836
for emergency oxygen administration, 

2306-2312
failure of, 1249
hyperbaric chambers and, 1626b
improvised

stethoscopes, 1047-1048
treatment supplies, 1049

medical, for wilderness and endurance 
events, 2212-2213, 2212b, 2213f

for mountain biking, 2238-2239, 2240f
packs, organization of, canyon medicine, 

2233-2235, 2235f
portable. see Portable equipment
preparation, for injury prevention, 598
preventive, prevention of drowning and, 

1548
rescue

hardware, 1236-1239
personal equipment, 1234, 1234f
software, 1234-1236

for rescue descent, 1258-1259
scuba diving for persons with, 2180
for snowmobiling, 2245, 2245f
specialized

for bicycling, 2292
for cold exposure, 2291-2292, 2292f
for environmental and recreational 

hazards, 2290-2293, 2291b
for hiking, 2292
for mountain climbing, 2292
supplies, kit assembly strategies and, 

2276-2294
technical, 1277f
useful for

jungle travel, 1363-1365
survival kit, 1355t-1356t

for whitewater paddling, 1391-1392, 
1391f-1392f

Equipment, nonmedical backcountry, 
2409-2428

choosing equipment in, 2409, 2410f
duffels, stuff sacks, and dry bags in, 

2418-2419, 2419f
electronics in, 2419-2420, 2420b
essential emergency equipment in, 

2409-2411
ire-starting materials in, 2415
irst-aid kit in, 2415
food in, 2415
heat packs and heaters in, 2416-2417
for lights, 2412-2413
for navigation, 2411, 2411f
optics in, 2417
outdoor equipment and, care of, 2428
overnight gear in, 2420-2427, 2420f
packs in, 2417-2418
power in, 2420
for sun protection, 2412
tools in, 2413-2415

gear repair, 2415, 2415b
knives, 2414-2415, 2414f
multifunction, 2413-2414, 2413b, 

2414f
saws and axes, 2415
shovels and trowels, 2415

water in, 2415-2416, 2416f, 2416t

Erectile dysfunction, from riding mountain 
bikes, 2244

Erosion
of biodiversity, in environmental change, 

2527-2528, 2527t
corneal, 1116
in sedimentation, 2587

Eruption clouds, 374
Erysipeloid, 1757-1758
Erysipelothrix rhusiopathiae, 1758f
Erythema

in cutaneous decompression sickness, 
1766f

minimal erythema dose, UVR, 337
Erythema migrans rash, of Lyme disease, 975, 

975f
Erythemogenic doses, 337
Erythromelalgia, 267
Erythromycin, 2626-2627
Erythropoiesis, increased, 1179
Escape planning, in hostage situations, 1380
Escape routes, LCES safety system and, 

304-305
Eschar, full-thickness burn, 324, 324f
Escharotomy, 328, 328f
Escherichia coli, 1866-1867
Esophageal foreign bodies, 1076
Esophageal obstruction, in large animals, 864
Esophageal temperature, 122-123
Esophageal-tracheal Combitube, 415f
Essential oil

as toxin, 1460t
for travel, 1525-1526, 1525b-1526b

Establishing main line, in technical rescue, 
1263-1264

Estimated average requirement, 1965-1966
Ethanol

accidental hypothermia and, 141
phytopharmaceuticals and, 1503

Ethics of wilderness medicine, 2262-2270
bioethical decision-making process in, 

2265-2267
decision-making dilemmas, 2269-2270
dilemmas in, 2267-2270, 2267b
hospital practice, emergency medical 

services and, 2263t
priority-in-care dilemmas, 2268-2269
standard-of-care dilemma, 2267-2268
values and principles to guide human 

activities, 2262-2265
in wilderness policies, 2270

Ethnic clash, roadblock during, 1958f
Ethnicity, and nonfreezing cold-induced 

injuries, 223
Ethnobotany, 1502-1528

evolution of phytopharmaceuticals, 
1503-1504

irst-aid kit of natural products, 1519-1527
herbal preparations for clinical and 

wilderness use, 1504
homeopathic use of botanicals, 1504-1505
North American plant medicines, 1506-1519
topical application, 1505
use of herbal medicine in wilderness, 

1505-1506
Ethyl-butylacetylaminopropionate, 1040
Ethylene glycol, as coolants, 2600
Ethylene glycol (antifreeze) toxicosis, 852
Eucalyptus oil, 1460t
Euhydration, 2031
Euphorbiaceae family, 1416, 1417t
Euphotic zone, 2568
Europe

antivenom in, 820, 821t-822t
snakebite deaths, 777
Viperinae envenoming, 798-801

European bat lyssavirus, 671
Eustachian tube dysfunction, in children, 2107

Environments (Continued)
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Euthanasia

ethical dilemma of, 2269-2270
of large animals, 867, 867f

Eutrophication, 2547-2548
Evacuation

in Antarctic, for medical reasons, 241f
in canyons, 1276-1277
carrying loaded litter, 1293, 1294f
in cave rescue, 1407-1412, 1408f
decision about, 492, 492f
deinition of, 1244
emergency, indications for, 492b
helicopter, at sea, 1582-1583
horizontal, in canyon rescue, 1276, 1276f
in humanitarian crises, 1903
of sick and injured at sea, 1581
in wildland-urban interface ire, 283

Evaluation of teaching, 2462-2463
fairness and conidentiality in, 2463
instrument in, format of, 2463
method of, 2462-2463
results of

providing, 2463
usefulness of, 2463

what to evaluate, 2463
Evaporative cooling, 129, 249
Evaporative heat exchange, 124
Evaporite rocks, 2586-2587
Evening primrose, 1523-1524
Evidence-based medicine

clinical practitioner in, 2479-2480
deinition of, 2478-2479
experts versus practitioners in, 2480-2481, 

2480b-2481b
future of, 2486-2487, 2487f
hierarchy of evidence in, 2479, 2479f
implementation of, 2485-2487, 2486f
philosophy of, problems inherent to, 2479b
resources of, for wilderness medicine 

providers, 2481-2485, 2481b, 
2482f-2485f

terms used in, 2483b
triad of, 2479f
in wilderness, 2478-2487

Evolution of humanitarian system, 1914-1916, 
1914f

Exarticulation, 1132-1133, 1133f
Excess volatiles, 2560
Exercise

cold water and, 180, 180f
conditioning, and performance training, 

2192-2208
and diabetes, 1185
luid replacement, before, during and after, 

2041-2044
genomics, 2513-2514
high altitude and, 7-8, 7f, 2189-2191, 2189f
injuries, avoiding, 2202-2203
matching with insulin schedules, 1186t
PAD and, 1187
physiology of, genetics on, 2513
during pregnancy, 2120, 2139
sustainability, threshold of, 2184-2185, 

2185f
Exercise-associated hyponatremia, 611-612, 

2243
Exercise capacity, for solid-organ transplant 

recipients, 1197
Exertion, genetic inluences on, 2513-2515

athletic performance, 2514-2515
exercise genomics, 2513-2514
injuries and illnesses related to exercise, 

2515
physiology of exercise, 2513
training responsiveness, 2514

Exertional heat illness, 267-273
Exertional heatstroke, 253-254, 267-268

Exhaustion, heat, 252, 267-268
Existing information, in RHA, 1896
Exit pupil, 2417
Exodontia (tooth extraction), 1143-1144, 

1143b
Exome sequence, 2502, 2503b, 2504
Exotic snakebites, 752
Expansion race, in MedWAR, 2473, 2473b
Expectations for wilderness travel, age-

speciic, 2090t
Expedition ilter, 2013t-2026t, 2014f
Expedition medical oficer, 1832-1836

clinical skills of, 1828-1829
duty of care in, 1837-1839
expedition medical planning of, 1832-1836, 

1832b
medical kit preparation in, 1835-1836
medical screening for, 1832
medical training for, 1835
preexpedition advice, 1832-1833
risk management in, 1833, 1833b
vaccination, malaria chemoprophylaxis, 

and personal medication in, 1833
expedition skills of, 1829
medical kit preparation in, 1835-1836
personal skills of, 1829-1830
qualiication of, 1830, 1831b

Expedition medicine, 1826-1843
communications technology in, 1836-1837
expedition demographics of, 1826-1828
historical background of, 1826
legal and ethical considerations in

in biomedical research, 1841
in dealing with the media, 1841
duty of care in, 1837-1839
professional indemnity insurance in, 

1839-1840
legal and ethical considerations of, 

1837-1841
medical oficer in, 1828-1830
medical planning in, 1832-1836
preexisting medical conditions in, 1828, 

1832b
professional indemnity insurance and, 

1839-1840
Expedition skills, of expedition medical 

oficer, 1829
Expeditions, 1826

caving, 1412
commercial, liability on, 1839
demographics of, 1826-1828, 1827f
expedition-length adventure races in, 2209, 

2214
to polar regions, 235
without an EMO, 1839

Experience-based learning, 2442
Expiration dates, of drugs, 2622
Explosive breeching, 575, 575f
Explosive injuries, from lightning, 98f, 99-100, 

100f
Explosive volcanoes

calderas, 361, 363f-364f
composite volcanoes, 360-361, 362f
hazards

debris avalanches, 369
lahars, 365-368
pyroclastic lows and surges, 364-365, 

366f-367f
tephra, 369-371
tsunamis, 368-369, 368f-369f
volcanic gases, 372-373, 372f

Exposure
altitude, ocular physiology and, 1120, 1120t
cold. see Cold exposure
occupational, to seafood toxidromes, 1793
in primary survey, 380
sun. see Sun exposure

Extended column test, 53

External auditory canal anesthesia, 439f
External auditory canal barotrauma, 1595
External ixators, fracture, 459-461, 461f
External-frame packs, in backcountry, 

2417-2418
External loads, 1272-1273

helirappel, 1273
hoist operations, 1272, 1272f-1273f
short-haul operations, 1272-1273, 1273f

Extracorporeal blood rewarming, 154-157, 
155t, 156b

Extraction, tooth, 1143-1144, 1143b
Extraneural cysticercosis, 720
Extraparenchymal neurocysticercosis, 720
Extreme altitude, deinition of, 2
Extreme cold, in winter storms, 1946
Extreme environments, genetic responses to, 

2504-2512
Extreme ire behavior, 295-298, 297f

indicators associated with, 294b
plume-dominated crown ire, 298, 299f
wind-driven crown ire, 298

Extremity fractures and dislocations
physical examination and diagnosis of, 

1063-1064, 1063t
treatment of, 1064

Extremity splints, 500-503
improvised, 503

Extremity trauma
amputation, 462, 462f

traumatic, 396
compartment syndrome, 462-463
crush injuries and rhabdomyolysis, 396-397
open fractures of, 461
reduction and relocation maneuvers, 458
RICE principle, 463
signiicant soft tissue injuries, 462
splinting techniques, 455-458
tourniquets for, 462
traction pins, 458-459
vascular injuries, 395-396

Extremophiles, in ocean, 2568-2569, 2568f
Extrication devices, for crevasse rescue,  

1255
Extrinsic allergic alveolitis, 833
Extrusion, tooth, 1132
Eye injuries

chemical, 1111-1112
due to ishhook injuries, 561, 561f-562f
lightning-related, 100
periocular trauma, 1111

Eye protection, improvised, 1049
Eye relief, 2417
Eyeball, of giant Humboldt squid, 1673f
Eyeglasses, improvised, 1049, 1076, 

1076f-1077f
Eyelid laceration, 435f, 1111
Eyes

acute loss of vision in a white, quiet eye, 
1112-1113, 1112b

acute periocular inlammation of, 1110-
1111, 1110b

acute red eye, 1113-1119, 1113b, 1114f
at altitude, 1120-1124
bandaging, 532, 532f
and diving, 1124-1127
general therapeutic approach in, 1110
improvisation of, 1120
locating displaced contact lens for, 1120
preliminary planning and, 1109
solar retinopathy of, 1120
sunglasses selection in mountaineering, 

1124, 1124t
ultraviolet radiation damage and, 1123
visual acuity measurement of, 1109
in wilderness, 1109-1127
wilderness eye emergency kit, 1109,  

1110b
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Fabrics
coated, 2399
soft-shell, 2399, 2399f
waterproof/breathable, 2398-2399

Facecloth, 1383f
Faceted crystals, 41-42, 42f
Facial baroparesis, 1598
Facial barotrauma, 1125
Facial bone fractures

facial injury and, 425-431
mandible, 430-431, 430f

Facial injuries
cheek, 435-437
diagnosis and treatment of, 420-439
ear, 433-435
epistaxis, 423-425
eyelid, 432-433
foreign bodies, 437-439
history and examination of, 420
lips, 432
management of, 420-440
in mountain bikes, 2241, 2242f
nose, 433
soft tissue, 431-432
temporomandibular joint

disorders of, 420-423
internal derangements of, 423

tongue lacerations, 432
wilderness medical kit for facial trauma, 

439, 440b
Facial lacerations, 439f
Facial pain, conditions causing, 1135b
Facial palsy, alternobaric, 1598
Facial trauma, prevention of, 439-440
Facial wounds, for animal bites, 625
Factor replacement guidelines, 1192t
Fahrenheit, 1565
Fahrenheit-to-Celsius conversion scale, 136t
Failure plane, 49
“Fairy ring” of mushrooms, 1464f
Falls

landslides, 1933
by older adults, 2160, 2160b

False widow spiders, 1015-1016
Family Radio Service, 2323, 2324f
Family radio station radios, 2419
Famine, and humanitarian medicine, 1888
Famine drought, 1944
Famotidine, 2627
Fangs

back-fanged snakes, 786-788
venomous snakes, 766-769

Faraday cage, 93
FareTec splint, water-activated, 457f
Farm injury

conined spaces, 830
emergency medical services (EMS) and 

triage, 829-830
epidemiology of agricultural disease and 

injury, 828-829
equipment related, 834-836

all-terrain vehicles (ATVs), 834-835
augers, 835-836, 836f
drivelines, 835-836
power takeoffs, 835-836, 836f
tractors, 835, 835f

farm supplies related, 836-838
chemicals, 836-837, 836f
fertilizers, 836-837
herbicides, 837
insecticides, 837
pesticides, 837
pyrethroid pesticides, 837-838

grain bins, 830
grain storage bin entrapment, 832-833, 

832f-833f

hypersensitivity pneumonitis, 833
lacerations, 834
manure pits, 830-831
organic dust toxic syndrome, 833-834
pediatric injuries, 829
silo iller’s disease, 831-832
silos, 830, 830f
simple asphyxiants, 830-831
unique injuries and medical management, 

830-834
Farmer’s lung, 833
Faro Fire, 289
Fascia iliaca blocks, 1103-1105, 1104f-1105f
Fasciola hepatica, 1989
Fasciotomy

for burn injury, 328, 329f
for compartment syndrome, 463
for severe bite from rattlesnake, 745f

Fastex-like slider, 1072, 1073f
Fasting, 1977
Fat, in wilderness exploration, 1970-1971, 

1971t
loss of, 1980-1981
tailoring, to different environments, 1968

Fat bikes, 2238, 2240f
Fatal envenoming, species causing, 786
Fatalities. see also Death

ire-related injuries and, 299-304, 299t-300t, 
300b

air toxins and human health, 303-304
nature of injuries and fatalities, 301-303, 

301f-302f
from hymenopteran stings, 943
lightning-related, 77f, 108f

global, 78-79, 78f-80f
trends in, 79-81
in U.S., 77-78, 77f

wildland ireighter, 288
Fatigue

cold-water immersion and, 182
contributing to frostbite, 204-205
decompression sickness and, 1608
health maintenance at sea and, 1565

Fault displacement, 1926
Faults, 1923
Fava beans, 1457
Feathering burns, 97-98, 99f
Fecal contamination

bacteria associated with, 1785-1787
viruses associated with, 1787-1788

Federal agencies, role of, 279
Federal Aviation Administration, 1221
Federal SAR resources, 1222-1223
Feeding, by sharks, 1652-1656
Felines, attacks by, 629-632
Fellowship offerings, in teaching, for 

wilderness medicine, 2469-2470, 
2470b-2471b

Female wilderness travelers, special 
nutritional requirements for, 1975-1976

Femoral nerve block, 1103-1105, 1104f-1105f
Femoral traction system

ankle hitch, 1069-1071
proximal anchor, 1073, 1073f
rigid support, 1071
securing and padding, 1073, 1074f
traction mechanism, 1071-1073

Femoral-femoral bypass, 156f
Femoral fractures, 475-476, 505

femoral neck, 453, 454f
distal femur, 477-478, 477f-478f
femoral shaft, 476

Femur splinting, 504-505
Femur traction splint, 505
Fentanyl, 2627

for acute pain, 1087-1088
Fenugreek, for diarrhea, 1522

Fern-leafed lomatium, 1517, 1517f
Fern-leaf mark igures, 97-98
Ferno LifeSaver Stretcher, 1290, 1290f
Ferno Traction Splint, 507f
Ferno Traverse Rescue Stretcher, 1290, 1291f
Ferrel cell, 2350
Ferrets, attacks by, 642-643, 643f
Fertilizers, injury from, 836-837
Fetal survival, from lightning injury, 100
Fever, 132-133

Colorado tick, 982-983
in heatstroke recovery response, 251
hemorrhagic. see Hemorrhagic fever
Q fever, 988
rat-bite, 705-706
tick-borne relapsing, 980-982, 981t
of unclear etiology, in children, 2113

Fiber, characteristics of, 1330t
Fiberoptic intubation, 416
Fibrinolysis, garlic and, 1510
Fibroids, 2124
Fiddleback recluse spiders, 1004-1008, 1004f, 

1006f
Field, antivenom use in, 743
Field blocks, 489

auricle, 436f
external auditory canal, 439f

Field care, tactical, 568-569, 582
Field experiences, in educational techniques, 

2451, 2451f
Field of view, 2417
Field rewarming, 146
Field treatment

of acute abdomen, 398
of dehydration, 2108t

Fig tree, 1432f
Figure-8 bend, 2371-2372, 2372f
Figure-8 knot, 2368, 2368f

on a bight, 2369, 2370f
retrace, 2368-2369, 2370f

Figure-eight ascender, 1259f
Figure-eight descender, 1258
Figure-of-eight splint, 517, 517f
Filariases, 1857-1858
Fill power, for sleeping bags, 2423
Fillings, dislodged, 1134-1135
Filters

biosand, 1998f
iodine resin, 2005
mechanical, 1991

Filtration
of water

advantages and disadvantages, 1995b
biosand ilters, 1998, 1998f
choice of ilter, 1997
forward osmosis, 1997
improvised ilters, 1997-1998
reverse osmosis, 1997

in water disinfection, 1994b-1995b, 
1995-1998, 1996f, 1996t

Finding water, 2045-2053
Finger

bandaging, 528, 531f
injuries, splint for, 505
splints, 505, 513f
taping, 519-521, 523f

Fins, of sharks, 1645, 1646f
Fire ants, 941
Fire behavior, 289

common denominators on fatality ires, 
300-301

early-warning system, 289-290
environmental factors inluencing, 294-295
extreme, 295-298, 297f
fundamental wildland ire characteristics, 

292-299, 293f, 293t
physical principles of heat transfer, 

290-291, 291f-292f

Farm injury (Continued)
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urban and wildland ire threats, 288-290, 288f
value of ire danger ratings, 298-299
wildland ire, 288-299

Fire building, 1344-1350, 1345f-1346f
under adverse conditions, 1338, 1339f
equipment for, 1355t-1356t
fuel collecting, 1344, 1344f
tools for, 1346-1350, 1346f

Fire coral, envenomation by, 1691-1693, 1691f
Fire danger ratings, value of, 298-299
Fire extinguishers

for ire at sea, 1558-1559, 1558f-1559f
portable, 316

Fire intensity, 293
Fire protection authorities, for wildland ire 

rescue, 316
Fire-resistant clothing, 2406
Fire safety, in Antarctic, 244
Fire shelter, 290

used by wildland ireighters, 309-310, 
310b, 310f

Fire sponge, 1681f
Fire starters, 1344f
Fire-starting

aids for, commercial, 1347-1350, 1348f-1350f
heat sources for, 1338-1344
materials, 2410b, 2415
methods of igniting tinder, 1342-1344

Fire urchin, 1708f
Fire whirls, 296-297
Firearms

against bear attacks, 684, 684f
injuries from, 552-556
nonpowder, 552-556
powder, 553-556
survival irearms, 2071, 2072f

Fireman’s carry, 1281, 1281f
Fireman’s drag, 1281, 1281f
Fires

in jungle survival, 1376-1377
polar diving and, 1591
postearthquake, 1926
at sea, 1557-1558
in spacelight environment, 2601

Firewise Communities programs, 287-288
First aid, 605, 605t

for alligator and crocodile attacks, 690-691, 
690b

ield treatment, for smaller burns, 325-326
initial, and triage, for lightning victims, 102
training, 605, 2275-2276
treatment, in management of snakebite, 

816-818
First-aid kit. see also Emergency kit

for canine, 845, 846b
for cave rescue, 1406
dental, 1144-1145, 1145f
emergency equipment for, 2410b, 2415
survival, minimal equipment for, 1358
for whitewater rescue, 1402

First-aid kit of natural products, 1519-1527, 
1519b

activated charcoal for travel, 1524-1525
for acute gastroenteritis, 1522
for acute hemorrhagic conditions, 1522
combination preparations for acute sprains 

and strains, 1521
for cough, cold, and lu, 1523
for dermatologic conditions, 1522-1523
essential oil remedies for travel, 1525-1526
for frostbite, heat exhaustion, and 

heatstroke, 1524
for general health and wellness, 1523
homeopathic medicines, 1519
indications for botanical and essential oil 

remedies, 1527, 1527b
for jet lag and travel fatigue, 1523

for motion sickness and sea sickness, 1523
nutritional supplements, 1521-1522
for pain and trauma, 1523-1524
single preparations and their indications, 

1519-1521
First-aid materials, in canyon medicine, 2233, 

2235f
First-aid smartphone apps, 2315t
First-degree burns, 323, 329-330, 329f
First layer, of clothing, 1331
First Need Base Camp Filter, 2019f
First Need XLE, 2019f
First notice, of SAR, 1226
First point of Aries, 2340
First-time seizure, management of, 1160
First-trimester ultrasound, 2387-2388
First-degree frostbite, 200-201, 201f
Fish. see also Seafood allergies; Seafood 

toxidromes
allergens, 1800-1802, 1801t
captured, sharks and, 1663, 1663f
ciguatoxic, 1775b
containing a low level of mercury, 1767b
in defense of, 1636
as food, 2061

roasting, 2086f
scaling, 2061f

hazardous
ichthyocrinotoxic, 1768b
tropical, 1370

leaping, large, 1670-1671
in life raft, 1581
taxonomic relationships among, 1795t

Fish tapeworm, 1789
Fishhook injuries, 560-561

removal of, 561f
Fishing

fatalities, cold water, 166b
freshwater, 2066-2070, 2067f
supplies, for jungle travel, 1364

Fishing injuries, 549-563
ishhook, 560-561
sinkers, 562f, 563
spear, 562f, 563

Fishing knives, 2414
Fishing line, 1055
Fishing lures, 560-561, 561f
Fishing sinkers, 562f, 563
Fishing spear injuries, 562f, 563
Fitness

aerobic, 2183
carbo, 2208
health maintenance at sea and, 1565
as a lifestyle, 2192-2194

lexibility, 2194
speciicity, 2192
strength, muscular endurance, and 

power, 2192-2194
myths, 2204-2205
water, 2208

Fitness-to-dive evaluation, ophthalmic 
considerations in, 1124-1125

Fixed-wing aircraft, in mountain rescue, 1268, 
1268f

Flail chest, 392-393
Flame adjuster, in stoves, 2422
Flame burns, 320

care at the scene, 324, 324f
full-thickness, 328f

Flannel sheet, for jungle travel, 1363
Flaps, compromised, hyperbaric oxygen 

therapy for, 1630
Flares, 1571-1572, 1571f-1572f

rescue laser, 599
Flash burns, 321
Flash loods, 1942, 2221, 2222f

thunderstorms and, 2352

Flash moisture vaporization theory, 88
Flashlights, 2412
Flashover, phenomenon of, 85
Flat stretchers, 1288-1289, 1289f
Flat webbing, 1235f
Fleas, 962-963

clinical aspects of, 962
disease vector, 1033b, 1034f, 1035
jungle, 1369
species, life cycle, and distribution of, 962
treatment and prevention of, 962-963

Flexibility, 2194
enhancing techniques, 2199-2200

Flies
blood-feeding, 1033, 1034f
salmon, as food, 2059f
two-winged. see Diptera (two-winged lies)

Flight setting, medical care in, 1313-1315
Floaters (ocular), 1113
Floating transport, in canyon rescue, 1276, 

1277f
Flocculation, 1994
Flood-basalt plateaus, 362, 365f
Flood mitigation, 1560-1562
Flooding, at sea, 1559-1562, 1560b
Floods, 1941-1944

adverse effects of, 1943-1944
causal phenomena of, 1942
contribution by humans to, 1943
on human health, 2544-2545, 2545f
predictability of, 1943
risk reduction measures in, 1944
types of, 1942-1943
vulnerability in, 1943
and wilderness survival, 1352

Flow failure, 1926
Flow-restricted oxygen-powered ventilator, 

2309, 2309f
in demand mode, 2310, 2310f
mask adapter for, 2309

Flower urchin, 1709f
Flows

pyroclastic, and surges, 364-365, 366f-367f
volcanic mudlows, 365-368, 367f

Flu (inluenza)
essential oil for, 1526
irst-aid kit of natural products for, 1523

Fluid
administration, alternative routes for, in 

canyon medicine, 2232
for dogs, 850
extracts, phytopharmaceuticals and, 1503
health maintenance at sea and, 1564-1565

Fluid replacement
ACSM recommendations for, 2042-2043
guidelines, 2041t
modifying factors

age, 2043-2044
caffeine and alcohol, 2043
diet, 2043
facilities and clothing, 2043
gender, 2043

WBGT and, 2041-2042
Fluid resuscitation, 149

in combat and casualty care, 588-589
luid selection and dosing in, 588-589, 

589f
general principles of, 588
vascular access for, 588, 588f

in trauma emergencies, 380-381
in treating heatstroke, 264

Fluid therapy, for lightning victims, 103
Fluid turnover, and luid requirements, 

2031-2034
Flunarizine, 10
Fluocinolone acetonide, 2627
Fluorescent dye marker, at sea, 1573
Fly larvae, myiasis caused by, 1369

Fire behavior (Continued) First-aid kit of natural products (Continued)
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Flying, after diving, 1617
Foam pads

closed-cell, 1077
Therm-a-Rest, 1363

Focus, 1923
Focused Assessment with Sonography for 

Trauma (FAST), 2377-2380
cardiac view, 2378-2380, 2380f-2381f
left upper quadrant, 2377, 2379f
pelvis, 2378, 2379f

Fog, 2354
Folding saws, 1346-1347
Foley catheter, in improvised treatment of 

epistaxis, 425, 1075f
Folliculitis

hot tub, 1751-1752, 1751f
Pityrosporum, 1763, 1763f

Fomentation, 1505
Food

irst 2 years, 2091
2 to 4 years, 2093
adaptive thermogenesis and, 1966f
for backcountry, 2415
bars, 1984-1985
health maintenance at sea and, 1564
how long a person can live without, 

2053-2055
in jungle

camp life, 1367-1369
survival, 1374-1375

in life raft, 1581
living off the land

basic food preservation, 2085-2086
cooking methods, 2085
wild animal foods, 2056-2071
wild plant foods, 2071-2085

needs in humanitarian crises, 1892-1893
for performance enhancement, 2208
as priority, in desert survival, 1386
production, threatened, 2541
restriction, 1977
for technical rescuers, 1250
in wilderness survival, 1350

Food and Drug Administration guidelines, 
2134, 2136b

Food-borne disease, during pregnancy, 
2136-2138

Food supplies
for emergency, 1985
looding and damage by tsunami, 

1929-1930
in loods, 1943-1944

Foot
and ankle injuries, 546-549
bandaging, 523, 846
blisters of, 533-545, 534f

pathophysiologic indings of, 533, 
534f-535f

prevention, 533-538
treatment, 538-545, 540b

conditioning exercises of, 2197-2198
diabetic foot wound, hyperbaric oxygen 

therapy for, 1629f
fractures, 479, 479f
immersion, injury prevention and, 608
injuries

prevention of, 606
splint for, 517

preparation, 535, 535f
problems and care, 533-549
stretching, 2199
traumatic near-amputation of, 463f

Foot care
in wilderness, preparing for, 2297, 2298f
during wilderness and endurance events, 

2213, 2217-2218, 2217f
Foot gear, for cold weather, 1331
Foot problems, in older adults, 2160

Footdrop, 1162-1163
Footwear, 2403-2404, 2403f-2404f, 2404t

care and storage of, 2405-2406
for diabetic patients with peripheral 

neuropathy, 1186
increasing movement within, 535
for jungle travel, 1361-1362
mountaineering boots, 221f
reduction of movement within, 534
well-itted, for blister prevention, 533
in whitewater sports, 1392

Forced convection, 124
Forced wave, 2564
Forced-air surface rewarming, 150
Forced-air warming, 196
Forearm, radius fracture, 471, 471f-472f
Forearm splint, 1068f
Foreign attorney, 2261
Foreign body

airway obstruction from, 407
in children, 2112
conjunctival, 1119f
in ear, 437-439
esophageal, 1076

Foreign travel with children, 2102-2112, 2102t
general recommendations, 2102-2103, 

2102b, 2103f
immunizations, 2103
malaria prophylaxis, 2102t

Forensic investigation of lightning event
case history, 105
physical and/or autopsy examination, 99f, 

106-107, 106f
scene investigation, 105-106
special procedures, 107

Forensic pathology, of accidental 
hypothermia, 161-162

Forest
deinition of, 2573-2574
hazards to people in, 2578
human interaction with, 2577, 2577f
importance of, to people, 2576-2577
types of, 2574-2575, 2575f-2576f

Forest ires, 2578
Forestry, 2572-2578
Forsythia, 1523
Forward osmosis, in water disinfection, 1997
Four-cross racing, 2238, 2239f
Four-hand seat, 1078, 1078f, 1283f
Fourth-degree burns, 324
Fourth layer, of clothing, 1332
Fourth World medical decision making, 248
Fourth-degree frostbite, 200-201, 201f
Foxes, attacks by, 629
Foxglove, 1448, 1448f
Fracture iniltration (“hematoma blocks”), 

1093, 1093f
Fractures

crown-root, 1132, 1132f
extremity

open fractures, 461
physical examination and diagnosis of, 

1063-1064, 1063t
treatment of, 1064

facial bone, 425-431
femoral

femoral traction, 1068-1073
general principles of femoral traction, 

1067-1068
frontal sinus, 428-429
lower face, 430-431
naso-orbito-ethmoid, 429
orbital, 429
pelvic, 395

improvised sling, 1067, 1069f
phalanges, 474-475, 475f, 482, 482f-483f
physeal, Salter-Harris classiication of, 2089f
rib, 391

spine, in whitewater sports, 1398
stabilization of, in technical rescue, 1253
sternal, 391
tibial and ibular, 478, 479f
toes of, 482, 482f-483f
ultrasound of, 2382-2383, 2383f
upper face, 426-429
wedge compression, 453f
in wilderness, preparing for, 2297
zygomatic arch, 429

Francisella tularensis, 711
Franklin, Benjamin, 81
Franklin rod, 81, 111
Free chlorine, in water disinfection, 2003
Free wave, 2564
Freediving, 1586
Freeriding, 2238, 2239f
Frenzel maneuver, middle ear barotrauma 

and, 1596
Freshwater bacteriology, 1642-1643
Freshwater pollution, 1947
Fresh whole blood, 383-384

collection of, 384
Freshwater ishing, 2067f

dip net, 2068
gafing, 2069, 2069f
gill net, 2069-2070, 2069f-2070f
hand ishing, 2068, 2068f
hand line ishing, 2068-2069, 2069f
pole ishing, 2067, 2067f
set lines, 2070, 2070f-2071f
snaring, 2069
spear ishing, 2068, 2068f

Freshwater sea snake, 776f
Freshwater supply, climate change on, 2548
Friction, in foot blister, 533, 534t
Frogs, poison-dart, 1372, 1372f
Frontal sinus fractures, 428-429
Frontal/squall-line thunderstorms, 2353
Fronts, 1946, 2350
Frostbite

adjunctive treatments, 216-218
anatomy and physiology, 198-199
blood viscosity, 213
in children, 2096
clinical presentation of, 205-206, 206f
contributing factors, 201-205, 202f
corneal, 1111
deinitions and classiications, 200-201,  

202t
deinitive treatment, 207-208
in dogs, 854
endovascular interventions, 213-215
epidemiology of, 198
essential oil for, 1526
evaluation and treatment in the hospital, 

208-218
ield treatment, 206-207
irst-aid kit of natural products for, 1524
history of, 197-198
hyperbaric oxygen for, 216-217, 1634-1635
in large animals, 865-866
long-term sequelae of, 219, 219f
medical management, 210-213, 212t
pathophysiology of, 199-200
possible future treatments, 221-222
potential future developments, 221
prediction of individuals at risk, 219-220
prevention, 220-221, 220b, 221f
risk, in patients with Raynaud’s 

phenomenon, 1188
surgical treatment, 218-219, 218f
techniques to evaluate tissue perfusion, 

209-210
warmers, 221, 221f

Frostnip, 200, 200f
Frozen medications, use of, 248

Fractures (Continued)
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X Fuel, 294, 295f
collecting, for ire building, 1344
combustion, 290f
comparison, in stove, 2421t
complexes

and ire spread, 293t
forest, 295f

ire at sea and, 1557-1558
helicopters and, 1270
moisture content of, 292f
utilization

in long-term starvation, 1979f
in short-term starvation, 1978f

Fugu, 1772
Full-body hard backboards, 497
Full-body harness, 1235f
Full-body vacuum splints, 1265-1266
Full spine immobilization, 496-497, 498f
Full-thickness burns, 324f, 329f, 330

outpatient care, 324, 324f
Functional conditioning, 2194-2195
Functional diversity, climate change on, 

2546-2547
Functional genomic elements, 2502-2504
Functional issues, of lightning victim, 101
Fundamental humanitarian principles, 1899t
Fundamental wildland ire, characteristics, ire 

behavior, 292-299, 293f, 293t
Fundus, ocular

lesions in divers, 1126-1127
at sea level and at altitude, 1121f

Funduscopy, 12
Fungal infection

after drowning, 1545
from rose thorn puncture, 1415

Fungi
allergic rhinitis and, 1492
extinction rate per millennium of, 2538f
marine, 1638b

Fungicides, causing irritant dermatitis, 1433b
Funnel-web mygalomorphs, 1002-1003, 1002f
Fur, leather, and hides, 2397-2398
Furazolidone, 2627
Furosemide, 24, 2627
Furuncular myiasis, 956-957, 956f-957f
Fusariosis, in stingray envenomation, 1727-1728

G

Gaboon viper, 805f-806f
Gafing, 2069, 2069f
Gag relex method, for reduction of TMJ 

dislocation, 422
Gaiters, 1332, 2403-2404
Galerina autumnalis, 1486, 1487f
Galerina marginata, 1482f, 1487f
Galileo, satellite systems, 2331
Gallbladder

acute cholecystitis, 398
grass carp gallbladder poisoning, 1774

Gambierdiscus toxicus, 1774-1775
Gamma ray, effects of, 93
Gamow bag, for high-altitude exposure, 2291, 

2291f
Gangrene, due to snakebite, 810f, 813f
“Garden of the Fugitives”, 358f
Gardener’s shears, 1347, 1348f
Garish, 1669-1670
Garlic, 1509-1511, 1510f
Gas(es)

in conined spaces on farm, 830
ire at sea and, 1557-1558
solubility of, in seawater, 2566t
volcanic, 372-373, 372f

posteruption, 373-374, 374f
Gas bubbles, intraocular, at altitude, 

1121-1122

Gas concentrations, dissolved, in air medical 
transport, 1313

Gas gangrene, hyperbaric oxygen therapy for, 
1630, 1630f

Gas plant, 1432f
Gasoline

ire at sea and, 1558
as ire-starting aid, 1348, 1348f-1349f

Gastric dilation and volvulus, 854-855, 854f
Gastric irritation, due to lightning, 104
Gastroenteritis, acute, irst-aid kit of natural 

products for, 1522
Gastrointestinal anthrax, 694
Gastrointestinal barotrauma, 1598
Gastrointestinal bleeding, 38
Gastrointestinal disease, 38

of Lyme disease stage II, 976
Gastrointestinal disorders, among older 

adults, 2158
Gastrointestinal effects, of scorpion 

envenomation, 1028
Gastrointestinal irritants

from mushrooms, 1469-1476, 1469b, 1474t
clinical presentation of, 1476
toxin from, 1474
treatment of, 1476, 1476b

plant-derived
hepatotoxic agents, 1455
phytotoxins, 1452-1454
resins and alkaloids, 1452-1454

Gastrointestinal issues, in spacelight, 
2616-2617

Gastrointestinal lavage, 152, 152f
Gastrointestinal system

common medical problems of, in 
wilderness, 2296

medications for, 2279t-2287t
Gastrointestinal toxins, 1435t-1436t, 1452-

1455, 1453b
Gauze rolls, 523, 528f
Gear. see also Clothing; Equipment; 

Headgear
care of, 2428
choosing, 2409, 2410f
foot gear, for cold weather, 1331
hand gear, for cold weather, 1331-1332
jungle travel, 1361-1363, 1361b
overnight. see Overnight gear
personal, for wildland ire rescue, 316, 

316b
protective. see Protective gear
repair kit, 2415, 2415b
at sea

in abandon-ship bag for ocean passage, 
1578b

immersion suits, 1553
life jackets, 1551-1553
safety harnesses, 1553-1554

special personal protective equipment, 
1234, 1234f

Gel packs, for wilderness travel, 2297
Gelitacel, 443
Gempylotoxication, 1769
Gender

body temperature and, 132
hydration and, 2043
in mountain biking injuries, 2240
as risk factor for drowning and submersion 

injuries, 1532
Gender differences

in performance, 2117
in survival from starvation, 1981, 1981t

Gender-related issues, concerning infectious 
disease, 2120

General circulation models, 2525-2526
General conduction effects, of lightning, 

85-87
General Mobile Radio Service, 2323-2324

General public, offer of organizations to, 
287-288

Genetic diversity
climate change on, 2546
loss of, 2538-2539

Genetic polymorphisms, in heatstroke 
susceptibility, 266-267

Genetic predisposition, contributing to 
frostbite, 205

Genitourinary disorders, among older adults, 
2158

Genitourinary effects, of scorpion 
envenomation, 1028

Genitourinary injuries, in mountain bikes, 
2242

Genitourinary tract
common medical problems of, in 

wilderness, 2296
injury prevention for, 605-606

Genome, 2503b
hierarchy of, 2501f

Genome-wide association studies, 2501-2502, 
2503b-2504b

Genomics, in wilderness medicine, 2497-2516
in adaptation to temperature and ultraviolet 

radiation, 2513
in diagnostic tests, treatments, and 

preventive measures, 2515-2516
era of, 2500-2501, 2500f-2501f
on exertion, 2513-2515

athletic performance, 2514-2515
exercise genomics, 2513-2514
injuries and illnesses related to exercise, 

2515
physiology of exercise, 2513
training responsiveness, 2514

functional genomic elements in, 2502-2504
genetic basis of a trait, establishing, 

2498-2500, 2499f
genome-wide association studies, 2501-

2502, 2504b
human genetic variation, 2501, 2501f
identifying genetic variants and their 

associations with disease, technologies 
for, 2504

moving forward, 2516
omics revolution in, 2502-2504, 2502f
phenotype, genetic and environmental 

inluences on, 2497-2498, 2498f
responses to extreme environments, 

2504-2512
terms used in, 2503b

Genotype, 2503b
Genotype 1 lyssavirus, 671
Genotype 2 lyssavirus, 671
Genotype 3 lyssavirus, 671
Genotype 4 lyssavirus, 671
Genotype 5 lyssavirus, 671
Genotype 6 lyssavirus, 671
Genotype 7 lyssavirus, 671
Gentian, 1516-1517, 1516f
Gentiana lutea, 1516f
Geodetic coordinate system, 2332-2333, 

2332f-2333f
Geographic distribution, of ixodid ticks, 970t
Geographic range, of spiders of medical 

importance, 995t-998t
Geologic hazards, 1923-1935

earthquakes, 1923-1927
landslides, 1933-1935
tsunamis, 368-369, 368f-369f, 1928-1930
volcanic eruptions, 1930-1933

Geologic time, 2588-2589, 2590f-2591f
Geopolitical concerns, in polar regions, 

235-236
Georgetown bioethics catechism, 2263
GEOSAR satellites, 1577
Geothermal energy, 2553
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Geotourism, and volcanic eruptions, 376
Gernsback, Hugo, 2314
Giant cell arteritis, 1112
Giant clams, 1671, 1672f
Giant pythons, 827, 827f
Giant rain forest vipers, 805f

envenoming, 803, 806f
Giant snakes, injuries caused by, 752
Giardia lamblia, in traveler’s diarrhea, 

1869-1870, 1870f
Giardia spp., cysts, 1988-1989
Giardiasis, 855
Gifblaar, 1458
Gifbol, 1444
Gila monster, 758, 758f

venoms, 758
Gill net, 2069-2070, 2069f-2070f
Gill types, of mushroom, 1465f
Ginger, 1511-1512, 1511f, 1523-1524

for seasickness, 1566
Gingivitis, necrotizing ulcerative, 1141, 1141f
Ginkgo biloba, 17, 1423-1424, 1424f, 1524

phytopharmaceuticals and, 1504
Ginseng, 1524, 2207
Girth hitch, 2372, 2373f
Girth hitch anchor, 1256, 1257f
Glacial lour, 2046, 2047f
Glacier hazards, rescue operations and, 

1248-1249, 1249f
Glanders, 698-700

bacteriology of, 698-699
diagnosis of, 699, 699f-700f
epidemiology of, 699
in equids, 699
in humans, 699
prevention and control of, 700
symptoms of, 699
transmission of, 699
treatment of, 699

Glandular tularemia, 712
Glasgow Coma Scale, 380, 380b
Glaucoma, 38

acute angle-closure, 1117, 1117f
at altitude, 1123

Glenohumeral joint dislocation, 465-467, 
465f-467f

Glenohumeral joint injection, 487-488
Global communications and techniques, 

2323-2329
emergency beacons in, 2329
two-way local communication, 2323-2325

Family Radio Service, 2323, 2324f
General Mobile Radio Service, 2323-2324
900-MHz band, 2324
2-meter and 70-centimeter amateur radio 

service, 2324-2325, 2325f
two-way long-distance voice 

communication, 2325-2329, 2326f
Globalstar, 2326
Inmarsat, 2326
Iridium, 2326
satellite internet, 2328
satellite messaging devices in, 2327-2328, 

2327f
satellite Wi-Fi, 2328-2329
Thuraya, 2326-2327

Global crimes, 1954-1962
assistance for victims of crime overseas, 

1962
hostile geopolitical environments, 

1954-1955
human traficking and sex slavery in, 1958
kidnapping and hostage situations, 1959
patterns and implications for travelers and, 

1958-1960
piracy and threats while traveling at sea, 

1959-1960
terrorism as, 1958-1959

Global data, of surface observations, 2357-2358
Global distribution

of venomous snakes, 773, 775f-776f
of volcanoes, 358-360, 358f

Global eradication programs, for mosquito 
control, 889-890, 890t

Global Historical Climatology Network, 
2357-2358

Global Lightning Dataset strokes, 79, 81f
Global Maritime Distress and Safety System, 

1574
Global Navigation Satellite System, 2330-2335, 

2330f-2331f
Global Orbiting Navigation Satellite System, 

2330-2331
Global positioning system), 1315, 2214, 2411, 

2411f, 2419
for foresters, 2578
satellite systems and, 2330, 2330f

Global positioning system devices, 599
Global warming, 1922, 1947-1948

in hydraulic fracturing, 2556
Globalstar device (Sat-Fi), as satellite Wi-Fi, 

2328
Globalstar satellite system, 2326
Globe

obvious open, 1113-1114, 1114f
occult ruptured, 1114, 1114f

Globeish, 1772
Globus pallidum lesions, 19
Glottis, canine, 851f
Gloves

for CPR barrier, 1051f
for frostbite, 221f
heaters for, 2416
thin (glove liners), 1331

Glucagon, for hypotension, 1501
Glucagon injection, 2627
Glucocorticoids

for anaphylaxis, 1501
intranasal, for allergic rhinitis, 1496

Glucometer function, 37
Glucose-6-phosphate dehydrogenase 

deiciency, 1191, 1191b
Glucose testing equipment, 1186
Glues, in wound closure, 1053-1054, 1054b
Glycemic control, 37
Glycosides, plant-derived, 1436

cardiotoxin, 1447-1450
as gastrointestinal toxins, 1453
lactone, 1456
as oral irritants, 1452
saponin, 1453-1454

Glyphosate, 837
Gnaphosidae, spiders, 1009
Gnathostoma, 1790
Goggles

for injury prevention, 602
night vision, 1317f
for sun protection, 2412

Golden chain tree, 1442
Goldenseal, 1507-1508, 1508f
Gonionemus species, envenomation by, 1696
Good Samaritan laws, 2256-2257

abroad, 2261
Gore-Tex oversocks, 535
Gorse, fuel in wildland ire, 285f
Government, air transport services and, 1296, 

1296f-1297f
Gowns, improvised, 1049
Grading of Recommendations Assessment 

Development and Recommendation 
criteria, 2483-2485

Graft-versus-host disease, 1195
Grafts

compromised, hyperbaric oxygen therapy 
for, 1630

split-skin, 230f

Grain bins
entrapment in, 832-833, 832f-833f
pulmonary irritants from, 831
safety tips in, 832b
simple asphyxiants from, 830

Grain storage bin entrapment, 832-833, 
832f-833f

Grains
added to pemmican hoosh, 1971t
of snow, 43f

Grand Canyon, 2589-2596
basement rocks of, 2589, 2592f-2593f
carving, 2594-2596, 2595f
cenozoic rocks of, 2593-2594
mesozoic rocks of, 2593
paleozoic rocks of, 2589-2593, 2593f, 2595f
physical setting of, 2589, 2592f
rock column for, 2594f
Supergroup, 2589, 2593f

Granular convection, 55-56, 56f
Granulomatous amebic encephalitis, 1792-1793
Grape/raisin toxicosis, 852
Grass awns, 854
Grass carp gallbladder poisoning, 1769-1774
Grass layer, in forest, 2574
Grass pea, 1445
Grass spiders, 1013
Grasses, pollen allergens and, 1492f
Grasshoppers, as food, 2058-2060, 2059f
Graupel, 48
Gravity wave, 2564
Gray-white matter discrimination, 260
Grayanotoxins, 1451
Grease burns, 324
Great circle, 2332, 2332f
Great white shark, 1646f-1647f, 1651f, 1653f
Greater celandine, 1455
Green nail syndrome, 1752, 1752f
Green racer, Brazilian, 789f
Green tea, 1967
Greenwich hour angle, 2340
Grey house spiders, 1016
Grey reef shark, 1647f, 1649f
Grid reference, 2333-2334
Grid teams, in SAR event, 1229, 1229f
Grizzly bears, attacks by, 674-677, 675f-677f
Groin, bandaging, 523, 529f
Gross negligence, no waiver for, 2258
Ground coordination, in air medical transport, 

1315
Ground current, lightning injury, 86f, 87, 88f
Ground search teams, 1229
Ground shaking, with earthquake, 1926
Ground signals, 1354
Ground spiders, 1009
Ground-to-air hand signals, 1318f
Groundwater, 1990
Group dynamic, creation and monitoring of, 

1168
Groupers, giant, 1668-1669, 1668f
Guanaco, attacks by, 636
Guano, 1411f
Guarana, 2206
Guide dogs, 2181
Guidelines

clinical, for wilderness medicine providers, 
2483-2485

for diagnosis of headache in wilderness, 
1155

for factor replacement, 1192t
for hunting, 2071

Gunshot wounds, 554f-555f, 558-559
abdominal, 394
of dogs, 850
of large animals, 865
myths about, 558
in tactical medicine, 564f

Gustatory rhinitis, 1494
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Gymnopilus mushroom, 1482f
Gynecology, in physiologic concerns of 

spacelight, 2614
Gyre, 2562
Gyromitra esculenta, 1483f
Gyromitra toxin, 1483-1484

causative mushrooms, 1483
clinical presentation of, 1484
symptoms of, 1484b
toxin from, 1483-1484
treatment of, 1484

Gyromitrin, 1484t

H

H1N1 swine lu, 713
H5N1 virus, 713
Haddon’s matrix, of injury prevention, 595
Hadley cell, 2350
Hadogenes troglodytes, 1020f
Hadronyche funnel-web spiders, 1002-1003
Hadrurus species, 1025
Haemophilus inluenzae, 713
Haemophilus inluenzae type B (Hib) 

vaccine, 1818
Haff disease, 1783
Hail, 2353
Hair trimming, in wound cleansing, 442
Hair tying, with glue, 1055-1056, 1056f
Haiti, earthquake in, 2010, 1855f
Halazone tablets, for water disinfection, 2028
Half hitch, 1366, 1367f
Half-ring splint, 505, 514f
Hallucinatory ish poisoning, 1769
Hallucinogenic mushrooms, 1481-1483

causative mushrooms, 1481-1482
clinical presentation of, 1482-1483
toxin from, 1482
treatment of, 1483

Hallucinogenic plants
indole derivatives, 1443-1444
jungle, 1371-1372, 1371f

Halocarbons, as potential contaminants, 2600
Halogen disinfectants, 1992, 1998-2002, 1998t, 

1999f
bacteria, 2000
contact time with, 2002t
contaminants, 1999
cysts and parasites, 2000-2002
disinfection constant, 2002
halogen demand and residual 

concentration, 1999-2000, 2000t
improving the taste of, 2006b
pH, 2000
susceptibility of microorganisms, 2000-2002
temperature, 2000
viruses, 2000

Haloperidol, 2627
Hammerhead shark, 1645f, 1650f-1651f
Hammock

for jungle travel, 1363
safety, 616

Hamstrings, stretching of, 2199
Hand

bandaging, 528, 530f
block techniques of, 1101, 1102f
emergency regional anesthesia for, 1097
metacarpal fracture, 472-473, 474f
metacarpophalangeal joint dislocation, 

473-474, 474f
ropes and, 2365
soft tissue injuries of, 475, 475f-476f
splints, 457, 457f
strengthening of, 2197
vesiculation, after lionish sting, 1733f
weak, 1162

Hand bites, 624
Hand cycling, by persons with disabilities, 

2178, 2178f
Hand ishing, 2068, 2068f
Hand gear, for cold weather, 1331-1332
Hand line ishing, 2068-2069, 2069f
Hand signals, ground-to-air, 1318f
Handheld transceivers, 2324, 2325f
Handlebar bruise, 2242, 2242f
Handlebars, falling over, in mountain bikes, 

2239, 2241f
Handouts, in teaching, of wilderness 

medicine, 2460, 2460f
Handrail, in orienteering meets, 2348
Handwashing, 2012
Handwear, 2402, 2402f
Handy talkies, 2324, 2325f
Hangman’s fracture, 453, 453f
Hantavirus cardiopulmonary syndrome, 716
Hantavirus pulmonary (cardiopulmonary) 

syndrome, 715-717
diagnosis of, 716, 717f
epidemiology of, 715-716
prevention of, 717, 717b
symptoms of, 716, 716f
transmission of, 716
treatment of, 716-717
virology of, 715

Hantavirus renal syndrome, 716
Haplotype, 2503b
Hapten, 1424
Hard backboards, 497
Hard signs

vascular, 396b
vascular injury, 444

Hardness, of snow, 40
Hares, as food, 2056-2057, 2056f
Harmful algal blooms, 2547-2548, 2570
Harnesses

emergency, 2373
safety, for survival at sea, 1553-1554
in technical rescue, 1258
used in SAR, 1235-1236, 1235f

Hasty diaper harness, 2373, 2375f
Hasty teams, 1229
Hat, for jungle travel, 1362
Haul lines, 1264
Haul systems, in technical rescue, 1260-1261, 

1261f
Hawaiian eruptions, 1931, 1931f
Hazards

of air travel, 1809-1810
caused by equipment failure, 1249
climatic. see Climatic hazards
in desert, 1387
environmental, 1947-1954

in cave rescue, 1409-1410, 1410f
in whitewater sports, 1398-1399

expedition, general and speciic to 
environment, 1834t

geologic, 1923-1935
jungle. see Jungle hazards
natural hazards, 1247-1250

in cave rescue, 1409-1410
nature of, 1923
posteruption, 373-374, 374f
resulting from human factors of rescuers, 

1250
resulting from human factors of subjects, 

1251
in river, 1392-1395
slow-onset versus rapid-onset hazards, 

1921-1922
volcanic, risk reduction from, 374-376
in wilderness travel and rescue, 1247, 1247f

Haze, 2354-2355
HBO. see Hyperbaric oxygen
HBOT. see Hyperbaric oxygen therapy

Head
above water, physiologic responses to, 

167-172
bandaging, 532, 532f
immersion in cold water, 176-179, 

177f-179f, 180b
positioning for opening of airway, 405
under water, physiologic responses to, 

187-189
Head covering, 1383f
Head injury

anatomy of, 384, 385f
diagnosis of, 385-386
diving and, 1613
evacuation of patients with, 388
further management of, 387-388
headache after, 1157
injury classiication, 386
pathophysiology of TBI, 384-385
penetrating, 388
physical examination, 386, 386t
resuscitation, 380-381, 386-387
rodeo related, 843-844, 844t

Head lice infestations, 960
Head-swinging behavior, of bears, 682f
Head tilt with chin lift, 405, 406f
Head turn, positioning for opening of airway, 

1049
Headache, 36

in children, 2111
guidelines for diagnosis of, 1155
in high-altitude, 9-10, 11f
as neurologic emergencies, 1155-1158
with other neurologic signs, 1156-1157
of subacute onset, 1158

Headgear, 2401, 2401f
protective, for bull riders, 844, 844f

Headlamps, for lights, 2412
Headward erosion, 2596
Healing, enhancement of, hyperbaric oxygen 

therapy for, 1628-1629, 1629f
Health

children’s health, environmental concerns, 
2116

deinition of, in Native American healing, 
2429

life in raft and, 1580
vitamins and, 1973-1975, 1974b, 1974f
in wilderness, preparing for, 2296-2297
and wildland ires, 303-304
women’s health, pre–wilderness travel 

assessment, 2117
Health care needs

in emergency phase, humanitarian 
medicine, 1893-1894, 1893f

following a disaster, 1894-1899
Health care professionals

coordination between volcanologists and, 
375, 375f

for wilderness medicine, 2469, 2469f
Health consequences, of disaster, 1876-1877
Health implications, of environmental change, 

2543-2549
atmospheric aerosol loading, 2548-2549
chemical pollution, 2549
climate change, 2544

as threat multiplier, 2546-2548
through natural systems, 2545-2546

Health insurance policy, concerning 
pregnancy, 2133

Health issues, with jungle travel, 1366
Health maintenance at sea, 1564-1567

Fahrenheit, 1565
fatigue, 1565
itness, 1565
luid, 1564-1565
food, 1564
seasickness, 1565-1567



I-31

I
N

D
E

X
Hearing aids, in older adults, 2161
Hearing assist dogs, 2181
Hearing impairment, scuba diving for persons 

with, 2180
Hearing issues, in older adults, 2160-2161
Hearing loss

idiopathic sudden sensorineural, hyperbaric 
oxygen therapy for, 1632

persons with, 2173-2174, 2175f
Heart attack, in older adults, 2157
Heart disease, congenital, 35

and preparation for travel, 1150-1151
Heart failure, 34-35

stages of, 1150t
Heart rate, monitoring, in spacelight, 2606
Heartland viral disease, 984
Heat, 2559

for back pain, 2436
body heat

decreasing, loss of, 1330-1331
increasing, production of, 1338-1344

dissipation during thermal stress, 251, 252f
environments, conditioning for, 2201
and pregnancy, 2141
in water disinfection, 1992b, 1993t

boiling time, 1992, 1993t
hot tap water, 1993
solar, 1993

Heat acclimatization, 265-266, 265b, 266f, 
1179

Heat balance equation, 123-124
Heat capacity, 2350, 2559, 2559t
Heat cramps, 252, 267
Heat escape lessening posture, in water, 

1538f, 1549f
Heat exchange, 123-124

avenues of, 249
Heat exhaustion, 252, 267-268

essential oil for, 1526
irst-aid kit of natural products for, 1524

Heat illnesses, 252-254
continuum of, 252, 267-268
exertional, 257t, 267-273
heat stress and thermoregulation, 249-252
injury prevention and, 608, 608f
predisposing risk factors for serious, 254b
risk factors for, 260b
symptoms and management, 253t

Heat index, 2354, 2354t
Heat injuries, 252, 2155b

exertional, 267-268
Heat loss, 123-124

increased, 141
rate of, cold-water immersion and, 182

Heat packs, for backcountry, 2416-2417
Heat production

decreased, 140-141
energy-transforming pathways and, 1966f
rate of, cold-water immersion and, 182

Heat relector, in stoves, 2422
Heat-related health impacts, on human 

health, 2544-2545
Heat-related illnesses

acclimatization of, 274
activity of, 273-274
acute phase of, 268
adaptation to environmental conditions, 

273-274
antibiotic therapy, 271
clinical management of, 267-274
clinical manifestations of, 268-269
conditioning of, 274
current civilian recommendations, 272
dantrolene, 271
dehydration and, 2039
emergency medical services treatment, 270
enzymes of, 269
irst aid for, 269b

hematologic and enzymatic phase, 268-269
hospital emergency medical treatment, 

270-271
induced hypothermia, 271
late phase of, 269
older adults and, 2154-2155, 2155b
on-site emergency medical treatment, 

269-270
pathophysiology of, 249-267
prevention of, 272-273

in jungle travel, 1366
research in, 274
return to activity, 271-272
sequelae, 271

Heat-sensitive pit organs, in snakes, 763f
Heat shock proteins, 261-263, 262t
Heat sources, for ire starting, 1338-1344
Heat strain, 254, 262
Heat stress

avenues of heat exchange, 249
body temperature control, 249-251
compensable versus uncompensable, 254
dehydration and electrolyte imbalance, 

251-252, 253f
environmental, dehydration and, 2036-2038, 

2037f-2038f, 2037t
in large animals, 865

Heat transfer, physical principles of, 290-291, 
291f-292f

Heat waves, 254, 273, 2544
Heated infusions, active external rewarming, 

151-152
Heated lavage, 152-154
Heaters, for backcountry, 2416-2417
Heating pads, 195-196, 196f
Heatstroke, 252-253, 256f

classic, 253
and exertional, 268t

in dogs, 853
epidemiology and risk factors, 254-256
essential oil for, 1526
exertional, 260-261, 267
irst-aid kit of natural products for, 1524
genetic polymorphisms, 266-267
hyperbaric oxygen therapy for, 1635
pathophysiology of, 256-263
prevention of, 265-266
treatments

anticoagulants, 264
anticytokine therapies, 264-265
luid resuscitation, 264

Heel, blisters, 541-542, 542f
Heel-and-lace pads, 518, 519f
Heel cup, 541-542, 543f
Heel-lock technique, for ankle taping, 519, 

520f
Height, improvised measurement of, 1046
Helicopter

altitude and temperature in, 1313f
approaching, 1271
avalanche response and, 1322
categorizing and comparing of, 1303-1305, 

1303f, 1304t, 1305f
evacuation at sea, 1582-1583, 1582f-1583f
light at high altitude, 1325
hand signals for, 1318f
hoist operations and, 1322-1323, 

1323f-1324f
landing and on-site interactions, 1317-1319
landing zone for, 1316b, 1316f-1317f
in lesser-developed countries, 1323-1324
logistics and triage in, 1310-1311
program safety and high-altitude 

operations, 1325-1326, 1326f
rescue, 1294-1326
in search and rescue, 1321-1322
selection of, 1310

single-engine, 1303f, 1305-1307, 1306f
steps in, safety, 1324b
tail rotor of, 1318f
twin-engine, 1307-1309, 1307f-1309f
types of, 1268f, 1269
for wilderness transport, 1296f, 1301-1309, 

1302f-1303f
Helicopter light plan, 576, 576f, 576t
Helicopter rescue, 1268-1273

canyon, 1277-1278
capabilities of helicopters, 1268
external loads in, 1272-1273

helirappel, 1273
hoist operations, 1272, 1272f-1273f
short-haul operations, 1272-1273, 1273f

landings and takeoffs in, 1270-1271
limitations of helicopters, 1269-1271
loading and unloading in

approaching the helicopter, 1271,  
1271f

hover load and hover jump operations, 
1272

one-skid landings, 1271-1272
safety procedures in, 1271, 1271f
without moving toward or away from 

the helicopter, 1272
patient care in, 1273
safe use of helicopters, 1268-1269
safety precautions on the ground, 1270

Heliox, for mixed-gas diving, 1589-1590
Helirappel, 1273
Helispots, 1270
Helitorch, in wildire suppression, 278f
Helmets

bull-riding, 844f
for injury prevention, 602, 602f
for paintball gun events, 552-553, 553f
in whitewater sports, 1391

Helminthic infections, 1857-1859
enterobiasis, 1859
ilariases, 1857-1858
intestinal, 1858-1859
schistosomiasis, 1857, 1857f

Heloderma spp., 758
Hematologic abnormalities, from lightning 

injury, 101
Hematologic conditions, and wilderness 

travel, 1190-1194
Hematologic diseases

anemia, 36
hemoglobinopathy, 36
hypercoagulable state, 35
polycythemia vera, 36

Hematologic disturbances, submersion and, 
1537

Hematologic effects, of scorpion 
envenomation, 1028

Hematologic evaluation, in accidental 
hypothermia, 144-145

Hematology, in snake envenomation, 815
Hematoma blocks, 489, 1093, 1093f
Hematomas

auricular, 435, 436f-437f
nasal septal, 428f
subungual, 543-544, 544f

Hematophagous myiasis, 958
Hematopoiesis, mineral supplements and, 

1975
Hematopoietic toxins, 1435t-1436t, 1456-1457

inhibition of cell division and bone 
marrow, 1456-1457

plants that induce hemolysis, 1457
plants with anticoagulant properties,  

1456
Hemiptera, 950-952, 951f

clinical aspects of, 951-952, 951f
treatment and prevention of, 952

Heat-related illnesses (Continued) Helicopter (Continued)
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poison, 1441, 1441f
water, 1446

Hemodialysis, 155
Hemoglobinopathy, 36
Hemoglobinuria, with malaria, 904f
Hemolysis

intravascular, 816
plants that induce, 1457

Hemolytic anemias, 1191
Hemophilia, 1191-1192, 1192b, 1192t
Hemorrhage

control of, 441
epicardial, 782f
high-altitude retinal, 1120-1121, 1120f-

1121f
orbital, 1112f
retrobulbar, 1111, 1112f
subconjunctival, 1115, 1116f
and wound care, in canyon medicine, 

2232, 2233f
Hemorrhagic conditions, acute, irst-aid kit of 

natural products for, 1522
Hemorrhagic fever, 1844

Crimean-Congo, 983-984, 1847
dengue, 873-874, 1845-1846, 1846f
Ebola and Marburg viruses, 1847
Hantavirus cardiopulmonary syndrome, 

1847-1848
Japanese B encephalitis, 1848-1849
Lassa fever, 1846-1847
with renal syndrome and hantavirus 

cardiopulmonary syndrome, 1847-1848
yellow fever, 1844-1845

Hemorrhagins, 783
Hemorrhoids, 399
Hemostasis

in snake envenoming, 815-816
wound, 1052

Hemostatic abnormalities, due to Viperidae, 
795-798

Hemostatic agents, in combat and casualty 
care, 586-587

Hemostatic dressings, 382, 383f
Hemothorax, 392
Hendra virus, 717-718
Henry’s law, altitude and, 1313
Heparin

for frostbite injury, 210, 217f
in treating heatstroke, 264

Hepatitis A, 1849
vaccine, 1814-1815

Hepatitis B, 1849-1850
vaccine, 1815

Hepatitis C, 1850-1851
Hepatitis E, 1851

during pregnancy, 2139
Hepatitis F, 1851
Hepatitis G, 1851
Hepatitis viruses, from shellish, 1788
Hepatotoxic agents, plant-derived, 1455
Hepatotoxicity, of comfrey, 1512-1513
Heptavalent botulinum antitoxin, 1788-1789
Herbaceous dicotyledons, pollen allergens 

and, 1492f
Herbaceous layer, in forest, 2574
Herbal medicine

for back pain, 2435
recommended for irst-aid kit, 1519b
use of, in wilderness, 1505-1506

Herbicides
causing irritant dermatitis, 1433b
injury from, 837

Herbivores, 2569
attacks by

domestic, 643-644
wild, 633-636

Herculaneum, 354, 357-358

Hereditary angioedema, 1498
challenges during trip with, 2177
clinical presentation of, 2176, 2176f
occurring in wilderness, 2176-2177
trip preparation with, 2176-2177

Heritability, 2497, 2503b
Hernia, incarcerated abdominal wall, 398-399
Herniated nucleus pulposus, in spacelight, 

2612
Herpes labialis, 353, 1137f
Herpes simplex virus keratitis, 1116, 1116f
Heteropodid spiders, 1009
Heterotrophs, in ocean, 2569
Hexathelidae, spiders, 1002-1003, 1002f
Hides, 2397-2398
Hierarchy of evidence, in evidence-based 

medicine, 2479, 2479f
High altitude, 2189-2191, 2189f

alcohol at, 27
arterial blood gas and, 3t
asthma and, 1181
cardiovascular conditions and, 33-35
cardiovascular system response to hypoxia, 

1147-1148, 1147f
cerebral circulation in, 5
children at, 26
chronic diseases and, 1179-1180
cognitive changes at, 19
deinitions, 2
deterioration, 26-27
diabetes mellitus and, 36-37
effect on exercise, 2189-2190, 2189f-2190f
environment of, 2, 4t

effect on Raynaud’s phenomenon 
patients, 1188-1189

environment-speciic hazards in, 1834t
exercise and, 7f
exposure, Gamow bag for, 2291, 2291f
gastrointestinal diseases and, 38
helicopter light at, 1325
helicopter program safety, 1325-1326, 1326f
hematologic diseases and, 35-36
hematopoietic responses to, 5-6, 6f
hypoxic training, 2190-2191
illness, 1823-1825, 1825f

in children, 2099b
incidence, in various groups, 9t
neurologic, clinical characteristics of, 10t
prevention of, 11t
treatment of, 15b

medical conditions
preexisting, 29-39
speciic, 30-39
travel risk, 31t
travelers with, medication considerations, 

39, 39t
medical problems of, 9b
neurologic disorders and, 36
obesity and, 37-38, 37f
physiologic terms, 3b
physiology of, 1-8
pregnancy and, 38-39
problems of lifelong or long-term residents 

of, 25-26
pulmonary circulation in, 5
rescue operations and, 1247
respiratory diseases and, 30-33
retinal hemorrhage, 1120-1121, 1120f-1121f
search and rescue, 1323-1324
sleep at, 28
systemic circulation in, 4-5
thrombosis at, 27-28
TIA and stroke in, 1158
training at, 8

High altitude acclimatization
blood and, 5-7
circulation in, 4-5
exercise and, 7-8, 7f

hypoxia-inducible factor and, 3
tissue changes in, 7
ventilation in, 4

High-altitude adaptation, 2509-2512, 
2509f-2511f

genetics of, 2511-2512, 2511f-2512f
High-altitude cerebral edema, 17-19, 18f, 612, 

1154, 1823, 2506
clinical presentation, 17, 17b
pathophysiology, 18
treatment and prevention, 19

High-altitude desert, 2
High-altitude hypoxia, 2504-2505
High-altitude pulmonary edema, 23f-24f, 612, 

1823, 2506
clinical presentation, 20-21, 20b
genetics of, 24
hemodynamics, 21
laboratory studies, 21
mechanisms of, 22-23
pathologic indings, 21-22
pathophysiology, 23f
prevention, 25
radiographic indings, 21, 22f, 25f
susceptibility to, 23-24
thoracic ultrasound of, 2382, 2383f
treatment, 24-25, 24f

High-altitude pulmonary hypertension, 
2508-2509

High-altitude syncope, 27
High-altitude syndromes

acute cerebral hypoxia, 8-9
acute mountain sickness, 10-17, 12f, 13b
cerebrovascular accident, 19
focal neurologic conditions, 19
headache, 9-10, 11f
stroke, 19

High brace maneuver, 1396f
High-grade metamorphism, 2586
High-pressure nervous syndrome, 1590
High-risk situations for international travelers, 

1957-1958
High-risk technologies, in wilderness areas, 

2531
High-strength bowline knot, 2368, 2368f
Higher executive functioning, in lightning 

victim, 101
Highlines

in canyon rescue, 1276, 1276f
in technical rescue, 1263, 1264f

Hiker Pro, 2013t-2026t, 2015f
Hikers

daily calorie guidelines for, 1983t
survivability of, 1233t

Hiking
injury prevention in, 615-616
by persons with disabilities, 2178-2179
specialized equipment for, 2292

Himalayan black bears, 679-680, 679f-680f
Hindfoot dislocation, 481
Hip

dislocation, 476, 476f-477f
stretching of, 2199

Hip splinting, 504-505
Hippopotamus, attacks by, 635, 635f
Histologic examination, 107
Histoplasma capsulatum, in caves, 1410
Histoplasmosis, cave-acquired, 1410
Historical background, of expedition 

medicine, 1826
Historical development, of wilderness 

concept, 2518, 2519f
Historical perspective, of whitewater 

medicine, 1390
Historical problem, wildland-urban interface 

ire, 280-288
Historical volcanic eruptions, 355t

High altitude acclimatization (Continued)
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History

of air medical transport, 1295
of antivenom therapy, 748
for dental emergency, 1128, 1130b-1131b
in diagnosis of malaria, 905
for neurologic conditions, 1154, 1155b
of ocean, modern ocean tools, 2558-2559
for travel risk assessment, 1809b
of wilderness medicine, 378

Histrionic personality disorder, 1173
Hitches, 2368, 2372

ankle, 1069-1071
camel, 1366, 1367f
clove hitch stretcher, 1283-1284
half, 1366, 1367f
Prusik, 1399

Hobo spiders, 1012-1013
Hoist operations

in helicopter rescue, 1272, 1272f-1273f
helicopters and, 1322-1323, 1323f-1324f

Holothurin, sea cucumbers and, 1712-1713
Homeopathy

medicines, 1519
use of botanicals in, 1504-1505

Homeostatic systems, competition with, 134
Homesickness, experienced by children, 

2101-2102
Homicide, drowning and, 1533
Homoanatoxin-a, 1783
Honeybee, stinger of, 938f
Hookworm, 1858, 1859f
Horizon coordinate system, 2340-2341,  

2341f
Horizontal evacuation, in canyon rescue, 

1276
Hormonal contraceptives, 2126

special issues related to, 2128
Hormone replacement therapy, 2128
Horned vipers

rhinoceros-horned, 805f
Sahara, 807f

Horse collar, 495-496, 495f
Horseback riding

injury prevention in, 616
by persons with disabilities, 2179

Horselies, 955
Horsehair sutures, 1055
Horses

against bear attacks, 685
injury from, 643, 643f

Horsetail, 2435
Hospital-based air transport services, 1296
Hospital care. see also Emergency department 

management
of coral snakes, 746-748, 747f
of pit vipers, 743-746
venomous lizards, 759-760, 759f

Hospitals, sustainable, 2554
Hostage situations

global, 1959
survival in, 1379-1380

Hot environments
chronic diseases and, 1179
women and, 2120

Hot spots, oceanic, 360
Hot tub folliculitis, 1751-1752, 1751f
Hour circle, 2340
House spider

black, 1008-1009
grey, 1016

Houses, surviving a wildland ire, 283t, 
309f

Hover jump helicopter operation, 1272
Huddle technique, in water, 1538f, 1549f
Human behavior, wildland ires and, 313-317, 

315b, 315f
Human comfort, 2354-2355
Human diploid cell vaccine, 667-668

Human factors
of rescuers, hazards resulting from, 1250
of subjects, hazards resulting from, 1251

Human footprint, sustainability and, 2551
Human genetic variation, 2501, 2501f
Human granulocytic ehrlichiosis, 989
Human habitation, in polar regions, 236
Human health, biodiversity and, 2535-2543

case study in, 2541-2543, 2542f
crisis in, etiology of, 2535-2536, 2536f
invasive species in, 2539, 2539f
loss of genetic diversity in, 2538-2539
public health concerns in, 2539-2541
species decline in, 2538, 2538f
threatened ecosystems in, 2536-2538, 

2537f-2538f
Human immunodeiciency virus

with preexisting, evaluation for, 2275
vaccination in HIV-positive adults, 1813b

Human interaction, with forests, 2577, 2577f
Human-made hazards, 1920
Human penetration, of wilderness areas, 

2530-2531
Human pythiosis dermatitis, 1747-1748, 

1747f-1748f
Human rabies, 657-662

in attacking animals, 661-662, 662f
clinical features of, 659-660
incubation period of, 658
laboratory diagnosis of, 661
mortality in, 657-658
pathogenesis of central nervous system in, 

658-659
postexposure prophylaxis for, 663-668,  

663f
preexposure prophylaxis for, 662-663, 662t
subclinical, 660
transmission of, 661
undiagnosed, 660-661

Human rights abuses, 1955
Human trackers, 1228-1229, 1229f
Human traficking, 1958
Human waste disposal, 2012
Humanitarian Charter and Minimum 

Standards in Humanitarian Response, 
1877-1878

Humanitarian medicine, 1885-1920
actors in, 1889-1892
aid worker in, 1899-1914
current challenges in, 1916-1918
evolution of humanitarian system, 

1914-1916, 1914f
health care needs following a disaster, 

1894-1899
humanitarianism and environmentalism in, 

1918
key events and medical problems in, 

1885-1889
needs in humanitarian crises, 1892-1894
security, insecurity, and power in the ield 

in, 1918-1920, 1918f
suggested packing list, 1919-1920

Humanitarian NGO professionalization, 1915
Humanitarian organizations, in humanitarian 

medicine, 1905b
Humanitarian training, centers, organizations 

and resources for, 1910t-1912t
Humanity, 1899t
Humboldt squid, giant, 1672f
Humerus

compression in spiral groove of, 1162
fracture, 468, 469f
shaft injury, splint for, 505, 510f
splint, 1068f

Humidity, 2350
extremes, rescue operations and, 1247
forecasts, 2356

Hundred-pacer, juvenile, 763f

Hunker in place, in ire entrapment situation, 
312-313

Hunter safety, against bear attacks, 685
Hunting

injury prevention in, 616
by persons with disabilities, 2179, 2179f

Hunting ammunition, 555-556, 555f
Hunting bullets, 555f
Hunting guidelines, 2071
Hunting injuries, 549-563

arrow, 551-552, 552f, 558, 558f
from irearms, 552-556
prevention of, 559-560
trap, 551, 556, 557f
treatment of, 556-559
tree stand, 551, 551f-552f
types of, 550-556
in United States, 550

Hunting knives, 2414
Hunting spiders

sparassids, 1009-1010
zodariids, 1009

Hurricanes, 2352
Katrina, 2546
marine weather and, 1569-1570
warning, 1938
and wilderness survival, 1352

Hybrid devices, stretchers as, 1292, 1292f
Hybridization techniques, microarrays based 

on, 2504
Hydrastis canadensis, 1507-1508, 1508f
Hydration

assessment
body mass, 2033
markers of dehydration, 2033f
techniques, 2032t
thirst, 2034
urine concentration, 2033, 2033f

in ield setting, 2033
injury prevention and, 610-612
intravenous, 1902f
polar diving and, 1592

Hydration status, of dogs, 845, 846f
Hydraulic fracturing, 2554-2557, 2555f

air quality, 2556
global warming, 2556
national parks, 2556
sand mining, 2556
seismic activity, 2556
water pollution, 2554-2556

Hydraulics, 2219-2220, 2221f
as river hazard, 1393, 1393f

Hydrocephalus, 1157
Hydrocodone, acetaminophen with, 2624
Hydrocortisone, 2627
Hydrocortisone powder, for wilderness travel, 

2279t-2287t
Hydroluoric acid burns, 325
Hydrogen peroxide, in water disinfection, 2007
Hydroids, envenomation by, 1690-1691, 1691f
Hydrologic drought, 1944
Hydromorphone, 2627
Hydrophobia, in rabies, 659-660
Hydroxychloroquine, 915t-916t, 917-918
Hydrozoa, envenomation by, 1690-1696

Chrysaora, 1703
ire coral, 1691-1693
Gonionemus species, 1696
hydroids, 1690-1691
Irukandji jellyish, 1702-1703
Physalia, 1693-1695
seabather’s eruption, 1695-1696

Hyenas, attacks by, 629, 629f
Hygiene

feminine, 2120, 2121f
injury prevention and, 615
in personal toiletries, 2422
in spacelight, 2611
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anaphylaxis and, 1499
venom and venom apparatus, 941-942, 942f

Hymenoptera envenomation
ants, 937f, 939-941, 941f
bees, 936-937, 937f-938f
clinical aspects, 942-944, 942f
treatment and prevention of, 944-945
wasps, 937-938, 938f-940f

Hymenoptera stings
in children, 2100-2101
injury prevention and, 613, 613f
patterns, 941

Hyoid bone, 404f
Hyperbaria (underwater diving), 1146-1147
Hyperbaric chambers, 1622-1624

for altitude illness, 1622-1624
for diving injuries, 1624
guidelines for equipment use in, 1626b
monoplace, 1622
multiplace, 1622
portable recompression, 1622

Hyperbaric environment, 1124
Hyperbaric medicine, 1619-1635. see also 

Hyperbaric oxygen therapy
history of, 1619
hyperbaric chambers for, 1622-1624
mechanisms of hyperbaric oxygen in, 

1619-1622
practical aspects of hyperbaric treatment in, 

1625-1626
Hyperbaric oxygen

for restoring vision, 1113
for stingray envenomation, 1727-1728

Hyperbaric oxygen therapy
approved indications for, 1621t
for arterial gas embolism, 1603, 1603f
complications of, 1624-1625
contraindications to, 1624
evaluation of patient for, 1625
for frostbite, 216-217
mechanisms of, 1620b
pediatric considerations for, 1626, 1626f
preparation for hyperbaric treatment of, 

1625-1626, 1626b
wilderness applications for, 1620b
in wilderness medicine, 1634-1635

Hyperbaric oxygen therapy, approved clinical 
applications of, 1626-1633

arterial gas embolism, 1626-1628
carbon monoxide and cyanide poisoning, 

1629-1630
central retinal artery occlusion, 1628
clostridial myonecrosis, 1630
compromised grafts and laps, 1630
crush injuries and skeletal muscle 

compartment syndromes, 1630-1631
decompression sickness, 1628
delayed radiation injuries, 1631-1632
enhancement of healing in selected 

problem wounds, 1628-1629
idiopathic sudden sensorineural hearing 

loss, 1632
intracranial abscess, 1632
necrotizing soft tissue infections, 1632
refractory osteomyelitis, 1632-1633
severe anemia, 1633
thermal burns, 1633

Hyperbaric oxygen therapy research, trends 
in, 1633-1634

acute cerebral ischemia, 1634
acute myocardial ischemia, 1633-1634
organ transplantation, 1634
traumatic brain injury, 1634

Hypercapnia, 66-67
cold-water immersion and, 182

Hypercarbia, diving and, 1605
Hypercoagulable state, 35

Hyperemic phase, of nonfreezing cold-
induced injuries, 227-228, 228f-229f

Hyperhidrosis, of foot, 549
Hyperhydration, 2031
Hypericum, 1521
Hyperkalemia, accidental hypothermia and, 

144
Hyperlordosis, 2193, 2193f-2194f
Hyperoxic myopia, 1127
Hyperparasitemia, complication of  

P. falciparum, 904
Hyperpigmentation

ire coral sting and, 1692f
persistent, jellyish sting and, 1690

Hypersensitivity
cutaneous, jellyish sting and, 1690
urticaria and, 1496-1497

Hypersensitivity pneumonitis, 833
Hypertension, 33-34

cnidarian syndrome and, 1688
diving and, 1614-1615
in older adults, 2157
and preparation for travel, 1151
pulmonary, in children, 2113
transient, in lightning victims, 104

Hyperthermia
cardiovascular responses and, 1148
in children, 2096, 2096f
malignant, 267

Hypertonic saline, 19, 383
Hyperventilation, 19

as cause of sudden apparent loss of 
consciousness, 1160

diving and, 1605-1606
Hypervitaminosis A, 1792
Hyphema, 1115-1116, 1116f
Hypnozoites, Plasmodium vivax, 900f
Hypoglycemia, 1160

acute symptoms of, 1185
complication of P. falciparum, 904
factor contributing to, 1185
plants that induce, 1457
in wilderness emergency medical services, 

1209-1210
Hypohydration, 2031
Hyponatremia

dehydration and, 2039-2040, 2040f
dilutional, 1975
during wilderness and endurance events, 

2218, 2218f
Hypotension

anaphylaxis and, 1500b, 1501
cnidarian syndrome and, 1688
postural, 1160
sign of systemic snake envenoming, 

779-780
snakebite related, 825

Hypotensive resuscitation, for gunshot 
wounds, 558-559

Hypothenar hammer syndrome, 2243-2244
Hypothermia, 122, 2221

accidental. see Accidental hypothermia
in avalanche victim, 69-70, 69b, 69f, 70t
and cardiac arrest resuscitation, 1153t
cardiopulmonary resuscitation in, 193b, 

194f
cardiovascular responses and, 1148
in children, 2095-2096, 2095f
classiication of levels of, 172f
as concern in cave rescue, 1405-1406
in drowning patient, in-hospital treatment 

for, 1544
emergency medical services, algorithm for, 

194f
factors predisposing to, 140b
four zones of, characteristics of, 137t
heat sources for, 193f
improvised treatment of, 1074, 1074f

induced, 271
injury prevention and, 609
in large animals, 865-866
in life raft, 1580
onset of, 169-170, 170b, 170f
oxygenation considerations during, 139b
patients, preparing for transport, 146b
prevention, in canyon medicine, 2231, 2231f
recurrent, 142
regulated, 251
at sea, 1565
signs of, 143b
submersion and, 1537-1538
therapeutic, for nonfreezing cold injury, 

230
in whitewater sports, 1398

Hypothermic bradycardia, 136
Hypothyroidism, accidental hypothermia and, 

141
Hypovolemia, 2031

hypertonic and isotonic, 2032t
snakebite related, 825

Hypoxemia, 28, 66-67
at high altitude, 1183

Hypoxia, 2504-2505
in air medical transport, 1326
and cardiovascular system, 1147-1148, 1147f
oxygenation and, 31t
severe, regulated temperature altered by, 

133
Hypoxia-inducible factor, 3, 2511-2512, 2511f
Hypoxic pulmonary vasoconstriction, 2510
Hypoxic training, for wilderness adventure, 

2190-2191
Hypoxic ventilatory response, 4, 2119, 2510

I

Iboga, 1444
Ibotenic acid, mushroom-derived, 1480, 1480b
Ibuprofen, 17, 2627
Ice

in pain management, 1083
and SAR, 1242
thin, “skating” on, 165b
vehicular activities on, 166-167

Ice ax carry, 1078
Ice-axe technique, 1252, 1252f
Ice breaker, Norwegian, 197f
Ice storms, 1946, 2351

in 1998, 1946-1947
Ice thickness guidelines, 2248, 2248f
Ice water, panic in, 165b
Icebergs, 1564
Icefall, rescue operations and, 1248
Icelandic eruptions, 1931, 1931f
Ichthyoallyeinotoxication, 1769
Ichthyocrinotoxication, 1768
Ichthyohepatotoxication, 1768-1769
Ichthyosarcotoxism, 1768-1769

gempylotoxication, 1769
ichthyoallyeinotoxication, 1769
ichthyocrinotoxication, 1768
ichthyohemotoxication, 1768
ichthyohepatotoxication, 1768-1769
ichthyootoxication, 1769

Identiication
of mushrooms, 1469b
of spiders, 999-1000, 999b, 999f-1000f

Idiopathic intracranial hypertension, in 
spacelight, 2608

Idiopathic sudden sensorineural hearing loss, 
hyperbaric oxygen therapy for, 1632

IgE-mediated allergic reaction, 1796f
Igloos, 1337-1338, 1338f
Igneous rocks, 2585-2586, 2585f

Hypothermia (Continued)
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Iliotibial band, inlammation, 485
Iliotibial band injection, 488
Iliotibial band syndrome, 2243
Illnesses

common, during wilderness expedition, 
1835b

in mountain rescue subjects, 1244-1245
Iloprost, for frostbite injury, 212, 213f, 216f
Imaging, for snake envenoming, 816
Immediate oral intubation, 410
Immediate search team, 59-60
Immersion, active external rewarming, 150
Immersion foot, 232
Immersion into cold water. see also 

Submersion injuries
factors that affect cooling of the body’s 

core, 172-182
history and epidemiology, 163-167
physiologic responses to, with head above 

water, 167-172
rescue, problems with, 166b
survival, 182-187

Immersion pulmonary edema, diving and, 
1612, 1612f

Immersion (survival) suits, 1553
Immersion therapy, starish and, 1706
Immobility, contributing to frostbite, 205
Immobilization

pressure, for snakebite, 742, 742f
spinal. see Spinal immobilization
of thumb, 475f
of victim with blunt neck injury, 390,  

390f
Immobilizer, knee, 1065f, 1069f
Immune globulin, 670

rabies, 665-666
replacement for, 673

Immune responses, 257-259
in heatstroke, 251

Immune status, changes in, 2134
Immune system, inulin and, 1516
Immunizations

children, for foreign travel, 2103-2105, 
2105t

DNA, 1805
during pregnancy and lactation, 2134
prior to jungle travel, 1359-1360
for travel, 1810-1818

Immunodiagnosis, of snakebite victims, 816
Immunoglobulin, vaccines and, for adult, 

1810t-1812t
Immunoglobulin G (IgG) molecule, 748f
Immunologic effects, of scorpion 

envenomation, 1028-1029
Immunologic mechanisms, of seafood 

allergies, 1794-1797, 1796f
Immunologic urticaria, 1429-1432
Immunology

in physiologic concerns of spacelight, 
2612-2613

of poison ivy and poison oak dermatitis, 
1424-1425

Immunoprophylaxis, for traveler’s diarrhea, 
1866

Immunosuppression, 668
at high-altitude, 28
in solid-organ transplant recipients, 1197

Immunotherapy
for allergic rhinitis, 1496
for hymenopteran venom, 944-945
peptide, 1805

Impact force, 2364-2365
Impartiality, 1899t
Impartiality test, 2266-2267
Implantable cardiac deibrillators, and 

preparation for travel, 1151
Implied consent, 2264-2265
Imposters, of poison ivy, 1424, 1424f, 1424t

Improvisation
of eye, 1120
in treatment

cricothyrotomy, 418
nasopharyngeal airway, 407

Improvised carrying methods, 1265
litters, 1282-1286
rucksack stretcher in, 1265
transport, over snow, 1265

Improvised explosive devices, 563-564, 585f
Improvised incubator, for newborn, 1904f
Improvised medicine

airway management in, 1049-1052
in blister management, 1057
cleaning and reusing medical supplies and 

equipment, 1056-1057
for eye, ear, nose, mouth, and throat, 

1074-1076
improvised transport and, 1077-1081
in orthopedic injuries

extremity fractures and dislocations, 
1063-1064

spinal trauma, 1060-1063
in ring removal, 1057-1058, 1058f
in splinting and traction methods, 

1065-1074
stethoscopes, 1047-1048
tools and equipment to carry, 1076-1077
in trauma

drainage system (bottles/bags), 1059-
1060, 1060f

open (“sucking”) chest wound, 1059
tension pneumothorax, 1058-1059

treatment supplies and, 1049
vital signs and, 1046-1047, 1047f, 1047t
in wilderness, 1045-1081
wound management in, 1052-1056

Improvised searches, 1255-1256
Improvised sling, for pinning the arm, 1397f
Improvised spider, 1266, 1267f
Improvised splinting, in whitewater sports, 

1398
Improvised transport, over snow, 1265
In-light decompression events, 2598
In-light setting

cabin considerations in, 1313-1314
cabin layout and space in, 1314-1315, 1314f
medical care in, 1313-1315
motion in, 1314
noise in, 1314
patient loading in, 1313-1314
vibrations in, 1314

In-house training, in United States, 1202-1203
Incarcerated abdominal wall hernias, 398-399
Incarceration, 1954-1962

global perspective of, 1960
Incident Command System, 59-60, 1206-1207, 

1207f, 1879-1880, 1879f
in SAR event, 1224-1226, 1225f

Incident management teams, 1225-1226, 1226f
Incident radiation, thermoregulation and, 124
Incision and drainage, of maxillofacial 

bacterial infections, 1139, 1139f
Increased intracranial pressure, optic nerve 

sheath ultrasonography and, 2384
Increased minute ventilation, 2119
Independence, 1899t
India

scorpion envenomation in, 1022-1023, 
1022f

snakebite deaths, 776-777
viper envenoming, 807

Indian Meteorological Department narratives, 
2356, 2357b

Indian Ocean, tsunami in, 1887, 1915f
Indicator lightning, 117
Indigenous populations, Arctic, 238
Indirect cellular damage, in frostbite, 199-200

Indirect effects of pressure, 1603-1606
contaminated breathing gas, 1605
Dalton’s law of partial pressures, 1603-1604
hyperventilation and shallow water 

blackout, 1605-1606
nitrogen narcosis, 1604
oxygen toxicity, 1604-1605

Indirect medical oversight, 1206
Individual protection, in mosquito control, 

889-890
general guidelines, 889
global eradication programs, 889-890, 890t

Individual rescue, in avalanche, 58
Indoles, 1437f, 1443f

in convulsant plants, 1445-1447
in hallucinogenic plants, 1443-1444

Indoor classroom, in teaching, for wilderness 
medicine, 2458

Induction agents, in RSI, 411, 411t
Industrial electricity, characteristics of, 90-91
Infants

in front carriers, 2092f
indications for immediate medical attention, 

2114b
malaria chemoprophylaxis in, 915t-916t, 

918
sleeping options, 2093f
Zika virus and, 889

Infections
after organ transplant, changing timeline of, 

1196f
after sea urchin puncture, 1711, 1712f
amebic, 1792-1793
associated with, mechanical plant injury, 

1416b
bacterial. see Bacterial infections
in children, 2090
epidemiology, in Antarctic, 243
maxillofacial, 1137-1143
predisposing, accidental hypothermia and, 

142
preexisting, 261
rabies. see Rabies
recurrent and persistent, malaria, 900, 

900f-901f
skin and soft tissue, 401-402
urinary tract, 400-401, 2129
viral. see Viral infections
in whitewater sports, 1398

Infectious diarrhea, 1859-1874
bacterial enteropathogens, 1866-1868
epidemiology of, 1859-1860
intestinal protozoa, 1868-1874
pathophysiology of, 1860-1861
therapy for, 1872t
traveler’s diarrhea, 1861-1866

Infectious diseases
after drowning, in-hospital treatment for, 

1544-1545
air medical transport and, 1321
following a natural disaster, 1876-1877
gender-related issues, 2120
tick vectors of, 972-973, 973t

Inferior alveolar block, 434f, 1144f
Inferior vena cava, ultrasound of, 2385, 

2386f-2387f
Inlammation, acute periocular, 1110-1111, 

1110b
Inlamyar ointment, 1521
Inlatable vests, 1552
Inluenza

avian/swine, 713-715
garlic and, 1511
vaccine for, 1817-1818

Information sources, on wilderness 
emergencies, 2301

Informed consent, 2264-2265
Infraorbital nerve block, 434f
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X Infrared radiation, 337
Infrared thermography test, 231f
Infrastructure, in volcanic eruptions, 1933
Infusion, phytopharmaceuticals and, 

1503-1504
Infusion devices, in air medical transport, 

1312
Ingestion of toxic mushroom, 1464-1490

approach to victim of mushroom 
poisoning, 1489-1490

Coprinus (inky cap), 1476-1477
gastrointestinal toxins, 1469-1476
mushroom toxicity, 1467
neurologic toxins, 1477-1483

hallucinogenic mushrooms, 1481-1483
isoxazole reactions, 1480-1481
muscarine, 1477-1480

protoplasmic poisons, 1483-1489
amatoxins, 1485-1489
Gyromitra toxin, 1483-1484
renal toxicity, 1484-1485

Ingestion of toxic plants, 1434-1463
abortifacient plants, 1459t
cardiovascular toxins, 1447-1452

cardiac glycosides, 1447-1450
steroid alkaloids, 1450-1451
taxine alkaloids, 1451-1452

central nervous system toxins, 1437-1447
convulsant plants, 1445-1447
hallucinogenic plants, 1443-1444
mescal bean bush, 1444-1445
neuromuscular blocking plants, 1442
neurotoxic amino acids, 1445
nicotinic and muscarinic receptors of, 

1438f
pyridine and piperidine alkaloids, 

1440-1442
sedating plants, 1445
tropane alkaloids, 1437-1440

common toxic plants, 1460
effects on organ systems, 1435t-1436t
endocrine and metabolic toxins,  

1457-1459
cyanogenic plants, 1458-1459
gifblaar, 1458
interference with steroid metabolism, 

1457
karaka, 1458
mitochondrial toxins, 1457-1458

essential oils, 1460t
gastrointestinal irritants, 1452-1454
general considerations, 1434-1436
hematopoietic toxins, 1456-1457

colchicine, 1456
fava beans, 1457
lactone glycosides, 1456
podophyllum, 1456-1457

hepatotoxic agents, 1455
irritant oils, 1459
oral irritants, 1452
plants accumulating elements and nitrates, 

1434-1463
renal toxins, 1455-1456
reproductive toxins, 1459
toxalbumins, 1454

Inhalation anthrax, 694
Inhalation fever, 833
Inhalation injury

carbon monoxide poisoning, 331
smoke poisoning, 331-333
thermal airway injury, 331, 331f-332f

Inhalation warming, 195
Inhibitor, of jellyish sting, 1690
Initial action stage, of SAR operations, 1215
Initial assessment

of patient, in technical environments, 
1252-1253

in RHA, 1896

Initial presentation model, for lightning injury, 
94

Initial stabilization, of hypothermia victim, 
148-149

Injectable drugs, in wilderness setting, 2294
Injection anthrax, 694
Injuries, inlicted by wild and domestic 

animals, 617-645, 619f
documentation of, 645
domestic animal attacks in, 641-645
evaluation and treatment of, 622-627
general epidemiology of, 618-619
hospital care for, 623-627, 623b

allergic reactions in, 627
bites of hand in, 624
facial and scalp wounds in, 625
follow-up care in, 625
general complications in, 627
neurotropic infections in, 626
prophylactic antibiotics in, 626
psychiatric consequences of animal 

attacks in, 627
puncture wounds in, 625
rabies in, 625-626
septic complications in, 627
tetanus prophylaxis in, 626-627, 627t
wound closure and infection risk factors 

in, 624
wound culture in, 626
wound management in, 624
zoonoses in, 625, 625b

medicolegal considerations in, 645
out-of-hospital care for, 622-623, 622b, 623t
typical victim of, 619-620
wild animal attacks in, 627-638

Injuries and illnesses
in canyon medicine

environmental exposure in, 2228-2229
epidemiology of, 2226-2227, 2226t
falls, jumps, and other traumatic 

mechanisms in, 2228, 2228t
mechanism of, 2227-2229, 2228f

in wilderness and endurance events
during adventure races, 2216-2217, 2216t
during cycling events, 2215
dehydration and hyponatremia in, 2218, 

2218f
endemic disease in, 2217
major trauma in, 2217
during marathons and ultramarathons, 

2215-2216, 2216t
during triathlon, 2215

Injury
avoiding

exercise injuries, 2202-2203
stretching, 2202-2203

bear-induced, 685-686, 685f
burn. see Burn injury
caused by giant snakes, 752
common, during wilderness expedition, 

1835b
dental, 1131-1135
farm. see Farm injury
head. see Head injury
heat injury, 252
lightning. see Lightning injury
in mountain rescue subjects, 1244-1245
musculoskeletal, potentially life-threatening, 

453-463
orthopedic. see Orthopedic injury
soft tissue. see Soft tissue injuries
submersion. see Submersion injuries
traumatic. see Traumatic injury
vascular, management of, 443-444
whitewater sports and, 1390-1391, 

1396-1399
wildland ire related, 299-304, 299t-300t, 

300b

Injury ield, 594
Injury prevention, 593-616, 594f

active versus passive injury prevention 
strategies, 597

in Antarctic, 243-244
conceptual models of, 595
continuum of, 595
environmental, educational, and 

enforcement approaches to,  
595-596

epidemiologic factors of, 595
for feet, 606
for genitourinary tract, 605-606
individual factors and, 599-606
medication for, 605
morbidity and mortality statistics for 

wilderness injury in, 597-598
physical environment and, 606-615
principles of, 594-599
putting into practice, 598-599
risk and effect modiication in, 597
risks of select wilderness activities in, 

615-616
social-ecologic model of, 596-597
tools for planning and preparation in, 

599-606
training and education for, 603-605

Injury rates
for cross-country racing, 2241
for downhill mountain biking, 2241
for mountain bikes, 2240

Inky caps mushrooms, 1476-1477
Inline igure-8 knot, 2370, 2371f
Inmarsat-compatible device (Wideye iSavi), 

2328
Inmarsat system, 2326
Inner ear

barotrauma, 1597
decompression sickness, 1609

Inocybe mushrooms, 1478f
Insect bites, essential oils for, 1526b
Insect envenomation

beetles, 952-953, 952f-953f
centipedes, 949-950, 949f-950f
Diptera (two-winged lies), 953-960, 954f, 

954t
leas, 962-963
general treatment of bites, 967
Hemiptera, 950-952, 951f
Hymenoptera, 936-945, 937f
Lepidoptera, 945-949
lice, 960-962
millipedes, 949-950, 950f
mites, 963-967
periocular, 1110
protection and prevention, 967

Insect repellent
clothing, 2406
DEET (N,N-diethyl-meta-toluamide, 

diethyltoluamide)-containing, 2625
for jungle travel, 1364

Insecticides
causing irritant dermatitis, 1433b
injury from, 837
permethrin, 1042, 1042t

Insects
in ear canal, 437-438
as food source, 2058-2060, 2059f
shellish cross-reactivity with, 1804

Insoluble oxalates, 1452
Insomnia, 1175
Insuficient funding, in wilderness systems, 

1211
Insulating value, for clothing, 2400t
Insulation

for cold-water immersion victim, 194-196
in sleeping bags, 2423

Insulator, 2502-2504, 2503b
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Insulin, 2627

dose adjustments of, 1186
matching treatment schedules with exercise 

schedules, 1186t
supplies for wilderness travel, 1184t

Insulin pumps, 37
Insulin requirements, 37
Integumentary status, during pregnancy, 

2133-2134
Intellectual disabilities, persons with, 2174
Intense photophobia, due to lightning, 100
Interferon-α release assays, 1817
Intergovernmental Panel on Climate Change, 

2525-2526
Interindividual differences, body temperature 

and, 131
Interior structure, of Earth, 2579-2580, 2580f
Interleukin-6 receptor signaling pathways, 

262f
Interleukin-10, 265
Interlocking long-tail bowlines, 2368, 2369f
Intermediate medical module, 578, 578t, 579f
Internal carotid artery dissection, diving and, 

1612
Internal-frame pack

in backcountry, 2417
litter, 1080-1081
and snow shovel system, 1061-1062, 1061f

International Commission for Alpine Rescue, 
206, 206b

International Committee of the Red Cross, 
1885

International conventions, regarding SAR, 1214
International forecasts, 2356
International government, in environmental 

change, 2534
International orange clothing, for hunting, 

560, 560f
International Porter Protection Group, 1841
International resources, of burn victims, 

334-335, 335b
International Scale of River Dificulty, 1392, 

1392b
International School of Tactical Medicine, 581
International search and rescue organizations, 

1217
International Space Station, 2596, 2597f

telemedicine and, 2313, 2314f
International travelers

global crimes and, 1958-1960
high-risk situations for, 1957-1958
safety and security strategies for, 1961
traveling and working in a conlict zone, 

1961-1962
Internet

frostbite management registry and, 222
resources, for air medical services, 1326, 

1326t
Interpersonal justiiability test, 2266-2267
Interphalangeal joint dislocation, 482-483
Interstitial lung disease, 32
Intertidal spiders, long-jawed, 1008-1009
Intertropical convergence zone, 2350
Intervention, humanitarian, 1894-1899
Interview, in RHA, 1896
Intestinal helminth infections, 1858-1859

ascariasis, 1858
hookworm, 1858
strongyloidiasis, 1858-1859

Intestinal protozoa, 1868-1874
Cryptosporidium, 1872-1873
Cyclospora cayetanensis, 1873-1874
Cystoisospora belli, 1873
Entamoeba, 1870-1872
Giardia lamblia, 1869-1870, 1870f

Intraarticular injections, for fracture, 1093, 1094f
Intraarterial thrombolysis, for frostbite, timing 

of, 221-222

Intraarticular cartilaginous disc, 423
Intracellular (cytotoxic) edema, 18
Intracranial abscess, hyperbaric oxygen 

therapy for, 1632
Intracranial pressure

acute mountain sickness and, 13
increased, headache caused by, 1157
pressure-volume curve for, 385f

Intranasal corticosteroids, for allergic rhinitis, 
1495, 1495t

Intranasal fentanyl, for acute pain, 1087-1088, 
1087f

Intranasal glucocorticoids, for allergic rhinitis, 
1496

Intraocular gas bubbles, at altitude, 1121-1122
Intraoral examination, 1128
Intrauterine devices, 2127
Intravenous equipment, improvised, 1049
Intravenous luids

pressure for, 1049
warmed, 195, 195b

Intravenous solutions, 2627
Intrinsic propagation speeds, 2376, 2377t
Intronic sequence, 2503b
Intrusion, tooth, 1132
Intrusive rock, 2585
Intubation

awake oral, 413
decision to, 403-404
endotracheal, 1252, 1310
iberoptic, 416
immediate oral, 410
inverse, 1252
nasotracheal, 413-414
rapid sequence, 410-412, 410t

Inulin, 1516
Invasive species, in biodiversity, 2539, 2539f
Inverse intubation, 1252
Invertebrates, extinction rate per millennium 

of, 2538f
Inverted-pack system, 1062
Iodine, in water disinfection, 2001t-2002t, 

2003-2005, 2005t
chemistry, 2003
versus chlorine, 2005-2006
dose-response or threshold level, 2004
products and techniques for iodination, 

2004-2005
resins, 2004-2005
thyroid effects, 2004
toxicity, 2004

Iodine resin ilter, 2005
Iodophors, 2026
Iontophoresis, 549
Ipratropium, for allergic rhinitis, 1496
IR3535 (ethyl-butylacetylaminopropionate), 

1040
Iran, scorpion envenomation in, 1022
Iridium system, 2326

satellite wireless hot spot (Iridium GO!), 
2328

Iritis
nontraumatic, 1117, 1117f
traumatic, 1115

Irkut virus, 671
Iron deiciency, 1190-1191
Irrigation

of eye, for chemical injury, 1111
of wounds, 442f

from aquatic environment, 1637
improvised, 1053
water for, 2298, 2298f

Irritant contact dermatitis, 1414-1419
from cactus, 1414
from plant-derived chemicals, 1416
from rose thorn puncture, 1415, 1416f
spectrum of reactions, 1414
treatment of, 1419

from wood dust, 1415-1416
Irritant oils, 1459
Irukandji jellyish, envenomation by, 

1702-1703
Irukandji syndrome, 1703
Ischemia

acute cerebral, hyperbaric oxygen therapy 
for, 1634

acute myocardial, hyperbaric oxygen 
therapy for, 1633-1634

Ischemia-reperfusion injury, hyperbaric 
oxygen and, 1620-1622

Isogonic lines, 2335-2336
Isolation

in Antarctic, beneicial effects, 246
physiological effects of, 2596
unexpected, in jungle travel, 1366

Isometric abdominal muscles retraining drill, 
2196-2197

Isoproterenol hydrochloride, 2627
Isoquinoline, 1437f, 1444
Isoxazole, mushroom-derived, 1480-1481, 

1480t
Israel, scorpion envenomation in, 1021, 1021f
Italian hitch, 1259
Itching

caused by lice, 961
in cutaneous decompression sickness, 1608
from mosquito bites, 872
vaginal, 2129-2131

iTClamp, for external hemorrhage, 1252
Ivermectin, 2627
Ivory shell poisoning, 1784
Ixiaro, 1817
Ixodid ticks, 969-970, 969f, 970t, 971f

J

J wave, 137, 138f
Jackal attacks, 629
Jacksonian focal motor seizure, 1159
Jaguars, 1370

attacks by, 631
Jamestown Canyon virus, 887
Japan, snakebite deaths, 777
Japanese B encephalitis, 1848

management of, 1849
virology and pathophysiology of, 1848

Japanese encephalitis, 880-882
clinical presentation of, 881
diagnosis of, 881
epidemiology and transmission of, 880-881, 

880f
treatment and prevention of, 881-882

Japanese encephalitis virus vaccine, 1817
Japanese perch-like ish, 1768
Jararaca, 812f
Jarisch-Herxheimer reaction

in leptospirosis, 703
in Lyme disease treatment, 979
in relapsing fever treatment, 982

Jasmine, yellow, 1442
Jaundice, complication of P. falciparum, 904
Jaw

of cookie-cutter shark, 1661f
of great barracuda, 1665f
of great white shark, 1658f
medication-related osteonecrosis of, 1142, 

1142f
Jaw thrust with head tilt, 405-406, 406f
Jefferson’s fracture, 453, 453f
Jellyish, 1697f

box-jellyish, 1697-1702
Irukandji, 1702-1703
lion’s mane, 1697f
ocular stings, 1127

Irritant contact dermatitis (Continued)
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Jet lag, 1810

irst-aid kit of natural products for, 1523
Jigger lea, 1369
JIM diving suit, 1592f
Jimsonweed, 1438-1439, 1439f
Joint function, in musculoskeletal injury, 452
Joint reduction, in wilderness emergency 

medical services, 1209
Joint Theater Trauma Registry, 420, 582-583
Joint Theater Trauma System, 582-583
Jökulhlaups, 373
Jumping spiders, 1010
Junctional tourniquets, 382, 587, 587f, 1252
Jungle

camp life, 1366-1369
food, 1367-1369
potable water, 1369
shelter, 1366, 1367f

coping with, 1365-1372
health issues, 1366
survival, 1358-1380
travel, 1358-1380
traveling with children, 1372-1373
tropical environment, 1358-1359
unexpected isolation, 1366
wetness, 1365

Jungle hazards, 1369-1372, 1834t
arthropods, 1369-1370
falling trees, 1372
ish, 1370
hallucinogenic plants, 1371-1372, 1371f
mammals, 1370
plants, 1370-1371
poison-dart frogs, 1372, 1372f
quicksand, 1372
reptiles, 1370

Jungle penetrator, 1322f
Jungle survival, 1373-1379

cultural factors, 1378-1379
ire, 1376-1377
food, 1374-1375
in hostage situations, 1379-1380
psychology of survival, 1378
rescue strategies, 1373-1374
shelter, 1376, 1376f-1377f
water, 1375-1376

Jungle travel, preparation, 1359-1365
attitude, 1359
backpacks, 1363
bedding, 1363
conditioning, 1359, 1360f
gear, 1361-1363, 1361b
immunizations, 1359-1360
medical kit, 1360-1361, 1360b
reading, 1359
relationship considerations, 1359
useful items, 1363-1365

Jurisdiction, 2258
Justin Sportsmedicine Team, 838-839

K

Kaletra (lopinavir/ritonavir), 2627
Kangaroos, attacks by, 636
Karaka, 1458
Karst, 1404
Karst collapse, 2596
Katadyn Base Camp, 2013t-2026t, 2016f
Kaufman’s principles, to guide teaching 

practice, 2444b
Kava kava, 1455, 1523-1524
Kayak, 1063, 1390, 1390f

single ski pole, 1071, 1072f
Kayaking, by persons with disabilities, 2177, 

2178f
Keeper potholes, 2225

Kendall stretcher, 1289
Kendrick Extrication Device, 496, 497f
Kendrick Traction Device, 2292
Kenya, snakebite deaths, 777
Keratitis

Acanthamoeba, 1793
herpes simplex virus, 1116, 1116f
ultraviolet, 1118-1119

Keraunoparalysis, 94
Kernmantle rope, 1235
Kerosene lanterns, 2413
Ketamine, 2300

for acute pain, 1088, 1088t
Ketoconazole, 2627
Ketone excretion, 1971
Khat, 1444-1445, 1444f, 2207
Khujand virus, 671
Kidnapping, global, 1959
Kidneys

acute injury
after snakebite, 784-786, 785f
supportive treatment, 825

mushroom-derived toxins, 1484-1485
stones, in spacelight, 2613

Kiesselbach’s plexus, 424f
Killer whales, 1671, 1671f
Kilmore East Fire, 276
Kindling, 1376-1377
Kinetic degradation luxion, 2008
Kinetic metamorphism, snow, 42
King cobra, 764f

envenoming, 791, 793f
King LT airway, 415, 415f
Kissing bugs (family Reduviidae), 1034f, 

1035
Kite skier’s toe, arctic, 247, 248f
Knee

bandaging, 523, 528f
dislocation, 478, 478f
immobilizer, 1065f, 1069f

splint, 505, 515f
injuries, splint for, 505
osteoarthritis, 1189
positioning, healthier, 2202-2203
taping, 519, 522f

Knee joint injection, 487
Knife lacerations, in hunting, 551
Knives

with awl, 1077
for backcountry, 2414-2415, 2414f

blade shapes of, 2414
care of, 2415
construction of, 2414-2415
handles of, 2415

for whitewater rescue, 1399
Knot pass, 1261, 1262f
Knots

categories of, 2368
end-of-line, 2368-2373
for jungle hammock, 1366
learning more on, 2375
mechanism of, 2367
Prusik, 1072, 1072f
safety of, 2373
in software, 2366-2373
software strength and, 2374-2375
stopper, 2368
terminology, 2367, 2367f
that join two ropes (bends), 2370-2372
uses of, 2367

Knowledge translation (KT) science, in 
evidence-based medicine, 2483b, 2485, 
2486f

Komodo dragon, 827-828
attack by, 639

Korean hemorrhagic fever, 715
Kraits, 778f

Asian, 765f, 793f

envenoming, 791-792
mimicry, 766f

bungarotoxins, 770
fangs and venom apparatus, 768-769
sea kraits, envenoming, 793-794

Kratom, 1447
Krill, Antarctic, 2538, 2538f
KT. see Knowledge translation science
Kwashiorkor, 1977

accidental hypothermia and, 141

L

La Crosse encephalitis, 886
Laboratory evaluation, of victim of pit viper 

bite, 740
Laboratory tests

for lightning victims, 103
for traveler’s diarrhea, 1863-1864, 1863f, 1863t

Lacerations, 441, 447f-448f, 834
in children, 2111, 2111f
in dogs, 849
ear, 436f
eyelid, 432-433, 1111
facial, 439f
gluing, 1054b
tongue, 432

Lachesis envenoming, 811
Lacosamide, 2627
Lacrimal apparatus laceration, 435f
Lacrisert (hydroxypropyl methyl cellulose), 

2627
Lactarius, 1476f

causing gastrointestinal irritation, 1469
L. chrysorrheus, 1471f
L. rufus, 1471f
L. torminosus, 1471f

Lactate threshold
malleability of, 2185
training effect on, 2185-2187, 2186f-2187f

Lactation, immunizations during, 2134
Lactone glycosides, 1456
Laetiporus sulphureus, 1468f
Lagos bat virus, 671
Lahars, 365-368, 1932

landslides and, 1934
Laki issure eruption, 373-374
Lameness, of large animals, 863
Laminates, 2398-2399, 2399f
Lampona cylindrata, 1009
Lamponidae, spiders, 1009
Lancehead, 772f
Land development, fuels and ire behavior, 287
Land mines, unexploded, 592, 592f
Land SAR Addendum, to National SAR 

Supplement, 1219
Land-sea breeze circulation, 2353, 2354f
Land use, tsunami and, 1930
Landing zones

for helicopters, 1270, 1315-1317, 1316b, 
1316f-1317f

on-site interactions, 1317-1319
Landings, in helicopter rescue, 1270-1271
Land mines, 1957f

banning of, 1957
effects, on populations and health of, 1957
mine types, 1957
and unexploded ordnance, 1957

Landslides, 1933-1935
adverse effects, 1935
causal phenomena of, 1933
characteristics of, 1933-1934, 1934f
with earthquakes, 1926
predictability of, 1934-1935
risk reduction of, 1935
vulnerability, 1935

Kraits (Continued)
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Lanterns, 2412-2413, 2413b
Lapse rate, in atmospheric proile, 2350
Large animals, 855-868

colic in, 863-864
drowning of, 865
esophageal obstruction in, 864
euthanasia of, 867, 867f
food and water requirements of, 859
frostbite, 865-866
gunshot wounds in, 865
heat stress in, 865
hypothermia in, 865-866
infectious diseases of, 867-868
lameness of, 863
loading guidelines for, 857, 857t
local anesthesia for, 859-860
medication guidelines for, 860, 860t
musculoskeletal injuries of, 863
parasites, internal and external, 864-865
physical examination of, 857-859

musculoskeletal system, 858-859, 858f
palpation of pulse, 858, 858f
selection of tools, 859f

plants and, toxic, 866-867, 866t
respiratory system of, 865
restraint, 859
snakebite in, 868
use and care of, in wilderness, 855-859, 857b

Larvae
butterly and moth, as food, 2060
of ly, myiasis caused by, 1369

Laryngeal mask airway, 414-415, 414f
Laryngeal paralysis, of dogs, 853
Laryngeal prominence, 403
LASIK, and high altitude, 1123
Lassa fever

diagnosis of, 1846
epidemiology of, 1846
management of, 1846-1847

Late disease (stage III), Lyme disease, 977
Latent heat, of fusion, 2559-2560
Lateral luxation, tooth, 1132, 1133f
Lateral spread, of earthquake, 1926
Latin American

pit vipers, envenoming, 810-811, 813f
Bothrops, 810-811
Crotalus, 811, 814f
Lachesis, 811

rattlesnakes, 814f
Latissimus dorsi muscles, in steer wrestling, 

840-842, 841t, 842f
Latitude, 2332, 2332f

methods of, celestial, 2341-2342
Latrines, 1893f
Latrodectus widow spiders, 1013-1015, 

1013f-1014f
Launch, in spacelight missions, 2603-2604
Laundering, of clothing, 2405f
Lava lows, 373, 373f, 1932
Lavender, 1523
Lavender oil, 1460t
Law-enforcement helicopters, 1269
Law enforcement special operations, 564
Laxative, psyllium seeds as, 1515
Layering of clothing, 2399-2401, 2400f

base layer, 2400, 2400t
for cold weather

irst layer, 1330t, 1331
fourth layer, 1332
second layer, 1331
third layer, 1331-1332

middle layer, 2400-2401
multilayered garments, 2401
outer layer, 2401, 2401f

LCES wildland ire safety system, 304-305, 
304f

Le Fort fracture, of maxilla, 429-430
Lead keels, on sailboats, lightning and, 1569

Lead toxicosis, 852
Leader dogs, 2181
Leadership

in organized rescue groups, 1246
in wilderness, 1167-1168

Lean body mass, loss of, 1980-1981
Lean-to shelter, 1333, 1334f
Leaping ish, large, 1670-1671
Learner-centered principles, summary of, 2443b
Learner sophistication, 2443
Learning

deicits, in lightning survivor, 101t
lessons, wildland-urban interface ire and, 

287, 287f
strategies, in educational techniques, 2445, 

2445b
Learning-oriented teaching model, 2443
Leather, 2397-2398

for footwear, 2403
Leave no trace

challenge, 2557
energy, 2551-2553, 2552b
hydraulic fracturing, 2554-2557, 2555f
sustainability and, 2549-2557

in wilderness, 2550-2551
in sustainable living, 2553-2554

hospitals, 2554
travel, 2554

Lecture, in educational techniques, 2445-2446, 
2446b

Ledum, 1521
Leeches, 1762-1763
Left upper quadrant, FAST in, 2377, 2379f
Leg fractures, splint for, 517
Legal and ethical considerations

of expedition medicine
in biomedical research, 1841
in dealing with the media, 1841
duty of care in, 1837-1839
in interacting with local populations, 

1840-1841
professional indemnity insurance in, 

1839-1840
in wilderness and endurance events, 2215

Legal issues, of emergency oxygen 
administration, 2313

Legislation
in disaster mitigation, 1922-1923
of wilderness, in United States, 2518-2520

Leguminosae, 1433t
Leishmaniasis, 1856-1857, 1856f
Leiurus quinquestriatus, 1021, 1021f
Lemon balm, 1523
Lemon eucalyptus, 1041
Lemon grass (Cymbogogon) citronella oil, 

2627
LEMON mnemonic, 409, 409b
Lemon shark, 1648f-1649f
Leopards, attacks by, 631, 631f
Leopold’s maneuvers, 2144f
Lepidoptera, 945-949

clinical aspect, of envenomation, 947-948, 
947f

stinging patterns, 947
treatment and prevention, of 

envenomation, 948-949, 948f-949f
venomous, 945-947, 1370

Lepiota, 1475f, 1486
causing gastrointestinal irritation, 1469
L. clypeolaria, 1472f
L. cristata, 1472f
L. lutea, 1472f
L. morgani, 1470f-1471f

Leptospira, 700, 700f
Leptospirosis, 700-703

bacteriology of, 700, 700f
cave-acquired, 1411
diagnosis of, 702-703, 703f

in dog, 855
epidemiology of, 700-701, 701f, 701t
in large animals, 868
prevention of, 703
symptoms of, 701-702, 702f
transmission of, 701
treatment of, 703

Lesions
nerve, peroneal and sciatic, 1162-1163
ocular fundus, in divers, 1126-1127

Less-than-lethal rounds, 552-553
Lethal triad, damage control resuscitation, 

382-383
Lethality and potency, of snake venom, 

770-771, 771t
Leucine, 1972-1973
Leukotriene receptor antagonists, for allergic 

rhinitis, 1495-1496
Levetiracetam, 2628
Levoloxacin, 2628
Lialis jicari, 761f
Lice, 960-962

clinical aspects of, 960-961
species, life cycle, and distribution of, 960, 

960f
treatment and prevention of, 961-962

Lichen, causing allergic contact dermatitis, 
1428, 1428f

Lichtenberg igures, 88-89, 97-98
Licorice, 1457
Lidocaine, 2628

arterial gas embolism and, 1603
Life cycle

of babesial parasites, 991f
of leas, 962
of Ixodes scapularis, 971f
of louse, 960, 960f
of malaria parasite, 891-900, 896f, 899f
of mites, 963
of mushroom, 1464f
schistosome cercarial, 1760f

Life jacket
as litter, 1081
for survival at sea, 1551-1553, 1551f
in whitewater sports, 1391, 1391f

Life purpose, 2431
Life rafts, 1577-1581

classiications of, 1578, 1578f
launching of, 1579, 1579f
life in, 1579-1581, 1580f
storage of, 1579, 1579f

Life safety ropes, 2364, 2364t
construction of, 2365-2366

materials, 2365-2366
rope type, 2366

Life support
for hypothermia victim, 192-194
prehospital, 147-148, 147f

Life-threatening chest injuries, 391b
Lifeguards, prevention of drowning and, 1547
Lifelines, crew overboard and, 1557
Lifesavers, combat, 584
Lifesling, for bringing victim aboard, 

1556-1557, 1557f
LifeStat emergency airway device, 419f
Lifestyle, itness as a, 2192-2194

lexibility, 2194
speciicity, 2192
strength, muscular endurance, and power, 

2192-2194
Lift, 1946
Lifting loads, healthier spine positioning for, 

2202
Ligament injuries, 546-547
Ligaments

of anterior ankle, 480f
of medial ankle, 480f

Leptospirosis (Continued)
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X Light-emitting diode (LED) technology, in 
headlamps, 2412

Light sources, in cave rescue, 1406, 1406f
Lightning

casualties, 77f, 78-79
detection and data applications, 116-117
diameter of, 84
exposure in, and safety behavior, 115, 115f
facts about, 74b
fatalities, 77f, 108f

trends in, 79-81
fatality rate, 78f-80f
forms of, 84, 84f
historical overview, 71-73, 72f-73f
marine weather and, 1568-1569, 1570b
meteorologic lore about, 75
miscellaneous lore about, 76, 76f
misconceptions about

medical myths and, 74-75, 75b
modern myths and, 73-76, 74b

physics of lightning stroke, 83-84
rescue operations and, 1248
safety research, 115-116
temperature of, 84
victims, 114b

Lightning current
characteristics of, 90-91
estimation of, 91-92, 91f-92f

Lightning detector, 2355
Lightning-ignited ires, 280f
Lightning injury, 94b

in autonomic nervous system, 96
blast injuries, 99-100
blunt injuries, 99-100
burns, 96, 97f, 100f
cardiopulmonary arrest and cardiac injuries, 

95
in central nervous system, 96
central nervous system injury, 96
compared with high-voltage electrical 

injuries, 94t
concussive injuries, 99-100
controversies in, 111-116
ear injuries, 100
endocrine and sexual dysfunction, 101
explosive injuries, 98f, 99-100, 100f
eye injuries, 100
fetal survival, 100
forensic investigation, 105-107
hematologic abnormalities, 101
incidence of, 77-81
initial presentation model, 94
mechanisms of, 85-89, 85b, 86f-87f
neurologic injuries, 95-96
neurologic outcome model, 94-95
ongoing research in, 111-116, 113b
pathophysiology of, 89-93, 89f
in peripheral nerve, 96
possible injuring forces, 114b
Posttraumatic headache and, 96
precautions for avoiding, 107-111
psychological and neurocognitive 

dysfunction, 101-102
pulmonary injuries, 95
recognition and acute treatment of,  

102-105
and safety, 71-117

Lightning lore, 73-74
Lightning rod, early scientiic studies and 

invention of, 81-83, 82f
Lightning Rod Conference, 82
Lightning strike, and cardiac arrest 

resuscitation, 1153t
Lightning Strike and Electric Shock Survivors 

International, 105
Lights, backcountry equipment for,  

2412-2413
Lily of the valley, 1449f

Limbs
bandaging of

dogs, 846-847, 848f
large animals, 861-862, 861f

snake-bitten, 825
splinting techniques, 861-862, 861f

Limitations
of helicopter, 1269-1271
of medical care, in wilderness rescue, 

1251-1252
Limiting factor, in oceanic life, 2566
Lindane (gamma-hexachlorocyclohexane), 

2628
Line of position

in celestial navigation, 2341-2342, 2341f
in compass navigation, 2338

Linear burns, 96-97, 97f
Lingual nerve block, 432
Linkage disequilibrium, 2503b
Linked-style survival saws, 1346-1347, 1347f
Linuche unguiculata, 1695, 1695f
Lionish, 1729f-1730f, 1733f
Lions, attacks by, 630-631, 630f
Lion’s mane jellyish, 1697f
Liqueied petroleum gas, ire from, 

emergencies at sea, 1558
Liquid-fuel lanterns, 2412-2413
Liquids, ire at sea and, 1557-1558
Literature, outcomes, for air medical 

transport, 1319-1321
Lithosphere, 2580-2581, 2581f
Litter traction, 1073
Litters, 1239, 1280-1294

backpack frame, 1062-1063, 1062f
canyon, 1276
commercial, 1266, 1266f-1267f
improvised, 1282-1286, 1283f-1285f
loaded, carrying, 1293, 1294f
mummy, 1062, 1062f, 1284-1285
nonrigid, 1078-1081
pack frame, 1285f
rescue, 1286
in a tight spot, 1404f

Live-stream communication, in telemedicine, 
2316t

Liver poisoning, 1792
Living, sustainable, 2553-2554
Living off the land

achieving a balanced diet, 2044, 2045t
basic food preservation, 2085-2086
cooking methods, 2085
essence of survival, 2044-2045
success stories, 2055-2056
water procurement and preparation, 

2045-2055
wild animal foods

amphibians, 2060-2061
birds, 2057-2058, 2058f-2059f
crustaceans, 2061
ish, 2061, 2061f
insects, 2058-2060, 2059f
mammals, 2056-2057
methods of procuring, 2062-2071
mollusks, 2061-2062
reptiles, 2060, 2060f

wild plant foods, 2071-2085
arctic region, 2081t-2082t
desert region, 2079t-2081t
preparation of, 2085
procurement of, 2072-2085, 2072f
sea plants, 2083t-2084t
temperate region, 2073t-2079t
tropical region, 2082t-2083t

Lizards
as food, 2060
Mertens’ worm lizard, 762f
venomous, 826, 826f

North American, 730t-731t, 758-760

Llama, attacks by, 636
Load-sharing anchor, 1257-1258, 1257f
Loading and unloading

approaching the helicopter, 1271, 1271f
hover load and hover jump operations, 

1272
one-skid landings, 1271-1272
safety procedures in, 1271, 1271f
without moving toward or away from the 

helicopter, 1272
Loaiasis, 1858, 1858f
Lobelia, 2206
Lobeline, 1440f
Local anesthesia, 444, 444t

for dental emergencies, 1144, 1144f
for large animals, 859-860

Local anesthetics
neurotoxicity in, 1095
pharmacology of, 1092, 1092t
toxicity of, 1092-1093

prevention and management of, 
1092-1093

treatment of, 1093, 1093b
Local apparent noon, 2341
Local communities, in environmental change, 

2534
Local envenoming, species causing, 788
Local healers, interacting with, 1840b, 1840f
Local hour angle, 2340
Local infection, snakebite related, 825
Local people and local capacity, in 

humanitarian medicine, 1916-1917,  
1916f

Local populations, ethical considerations of 
interacting with, 1840-1841

Local SAR response, 1223
Local staff, treating of, 1841, 1841b
Localized headaches, 1156
Locate phase, of SAR event, 1226-1232
Location, of body of water, as risk factor for 

drowning and submersion injuries, 
1532-1533

Locus, 2497, 2503b
Locusts, as food, 2058-2060
Log bridges, 1372
Log lotation device, 1374, 1374f
Loggerhead turtle, 1694f
Logistic support, in humanitarian crises, 1894
Logistics

of cave rescue, 1409
in humanitarian crises, 1906f
in providing medical support for endurance 

events, 2213-2214
Logrolling, for spine immobilization, 497, 498f
Lomatium, fern-leafed, 1517
Lomatium dissectum, 1517
Long dan xie gan wan, gentian and, 1517
Long-distance voice communication, two-way, 

2325-2329, 2326f
Long-jawed intertidal spiders, 1008-1009
Long-leg splint, 516f, 517
Long-line device, 1324f
Long-line operations

at extreme altitude, 1325
in helicopter rescue, 1272-1273

Long spinal protection devices, 1062-1063
Long-term care, support for, following natural 

disaster, 1878-1879
Longitude, 2332, 2332f

methods of, celestial, 2341-2342
Long-term care, for lightning victims, 104-105
Long-term energy restriction, 1978-1979, 1979f
Loop

of knots, 2368
of rope, 2367, 2367f

Loperamide hydrochloride, 2628
Loratadine, for allergic rhinitis, 1496
Lorazepam, 2628
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Loss of vision, in white, quiet eye, 1112-1113, 

1112b
Lost children, in the wilderness, 2101-2102
Lost subject behavior, 1231-1232, 1232t-1233t
Louse-borne relapsing fever, 962
Louse lies, 956
Low-angle evacuation, in canyon rescue, 

1276, 1276f
Low-grade metamorphic rocks, 2586
Low-lying areas, water from, 2051, 2051f
Low-stretch kernmantle rope, 2366
Lower body, training of, 2195-2196
Lower-body negative pressure techniques, 

2606, 2606f
Lower extremity

ankle and foot injuries, 479-483
emergency regional anesthesia for, 

1097-1098, 1098f
hip and leg injury, 475-483
injuries, in mountain bikes, 2242
splinting, 499, 501t
structural aluminum malleable splint, 1074f

Lower face fractures, 430-431
Lower-leg

immobilizer, 1065f, 1069f
taping, 519, 521f

Loxosceles recluse spiders, 1004-1008, 1004f, 
1006f

Loxoscelism, 1005
Lubber line, in compass, 2336
Lubricants

for blister prevention, 538, 539f, 539t
as ire-starting aid, 1347-1348

Ludwig’s angina, 1141f
Lumbar back pain, 1163
Lumbar packs, in backcountry, 2417
Lumbar roll, for back pain prevention, 

2203-2204
Lung barotrauma, 1597-1598
Lung squeeze, 1597
Lunges, 2196
Lungwort, 1524
Lupus erythematosus, 353
Lycoperdon

causing gastrointestinal irritation, 1469
L. perlatum, 1476f

Lycosidae spiders, 1011
Lyme disease

Borrelia causing, 973-974
in children, 2101
climate change in, 2545-2546
clinical manifestations of, 974-977, 975b, 975f
complex interaction in, 969f
diagnosis of, 977-979
epidemiology of, 974
in large animals, 868
in pregnancy, 977, 978t
treatment of, 979-980

Lymphangitis, 401
Lymphatic ilariasis, 1857-1858
Lyngbya dermatitis, 1744-1746
Lynx spiders, 1010
Lyre snake, 736f
Lysergic acid diethylamide, 1443f
Lyssaviruses, 646, 646t, 671-672, 672t

genotypes of, 671

M

Macaque monkeys, attacks by, 632-633
Machete, 1364-1365, 1365f
Mackerels, pelagic, 1769
Madagascar rosy periwinkle, 2540, 2540f
Magnesium ions, in seawater, 2560t
Magnesium matches, 1342, 1343f
Magnetic ield, effects of, 93
Magnetic inclination, 2335

Magnetic resonance angiography, 209
Magnum cartridges, 554
Main line

establishing, 1263-1264
tensioning, 1264

Major trauma module, 578-579, 579t
Makeshift compasses, 2338, 2339f
Makeup, in MedWAR, 2477
Mako shark, 1649f
Malaria, 891-935

chemoprophylaxis, 913-918, 914t-917t, 
1819-1821, 2106t

for infants, children, and adolescents, 
915t-916t, 918

medications during, 917t, 919
during pregnancy, 919
while breastfeeding, 919

climate change in, 2545
clinical manifestations and pathogenesis, 

900-905
diagnosis, 905-912
epidemiology of, 891, 892f-896f
P. vivax, travelers to areas with, 918
precautions against insects, 1819
during pregnancy, 2138-2139
prevention, 912-919, 913t
prophylaxis, 2102t, 2105-2107, 2273
research and vaccine development, 

930-934, 933f-934f
resources, 934-935, 935t
standby self-diagnosis and drug treatment 

for, 1821
treatment, 919-930, 925f

in pregnant women, 926t-929t, 930
presumptive self-treatment, 919-922, 920t, 

924t
severe malaria, 930, 931t-932t
uncomplicated malaria, 922-930

worldwide distribution of, 1819f
Malaria parasite, 891-900

life cycle, 891-900, 896f, 899f
modes of transmission, 900
mosquito vector, 891, 896f-899f
recurrent and persistent infections, 900, 

900f-901f
Malarone, 2628
Malayan pit viper, 809f

envenoming, 780f, 809-810, 810f
Malaysian pit viper, 2541f
Malignant hyperthermia, 267
Malignant otitis externa, 1752, 1753f
Malleable aluminum splint, 1060-1061, 1061f
Mallet inger, 519-521
Malnutrition

accidental hypothermia and, 141
deinition of, 1977
and humanitarian medicine, 1888, 

1888f-1889f, 1891f
in a wilderness setting, 1977

Malocclusion, due to mandibular fracture, 431f
Malpractice, medical

professional liability and Good Samaritan 
laws, 2256-2257

snakebites and, 2253-2254
Mamba

black, 790f-791f
eastern green, 763f, 769f
envenoming by, 790-791, 790f-791f
toxins, 770

Mammalian attacks, injury prevention and, 
613, 614f

Mammals
jungle, 1370
marine, 639-641
venomous, 638-641
wild, as food, 2056-2057

Mamushis, envenoming, 809
Man-of-war, envenomation by, 1693-1695

Man overboard Dan Buoy, 1555f
Management

disaster risk reduction and, 1920-1921
by objective, 1879
principles, in wilderness, 2523

Mandatory gear, for MedWAR, 2473
Mandible, fractures of, 430-431, 430f
Mandibular dislocation, 420-421
Mandrake, 1439-1440
Maneuvers

BURP maneuver, 412
crew overboard, 1556
Quigley maneuver, 458, 460f
reduction and relocation, for extremity 

trauma, 458
Mango, sea, 1449
Mango dermatitis, 1423-1424, 1423f
Mangrove estuaries, 2537
Mania, 1172
Mannitol injection, 2628
Manta rays, 1724f

giant, 1673, 1673f
Mantis shrimp, 1673-1674, 1673f-1674f
Mantle, of Earth, 2580
Manual airway techniques, 405-406
Manual closed-circuit rebreather, 1588
Manure pits

pulmonary irritants from, 831
safety tips in, 832b
simple asphyxiants from, 830

Mapping
hazard mapping, in disaster, 1922
risk reduction measures, in tsunami,  

1930
Maps

of biodiversity hotspot, 2537f
global deserts, 1381f
for injury prevention, 599
tsunami run-up, 1930

Marasmius oreades, 1479f
Marasmus, 1977
Marathons, 2210

injuries and illnesses during, 2215-2216
Marburg viruses, 1847
Marine bacteriology, 1637-1638
Marine catish, 1735f
Marine channels, useful, 1573t
Marine/coastal climates, 2353-2354, 2354f
Marine environmental issues, 2571-2572, 

2571f
Marine life, hazards of, polar diving and, 

1591
Marine pollution, 1947
Marine primary productivity, 2567-2569,  

2568f
Marine weather, 1567-1570

hurricanes and cyclones, 1569-1570
lightning, 1568-1569
thunderstorms and squall lines, 1567-1568
waterspouts, 1569

Maritime, hazards of, 1834t
Maritime snow climate, 40, 41t
Marjolin’s ulcer, 815f
Marlin, black, 1671f
Mask barotrauma, 1594-1595, 1594f
Mask squeeze, 1125f, 1594
Mass casualties, 591
Mass casualty situations, air medical 

responses in, 1321
Mass gatherings, medical support in, 

2210-2211
Mass movement, 2587
Massage, for back pain, 2435-2436
Masseteric nerve block, 423f
MAST. see Military antishock trousers
Master’s degree and certiicate programs, in 

humanitarian assistance, 1908t-1909t
Match containers, 1340-1342
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X Matches, 1339-1340
military-style match case, 1341f
strike-anywhere, 1340, 1340f

Matricaria chamomilla, 1515, 1515f
Mattress sutures, 441f
Mattresses, vacuum, 1265-1266
Maturity stage, of tropical cyclones, 1936
Mauve stinger, 1698f
Maxillary sinusitis, 1136-1137
Maximum oxygen consumption (VO2 max), 

2183-2184, 2184f
McMurdo Research Station, 2392
Meadow dermatitis, 1432
Meadow saffron, 1456
Mean body temperature, 123
Mean kinetic temperature, for drugs, 2621
Measles, mumps, and rubella vaccine, 1818
Measles vaccination campaign, 1897f
Measurement, of visual acuity, 1109
Mebendazole, 2628
Mechanical airway adjuncts, 406-407
Mechanical ascenders, 1259-1260
Mechanical ilters, 1991
Mechanical plant injury, 1415, 1416b
Mechanical properties, of snow, 44-45
Mechanical small bowel obstruction,  

398-399
Mechanical ventilation, for lightning victims, 

104
Médecins Sans Frontières (Doctors Without 

Borders), 1885, 1886f
MEDEVAC missions, 1220
Media, dealing with, 1841
Media helicopters, 1269
Media-savvy mountain medic, 1842b
Medial collateral ligament tear, 483f
Medial meniscus tear, 484f
Medial tibial stress syndrome, 519
Median nerve, ultrasound-guided forearm 

blocks of, 1103, 1104f
Median nerve compression, at wrist, 1162
Mediastinal emphysema, pulmonary 

barotrauma and, 1600
Mediastinal lavage, 152
Medical advisors, versus medical directors, 

1206
Medical care, in in-light setting, 1313-1315
Medical care provided in-light, 2261-2262
Medical clearance

for diving, 1613
for injury prevention, 605

Medical conditions. see also Chronic diseases
preexisting, 29-39
underlying, general framework for 

evaluating travelers with, 30
Medical control, in National Park Service, 

2493
Medical decision making, Fourth World,  

248
Medical directors

in air medical transport, 1298
medical advisors versus, 1206

Medical disability, 2176-2177
Medical echelons of care, military, 583-584, 

584f
Medical emergencies, environmental change 

and, 2532-2533, 2533b
Medical epistemology, issues of methodology 

and, 248
Medical equipment, in MedWAR, 2477-2478
Medical evacuation, 582, 583t

anaphylaxis and, 1501
Medical examination, for older adults, 2152b, 

2152t, 2155-2162
Medical itness for diving, 1612-1616
Medical hazards, in cave rescue, 1410-1411
Medical interventions, for helicopter search 

and rescue, 1325, 1325f

Medical kits. see also First-aid kit; Survival 
kits

basic ield, drugs for, 2623
in caves, 1408, 1408b
comprehensive community, 2287-2288, 

2288b
expedition, 1835-1836, 1836b, 1842-1843
for facial trauma, 439, 440b
how much to bring in, 2277-2278
for jungle travel, 1360-1361, 1360b
medical liability and, 2259-2260
packing, strategies for, 2277, 2278f
pediatric, 2114t-2115t
personal, 2278-2287, 2279b
in spacelight, 2617-2618
for technical rescue, 1278, 1278f
for travel, 1825
for women

medications for, 2118b
supplies for, 2118b

for wounds, 2298
Medical liability and wilderness emergencies, 

2253-2262
duty to rescue and abandonment doctrine, 

2258-2259
in foreign countries, 2261-2262
Good Samaritan laws and, 2256-2257
liability concerns in wilderness medicine, 

2254
medical record keeping in wilderness 

medicine, 2260-2261
professional liability and, 2256-2257
screening and, 2256
standing orders and medical kits in, 

2259-2260
tort law and doctrine of negligence in, 

2253-2254
trip participants in

duty to warn and educate, 2254-2255
medical clearance of, 2255-2256

waiver of liability in, 2257-2258
effective waiver, 2258
no waiver for gross negligence, 2258
other bars to waiver, 2258

Medical malpractice
professional liability and Good Samaritan 

laws and, 2256-2257
snakebites and, 2253-2254

Medical oversight, 1206
direct, 1206
indirect, 1206
in National Park Service, 2493

Medical problems
Arctic, 246-247
chronic, in children, 2112-2113
of divers, 1593b

Medical quality and access to care, in 
humanitarian medicine, 1917-1918,  
1917f

Medical reference material, 2293-2294
Medical research, model for, loss of, 

2540-2541, 2541f
Medical school, in teaching, for wilderness 

medicine, 2469-2470, 2470b-2471b
Medical services, air, internet resources for, 

1326, 1326t
Medical stations in Antarctica, 238-241, 

239f-241f
Medical supplies

cleaning and reusing of, 1056-1057
overseas, transport of, 2261
packed in durable carts, 2213

Medical support
development of support plan, 2211-2212, 

2212f-2213f
for wilderness and endurance events, 

2210-2215, 2211f
Medical threat assessment, 575-576, 576t

Medical wilderness adventure race 
(MedWAR), 2471-2478, 2472f

curriculum of, 2474t
education in, 2477-2478, 2477f-2478f
history of, 2472-2473, 2472f-2473f, 2473b
mission statement, 2472, 2472b, 2472f
model of, 2473-2476, 2474f-2475f
research, 2475-2476, 2476f
scenarios of, 2477-2478, 2478f
simulations of, 2477-2478, 2477f-2478f

Medically trained individuals, medical 
director, role of, in technical rescue, 
1251

Medically trained traveler, supplies for, 
2288-2290, 2289b, 2289f, 2290t

Medications. see also Drugs; Travel medicine
administration, in wilderness emergency 

medical services, 1210
during breastfeeding, 2148

useful references on, 2148
in eye emergency kit, 1110b
for medical kit for women, 2119t
passing through customs with, 2295-2296
pediatric, in wilderness medical kit, 2114b
during pregnancy, 2134, 2136t-2138t

resources for information on, 2134
for seasickness, 1566t
special considerations in, 2300
stability of, 2295
used by older adults, 2162-2164
useful in wilderness setting, 2294-2296, 

2294f-2295f
for wilderness travel, 2279t-2287t

Medics, tactical, 563, 564f, 566f
Mediterranean forests, 2574, 2576f
Mediterranean spotted fever, 987-988, 987f
Medium-grade metamorphism, 2586
MEDLINE, for wilderness medicine providers, 

2481
MedWAR. see Medical wilderness adventure 

race
MedWAR North, 2472, 2473f
MedWAR Tennessee, 2473
MedWAR Utah, 2472f, 2473
Meloquine, 915t-916t, 918
Meloquine-resistant malaria, travelers to areas 

with, 918
Melanin, and thymine dimers, 350-351
Melanoma, 342-343, 342f-343f

and sunscreen, 347-349
Melioidosis, 703-705

bacteriology of, 703
diagnosis of, 704-705
epidemiology of, 703-704
prevention and control of, 705
symptoms of, 704, 704f
transmission of, 704
treatment of, 705

Melting snow for water, 2049-2051, 2050f
Memory conversion, 2318t
Memory disturbance, due to lightning injury, 

101, 101t
Meningitic syndrome, 1161
Meningitis, 1160
Meningitis belt, 1816f
Meningococcal disease, 1852-1853
Meningococcal vaccine, 1816
Meningoencephalitis, amebic, 1642

primary, 1792
Menopause, 2125-2126, 2158
Menstrual cycle

controlling, 2121
disturbance, 2121, 2125f
normal, 2125f

Menstruation, bear attack and, 683
Mental awareness, in wilderness adventure, 

2183
Mental health, climate change on, 2546
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Mental health care, provision for, following 

natural disaster, 1878
Mental health challenges, persons with, 

2175-2176, 2176t
Mental health in wilderness, 1166-1177

anger management, 1174
anxiety disorders, 1170-1171
future of, 1177
insomnia, 1175
leadership and teamwork, 1167-1168
mood disorders, 1171-1172
obsessive-compulsive disorders, 1171
organic mental disorders, 1173
personality disorders, 1173
psychotic disorders, 1172
response to crisis

disasters, 1175-1177, 1176t
survival psychology, 1177

somatic complaints, 1174-1175
speciic disorders and symptoms in, 

1170-1174, 1170t
substance abuse disorders, 1173-1174
suicide, 1174
triage, 1169, 1169b
violence potential, 1174

Mental illness, and humanitarian medicine, 
1888, 1888f

Mental nerve block, 433f, 1144
Mental preparation, for injury prevention, 598
Mental retardation, 2174
Mental status, altered, contributing to 

frostbite, 204
Meperidine hydrochloride, 2628
Mepilex, 449
Meralgia paresthetica, 1162
Mercurochrome, for blister treatment, 545, 

545f
Mercury, 2547
Mercury contamination, in jungle, 1372
Mercy missions, 1220, 1220b
Meridians, 2332, 2332f
Merino wool, 2396, 2397f, 2398t
Mertens’ worm lizard, 762f
Mescal bean bush, 1442f, 1444-1445
Mescaline, 1443f
Mesoscale convective complexes, 2353
Mesozoic rocks, of Grand Canyon, 2593
Mesquite seedpods, 1388f
Metabolic adjustments, in thermoregulation, 

129-130
Metabolic heat production, 180f
Metabolome, hierarchy of, 2501f
Metacarpal fracture, 472-473, 474f
Metacarpophalangeal joint dislocation, 

473-474, 474f
Metal matches, 1342-1343, 1343f-1344f
Metals, in water disinfection, 2008
Metamorphic rocks, 2586
Metamorphism, 41
Metasearch engine, in evidence-based 

medicine, 2481-2483, 2483b
Metatarsal fracture, 482

splint for, 505
Metatarsophalangeal joint dislocation, 482-483
Meteorologic drought, 1944
Meteorologic lore, 75
Meteorology and weather prediction, 

2350-2361
access and interpret weather satellite and 

radar data, 2358, 2358f-2359f
atmospheric proile, 2350

lapse rate, 2350
moisture, 2350

climate controls, 2350
climatic regions controlled by latitude, 

2350-2354
arid climates, 2353
marine/coastal climates, 2353-2354, 2354f

midlatitude and polar climates, 2350-
2351, 2351f

monsoons, 2351-2352
mountain climates, 2353, 2354f
subtropical and tropical climates, 2351
thunderstorms, 2352-2353
tropical cyclones, 2352, 2352f

human comfort, 2354-2355
radiation balance, 2350
surface observations in, 2357-2358

global data, 2357-2358
United States, 2357

weather forecasting, 2355-2356
forecast products, 2356
interpretation of, 2356
types of, 2356
variable in, 2356

in wilderness, 2358-2361
backing and veering, 2361
boundary layer stability, 2361
clouds, 2358, 2360f
clouds and weather, 2360-2361, 2360f

Metformin, and diabetes, 1186
Methcathinone, 1445f
Methyl-acrylate-based glue, 2297, 2298f
Methyl (2-propenyl) trisulide, thromboxane 

and, 1510
Methylome, 2503b, 2504
Methylprednisone, for wilderness travel, 

2279t-2287t
Methylxanthines, 2205
Metoprolol, 2628
Metronidazole, 2628
Mexican beaded lizard, 758f
Mexican caecilian, 762f
Mexico

scorpion envenomation in, 1023-1024, 
1024f

venomous lizards of, 758-760
venomous snakes of, 729-757

Meyn and Quigley’s method of reduction, 
460f, 470f

Mice, attacks by, 642
Microarrays, on hybridization techniques, 

2504
Microbial loop, 2570
Microcephaly, Zika virus and, 888, 889f
Microcoleus lyngbyaceus, 1744-1745, 

1745f-1746f
Microiltration, 1996-1997
Microgravity, 2596

effects of, 2604-2605, 2604f
Microorganism

heat inactivation of, 1993t
susceptibility

to iltration, 1996t
to halogen disinfectants, 2000-2002

Microporous coatings, 2399
Microscopic agglutination test, for 

leptospirosis, 703
Microsporidia, enteropathogenic, 1860t
Microtubules in Sawyer ilter cartridge, 

2013t-2026t, 2024f
Mid-Atlantic MedWAR, 2473, 2475
Midazolam, 2628
Middle ear barotrauma, 1595-1597, 1596f, 

1596t, 1625
Midface fractures, 429-430, 430f
Midfoot fracture/dislocation, 481, 481f
Midges, biting, 955, 1034f, 1035
Midlatitude and polar climates, 2350-2351, 

2351f
Midlatitude cyclones, 2351
Midline knots, 2369-2370
Midocean ridges, 2582
Midstory, in forest, 2574

Midwest MedWAR, 2476, 2476f
Migraine, basilar, 1160
Migraine headaches, 1155-1156

acute treatment of, 1155-1156
diving and, 1613
preventive treatment of, 1156

Migratory myiasis, 958, 958f
Milch technique of closed reduction, 466f
Mild traumatic brain injury, 589-590
Miliaria rubra, 256
Military, and frostbite, 198
Military activities, cold water and, 163f, 166
Military Acute Concussion Evaluation, 590
Military aircraft, for transport services, 1296, 

1297f
Military antishock trousers (MAST), 455, 

503-504, 504f
Military Assistance to Safety and Trafic 

program, 1296
Military bullets, 555-556
Military Grid Reference System, 2333
Military helicopters, 1269
Military medical echelons of care, 583-584, 

584f
Military medicine, 582-584
Military stress reactions, 591-592
Military-style match containers, 1341-1342, 

1341f
Millipedes, 949-950, 950f
Mimics

colubroid snakes, 764, 765f
coral snakes, 767f
kraits, 766f
South American pit vipers, 766f
vipers, 765f

Mine risks, avoiding of, 1957b
Mineral supplements, 1975
Minerals, performance-enhancing effects of, 

2208
Mines, SAR and, 1240
Mini, 2013t-2026t, 2016f
Minimal erythema dose, UVR, 337
Minimum breaking strength, 2362
Minimum safety zone separation, LCES safety 

system and, 305t
Ministry of Health, 1889, 1890f
Minnesota Multiphasic Personality Inventory, 

102
Minor injury, due to lightning, 94
Mirrors, at sea, 1573
Miscarriage, 2141-2142
Miscellaneous objects, 1071, 1072f
Mission

humanitarian
how to prepare for, 1905-1907
practical tips, for good mission, 

1907-1913, 1909f, 1913f
returning home from, 1914

planning, for organized rescue, 1250
statement, of MedWAR, 2472, 2472b, 2472f

Mississippi dead zone, 2540, 2540f
Missulena mouse spiders, 1003-1004
Mites, 963-967

acariniformes, 966-967
dust, allergic rhinitis and, 1492
miscellaneous, 966-967
parasitiformes, 966
scabies, 963-967, 964f
species, life cycle, and distribution of, 963
trombiculid, 966, 966f

Mitigation, disasters, strategies for, 1922-1923
Mitochondrial toxins, plant-derived, 1457-1458
Miturgidae, spiders, 1011
Mixed-gas diving, 1589-1590
Mixed-species, in water disinfection, 2007, 

2029-2030
MOANS mnemonic, 410, 410b
Mobile clinic, 1890, 1890f

Meteorology and weather prediction 
(Continued)
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technologies and, 2294

Mobility, persons with challenges to, 2169
Modainil, 2628
Modeling of cold exposure survival, 185-187, 

186f-187f
Moderate injury, due to lightning, 94
Modern ire suppression technology, 277
Modes of travel, in desert, 1387-1389
Modiied Mercalli Intensity Scale, 1923, 1925t
Modiied scene call, 1318
Mohave rattlesnake, 732f
Moisture

in atmospheric proile, 2350
jungle wetness, 1365
minimizing, for blister prevention, 535, 535f

Moisture content, of fuel, 292f
Mojave toxin, 738
Mokola virus, 671
Mold, 1478-1479
Molecular basis of photocarcinogenesis, 

339-340
Molecular biology of seafood allergies

crustacean allergens, 1801t, 1802
ish allergens, 1800-1802, 1801t
mollusk allergens, 1801t, 1802-1803

Moleskin, 537, 537b, 538f
Molluscan poisoning, 1767
Mollusks

allergens, 1801t, 1802-1803
envenomation by, 1714
as food, 2061-2062

Moment magnitude scale, 1923
Mongooses, rabies in, 656-657
Monitoring

in air medical transport, 1319
marine algae that produce phytotoxins and 

seafood that may cause poisoning, 
1766-1767

volcano, 374-375, 375f
Monkeypox infections, 715, 715f
Monkshood, 1450f
Monoaminergic substances, 2206-2207
Monocular, in backcountry, 2417
Monolithic coating, 2399
Monomethyl hydrazine, as propellants, 2600
Monoplace hyperbaric chambers, 1622, 1622f
Monovalent antivenoms, 820
Monozygotic twins, 2498
Monsoon tropical forests, 2575
Monsoons, 2351-2352
Montane forest, 2574, 2575f
Montelukast, for allergic rhinitis, 1496
Montpellier snake, 787, 788f
Mood disorders, 1171-1172

triage and, 1170t
Moon jellyish, 1688f
Moose, attacks by, 635-636, 636f
Moraceae, 1433t
Moray eels, 1666-1668, 1666f-1668f
Morbidity statistics

for avalanche, 65-66
coral snakes, 757
pit vipers, 752-757, 757f

Morchella, 1472f
causing gastrointestinal irritation, 1469
inside the, 1472f
M. esculenta, 1468f, 1473f
M. semilibera, 1473f

Morel-Lavallee lesions, 462
Morels, 1468f
Mormon tea, 1507
Morning glory, 1443, 1443f
Morocco, scorpion envenomation in, 

1018-1019, 1019f
Morphine, 24

for acute pain, 1087, 1087f
Morphine sulfate, 2628

Mortality, in emergencies, common indicators 
of, 1897t

Mortality statistics
for avalanche, 65-66
coral snakes, 757
pit vipers, 752-757, 757f

Moses sole, 1664f
Mosquito bites

in children, 2100-2101, 2100b
mechanism of, 870-872, 871f
pathophysiology and clinical manifestations 

of, 871-872, 871f-872f
Mosquito borne-diseases, 869-890

California encephalitis, 886
Chikungunya virus, 887-888, 887f
dengue, 872-876

clinical presentation of, 874-875
diagnosis of, 875-876, 875f
distribution of, 873, 873f
epidemiology and transmission of, 

872-874
growth of incidence of, 874f
treatment and prevention of, 876, 877f

eastern equine encephalitis, 884-885,  
885f

Jamestown Canyon virus, 887
Japanese encephalitis, 880-882

clinical presentation of, 881
diagnosis of, 881
epidemiology and transmission of, 

880-881, 880f
treatment and prevention of, 881-882

Ross River virus, 886-887
St. Louis encephalitis, 884
West Nile virus, 882-884

clinical presentation of, 882-883
diagnosis of, 883-884, 883b
electron microscopy of, 882f
epidemiology and transmission of, 882, 

882f
surveillance and reporting of, 884
treatment and prevention of, 884

yellow fever, 876-880
clinical presentation of, 878-879
diagnosis of, 878-879
epidemiology and transmission of, 

876-878, 878f-879f
treatment and prevention of, 879-880

Zika virus, 888-889
Mosquito-borne illness, protection against, 

2292-2293
Mosquito disease vector, 1032, 1033b
Mosquito netting, 1363, 1367f, 2292-2293
Mosquito repellent, essential oils for,  

1526b
Mosquito vector, of malaria parasite, 891, 

896f-899f
Mosquitoes, 869-890

anatomy of, 870, 871f
control, 889-890

global eradication programs, 889-890, 
890t

individual protection, 889
diseases caused by, 872-889, 873t
life cycle of, 870, 871f
mechanism of bites of, 870-872, 871f
reducing local populations, 1042-1043

Moth larvae, as food, 2060
Moths, venomous, 949, 1369-1370
Motion sickness, 1825

in children, 2107
essential oil for, 1526
irst-aid kit of natural products for, 1523
in spacelight, 2604-2605

Motor deicit assessment, 389b
Mottling, of skin, 1608
Moulage, in MedWAR, 2477
Mountain bikes, 2238-2244

Mountain biking
equipment for, 2238-2239, 2240f
injuries in

acute, 2241-2243
causes of, 2241
chronic, 2243-2244
epidemiology of, 2240-2241
mechanism of, 2239-2240
prevention of, 2244
severe and fatal, 2243
types of, 2240-2241

medical coverage in, 2244, 2244b-2245b
protective gear for, 2239, 2240f

Mountain climates, 2353, 2354f
Mountain climbers

accident on Mt Kenya, 1242b-1243b
ixed-wing aircraft in, rescue of, 1268, 

1268f
rescue subjects, injuries and illnesses, 

1244-1245
Mountain climbing, specialized equipment 

for, 2292
Mountain medicine, syllabus for the diploma 

in, 1831t
Mountain rescue stretchers, 1289-1290, 

1289f-1290f
Mountain snowmobiles, 2245
Mountaineering

cardiovascular responses, 439-440, 1148
contact lenses in, 1122
experience, of rescuer, 1250
frostbite and, 198
sunglasses selection for, 1124, 1124t

Mountaineering boots, 2403, 2404f
Mountains, sustainability in, 2550
Mouse spiders, 1003-1004, 1009
Mouth guards, for injury prevention, 602
Mouth-to-mask ventilation, 408, 408f
Mouth-to-mouth rescue breathing barrier, 

1050-1052, 1051f
Mouth-to-mouth ventilation, 408

in water, 1539f
Mouth-to-nose ventilation, 408
Movement, of ocean, 2563-2565, 2564t
Moxiloxacin, 2629
MSR AutoFlow, 2013t-2026t, 2022f
MSR HyperFlow, 2013t-2026t, 2020f
MSR Miniworks EX, 2013t-2026t, 2020f
MSR Platypus CleanStream Gravity Filter, 

2013t-2026t, 2022f
Mt Pinatubo volcano, 375, 375f
Mt Eden, 357f
Mt Rainier, 357f
Mt St Helens eruption, 354f
Mucocele, 1142-1143, 1143f
Mucosal Atomizer Device, 2231-2232, 2232f
Mucous membrane color, of dogs, 845
Mudlows, 1934

volcanic, 365-368, 367f
Multicasualty incident drills, for National Park 

Service, 2494, 2495f
Multifuel stoves, 2422
Multifunction tools, for backcountry, 

2413-2414, 2413b, 2413f-2414f
Multilayered garments, 2401
Multimodal analgesia

for injured patient, 1084-1085
terms of, 1084t
wilderness, 1084t

Multiplace hyperbaric chambers, 1622, 1622f
Multiple sclerosis, 1165

persons with, 2171
preparation for and challenges during trip 

with, 2171
Multipurpose match case, 1342, 1342f
Multitool (multiple-use tool), 1076
Mummy litter, 1062, 1284-1285, 1285f
Mummy sleeping bag, 2424b, 2424f
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Münter hitch, 2372, 2373f
Mupirocin, 2629
Murder rates, countries with the highest, 1955b
Murray Valley encephalitis, 885
Muscarine, mushroom-derived, 1477-1480, 

1478b, 1479t
causative mushrooms, 1478-1479
clinical presentation of, 1479
toxin, 1479
treatment of, 1479-1480, 1479b

Muscimol, 1480, 1480b
Muscle damage, due to snake envenoming, 

816
Muscle glycogen concentration, 2186f-2187f
Muscle mass, protein intake and, 1972-1973, 

1972f-1973f, 1972t-1973t
Muscle relaxants, for acute pain, 1088
Musculoskeletal decompression sickness, 

1607-1608
Musculoskeletal disorders, among older 

adults, 2159-2160, 2159f
Musculoskeletal injuries, 451

Achilles tendon rupture, 484
effusions, 484
hamstring pull or tear, 484
intraarticular knee disruption of, 483-484
of large animals, 863
physical examination, 451-452
potentially life-threatening

spinal injuries, 453-455
thoracolumbar spine, 453

Musculoskeletal issues, in spacelight, 2608-2609
Musculoskeletal status, during pregnancy, 

2133-2134
Musculoskeletal system, of children, 2088
Mushroom

gill types of, 1465f
guide to, identiication of, 1469b
life cycle of, 1464f
nontoxic, 1467
obtaining spore prints, 1466b
spores from, 1466f
structural characteristics of, 1464f
toxic, ingestion of, 1464-1490

Mushroom toxicity, 1467, 1468b
Mushroom toxicosis, 851-852
Mushroom toxins

disuliram-like toxins, 1476-1477
gastrointestinal toxins, 1469-1476
neurologic toxins, 1477-1483

hallucinogenic mushrooms, 1481-1483
isoxazole reactions, 1480-1481
muscarine, 1477-1480

protoplasmic poisons, 1483-1489
amatoxins, 1485-1489
Gyromitra toxin, 1483-1484
renal toxicity, 1484-1485

Music, in Native American healing, 2434t
Muzzle, 846, 847f
Myanmar

snakebite deaths, 777
viper envenoming, 808-809

MyBottle, 2013t-2026t, 2016f
Mycena pura, 1479f
Mycobacterium marinum, 1755f-1756f
Myelopathies, in dogs, 850
Mygalomorphae, spiders, 1000-1004
Myiasis, 956-960, 1369

furuncular, 956f-957f
hematophagous, 958
migratory, 958, 958f
wound, 958-960, 958f-959f

Myocardial infarction, in older adults, 2157
Myocardial ischemia, acute, hyperbaric 

oxygen therapy and, 1633-1634
Myofascial pain, 1137
Myoglobinuria, in lightning victims, 104
Myopia, hyperoxic, 1127

Myotoxicity, as sign of systemic snake 
envenoming, 784, 785f

Myrmecophagous, 679
Myrtle-leaved coriaria, 1446-1447
Myths, itness, 2204-2205

N

Nadir, 2340-2341, 2341f
Nail clippers, 2297
Nalbuphine hydrochloride, 2629
Naloxone hydrochloride, 2629
Nanoiltration, 1996-1997
Nanoparticles, in water disinfection, 

2008-2009
Narcissistic personality disorder, 1173
Narcolepsy, 1160, 1175
Nasal airway “trumpet”, 1050, 1051f
Nasal anticholinergic drugs, for allergic 

rhinitis, 1496
Nasal cannula, 2311
Nasal congestion, in spacelight, 2616
Nasal packing, 425, 425f-426f
Nasal polyps, allergic rhinitis and, 1494
Nasal septal hematoma, 428f
Nasal trumpet, improvised, 407f
Naso-orbito-ethmoid fractures, 429
Nasopharyngeal airway, 406, 406f, 1051f
Nasotracheal intubation, 413-414
National Aeronautics and Space 

Administration (NASA), 2314
National Antarctic program, 238
National Cohesive Wildland Fire Management 

Strategy, 279
National disaster, 1875-1884

annual occurrence and reported economic 
damages in, 1877f

disaster response, 1879-1881
incident command system, 1879-1880
professionalization of, 1883

health and the medical response to, 
1877-1879

health consequences of, 1876-1877
recovery phase, 1881-1882, 1882f
scope of the problem of, 1876
social media and mobile technology in, 

1883-1884
National Disaster Education Coalition, 287
National Incident Management System, 1224, 

1879-1880
National Lightning Detection Network, 77, 78f
National Outdoor Leadership School, 2322
National Park Service, 2487-2497

extended scope of practice in, local control 
of, 2492-2494

future directions of, 2496-2497
history of, 2487-2488
mission of, 2487
organization of, 2488-2490, 2488f
Parkmedic program in, 2490-2492, 2490t, 

2491b, 2492f, 2493b
rangers in, developing advanced medical 

training for, 2490-2492
regions of, 2489f
specialized support assets in, 2494-2496

air operations, 2495-2496, 2496f
personnel and national response, 

2494-2495
search and rescue teams, 2496, 2496f
technical rescues, 2495
volunteers-in-parks program, 2495

National Parks, hydraulic fracturing in, 2556
National Response Framework, 1218-1219, 

1218b
National SAR Supplement, to IAMSAR Manual, 

1219, 1219b
National Search and Rescue Plan, 1217-1218

National Wilderness Preservation System, 
2518, 2521

in environmental change, 2534
Native American healing, 2428-2438

aftercare in, 2435
assessment of, 2432-2433
for back pain, 2435-2437, 2436f
challenges of research in, 2437-2438, 

2437f-2438f
contraindications of, 2433-2435
deinitions of, 2429-2432

biomedical, 2430-2431
elder, 2430
environmental, 2431, 2431f
health, 2429
Native American, 2429
psychological/psychosocial, 2431-2432, 

2431f
spiritual, 2432
traditional healers, 2429-2430, 2430f
world of “all my relations, etiology of, 

2430, 2430f
diagnosis of, 2432-2433
prevention of, 2435
treatment of, 2433, 2433f, 2434t

Natriuretic peptides, 770
Natural and human-made hazards, 1920-1954

assessing vulnerability and risk of, 1922
Natural catastrophes, wilderness survival and, 

1351-1352
Natural convection, 124
Natural disasters

disaster response, vulnerable populations, 
1879

and humanitarian medicine, 1887
Natural-iber ropes, 2365
Natural ibers, 2396-2398
Natural hazards, 1247-1250

in cave rescue, 1409-1410
Natural puriication mechanisms, 1989-1990
Natural shelter, 1334-1335, 1335f
Nature immersion, beneits of, 1167t
Nautical Almanac, 2340-2342
Nautical mile, 2332-2333
Navigation

in caves, 1407
emergency equipment for, 2410b, 2411, 

2411f
in wilderness survival, 1352, 1353f

Navstar satellite, 2330
NAVTEX, marine weather and, 1568
Nebula, 2579, 2579f
Neck

anatomy of, 389
regional anesthesia for, 1095, 1096f

Neck injury
penetrating injuries, 390
secondary survey for, 384-390

Neck positioning, healthier, 2203
Neckcloth, 1383f
Neckwear, 2401-2402, 2402f
Necrosis, box-jellyish sting and, 1699f-1700f
Necrotic arachnidism, 1005
Necrotic ulceration, lionish sting, 1733f
Necrotizing cellulitis, due to human pythiosis, 

1748f
Necrotizing fasciitis, in stingray 

envenomation, 1727-1728
Necrotizing infections, 402

soft tissue, 449
hyperbaric oxygen therapy for, 1632

Necrotizing ulcerative gingivitis, 1141, 1141f
Necrotoxins, in snake venom, 770
Needle-and-thread technique, for blister 

treatment, 544, 545f
Needle cricothyrotomy with percutaneous 

transtracheal jet ventilation, 418-419
Needleish, 1669-1670, 1669f
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disinfecting, 1057
improvised, 1049

Needs assessment
of learners, 2452
in National Park Service, 2493

Needs in humanitarian crises, 1892-1894
control of communicable diseases and 

epidemics, 1893-1894
coordination and logistic support in, 1894, 

1894f
food and nutrition, 1892-1893
health care in emergency phase, 1893-1894
human resources and training, 1894
initial assessment of, 1892-1893
public health surveillance, 1894
shelter, security, and site planning, 1893
water and sanitation, 1892, 1892f

Negative feedback pathway, 250f
Negligence, 1839
Negri bodies, in rabies, 659, 659f
Nematocysts, 1682-1683, 1682f-1684f
Neocytolysis, 2606
Neonates

air medical transport and, 1320
indications for immediate medical attention, 

2114b
resuscitation, 2147

Neoprene hood, allergic contact dermatitis 
secondary to, 1764f

Neosporin, 2629
Nepal, 1883f

disaster medical care in, 1883f
nursing care in, 1883f

Nephrotoxins, 1456
Nerve blocks

inferior alveolar and lingual, 434f
infraorbital, 434f
mental nerve, 433f, 1144
supraorbital, 435f

Nerve blood low, 225f
Nerve function, in musculoskeletal injury,  

451
Nerve injury, of nonfreezing cold-induced 

injuries, 225, 226f
Nerve lesions, peroneal and sciatic, 1162-1163
Nervous system, accidental hypothermia and, 

135-136
Net body water balance, 2031
Net heat transfer, 124
Netting, mosquito, 1363, 1367f
Nettle

plants in nettle family, 1430b
stinging, 1430, 1430f-1431f, 1442

Network transfer rate and theoretical 
maximum download speed chart, 2319t

Neural tissue vaccines, 666
Neuralgic amyotrophy, 1163
Neuritis, brachial, 1163
Neurocognitive dysfunction, from lightning 

injury, 101-102
Neurocysticercosis, 720
Neurologic assessment, in primary survey, 

380
Neurologic conditions

acute vertigo, 1163-1164, 1164f
in austere settings, 1164-1165
Bell’s palsy, 1163
epilepsy, 1159-1160
headache diagnosis and, 1155
history and examination of, 1154, 1155b
meningitis and encephalitis, 1160-1162
multiple sclerosis, 1165
neurologic emergencies, 1155
Parkinson’s disease, 1165
peripheral nervous system conditions, 

1162-1163
sleep problems, 1164

syncope and related phenomena, 1160
transient ischemic attack and stroke, 1158

Neurologic decompression sickness, 
1608-1609

Neurologic disease
of large animals, 867-868
Lyme disease, 976-977

Neurologic disorders, 36
diving and, 1613

Neurologic effects, of scorpion envenomation, 
1027-1028

Neurologic examination, ive-part abbreviated, 
1155b

Neurologic injuries, in lightning victim, 95-96
Neurologic medications, for wilderness travel, 

2279t-2287t
Neurologic outcome model, for lightning 

injury, 94-95
Neurologic toxins from mushrooms

hallucinogenic mushrooms, 1481-1483
isoxazole reactions, 1480-1481
muscarine, 1477-1480

Neurology, in physiologic concerns of 
spacelight, 2617

Neuromuscular blockade, 411, 412t
Neuromuscular blocking plants, 1442
Neuropathy

arteritic anterior ischemic optic, 1112-1113
peripheral, 1186

Neuropsychiatric disorders, in older adults, 
2161-2162, 2161t-2162t, 2162b-2163b, 
2164f

Neurotoxic amino acids, in plants, 1445
Neurotoxic shellish poisoning, 1780
Neurotoxicity

due to Old World Viperidae venom, 798, 
801f

of elapids, 789-790
envenoming, 824-825
of pit viper venom, 738
sign of systemic snake envenoming, 783, 

784f
Neurotoxins, in snake venom, 770
Neurotropic infections, from animal bites, 626
Neutral spine posture, 2197
Neutrality, 1899t
Nevado del Ruiz volcano, 366-367, 367f
New Guinean elapid, envenoming, 792-793, 

795f
Next-generation sequencing, 2504
Nicotiana trigonophylla, 1441f
Nicotine, 1440f

performance-enhancing effects of, 2206
Nicotinic plants, central nervous system 

toxins in, 1440-1442
Nicotinic syndrome, 1440, 1440b

treatment of, 1442
Nifedipine, 11t, 24, 2629
Nigeria, snakebite deaths, 777
Niggle, in musculoskeletal decompression 

sickness, 1608
Night vision goggles, 1317f
“Nightstick” ulnar fracture, 472f
Nighttime operations, in air medical transport, 

1315-1316
Nipah virus, 718
Nitrate, runoff from soil, 2570
Nitrogen narcosis, diving and, 1604
Nitrogen tetroxide, as propellants, 2600
Nitroglycerin, 2629
No-rescue areas, in wilderness systems, 

1211-1212
Noise, in in-light setting, 1314
Nomex, in ire-resistant clothing, 2406
Nominal rating, 1996
Non-native species, in wilderness areas,  

2531

Non-tetraodontiformes, containing 
tetrodotoxin, 1773b

Nonallergic rhinitis with eosinophilia 
syndrome, 1494

Nonexplosive volcanoes
lood-basalt plateaus, 362, 365f
hazards

Jökulhlaups, 373
Lava lows, 373, 373f

shield volcanoes, 361
subglacial volcanoes, 361-362
undersea volcanoes, 362, 366f

Nonfreezing cold-induced injuries, 222-234
assessing injury severity of, 231
cold urticaria, 233-234, 234f
cryoglobulinemia, 233
epidemiology of, 222-223

civilian, 223
ethnicity, 223
military, 223
prevalence, 223

pathophysiology, 224-227, 224f
pernio, 232
prevention of, 231-232, 231f
Raynaud’s phenomenon, 232-233
risk factors of, 227
thermoregulatory role of skin, 223-224
treatment of, 230

Nongovernmental organizations, 1887, 1890f
involvement in unstable regions, 1955-1956

Nonimmunologic urticaria, 1429-1432
Noninfectious vulvovaginitis, 2131
Noninvasive intermittent positive-pressure 

ventilation, 1184
Nonmelanoma skin cancer, 340-341, 341f
Nonpowder irearms, 552-553
Nonpyrotechnic signals, 1573
Nonrebreather mask, 2310-2311, 2310f
Nonsteroidal antiinlammatory drugs (NSAIDs)

for acute pain, 1085
anaphylaxis and, 1499
for decompression sickness, 1611
effect on body cooling, 251
for osteoarthritis, 1189-1190
for pain control, 2300
urticaria and, 1497

Nontechnical evacuation, in canyon rescue, 
1276

Nontoxic mushrooms, 1467
Nontoxic plants, 1463
Nontraumatic iritis, 1117, 1117f
Noose snares, 2062-2064, 2062f-2064f
Noose stick, 2064, 2064f-2065f
Norepinephrine, 1443f

for hypotension, 1501
Norloxacin, 2629
Normothermia, range of, 120
Noroviruses, from shellish, 1788
North Africa, scorpion envenomation in, 

1018-1020
North America

master’s degree and certiicate programs in 
humanitarian assistance, 1908t-1909t

scorpion envenomation in, 1023-1027
venomous lizards of, 758-760
venomous snakes of, 729-757
weather forecasting in, 2356

North American Educational Adventure 
Racing, 2473

North American plant medicines, 1506-1519
arnica, 1508-1509
calendula, 1516
chamomile, 1515
comfrey, 1512-1513
devil’s club, 1517-1518
echinacea, 1515-1516
ephedra, 1506-1507
garlic, 1509-1511

Neurologic conditions (Continued)
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gentian, 1516-1517
ginger, 1511-1512
goldenseal, 1507-1508
Lomatium, 1517
old man’s beard, 1518-1519
plantain, 1514-1515

North American tick-borne encephalitis viral 
diseases, 983

Northeast MedWAR, 2473, 2477f
Northern Paciic rattlesnake, 732f
Norwegian scabies, 965, 965f
Nose

epistaxis, improvised treatment of, 1074-1075
fractures, 426-428, 428f-429f
functions of, 1493
packing of, 1398f

Notable volcanic disasters, causes of fatalities 
from, 356t

NSAIDs. see Nonsteroidal antiinlammatory 
drugs

Nuclear energy, 2553
Null point, in pocket radio, 2346-2347
Number of falls held, of life safety ropes, 

2364-2365
Nurse shark, 1650f
Nursemaid’s elbow, 470-471, 470f
Nurses, in air medical transport, 1298
Nutmeg, 1443, 1443f
Nutrient cycles, effect of climate change on, 

2547-2548, 2547f
Nutrients

antioxidant, 1974-1975, 1975f
environmental stress and nutrient 

requirements, 1964-1969, 1965f
for exercise and expeditions, 2205- 

2206
in marine primary productivity, 2567
potential thermogenic, 1967-1968

Nutrition
Antarctic studies, 242-243
climate change effect on, 2546
considerations in planning for wilderness 

activities, 1965-1969
importance in stressful environments, 

1964-1976
needs in humanitarian crises, 1892-1893
planning for wilderness activities, 1983-

1985, 1983t
Nutritional supplements

in irst-aid kit of natural products, 1521-1522
garlic as, 1510
mineral, 1975
multivitamin, 1976f

Nylon
in clothing, 2398
for ropes, 2365-2366

Nylon webbing carry, 1078, 1080f

O

Oak, 1522, 1524
Obesity, 37-38, 37f

acute mountain sickness and, 12
Objectives, learning, 2452-2453, 2453t
Observation, in RHA, 1896
Observed altitude (Ho), 2341
Obsessive-compulsive disorder, 1171
Obstacles

in landing zones, 1317
in river, hazards created by, 1394-1395, 

1395t
Obstetric patients, air medical transport and, 

1320
Obstructive sleep apnea, 1183
Obvious open globe, 1113-1114, 1114f
Occult ruptured globe, 1114, 1114f

Occupational health. see also Farm injury
in Antarctic, 243-244
in Arctic, 243-244

Occupational medicine, and nonfreezing 
cold-induced injuries, 230

Ocean acidiication, climate change on, 2548, 
2548f

“Ocean of needs,” in humanitarian 
emergency, 1895f

Ocean surf, SAR and, 1241-1242
Oceania, snakebite deaths, 777
Oceanic life, conditions for, 2566-2567, 2566t, 

2567f
Oceanic whitetip shark, 1649f
Oceanography, 2558-2572

biogeochemical cycles, 2570-2571
conditions for oceanic life, 2566-2567, 

2566t, 2567f
harmful algal blooms, 2570
marine environmental issues in, 2571-2572, 

2571f
marine primary productivity, 2567-2569, 

2568f
ocean circulation, 2562-2563, 2562f-2563f
ocean history and modern ocean tools in, 

2558-2559
ocean statistics, 2558
ocean structure, 2561, 2561f
planktonic autotrophs, 2569-2570, 2569f
water characteristics and, 2559-2560, 

2559t-2560t
waves, tides, and tsunamis, 2563-2565, 

2564t
Octopus

envenomation by, 1717-1720, 1717f-1718f
giant, 1673

Octopus vulgaris, 1718f
Ocular and periocular injuries, in dogs, 850
Ocular barotrauma, 1125-1126, 1125f
Ocular motility, at high altitude, 1122
Ocular tear ilm, as indicator of 

decompression stress, 1126
Oculoglandular tularemia, 712
Odontogenic referred pain, 1136
Oloxacin, 2629
Ohm’s law, 85
Oil lanterns, 2413
Oil pollution, in marine environmental issues, 

2571-2572
Oils

as ire-starting aid, 1347-1348
plant, 1459

Ointments, 1505
Old Man’s Beard, 1419f, 1518-1519, 1518f
Old World vipers, envenoming, 795-798
Older adults in wilderness, 2149-2164

cardiovascular disease and, 2156-2157
classifying by age and health, 2151, 

2151t-2152t, 2152b
deinition of, 2149, 2150t
dental issues in, 2158
dermatologic disorders in, 2157
diabetes in, 2157
environmental stresses and, 2151-2155
falls in, 2160, 2160b
gastrointestinal disorders in, 2158
genitourinary disorders in, 2158
individuals participating wilderness 

ventures, 2149
medical examination for, 2155-2162
menopause in, 2158
musculoskeletal disorders in, 2159-2160, 

2159f
neuropsychiatric and substance abuse 

disorders in, 2161-2162, 2161t-2162t, 
2162b-2163b, 2164f

physical activity of, 2151-2152
polypharmacy in, 2162-2164

reasons for venturing into wilderness, 
2150-2151

sensory senescence in, 2160-2161
travel medicine and, 2155, 2156f

Oleander, 1448, 1448f-1449f
Oleander toxicosis, 852
Olecranon bursitis injection, 488
Olecranon fracture, 469
Olindias species jellyish, 1686f
Omics

deinition of, 2503b
revolution of, 2502-2504, 2502f

Omics Reference genome, 2503b
Omphalotus

causing gastrointestinal irritation, 1469
O. illudens, 1473f
O. olivascens, 1473f

On-scene management, for drowning and 
submersion injuries, 1539-1542

Onboard medical capability, in spacelight, 
2617-2619

diagnostic imaging in, 2618-2619
future capabilities in, 2619
medical kits for, 2617-2618, 2618f

Onchocerciasis, 1857
Oncology, and wilderness travel, 1194-1196
Ondansetron, 15
One-atmosphere diving, 1592
One-on-one pickoff, 1262-1263, 1262f
One-skid helicopter landings, 1271-1272
Onion toxicosis, 852
Online medical direction, 1206
Onychomycosis, in older adults, 2157
Open blister treatment, 540, 541f
Open fractures, 461

of extremities, 461-462, 461f
management of, 462

Open pneumothorax, 392
Open water rescue, 191-192, 191f
Open water sources, 2046, 2046f-2047f
Opening airway, improvised, 1049-1050
Operational casualty care, 572
Operations stage, of SAR operations, 1215
Operative repair, of shark bite, 1662f
Ophthalmia, venom

of elapids, 794-795, 801f
spitting cobra, 801f
treatment of, 826

Ophthalmologic conditions, 38
Ophthalmologic emergencies, 868
Ophthalmology, in physiologic concerns of 

spacelight, 2614-2616, 2615f
Opiate toxicity, 1445
Opiates, anaphylaxis and, 1499
Opioid analgesics, in wilderness setting, 2294
Opioids

for acute pain, 1085-1087, 1086t
titration of, 1086-1087, 1087t

Oplopanax horridums, 1517-1518, 1517f
Opossums, attacks by, 637-638
Optic nerve sheath diameter, 2384
Optic nerve sheath ultrasonography, 2384, 

2384f-2385f
Optic neuropathy, arteritic anterior ischemic, 

1112-1113
Optics, for backcountry, 2417
Oracle Rock, 2430f
Oral contraceptives, absorption of, 2128
Oral glucose, for wilderness travel, 

2279t-2287t
Oral glucose-electrolyte solutions, for 

diarrhea, 2296
Oral hygiene, in wilderness, preparing for, 

2296-2297
Oral immunotherapy, 1804
Oral intubation, 410

awake, 413

North American plant medicines (Continued) Older adults in wilderness (Continued)
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Oral medication, administering, for dogs, 

845-846
Oral photosensitizing medications, 352b
Oral rehydration solutions, homemade, 2108b
Oral temperature, 123
Orb-weaving spiders, 1016
Orbital cellulitis, 1110
Orbital fractures, 429
Orbital pseudotumor, 1110-1111
Orbital wave, 2563
Ordnance, unexploded, 592-593, 592f, 1957
Orellanine, renal toxicity, 1484-1485
Organ transplant

hyperbaric oxygen therapy for, 1634
solid, 1196-1197, 1196f

Organic dust toxic syndrome, 833-834
Organic mental disorders, 1173
Organization of a search and rescue event

incident command system, 1224-1226, 1225f
National Incident Management System, 

1224
Organizational aspects of survival, 1353-1354
Organizational involvement, in humanitarian 

medicine, 1891, 1895b
Organizational models, for air medical 

transport programs, 1295-1297
Organizational system, for disaster response, 

1879-1881
Organizations, in whitewater medicine, 1403
Organized rescue

avalanche rescue
avalanche rescue dogs, 61
Incident Command System, 59-60
probing, 60-61, 61f
RECCO, 61, 62f

in canyons, 1276-1277
external inluences on, 1250
litters and vacuum mattresses for, 

1265-1266
planning for rescue, 1251

Organophosphates, 837
Organs of Cuvier, sea cucumber and, 1713f
Orientation, of slope, avalanche occurrence 

and, 47
Orienteering

for children, 2349
for injury prevention, 599
maps for, 2347, 2348f

Orienteering meets, 2347-2349
Orofacial pain

cracked tooth syndrome, 1136
maxillary sinusitis, 1136-1137
odontogenic referred pain, 1136
periapical osteitis/acute apical periodontitis, 

1135-1136
pulpitis, 1135
temporomandibular disorder, 1137

Orographic lift, 2353, 2354f
Oropharyngeal airway, 406, 406f
Oropharyngeal anthrax, 694
Oropharyngeal tularemia, 712
Orthopedic injury

hip and leg
ankle and foot, 479-483
femur fracture, 475-476
hip dislocation, 476, 476f-477f
knee and lower leg, 477-478

improvised treatment of
extremity fractures and dislocations, 

1063-1064
spinal trauma, 1060-1063

musculoskeletal
pelvic, 455, 455f-456f
potentially life-threatening, 453-463
problem scope, 451

new technologies, 491
overuse syndromes, 484-485

spinal disorders, 485-486, 486f
total joint replacement, 489-490, 489f-490f, 

489t
upper extremity

arm and elbow, 467-471
forearm, wrist, and hand, 471-475
shoulder girdle, 463-467

Orthostasis, cold-induced, 224
Orthotics, 548
Osmotic pressure, 2560
Osteitis, periapical, 1135-1136
Osteoarthritis

in older adults, 2159
and wilderness travel, 1189-1190, 1189t

Osteomyelitis, refractory, hyperbaric oxygen 
therapy for, 1632-1633

Osteonecrosis
dysbaric, decompression sickness and, 1609
of jaws, 1142, 1142f

Ostrich, attacks by, 636, 637f
Otitis externa, 1752-1754, 1753f
Otitis media

in children, 2109-2110
in spacelight, 2616

Otolaryngology, in physiologic concerns of 
spacelight, 2616

Otters, river, attacks by, 640-641, 641f
Outbreaks, waterborne diseases, 1986
Outdoor classroom, in teaching, for 

wilderness medicine, 2459, 2459f
Outdoor clothing, for wilderness professional, 

2396-2408, 2397f
accessories for, 2401-2404

footwear, 2403-2404, 2403f-2404f, 
2404t

handwear, 2402, 2402f
headgear, 2401, 2401f
neckwear, 2401-2402, 2402f

care and storage of, 2404-2406
climate-speciic clothing, 2406-2408, 2407t

for cold, 2407-2408, 2408f
for extreme cold, 2408
for heat, 2407, 2407f
for temperate, 2407, 2408f
for water (ocean and river), 2408

considerations for, 2397b
iber and fabric, 2396-2399, 2397t
layering for, 2399-2401, 2400f

base layer, 2400, 2400t
middle layer, 2400-2401
multilayered garments, 2401
outer layer, 2401, 2401f

natural ibers for, 2396-2398
down, 2396-2397, 2397f, 2398t
fur, leather, and hides, 2397-2398
wool and merino wool, 2396, 2397f, 

2398t
special-use clothing, 2406

ire-resistant clothing, 2406
insect-repellent clothing, 2406
sun protection clothing, 2406
vapor-barrier clothing, 2406

sport-speciic clothing, 2406
synthetic ibers for, 2398-2399, 2398t

blends in, 2398
waterproof/breathable fabrics in, 

2398-2399
Outdoor emergency care provider, 1205
Outdoor environment, in MedWAR, 2473
Outpatient burns, for burn injury, 329-330
Over snow improvised transport, 1265
Over-the-counter medications, 2279, 

2294-2295, 2294f
Overboots, 1332
Overhand bend, 2370-2371, 2371f
Overhand knot, 2368, 2368f, 2373

on bight, 2369, 2370f

Overnight gear, for backcountry, 2420-2427, 
2420f

cook sets in, 2422
personal toiletries in, 2422, 2423f
shelters in, 2425-2427, 2425f-2428f
sleeping bags in, 2422-2424, 2422b
sleeping pads in, 2424-2425, 2425f
stoves in, 2420-2422, 2420t-2421t

Overperfusion, high-altitude pulmonary 
edema and, 23

Overstory, in forest, 2574
Overuse injuries, in whitewater sports, 1396
Overuse syndromes

carpal tunnel syndrome, 484-485, 485f
in mountain bikes, 2243-2244
plantar fasciitis, 484

OVID, for wilderness medicine providers, 2481
Ovulatory women, 2124
Ox-eye daisy, 1458
Oxalates, 1436

insoluble, 1452
plant-derived, oral irritants, 1452
soluble, 1455-1456

Oxfam International, 1891
Oxygen. see also Hyperbaric oxygen therapy

in air medical transport, 1312-1313
ambient, decreased, 302t
effects of hyperbaric oxygen on, 1619, 

1620f
maximum oxygen consumption (VO2 max), 

2183-2184, 2184f
in ocean, 2566
in spacelight environment, 2598-2599
supplemental, 407
wilderness survival and, 1328-1329

Oxygen administration, emergency, 2306-2313
contraindications for, 2306
equipment for, 2306-2312
hazards of, 2312-2313
at high altitude, 2311-2312
indications for, 2306
legal issues of, 2313
special considerations in, 2312

Oxygen generator systems, 2312
Oxygen-limiting silos, 830
Oxygen rebreathers, 1587, 2311, 2311f
Oxygen toxicity

as complication of hyperbaric oxygen 
therapy, 1624-1625

diving and, 1604-1605
Oxygenation, failure of, 404
Oxyhemoglobin dissociation curve, 6-7, 6f

at colder temperatures, 151f
Oxyopidae, spiders, 1010
Ozone, in water disinfection, 2007
Ozone depletion, 1947

stratospheric, as issues of environmental 
change, 2526-2527

and UVR exposure, 336-337

P

Pacemakers, and preparation for travel, 1151
Paciic bluebottle, 1693, 1694f
Pack frame litter, 1284, 1285f
Packaging

in drug stability, 2622-2623
in the ield, 194-195, 195f
of patient, for technical rescue, 1267-1268, 

1267f
Packing, for humanitarian medicine, 

1919-1920
Packs, in backcountry, 2417-2418
Padded hip belt, 1060, 1060f
Paddle, canoe/kayak, in rigid support, 1071, 

1072f
Paddleboarding, 1390

Orthopedic injury (Continued)
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Pads

foam, 1077, 1363
preventive, for blister prevention, 536-537, 

536t
sleeping, 2424-2425, 2425f

Pain
abdominal, in children, 2109
back, prevention during long travel, 

2203-2204
chest, 1151-1152
essential oil for, 1526, 1526b
irst-aid kit of natural products for, 

1523-1524
mild to moderate, stable patients  

with, to take medicines by mouth, 
1088

with nontraumatic luorescein-negative 
acute red eye, 1117

orofacial, 1135-1137, 1135b, 1136t
in wilderness, preparing for, 2300

Pain assessment, 1082-1083, 1085f-1086f
Pain control

jellyish sting and, 1689
for lightning victims, 104-105

Pain management
in canyon medicine, 2231-2232, 2232f
comfort measures in, 1082, 1085b
irst-aid kit for, 1091b
irst contact in, 1082-1083
pretravel preparation for, 1091, 1091b
principles of, 1081-1108, 1082f-1083f, 1082t, 

1084t
regional anesthesia for, 1089, 1089b, 1089f, 

1089t
practical guide to, 1091-1098

scene stabilization in, 1082
in technical rescue operations, 1253
topical therapies for, 1090-1091, 1090t
in ureteral colic, 399-400
in wilderness emergency medical services, 

1208-1209
Painless, ultrasound-guided “stay-away” 

technique, in regional anesthesia, 1095
Paintball guns, 552-553
Pajaroello tick bites, 972
Pakistan, lood disaster of 2010, 1942
Paleozoic rocks, of Grand Canyon, 2589-2593, 

2593f-2595f
Palm grubs, 1367-1368, 1367f
Palm spathe container, 1377, 1378f
Palm (sago/cycad) toxicosis, 852
Palystes natalius, 1009
Palytoxin, 1777-1778
Pampas snake, fangs of, 768f
Panaeolus foenisecii, 1482f
Panax ginseng, 1506
Panax quinquefolius, 1506
Pancreatitis, due to scorpion envenomation, 

1028
Pancuronium, 411
Panda bear, 678-679, 679f
Panic, 1160

in ice water, 165b
Panic attack, 1171
Panic disorders, diving and, 1616
Panic lock, 1259
Pants

for jungle travel, 1362
wind pants, 1331

Papain, 1521
Papaverine, for frostbite, 215
Paper production, from forests, 2576
Paper tape, for blister prevention, 536, 536f
Papules, ire coral and, 1692f
Paraaminobenzoic acid, 343-344
Parachute

cord, 1077
lares, 1572

Paradoxical undressing, accidental 
hypothermia and, 141

Paralysis
with induction of RSI, 411
tick, 971-972, 971f
Todd’s, 1159

Paralytic shellish poisoning, 1778-1780
clinical presentation of, 1779
pathophysiology of, 1779
prevention of, 1780
treatment of, 1780

Paramedics, in air medical transport, 1297
Paranoid personality disorder, 1173
Paraparesis, 1163
Parasites, 1759-1763

anisakidosis, 1759-1760, 1759f
cutaneous larva migrans, 1762, 1762f
cysts and, susceptibility to halogen 

disinfection, 1989, 2000
internal and external, of large animals, 

864-865
leeches, 1762-1763
malaria, 891-900

density, 911, 911f
schistosome cercarial dermatitis, 1760-1762, 

1761f
in seafood, 1789-1790

ish tapeworm, 1789
nematodes, 1789-1790
trematodes, 1789

waterborne, 1986b
Parasitiformes, 966
Parasitism

Diptera (two-winged lies), 953-960, 954f, 
954t

leas, 962-963
lice, 960-962
mites, 963-967

Parasitosis, delusions of, 967
Paratyphoid fever, 1851-1852
Pardaxin, sharks and, 1664
Parenchymal neurocysticercosis, 720
Parenteral antimalarial therapy, 930
Park EMS Medical Advisor (PEMS-MA), 2489
Parkas

for cold weather, 1331-1332
as litter, 1080, 1081f

Parkinson’s disease, 1165
Parkmedic program, in National Park Service, 

2490-2492
certiication and authorization of providers 

in, 2490-2491, 2490t
protocols for, 2491-2492, 2491b, 2492f, 

2493b
scope of practice for, 2491, 2491b
training of, 2491

Partial pressure of oxygen, elevated, effects 
of, 1619-1622

Partial seizures, 1159
Partial-thickness burns, deep, 324, 324f
Particulates, in spacelight environment, 

2601-2602
Partners in Protection, 288
Parvin’s method of closed reduction, 470
Pascal’s law, 1594f
“PASS” acronym, ire extinguishers and,  

1559
Pass through ire edge, 313
Passages, in caves, 1405, 1405f-1406f
Passing a knot, 1261
Passive external rewarming, 149-157, 149b, 

157f
Passive injury prevention strategies, 597
Pasteur, Louis, 666
Pasteurization, 1991-1992
Patella

fracture, 477-478, 477f-478f
taping, 519, 522f

Patellar dislocation, improvised treatment of, 
1073-1074

Patellofemoral pain syndrome, 2243
Patent foramen ovale, 24

diving and, 1613-1614
Pathogenesis

of babesiosis, 991-992, 991f
of Plasmodium spp. infection, 900-905

Pathogens, viral enteric, 1868
Pathophysiology

of amnestic shellish poisoning, 1781-1782
of carbon monoxide poisoning, 331
of ciguatera poisoning, 1774-1776
of cutaneous decompression sickness, 

1765-1766
of diarrhea, giardiasis, 1869-1870
of frostbite, 199-200
of heatstroke, 256-263
of mosquito bites, 871-872, 871f-872f
of paralytic shellish poisoning, 1779
of Rocky Mountain spotted fever, 986
of scombroid poisoning, 1769-1772
of scorpion envenomation, 1027-1029
of TBI, 384-385
of tetrodotoxin poisoning, 1772-1773
of thoracic injuries, 391-393

Patient care
in cave rescue, 1411-1412, 1411f
for frostbite injury, 209
in helicopter rescue, 1273
in wilderness and technical environments, 

1251-1255
Patient evaluation

in canyon medicine, 2230-2231, 2231f
for epistaxis, 424
for hyperbaric oxygen therapy, 1625

Patient loading, in in-light setting, 1313-1314
Patient packaging

in canyon medicine, 2232-2233, 2234f
rescuer’s goals in, 1293-1294, 1294f
in technical rescue, 1267-1268, 1267f

Patient’s boot system, 1070, 1070f
Peach palm, 1371f
Peacock mantis shrimp, 1673-1674, 1674f
Peak expiratory low, 1180-1181
Pectoralis major muscle ruptures, in steer 

wrestling, 839-840, 840f
Pedal-related injuries, in mountain bikes, 

2240
Pediatric considerations, for hyperbaric 

oxygen therapy, 1626
Pediatric injuries, 829
Pediatric patients, air medical transport and, 

1320
Pedicellariae, of sea urchins, 1706-1707, 

1707f, 1709f
Pediculosis pubis, 961
Pelean eruptions, 1931, 1931f
Pelvic sling, improvised, 1067, 1069f
Pelvic splinting, 503-504, 504f
Pelvis

FAST in, 2378, 2379f
injuries, 455, 455f-456f
trauma, 395, 395f

Pemmican, 1971
fortiied, 1973t
grains added to, 1971t

Penetrating injuries
neck, 390
penetrating abdominal trauma, 394-395

Penicillin, anaphylaxis and, 1499
Penicillin G procaine, 2629
Penicillin GK and G sodium, 2629
Penis, Pseudomonas aeruginosa infection, 

1750f
Pennyroyal oil, 1460t
Pentoxifylline, for frostbite injury, 212
Pepper spray, against bear attacks, 684, 684f
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Peptic ulcer disease, 398
Peptide immunotherapy, 1805
Percussion diagnoses, of fracture, 1063
Performance

dehydration and, 2036-2038, 2037f, 2037t
in gender differences, 2117
improving, for wilderness adventure, 

2185-2188
and injury, 2202-2204

back pain prevention, 2203-2204
exercise injuries, 2202-2203
soreness after exertion, 2204
stretching injuries, 2203

physical, vitamins and, 1973-1975, 1974b, 
1974f

Performance bonuses, in MedWAR, 2474-2475
Performance enhancement, 2205-2208

anabolic nonsteroids, 2207-2208
cholinergic stimulants, 2206
drugs and nutrients for, 2205-2206
foods for, 2208
other stimulants, 2207
sympathomimetic stimulants, 2206-2207
water for, 2208

Performance snowmobiles, 2245
Periapical osteitis, 1135-1136
Pericardial tamponade, 393
Pericoronitis, 1141
Periocular barotrauma, 1125-1126, 1125f
Periocular inlammation, acute, 1110-1111, 

1110b
Periodic breathing, at high altitude, 28
Periodontal abscess, 1141
Periodontium, injuries to, 1132-1133
Peripheral arterial disease, and wilderness 

travel, 1187-1188
Peripheral edema, at high-altitude, 28
Peripheral nerve blocks, 1093-1094, 1094f
Peripheral nerve injury

after regional anesthesia, 1094-1095
in lightning victim, 96
prevention of, 1095

needle selection in, 1095
patient selection in, 1095

Peripheral neuropathy, in diabetic patients, 
1186

Peripheral thermal sensors, 124-126, 125f
Peripheral thermoregulation, accidental 

hypothermia and, 141
Peripheral vasoconstriction, accidental 

hypothermia and, 139
Peripheral veins, ultrasonography of, 2391, 

2392f
Peritoneal lavage, 153-154, 154f
Permanent cavity, in bullet behavior, 556
Permethrin, 613, 1042, 1042t

solution, impregnating clothing with, 1820f
Pernio, 232

injury prevention and, 608
Peromyscus maniculatus, 716f
Peroneal nerve lesions, 1162-1163
Peroxisome proliferator-activated receptors, 

1966-1967
Peroxygens, in water disinfection, 2006-2007
Persistence, of enteric pathogens in 

environment, 1989
Persistent diarrhea, 1862-1863
Persistent foramen ovale, diving and, 1615b
Persistent weak layers, 49
Personal administration, and nonfreezing 

cold-induced injuries, 223
Personal escape, in technical rescue, 1262
Personal lotation devices, 1234f, 1535f

prevention of drowning and, 1548
in whitewater sports, 1391

Personal gear, in abandon-ship bag for ocean 
passage, 1578b

Personal hygiene, in prevention of traveler’s 
diarrhea, 1865-1866

Personal locator beacons, 1216-1217, 
1216f-1217f, 1555-1556, 1556f, 2420

Personal protection, against blood-feeding 
arthropods

habitat avoidance, 1036
integrated approach to, 1043
physical protection, 1036-1037, 1037b, 

1037f
reducing local mosquito populations, 

1042-1043
repellents, 1037-1042

Personal protective equipment, 1234, 1234f
donned prior to seeing to wounds, 442
for ireighter, 291f
medical, 577
water rescue, 1241f

Personal protective measures, during 
pregnancy, 2138, 2139f

Personal risk in politically unstable region, 
1955-1957, 1955f

Personal security, checklist for, 1962b
Personal skills, of expedition medical oficer, 

1829-1830
Personal supply module, 577, 577f-578f, 577t
Personal toiletries, in backcountry, 2422, 

2423f
Personal trauma, 591
Personality disorders, 1173

triage and, 1170t
Personalized genomic wilderness medicine, 

2516
Personnel, in providing medical support for 

endurance events, 2213
Personnel and national response, in National 

Park Service, 2494-2495
Persons with disabilities, 2164-2182, 2165f

in adaptive sports, 2177-2180
with amputations, 2169-2170, 2169f
assistance dogs for, 2180-2181
barriers restrict with, 2167, 2167b
brief history of, 2166-2167
with cerebral palsy, 2170
with challenges to mobility, 2169
with cognitive challenges, 2174-2175
with multiple sclerosis, 2171
preparation for wilderness adventure of, 

2165, 2165t, 2167-2168, 2168b
checklist for, 2168

with psychological or mental health 
challenges, 2175-2176

with sensory challenges, 2173-2174
with spinal cord injuries, 2171-2173, 2171f
wilderness legal and legislative issues in, 

2167
worldwide wilderness programs for, 

2165-2166
Pertussis, 1853-1854
Peruvian lily, 1428, 1428f
Pes anserine bursitis injection, 488
Pesticides, 1991

injury from, 837
Petroleum jelly, 2297

as ire-starting aid, 1349f
Peucetia viridans, 1010, 1010f
Peyote, 1444, 1444f
Piesteria piscicida, 1782
pH

in sea-surface, 2567f
in seawater, 2567

Phalanx
dorsal displacement, 475f
fractures, 482

Phallotoxins, 1487
Pharmaceutical aids, for sleep, in high-

altitude, 28
Pharmacogenomics, 2515-2516

Pharmacologic therapy, for scorpion 
envenomation, 1029-1030

Pharmacology
of aloe, 1513
of arnica, 1508-1509
of calendula, 1516
of chamomile, 1515
of comfrey, 1512
of devil’s club, 1517-1518
of echinacea, 1516
of ephedra, 1507
of garlic, 1509-1510
of gentian, 1516
of ginger, 1511
of goldenseal, 1507
of Lomatium, 1517
resuscitation, 159-160

Pharmacopoeia stick, 2429, 2430f
Pharyngitis, high-altitude, 29
Phasin, 1454
Phenobarbital, 2629
Phenotype

deinition of, 2503b
genetic and environmental inluences on, 

2497-2498, 2498f-2499f
Phenotypic plasticity, 2503b
Phenylalkylamines, in hallucinogenic plants, 

1443-1444
Phenylephrine, 2629
Phenytoin, 2629-2630
Pheochromocytoma, 1160
Philodendron, 1452f
Phlebotomy, 26
Phobias, 1171

shark, 1662
Phobic behavior, due to lightning injury,  

101
Phoneutria spiders, 1010-1011
Phosphorus burns, 325
Photic zone, 2568
Photoaging, 338-339
Photoallergens, 352b
Photoallergy, 353
Photobacterium damsela, 1726-1727

from aquatic environment, wound 
infections caused by, 1640

Photobiology, 339-340
Photocarcinogenesis, molecular basis of, 

339-340
“Photochemical smog”, 2354-2355
Photochromic lenses, 1124
Photoimmunology, 340
Photokeratitis, 2299
Photophobia, intense, due to lightning, 100
Photoprotectants, 351
Photoprotection

antioxidants, 338
attitudes toward, 351-352
avoidance of sun, 350
clothing protection, 350
repair enzyme T4 endonuclease V, 351
sunless tanning, 350-351
sunscreens, 343-349, 343t

Photopsias, 1113
Photosensitivity disorders

endogenous, 352-353
photoallergy, 353
phototoxicity, 353

Photosynthesis, in ocean, 2569
Phototoxic dermatitis, 1432f, 1433t
Phototoxicity, 353
Phototrauma, 337-339, 339f
Physalia, envenomation by, 1693-1695
Physalia species, sting pattern of, 1686f
Physical activity

considerations for wilderness travel with 
chronic diseases, 1178

of older adults in wilderness, 2151-2152
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Physical conditioning

aerobic itness, 2183
maximum oxygen consumption (VO2 max), 

2183-2184, 2184f
sustainability, threshold of, 2184-2185, 

2185f
for technical rescuers, 1250
for wilderness adventure, 2183-2185

Physical disabilities, injury prevention for, 
598-599

Physical examination
of abdomen, 394
of blunt neck injury, 389
of extremity fractures and dislocations, 

1063-1064, 1063t
of head injury, 386, 386t
of musculoskeletal injuries, 451-452
vascular, 395

Physical factor, in oceanic life, 2566
Physical performance, vitamins and, 

1973-1975, 1974b, 1974f
Physical preparation, for injury prevention, 

598
Physical principles of heat transfer, 290-291, 

291f-292f
Physical properties of snow, 40-42
Physical removal of water pathogens

adsorption, 1995
coagulation-locculation, 1994-1995, 1994b
iltration, 1994b-1995b, 1995-1998
sedimentation, 1994, 1994b
turbidity and clariication, 1994

Physician, in air medical transport, 1298
Physician subspecialty, wilderness emergency 

medical services as, 1213
Physics, diving and, 1592-1593
Physiologic hypercoagulability, 140
Physiologic responses, to cold water 

immersion
with head above water, 167-172
with head under water, 187-189

Physiology
of burn injury, 319-320
of frostbite, 198-199
ocular, and altitude exposures, 1120, 1120t

Phytodermatitis, plants that induce, 1417f
Phytopharmaceuticals

evolution of, 1503-1504
uses for, 1520t

Phytophotoallergic contact dermatitis, 1433
Phytophotodermatitis, 353f, 1431-1432
Phytophototoxic contact dermatitis, 1432-

1433, 1433t
Phytoplankton, in ocean, 2568
Phytoplankton dermatoses, 1743-1748

algae, 1744-1748
cyanobacteria, 1743-1744
dinolagellates, 1744

Phytotoxins, 1436
as gastrointestinal irritants, 1453
in protein synthesis inhibition, 1454-1455

Picaridin, 1040, 1040t, 2100-2101
Pickoff, 1258

climber, 1244
one-on-one, 1262-1263, 1262f

“Pickups,” surgical, 1056f
PICO question, 2480-2481
Piezo ignition-style lighter, 1342, 1343f
Pill pack, combat, 590
“Pillow” splints, 1065-1066, 1067f
Pine oil, 1460t
Pinhole tape glasses, 1076, 1076f-1077f
Pinned boat, rescuing, 1401
Piracy, 1959-1960
Piranha, 1370, 1674-1675, 1674f
Pistol cartridges, 553
Pistol-launched lares, 1572
Pit, in caves, 1405

Pit viper envenomation
Asian arboreal pit viper, 810, 811f
Chinese mamushis, 809
clinical pattern of, 795-798, 809-811
clinical presentation of, 739-741
hospital care of, 743-746

analgesia and wound care, 745-746, 745f
disposition, 746, 746f
initial management, 743-745, 744f

Latin American pit vipers, 810-811, 813f
Bothrops, 810-811
Crotalus, 811, 814f
Lachesis, 811

Malayan pit viper, 780f, 809-810, 810f
morbidity and mortality, 752-757, 757f
prehospital care of, 741-743, 741f-743f

Pit vipers
anatomy of, 734-736, 734f-735f
Asian arboreal, 774f

envenoming, 810, 811f
Chinese mamushis, 809f
clinical pattern of envenoming, 795-798, 

809-811
envenomation

clinical presentation, 739-741
hospital care of, 743-746
morbidity and mortality, 752-757, 757f
prehospital care of, 741-743, 741f-743f

Latin American, 812f
envenoming, 810-811, 813f

Malayan, 809f
envenoming, 780f, 809-810, 810f

Malaysian, 2541f
mimicry, 766f
North American, 730t-731t
Sri Lankan hump-nosed, 768f
venoms, 737-739
white-lipped green, 774f

Pitch bullet motion, 556
Pitchpole pin, 1395f
Pityrosporum folliculitis, 1763, 1763f
Placenta delivery, 2147
Placenta previa, 2143
Placental abruption, 2143
Plague, 642, 706-711, 706f

bacteriology of, 706-707
diagnosis of, 709-710, 710f
epidemiology of, 707, 707f-709f
prevention of, 711
prophylaxis for, 710-711
symptoms of, 709
transmission of, 707-709
treatment of, 710

Plan ahead, prepare and, in leave no trace, 
2550

Planetesimals, 2579
Planktonic autotrophs, 2569-2570, 2569f
Planning

for activity, nutritional considerations and, 
1965-1969

energy and, 1969-1973
expedition medical planning, 1832-1836, 

1832b
medical kit preparation in, 1835-1836
medical screening for, 1832, 1832f
medical training for, 1835
preexpedition advice, 1832-1833
risk management in, 1833, 1833b
vaccination, malaria chemoprophylaxis, 

and personal medication in, 1833
for injury prevention, 598
for organized rescue, 1251
preplan, for technical rescue, 1246
to undertake an RHA, 1895-1896

Planning data, of SAR, 1226, 1227f
Planning stage, of SAR operations, 1215

search planning considerations, 1229-1232, 
1230f

Plant alkaloids, 1437t
Plant-induced dermatitis, 1413-1433

allergic contact dermatitis, 1419-1429
contact urticaria, 1429-1432
irritant contact dermatitis, 1414-1419
phytophotoallergic contact dermatitis,  

1433
phytophototoxic contact dermatitis, 

1432-1433
Plant medicines

in Native American healing, 2434t
North American, 1506-1519

Plant threats, in tactical medicine, 576, 577t
Plant toxicity. see also Ingestion of toxic 

plants
indicators of, 2084b

Plant toxins, 1434-1447
cardiovascular, 1447-1452
central nervous system, 1437-1447
common toxic plants, 1460
effects on organ systems, 1435t-1436t
endocrine and metabolic, 1457-1459
essential oils, 1460t
hematopoietic, 1456-1457
irritant oils, 1459
oral and gastrointestinal, 1452-1455
renal, 1455-1456
reproductive, 1459

Plantago laycedota, 1514f
Plantago major, 1514-1515, 1514f
Plantain, 1514-1515, 1514f
Plantar fasciitis, 484, 547

injection for, 489, 489f
Plantar warts, 548-549, 548f
Plants

causing allergic contact dermatitis, 1423t
causing immunologic urticaria, 1429b
desert, 1387
extinction rate per millennium of, 2538f
jungle

aquatic, 1372
as food, 1368
hallucinogenic, 1371-1372, 1371f
hazardous, 1370-1371

nontoxic, 1463
toxic

common names, 1460
large animals and, 866-867, 866t

Plasma histamine, anaphylaxis and, 1500
Plasma potassium level, accidental 

hypothermia and, 144
Plasmodium knowlesi

complications of, 905
treatment of, 924, 926t-929t

Plasmodium malariae
complications of, 905
treatment of, 924, 926t-929t

Plasmodium ovale
complications of, 894f, 902t, 904-905, 905t
relapses with, prevention of, 918
treatment of, 926t-929t, 930

Plasmodium spp. infection
clinical indings, 901, 902t
clinical manifestations and pathogenesis, 

900-905
complications

with P. falciparum, 901-904, 902t, 903f
with P. knowlesi, 905
with P. malariae, 905
with P. vivax and P. ovale, 894f, 902t, 

904-905, 905t
diagnosis, 905-912

antibody-based rapid diagnostic tests 
(RDTs), 911, 912f

blood smears, 905-911, 906f-907f
history, 905
other diagnostic methods, 911-912, 913f

susceptible populations, 900-901
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complications of, 894f, 902t, 904-905, 905t
relapses with, prevention of, 918
treatment of, 926t-929t, 930

Plastic bag shelters, 1333, 1335f
Plastic cable ties, 1077
Plastic waste, in marine environmental issues, 

2572
Plastic yard refuse bags, 2292
Plate tectonics, 2581-2586, 2581b, 2582f-2583f

theory of, 359-360, 359f-362f
Platelet activation/inhibition, accompaniment 

of systemic snake envenoming, 781-783
Platelet aggregation, garlic and, 1510
Plates, 2581
Platypus, 1740, 1740f

attacks by, 639
Pleural decompression devices, 1059b
Pliable metal ladder splints, 503f
Plinian eruptions, 1931, 1931f
Plugs, during looding at sea, 1561
Plume-dominated crown ire, 298, 299f
Plutonic rock, 2585
Plyometrics, 2198
Pneumatic antishock garment, 503
Pneumococcal vaccine, 1818
Pneumomediastinum, pulmonary barotrauma 

and, 1600
Pneumonia, tularemia with, 712
Pneumonic plague, 709, 710f
Pneumonitis, hypersensitivity, 833
Pneumothorax, 392

pulmonary, barotrauma and, 1600
spontaneous, diving and, 1615
ultrasonography of, 2381, 2381f-2382f
untreated, hyperbaric oxygen therapy and, 

1624
Pocket ilter, 2013t-2026t, 2014f
Pocketknife, 2414
Podophyllum, 1456-1457
Point-to-point orienteering, 2347
Point-release avalanche, 43
Poison bun sponge, 1681f
Poison-dart frogs, 1372, 1372f
Poison hemlock, 1441, 1441f
Poison ivy, 1420-1424

appearance of, 1420f-1421f
dermatitis and, 1422f
immunology of, 1424-1425
imposters of, 1424f, 1424t
urushiol from, 1421f

Poison nut, 1521
Poison oak, 1420-1424, 1420f, 1423f
Poison sumac, 1420-1424, 1420f
Poisoning. see also Seafood toxidromes

amnestic shellish, 1781-1782
carbon monoxide

and cyanide, hyperbaric oxygen therapy 
for, 1629-1630

pathophysiology, 331
in children, 2112
ciguatera, 1774-1777
coral, 1676-1677
grass carp gallbladder, 1774
mushroom, approach to patient, 1489-1490
neurotoxic shellish, 1780
scombroid, 1160, 1769-1772
smoke, 331-333
tetrodotoxin, 1772-1774

Pokeweed, 1453-1454
Polar bears, attacks by, 675f, 678, 678f
Polar cell, 2350
Polar climates, 2350-2351, 2351f
Polar diving, 1591-1592
Polar front, 2350
Polar medicine, 234-248

Antarctic medical practice, 238-247
Arctic medical problems, 236-238

Arctic vs. Antarctic medicine, 234-235
future developments, 247-248
geopolitical concerns, 235-236
human habitation in polar regions, 236
importance of, 235-236
research activities and, 236
tourism and expeditions, 235

Polar thigh, Arctic, 246-247, 246f-247f
Polaris, celestial navigation, 2341-2342, 2341f, 

2344
Pole ishing, 2067
Policy, of wilderness, in United States, 

2518-2520
Policy making, environmental science and, 

changes in, 2533-2535
Poliomyelitis, vaccine for, 1818
Political insecurity, 1954-1955
Politically unstable regions, 1956, 1956f
Pollen allergies, 1430
Pollens, allergic rhinitis and, 1492, 

1492f-1493f
Pollutant, in marine environmental issues, 

2571
Pollution

in environmental change, 2529
water, 2541

Polyarthritis, epidemic, 886
Polycythemia vera, 36
Polyester

in clothing, 2398
for ropes, 2366

Polymorphism, 2503b
Polyolein, for ropes, 2366
Polypharmacy, among older adults, 2162-2164
Polypropylene, in clothing, 2398
Polysporin, 2630
Polytetraluoroethylene (ePTFE), 2398-2399
Polyurethane, 2399
Polyvalent antivenoms, 820
Pompeii, 354, 358f
Poncho, for jungle travel, 1363
Pool, 2219-2220
Poor physical condition, diving and, 1616
Popliteal sciatic block, 1106-1108, 1106f-1107f
Poppy, 1445
Population growth, in environmental change, 

2528-2529, 2528f, 2528t
Populations, effects of landmines on, 1957
Porcupine quills, in dogs, 853-854
Porcupines, attacks by, 637, 637f
Porifera, envenomation by, 1680-1682
Porosity, of snow, 66-67
Porphyrias, 353
Port Jackson shark, 1739f
Portable emergency shelters, 1338
Portable equipment

ire extinguishers, 316
suction devices, 407

Portable recompression chambers, 1622
Portable weather instruments, in wilderness, 

2355
Portuguese man-of-war, 1693f

Atlantic, 1693f
Paciic, 1694f

Positioning
of hand and wrist for splinting, 460f
of head for opening of airway, 405
for rapid sequence (endotracheal) 

intubation (RSI), 411-412, 412f
for safe airway, 1049, 1049f

Positive-pressure demand valves, 2309, 2309f
Possible estuary-associated syndrome, 

1782-1783
Posttraumatic endophthalmitis, 1113
Posttraumatic stress disorder, climate change 

on, 2546
Posterior circulation ischemia, 1158

Posterior nasal artery, 424
Posterior nasal pack, 427f
Posterior tibial nerve block, 1107-1108, 1108f
Posterior vitreous detachment, 1113
Posteruption hazards, 373-374, 374f
Postexposure prophylaxis, for rabies, 663-668, 

663f, 664t
following wound care, 665, 665t
human vaccination in, 667-668
identifying exposure in, 663-664
immunocompromised individuals in, 668
initial wound management in, 664-665
rabies immune globulin in, 665-666
rabies vaccines in, 666-667, 667t

Postlight, in spacelight missions, 2605
Posthyperemic phase, of nonfreezing 

cold-induced injuries, 229, 229f-230f
Postintubation management, 413
Postsynaptic three-inger-fold neurotoxins, 

770
Posttraumatic headache, in lightning victim, 

96
Posttraumatic stress disorder, 592
Posttreatment Lyme disease syndrome, 977
Postural hypotension, 1160
Potamotrygon falkneri, 1723-1724
Potassium ions, in seawater, 2560t
Potassium permanganate

astringent, 2630
in water disinfection, 2007

Potato cod, 1668f
Pothole, 2219-2220, 2221f
Potomac horse fever, 868
Poultice, 1505
Povidone-iodine, 1057

for rabies, 670
solution, 2630

Powder irearms, 553-556
Powders, for blister prevention, 537-538, 538t
Power

emergency equipment for, 2410b, 2420
of EMS helicopter, 1307
itness as a lifestyle and, 2192-2194
and plyometrics, 2198
for wilderness preparedness, 2195-2198

Power grid, 2552b
Power supply, for ultrasound, in wilderness, 

2393-2394, 2393f, 2394t
Power takeoffs, injury related to, 835-836, 

836f
Practical considerations, for aid worker in the 

humanitarian crisis, 1907-1913
Practical ield-expedient celestial navigation, 

2346
Practical issues, for women during wilderness 

travel, 2120-2126, 2121f
Practitioner, in wilderness medicine, 2440
Prairie rattlesnake, 732f
Prayer, in Native American healing, 2434t
Prayer pipe, in Native American healing, 

2433f
Preexposure prophylaxis, for rabies, 662-663, 

662t
Preexposure vaccination, for rabies, 668-670
Precautions for avoiding lightning injury

always unsafe outside, 110
approaching thunderstorm, 108-109
end of thunderstorm, 109
lightning safety guidelines, 107
safe places inside, 109-110, 109f
safety of large groups, 110-111, 112f
safety plan, 107-108, 108f

Precipitation, forecasts on, 2356
Precise Positioning Service, 2330
Precordial stethoscope, 1048, 1048f
Predictability

of deforestation, 1951
of earthquakes, 1924-1926

Polar medicine (Continued)
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of loods, 1943
of landslides, 1934-1935, 1935f
of tornadoes, 1941
of tropical cyclones, 1938-1939, 1938f-1939f
of tsunamis, 1928-1929, 1932
of winter storm, 1946

Prediction
of sweat, 2034-2035, 2034f-2035f
of volcanic eruption, 375, 375f

Prednisolone, in eye treatment, 1109
Prednisone, 2630

for urticaria, 1497
Preeclampsia, 2143
Preexisting conditions, heat stress and, 253
Preexisting disease, as risk factor for 

drowning and submersion injuries, 1533
Preexisting medical conditions

expedition medicines and, 1828
high altitude and, 29-39

Prefabricated crossbar, 1077
Prelight, in spacelight missions, 2603
Prelight communications, 1315
Pregnancy, 38-39, 38b, 39t, 2128

diving and, 1616
examination during, with snakebite, 819
ginger and, 1512
Lyme disease in, 977, 978t
malaria chemoprophylaxis during, 919
self-diagnostic pregnancy tests, 2126
in spacelight, 2614
ultrasound of, 2387-2390

amniotic luid volume assessment in, 
2389

fetal positioning and number of, 
2388-2389

irst-trimester ultrasound in, 2387-2388, 
2388f-2389f

gestational age/dating in, 2389-2390, 
2389f

placental positioning in, 2389
second- and third-trimester ultrasound in, 

2388-2390
wilderness travel during, 2131-2148

evaluation, 2131-2133
Pregnancy during wilderness travel

complications during pregnancy, 2141-2143
ectopic pregnancy, 2142
infectious disease risk, 2136-2139
in later pregnancy, 2142-2143, 2143b
medication use, 2136t-2138t
miscarriage, 2141-2142
physiologic changes, 2133-2134
responses to infection and vaccines, 2134
sports and wilderness adventure risks, 

2139-2141
emergency delivery, 2143-2145
prenatal care in wilderness, 2141
sports and wilderness adventure risks, 

2139-2141
Pregnant mothers, Zika virus and, 888-889
Pregnant victims, of lightning, treatment for, 

104
Pregnant women, bites in, 751-752
Prehospital care

for arterial gas embolism, 1602-1603
venomous lizards, 759
venomous snakebite

of coral snakes, 743
of pit vipers, 741-743, 741f-743f

Prehospital freezing environment, treatment 
in, 206-207, 207b, 207f-208f

Prehospital hemorrhage control, 381-382
Prehospital life support, 147-148, 147f
Prehyperemic phase, of nonfreezing 

cold-induced injuries, 227, 227f
Premature labor, 2143
Prenatal care in the wilderness, 2141

Preoxygenation, in RSI, 410-411
Preparation

of blood smear, in diagnosis of malaria, 
905-906, 906f-907f

cardiovascular screening and, 1148-1151
chronic diseases and, 1178
of epinephrine, 2299, 2299f
for injury prevention, 598
for possible survival situation, 1354-1355
pretravel preparation, medical, 1808-1809
for travel

desert, 1382-1383
jungle, 1359-1365

wilderness
for common medical problems, 

2296-2300
epidemiology review in, 2272
general preparation in, 2272-2276, 2273b
items stored in vehicle, 2293
medical reference material, 2293-2294
portable diagnostic instruments for,  

2290t
sample journey on, 2300-2301
suppliers listed for, 2305
supplies, kit assembly strategies, and 

specialized equipment, 2276-2294
Preparedness cycle, for natural disaster, 1880, 

1880f
Prepatellar bursitis injection, 489
Preplan, for technical rescue, 1246
Prescribed ire, and wildland ire use, 280
Prescription, priority, 2294-2295, 2294f
Preseptal cellulitis, 1110
Preservation, wilderness, 2523
Pressure

in air medical transport, 1312-1313
in spacelight environment, 2597-2598

Pressure bandage, 1057
Pressure immobilization, for snakebite, 742, 

742f, 816-817
Pressure monitoring, in regional anesthesia, 

1095, 1096f
Pressure patch, for corneal abrasion, 1115
Pressure-volume curve, for intracranial 

pressure, 385f
Presumed consent, 2264-2265
Presumptive self-treatment, of malaria, 

919-922, 920t, 924t
Presynaptic phospholipase A2 neurotoxins, 

770
Pretravel preparation

medical, 1808-1809
for pain management, 1091, 1091b

Pretrip evaluation
form, for wilderness travel, 2302
for trip participants, 2274

Prevalence, of nonfreezing cold-induced 
injuries, 223

Prevention
of dental emergencies, 1145
of heat-related illness, in jungle travel, 1366
of hostage situations, 1379
of injury. see Injury prevention
in Native American healing, 2435
of plant-induced, allergic contact dermatitis, 

1426-1427
of scorpion envenomation, 1032
of tick-borne diseases, 992-993, 993f
in travel, essential oil for, 1526
of traveler’s diarrhea, 1865-1866

Prevention of malaria, 912-919, 913t
chemoprophylaxis, 913-918, 914t-917t

for infants, children, and adolescents, 
915t-916t, 918

medications during, 917t, 919
during pregnancy, 919
while breastfeeding, 919

counseling, 912-913

medications acquired overseas, 919, 
920f-924f

personal protective measures in, 913, 913t
Preventive decision making, in technical 

rescue, 1245-1247
Preventive measures, preparedness and, in 

hymenopteran venom, 945, 945f
Prewrap, for taping, 518, 518f
PRICE: Protection, Rest, Ice, Compression, 

and Elevation, for pain management, 
1083

Prickly pear cactus, 1414, 1415f
Prickly pear fruit, 1388f
Primaquine, 915t-916t, 918
Primary amebic meningoencephalitis, 1792
Primary blast injury, 584-585, 585f
Primary care, support for, following natural 

disaster, 1878-1879
Primary mission, in air medical transport, 

1299
Primary producers, in ocean, 2569
Primary productivity, marine, 2567-2569, 

2568f
Primary survey

airway, 379
breathing and ventilation, 379
circulation, 380
disability and neurologic assessment, 380
exposure and environmental control, 380

Primary teeth, injuries to, 1134
Primates, attacks by, 632-633, 632f
Primrose, 1429, 1429f
Prion protein, 728
Priorities

establishing, in wilderness trauma 
emergencies, 378-379

in wilderness rescuers, 1251
Priority-in-care dilemmas, 2268-2269

direct life-threatening situations for the 
health care provider, 2269

issues of survival, 2269
triage choices, 2268-2269

Probability of Survival Decision Aid, 185-186
Probe

for avalanche rescue, 53
construction and frequency, 2376, 2377t

Probing
after transceiver search, 59, 59f
organized, search technique, 60-61, 61f

Problem anticipation, for injury prevention, 
598, 605-606

Problem-based learning, in educational 
techniques, 2447, 2448b

Prochlorperazine, 2630
Procoagulant enzymes, 780-781
Professional characteristics, of aid worker, 

1900-1902, 1900f-1901f
Professional indemnity insurance, 1839-1840
Professional rescue, in avalanche, 59-61
Professional societies, in wilderness medicine, 

2467, 2467b
Professionalization, of disaster response,  

1883
Program development, in RHA, 1897-1898, 

1898f, 1898t
Prolonged care, in technical rescue 

operations, 1253-1254, 1254f
Promethazine, 2630

for seasickness, 1566-1567
Promoter, 2502-2504, 2503b
Propagation saw test, 53
Propellants, in spacelight environment, 

2600-2601, 2600f
Prophylactic antibiotics, for animal bites,  

626
Prophylactic appendectomies, in spacelight, 

2617

Predictability (Continued) Prevention of malaria (Continued)
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antibiotic, 1130b-1131b
for injury prevention, 605
malaria, 2102t, 2105-2107
for plague, 710-711
for Raynaud’s phenomenon, 1189
tetanus. see Tetanus prophylaxis
for traveler’s diarrhea, 1865-1866, 1866t

Proprioceptive neuromuscular facilitation, 2200
Prostatitis, 400
Prosthetics

discomfort caused by, 2170
for persons with amputations, 2169-2170
preparation before trip, 2170, 2170f
in wilderness setting, 490-491, 491f

Protection, in pain management, 1083
Protection authorities, ire, for wildland ire 

rescue, 316
Protective clothing, 1037b
Protective ire shelters, used by wildland 

ireighters, 309-310, 310b, 310f
Protective gear

in abandon-ship bag for ocean passage, 
1578b

avalanche-speciic, 602-603, 603f
body armor, 602
clothing, 601
foot and hand wear, 601-602
goggles, 602
helmets, 602, 602f
for injury prevention, 600-603
mouth guards, 602

Protective headgear, for bull riders, 844, 844f
“Protective level,” in rabies, 668
Protective measures, in prevention of malaria, 

913, 913t
Protein

and maintenance of lean body mass and 
performance, 1970-1971

and maintenance of muscle mass, 
1972-1973, 1972f-1973f, 1972t-1973t

tailoring, to different environments, 1968
Protein drinks, 2208
Protein synthesis inhibition, by phytotoxins, 

1454-1455
Protein-energy malnutrition, 1977
Proteome, 2500-2501, 2503b

hierarchy of, 2501f
Prothrombin time, 268-269
Protists, extinction rate per millennium of, 

2538f
Protolith, 2586, 2586f
Proton pump inhibitors, for abdominal pain, 

2296
Protoplasmic poisons in mushrooms, 

1483-1489
amatoxins, 1485-1489
Gyromitra toxin, 1483-1484
renal toxicity, 1484-1485

Protoscolicidal agent, and reaspiration, 724
Prototheca dermatitis, 1746-1747, 1747f
Prototheca spp., 1746
Protozoa

enteropathogenic, 1860t
intestinal, 1868-1874
waterborne, 1986b, 1988-1989

Protozoan infections, 1855-1857
African trypanosomiasis, 1855-1856
leishmaniasis, 1856-1857, 1856f
South American trypanosomiasis (Chagas’ 

disease), 1856
Provider shortages, in wilderness systems, 

1210-1211
Proximal anchor, 1073, 1073f
Proximal humerus fracture, 467-468, 468f
Pruning saws, 1347, 1347f
Pruritus, from mosquito bites, 872
Prusik hitch, 1399, 2372, 2372f

Prusik knot, 1072, 1072f
Prusik loops, 1399
Prusik-minding pulley, 1261, 1261f
Prusiks, 1259-1260
Psathyrella candolleana, 1482f
Pseudobalistes lavimarginatus triggerish, bite 

from, 1676f
Pseudoephedrine, 1507, 2630
Pseudomonas aeruginosa, 1750f-1751f
Pseudophytodermatitis, 1433, 1433b
Pseudophytophotodermatitis, 1433
Pseudoseizure, 1160
Pseudotumor, orbital, 1110-1111
Psilocin, 1481b, 1481t
Psilocybe caerulipes, 1482f
Psilocybin, 1443f, 1481b, 1481t
Psychiatric and behavioral health, in 

spacelight, 2609-2611, 2610f
Psychiatric consequences of animal attacks, 

627
Psychiatric presentations, of hypothermia, 143
Psychological aspects, of survival, in 

wilderness, 1353-1354
Psychological challenges, persons with, 

2175-2176, 2176t
Psychological diseases, in Native American 

healing, 2431-2432, 2431f
Psychological dysfunction, from lightning 

injury, 101-102
Psychological irst-aid action principles, 

following natural disaster, 1878f
Psychological trauma, 591
Psychology of survival

in jungle, 1378
in wilderness, 1177

Psychoneuroimmunology, in Antarctic, 245
Psychosocial diseases, in Native American 

healing, 2431-2432, 2431f
Psychosocial health problems

in Antarctic, 245
in Arctic, 245

Psychotic disorders, 1172
Psyllium, for diarrhea, 1522
Psyllium seeds, as laxative, 1515
Ptosis

after beaked sea snake bite, 796f
after death adder bite, 795f
after snakebite, 784f
from American coral snake bite, 796f
from king cobra bite, 793f
by Viperidae, 796f

PTSD assistance dogs, 2181
Public health

in loods, 1943
surveillance of, 1894
tsunami and, 1929, 1930f

Public perceptions, values and, of wilderness, 
2521-2522, 2522t

PUBMED, for wilderness medicine providers, 
2481, 2482f-2483f

Puff adder, 763f, 801-803, 804f-805f
Puffball mushrooms, 1466f
Puffer ish, 1772
Pull-ups, 2195
Pulleys

used in SAR, 1238-1239, 1238f
for whitewater rescue, 1399

Pullover, for jungle travel, 1362
Pulmonary barotrauma, 1598-1600, 1599f, 

1603, 1626
Pulmonary circulation, at high altitude, 5
Pulmonary decompression sickness, 1608
Pulmonary disorders, diving and, 1615
Pulmonary edema

complication of P. falciparum, 904
high-altitude. see High-altitude pulmonary 

edema
immersion, diving and, 1612

submersion -related, 1543f
swimming-induced, 1535
ultrasound for, 2381-2382

Pulmonary embolism, 2128
Pulmonary hypertension, 33

in children, 2113
role, in high-altitude pulmonary edema, 

22-23
symptomatic high-altitude, 26

Pulmonary injuries, in lightning victim, 95
Pulmonary irritants, 831, 831f
Pulmonary melioidosis, 704, 704f
Pulmonary mycotoxosis, 833
Pulmonary overpressure accident, 1602t
Pulmonary oxygen toxicity, 1625, 2306

diving and, 1605
Pulmonary system

drowning and, 1543, 1543f
submersion and, 1534-1535, 1536f

Pulpitis, 1135
Pulse oximetry, 413
Pulses

of dogs, 845
improvised measurement of, in adults and 

children, 1046, 1047f
Punctate burns, 97, 98f
Puncture wound

from animal bites, 625
stingrays, 1724f-1725f, 1728f
stoneish, 1733f

Punctures, 441
of sea urchins, 1710f-1712f
spine, of crown-of-thorns starish, 1706f

Puriication, 1991-1992
Puriied chick embryo vaccine, 668
Puriied protein derivative skin test, 1817
Purine, 1437f
Push-ups, 2195
Puss caterpillar, 946-947, 946f
Pycnocline, 2561
Pygmy rattlesnake, western, 733f
Pyrethroid pesticides, injury from, 837-838
Pyridine and piperidine alkaloids, 1437f, 

1440-1442, 1440f
Pyroclastic lows

and surges, 364-365, 366f-367f
volcanic eruptions, 1931

Pyrogenic reactions, of antivenom, 823
Pyrrolizidine alkaloids, 1455
Pythiosis, human, 1747-1748
Pythium insidiosum, 1748f
Pythons

Burmese, 2539, 2539f
injuries caused by, 752

Q

Q fever, 988
Quality, of ropes, 2365
Quality assurance, in National Park Service, 

2493-2494
Quality control, for herbal medicines, 1503-1504
Quantitative trait loci, 2503b
Quarantine, 1960-1961
Quaternary blast injury, 585
Queen Saovabha Memorial Institute, 654
Queensland tick typhus, 988
Questions, in MedWAR, 2474-2475
“Quick stop” recovery maneuver, for man 

overboard recovery, 1556
Quicksand, 1372

in desert, 1387
Quigley maneuver, 458, 460f
QuikClot, 443
Quinary blast injury, 586
Quinoline, 1437f

Pulmonary edema (Continued)



I-55

I
N

D
E

X
Quinolizidine, 1442f
Quokkas, attacks by, 637

R

Rabbitish, 1728f
Rabbits

attacks by, 642
as food, 2056-2057, 2056f

Rabies, 645-673
for animal bites, 625-626
in attacking animals, 661-662
in bats, 649-650, 654f
in bear-induced injuries, 686
burden of disease, 646-647
in children, 670-671
considerations for travelers, 670-671
current developments, 672-673
current status of, 645-646
dog, 855
in domestic animals, 650, 651t
eradication in wild animals, 672
human, 657-662
incidence in humans, 647-648, 647f, 

647t-649t
laboratory test for, 673
large animals, 868
lyssaviruses in, 646, 646t, 671-672, 672t
medical care in, 671
as neglected global public health crisis, 673
in other countries, 653-657

epidemiology of, 653-655, 656f
sources of human infection, 655-657

preexposure vaccination for, 668-669
prophylaxis for

postexposure, 663-668, 663f, 664t
preexposure, 662-663, 662t

replacements for rabies immune globulin, 
673

risk factors associated with disease 
transmission in, 661

sources of human infection, 650-653, 655t
subclinical, 660
therapy for, 662-670

in developing countries, 669-670
undiagnosed, 660-661
in United States, 647-653, 647f, 647t-649t, 

650f-654f, 651t, 655t, 656f
vaccination, for cavers, 1411
vaccine for, 1817

development of, 673
virus, 646-647
in wild terrestrial animals, 648-649, 650f-653f

Rabies immune globulin, 1817
Rabies matrix protein, 646, 673
Rabies Vaccine Absorbed, 668
Raccoons, attacks by, 637
Race, as risk factor for drowning and 

submersion injuries, 1532
Racemose cysticercosis, 720
Races, adventure races, 2209

emergency response in, 2214, 2214t
injuries and illnesses during, 2216-2217, 

2216t
Radar, to avoid collisions with other vessels, 

1563, 1563f
Radar data, access and interpret, 2358, 

2358f-2359f
Radial head fracture, 469-470
Radial keratotomy, and high altitude, 

1122-1123
Radial nerve, 468f

palsy, 1162
ultrasound-guided forearm blocks of, 1103, 

1103f
Radial pulse, and trauma prognosis, 1046
Radiant heat, 290

Radiation, 2596
in environment, of spacelight, 2602-2603, 

2602f
health effects, 2602-2603
monitoring and risk reduction in, 2603

of heat exchange, 249
from sun, exposure to, 335-353

Radiation balance, 2350
Radiation fog, 2354
Radiative heat exchange, 124
Radio-electrocardiogram, 2314, 2315f
Radio procedure, 1837b
Radioallergosorbent testing, for allergic 

rhinitis, 1494
Radiograph, for gunshot wounds, 558, 559f
Radiographic examination, for lightning 

victims, 103
Radius fracture, 471, 472f
Radula, of Conus, 1716f
Rafting, 1390, 1390f

by persons with disabilities, 2177
Rafts

balsa, 1374, 1374f
life, 1577-1581

Ragweed, 1427-1428, 1427f
Rain, 48

injury prevention and, 608-609
Rain gear, 1332
Rainfall, in forest, 2574
Rainfall events, tropical cyclones and, 1937
Rainwater, 2049, 2049f
Ramaria (Clavaria) formosa, 1469, 1473f
Ranch medicine, 828-844

emergency medical services activation, 
829-830

emergency medical services and triage, 
829-830

epidemiology of agricultural disease and 
injury, 828-829

farm equipment, 834-836
farm supplies, 836-838
history and perspective, 828, 829f
identiication and understanding of illness 

and injury, 829
local medical care and regional tertiary 

care centers, 829
pediatric injuries, 829
unique injuries and medical management, 

830-834
Rancho Penasquitos, wildire, 316f
Randkluft, 1249
Range, of aircraft, for medical transport, 1300
Ranunculaceae family, 1418, 1419f, 1419t
Raphides, 1418
Rapid epidemiologic assessment, in disasters 

and crises, 1894
Rapid four-step cricothyrotomy, 418, 418f
Rapid-onset hazards, 1921-1922
Rapid sequence oral intubation, 410-412, 410t

end-tidal carbon dioxide detection, 413
paralysis with induction, 411
placement of laryngoscope, 412
preoxygenation, 410-411
preparation of, 410
pretreatment of, 411

Rappel line, 2367
Rash

in children, 2111
Lomatium and, 1517
of Lyme disease, 975, 975f
skin, from bristleworm, 1714f
vasculitic, 986f

Rat-bite fever, 642, 705-706
epidemiology of, 705
spirillar type, 706
streptobacillary type, 705-706

Ratish, 1728f
Rats, attacks by, 642

Rattlesnakes, 1388f
bites, 739, 739t, 740f
canebrake, 732f
caudal rattle of, 736, 736f-737f
eastern diamondback, 731f
high-altitude, 775f
Latin American, 814f
mohave, 732f
northern Paciic, 732f
prairie, 732f
South American, 764f
southern Paciic, 732f
timber, 732f
tropical, 733f, 814f
western diamondback, 731f
western pygmy, 733f

Rattus norvegicus, 706f
Raw materials, biologic, loss of, 2540, 2540f
Raynaud’s phenomenon, 232-233, 1188-1189, 

1188f
Rays, electric, 1677-1678
“Reach, throw, row, go,” postimmersion 

actions, 1548, 1549f
Reach safe haven, from ire, 312
Reading, prior to jungle travel, 1359
Real-time telemedicine, 2316
Rebreather diving, 1587-1589
RECCO, 61, 62f
Rechargeable batteries, for head lamps, 2412
Recluse spiders, brown, 1004-1008

hyperbaric oxygen therapy for, 1635
Recommended dietary allowance, 1965-1966
Recompression chambers, portable, 1622
Recording, in Native American healing, 2435
Records, medical, 1839

record keeping in wilderness medicine, 
2260-2261

Recovery, of crew overboard, 1554-1557
Recovery position, 405, 405f
Recreational activities. see also speciic 

activities
cold water and, 163
high-performance ventures and, 2151t

Recreational diving, medical clearance for, 
1614t

Recreational paddlers, 1392f
Rectal temperature, 123

cooling rates, in cold water immersion, 
175f

exercise and, in cold water immersion,  
180f

medical management and, in cold water 
immersion, 194

subcutaneous fat thickness and, in cold 
water immersion, 176f

and water temperature, 173f
Rectangular sleeping bag, 2424b
“Rectify Bones Liquid”, 1521
Red eye, acute, 1113-1119, 1113b, 1114f
Red man syndrome, urticaria and, 1497
Red-necked keelback, 787f
Red pepper, 1524
Red rocket parachute lares, 1572
“Red scorpion”, 1022f
Red seaweed poisoning, 1791
Red tide dermatitis, 1744f
Reduction

of dislocation
hip, 477f
sternoclavicular joint, 465f
TMJ, 421f

of displaced tooth, 1134
of fracture

dislocation, 460f
distal radius, 472f
principles of, 458
treatment without radiographs, 1064

shoulder, 1396
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1774b

Reef shark
blacktip, 1648f
Caribbean, 1644f
grey, 1647f, 1649f
silvertip, 1654f
whitetip, 1654f

Reeves Sleeve, 1291, 1291f
Refeeding syndrome, 1981b, 1982t
Reference genome, 2504
Reference manual-51 (RM-51), protocols of, 

for Parkmedics, 2491-2492, 2491b, 2493b
Reference material, medical, 2293-2294
Referred pain

Kehr’s sign, 394
odontogenic, 1136

Relex
diving, 1146, 1537
gag relex method, for reduction of TMJ 

dislocation, 422
Refractive changes

at altitude, after refractive surgery, 
1122-1123

as complication of hyperbaric oxygen 
therapy, 1625

Refractive correction, underwater, 1125
Refractive error surgery patients, 38
Refractive surgery

and diving, 1125
refractive changes at altitude after, 

1122-1123
Refractory osteomyelitis, hyperbaric oxygen 

therapy for, 1632-1633, 1633f
Refresher courses, for NREMT recertiication, 

2494
Refuge

from irestorm, 302f
by wildland ireighter, 306-309

Regional anesthesia
anatomy for, 1094
by area of injury, 1095-1098, 1096b
beneits of, 1091-1092
ultrasound guidance and, 1094, 1095f
for wilderness pain management, 1089, 

1089b, 1089f, 1089t
practical guide to, 1091-1098

Regional Specialized Meteorological Centers, 
2356, 2357f

Regulated hypothermia, 251
Regulators, for oxygen administration, 2307, 

2308f
Rehabilitation, burn injury, 330-331
Reimbursement, in wilderness systems, 1211
Relapsing fever, tick-borne, 980-982, 981t
Release, of hostages, 1380
Relocation

for extremity trauma, 452
for shoulder dislocation, 1396, 1396f-1397f

Remeasure, after manipulating fracture, 1064
Remote monitoring, 2316, 2316t
Remote wilderness travel, during pregnancy, 

2141
Removal of attached ticks, 992-993
Renal colic, 399-400
Renal dysfunction, due to snake envenoming, 

816
Renal histopathologic changes, in snakebite 

victims, 786b
Renal impairment, complication of P. 

falciparum, 904, 904f
Renal system

accidental hypothermia and, 139-140
of drowning patient, in-hospital treatment 

for, 1544
Renal toxins

mushroom-derived, 1484-1485, 1485b
plant-derived, 1435t-1436t, 1455-1456

Renewable energy, 2552
Repair, of clothing, 2406
Repair materials, emergency equipment for, 

2410b
Repellents

alternative, 1042
against blood-feeding arthropods, 

1037-1042
insect, for jungle travel, 1364

Reporting
in RHA, 1897
of West Nile virus, 884
of wildland ire, to authorities, 316

Reproductive care, in wilderness, 2296
Reproductive hormone status, body 

temperature and, 132
Reproductive issues, in spacelight, 2614
Reproductive toxins, 1459, 1459t
Reptiles, 729-760

attacks by, 639
bites by, 760-828
dangerous, 760

large, 827-828
as food, 2060, 2060f
tropical, 1370
venomous lizards, 758-760
venomous snakes, 729-757, 760-761

Rescue, 1244. see also Search and rescue
attempts, external inluences on, 1250
canyon, 1273-1278
cave. see Cave rescue
cold water

problems with, 166b
self-rescue, 189-190, 189f

companion, 1255
decision to swim or wait for, 185,  

185b
hazards in wilderness travel and, 1247
helicopter, 1268-1273
from hostage situations, 1380
litters, 1286
mountain, ixed-wing aircraft in, 1268, 

1268f
from open water, 191-192, 191b, 191f
organized. see Organized rescue
patient care in wilderness and technical 

environments, 1251-1255
planning for, 1251
at sea

life in raft, 1579-1581
of sick and injured, 1581

size-up, 1280, 1280b
technical. see Technical rescue
by trained personnel, 190-191, 190f
by untrained-bystander, 190
water, of unconscious patient, 1275f
whitewater, 1399-1401

equipment in, 1399
rapidly deployed rescue techniques in, 

1399-1400
rescuing a pinned boat, 1401
tagline rescue, 1400, 1400f
wading and strong swimmer rescues, 

1399f, 1400
Rescue breathing, 1050-1052, 1051f, 1153
Rescue coordination centers, in U.S.

Air Force RCC, 1219-1220
Civil Air Patrol, 1221-1222, 1222f
Coast Guard Auxiliary, 1222
Coast Guard RCCs, 1220-1221
Federal Aviation Administration, 1221

Rescue knives, 2414
Rescue missions, 1220
Rescue sled, ultralite, 1292, 1292f
Research

biomedical, 1841
gender-based, 2117
in lightning injury, 111-116, 113b

medical, model for, loss of, 2540-2541, 
2541f

in Native American healing, 2437-2438, 
2437f-2438f

in polar regions, 236
Reserpine, for frostbite injury, 212
Residency, in teaching, for wilderness 

medicine, 2469-2470, 2470b-2471b
Residual halogen concentration, in water 

disinfection, 1992
Resins

as cardiotoxins, 1436
in convulsant plants, 1445-1447
as gastrointestinal irritants, 1453
iodine, 2004-2005

Resistance, 85
parasite, to antimalarials, 891, 896f

Resources
internet, for air medical services, 1326, 

1326t
limited, as standard-of-care dilemma,  

2267
malaria, 934-935, 935t
of SAR event, 1228-1229
for travel medicine information, 1826
on wilderness emergencies, 2301

Respirations, of dogs, 851
Respiratory arrest, drowning patient in, 

1539-1541
Respiratory diseases

asthma, 32
chronic obstructive pulmonary disease, 

30-33
cystic ibrosis, 32-33
interstitial lung disease, 32
pulmonary hypertension, 33
sleep-disordered breathing, 33, 33f

Respiratory distress, due to snake 
envenoming, 819

Respiratory effects, of scorpion 
envenomation, 1027

Respiratory quotient, 141
Respiratory responses, to cold water 

immersion, 169f
Respiratory status, during pregnancy,  

2133
Respiratory system

accidental hypothermia and, 139
of children, 2088-2089
infections, in children, 2109-2110
of large animals, 865
medications for, in wilderness travel, 

2279t-2287t
Responder self-care, 1884, 1884t
Rest

and ice, compression, elevation, 463
in pain management, 1083

Resting heart rate, age-speciic, 2089t
Restraint

large-animal, 859, 859f
manual, of dogs, 846, 848f

Resuscitation
of burn injury victim, 327-328
for cardiac arrest, 1153, 1153t
cardiopulmonary. see Cardiopulmonary 

resuscitation
complications, 160-161
damage control, 382-383
luid

accidental hypothermia and, 149
in trauma emergencies, 380-381

neonatal, 2147
of patient in technical environments, 1252
of patients with severe envenoming, 819
pharmacology, 159-160
requirements for, 148b
termination of

Research (Continued)
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in drowning patient, 1541, 1545-1546
in wilderness emergency medical 

services, 1208
Resuscitation mask, 2308-2309, 2309f
Resveratrol, 351
Retained unexploded ordnance, 593
Reticuloendothelial system, 255
Retinal detachment, 1112b
Retinal disease, 37
Retinal hemorrhage, high-altitude, 1120-1121, 

1120f-1121f
Retinopathy

dysbaric, decompression sickness and,  
1609

solar, 1120
Retrace igure-8 on a bight, 2368-2369, 2370f
Retractor, improvised, 1056f
Retrobulbar hemorrhage, 1111, 1112f
Retrochiasmal defects, 1127
Returning from a mission, 1914
Reuse, of medical supplies and equipment, 

1056-1057
Reverse culture shock, 1914
Reverse osmosis, in water disinfection, 1992, 

1997
Reverse sinus or ear barotrauma, 1598
Reverse squeeze, 1598
Rewarming

arteriovenous anastomoses, 196
body-to-body, 195
of cold-water immersion victim, 194-196
effectiveness, 197f
of nonfreezing cold-induced injuries, 230

Rhabdomyolysis
and crush injuries, 396-397
due to snake envenoming, 816
EHS and, 260-261

Rheumatologic disease, of Lyme disease, 
976-977

Rhinoceros, attacks by, 635
Rhinoceros-horned viper, 805f
Rhinosinusitis, chronic, 1494
Rhizostome medusa, 1685f
Rhododendron, 1451
Rhus, 1521
Rib fractures, 391
RICE principle, 463
Ricin, 1437f, 1454
Ricin poisoning, 1454
Rickettsial diseases, tick-borne

Rocky Mountain spotted fever, 985-987
spotted fever group rickettsial diseases, 

984-988, 985t
Rider fatigue, 2244
Rifaximin, for traveler’s diarrhea, 1823
Rile cartridges, 553
Rig-on-the-rope, for canyon rescue, 1275
Right lower quadrant, ultrasonography of, 

2391, 2391f-2392f
Right upper quadrant

FAST in, 2377, 2377f-2378f
ultrasonography of, 2390-2391, 2390f-

2391f
Rigid splints, 498f, 500-502, 501f

cardboard, 500-502, 501f-502f
improvised, 1066, 1068f-1069f
vacuum, 497, 499f-500f, 502, 502f

Rimire ammunition, in irearms, 553
Ring bend, 2372, 2372f
Ring of Fire, 359, 359f
Ring removal, 1057-1058, 1058f
Ringhals, South African, 826f
Rip, ocean surf problem, 1241, 1241f
Risk assessment

malaria, 1818-1819
for organized rescue, 1250
pretravel, for pregnant travelers, 2132b

and safety, in canyon medicine, 2229-2230, 
2230f-2231f

travel health, 1808-1809
Risk factors

awareness of host, 272-273
for heatstroke, 254-256
of scorpion envenomation, 1017-1027
for “traveler’s thrombosis”, 1194b
for vulvovaginal candidiasis, 2129

Risk management, expedition, of expedition 
medical oficer, 1833-1835, 1833b

Risk modiication, in injury prevention, 597
Risk reduction

for cyclones, 1940
for desertiication, 1953-1954
disaster, 1920-1921
for drought, 1945-1946
in earthquake, 1927
in environmental pollution, 1949
in loods, 1944
in hostage situations, 1959
in kidnapping, 1959
of landslides, 1935
for situations in which there are armed 

combatants, 1956-1957
in technical rescue, 1245-1246
in terrorist attack when traveling to 

high-risk areas, 1959b
for tornadoes, 1941
in tsunami, 1930
for volcanic eruptions, 1933
from volcanic hazards, 374-376
women’s group for, 1940f

Risks
health, in jungle travel, 1366
of wilderness travel, 1244

Rivaroxaban, 2630
River

hazards in, 1392-1395
signals, universal, 1402, 1402f-1403f

River dificulty, scale, 1392b
River loods, 1942, 1942f
River knives, 2414
River otters, attacks by, 640-641, 641f
River sports, by persons with disabilities, 

2177
Riverain hazards, 1372
RNA-seq, 2503b
Roadblocks, informal, 1958
Roamer scale, 2333-2334
Roasting, cooking method, 2085, 2086f
Robin, 1454
Rochalimaea, 695
Rock-climbing clothing, 2406, 2407f
Rock column, for Grand Canyon, 2594f
Rockfall, rescue operations and, 1248
Rocks

dating of, 2588
undercuts, 1393, 1394f

Rocky Mountain spotted fever, 855,  
985-987

Rocuronium, 2630
Rodents

bites from, 642-643
as food, 2057, 2057f

Rodeo Catastrophic Injury Registry, 839
Rodeo medicine, 828-844

body region, injury by, 839-844
Catastrophic Injury Registry, 839
concussion, 843-844, 844t
epidemiology of rodeo injury, 839
head injury, 843-844, 844t
health care providers and medical coverage 

in, 838-839
history and perspective, 838, 838f
injury incidence, 839
Justin Sportsmedicine Team, 838-839

latissimus dorsi muscles, in steer wrestling, 
840-842, 841t, 842f

pectoralis major ruptures, in steer wrestling, 
839-840, 840f

tendon rupture, distal biceps, 842-843, 842f
thumb amputation, 843
upper-body injuries, 839

RODS mnemonic, 410, 410b
Rogaining, 2347
Rogozov, Leonid, 248f
Role-1 care, in military medical echelons of 

care, 583
Role-2 care, in military medical echelons of 

care, 583
Role-3 care, in military medical echelons of 

care, 583-584, 584f
Role-4 care, in military medical echelons of 

care, 584
Role-play training, in educational techniques, 

2448-2449, 2448f-2449f
Rollover crash, in all-terrain vehicles, 

2250-2251, 2250f
Rooibos, 1523
Rooster injuries, 645
Root fracture, 1132
Rope litter, 1081, 1283-1284
Ropes

for cave rescue, 1408
knot tying and, 2361-2375
life safety. see Life safety ropes
for life safety, 2364, 2364t

construction of, 2365-2366
for rescue, general principles, 1265
selection considerations in, 2362-2363

fall factors, 2362, 2362f
rope diameter, 2362
rope strength, 2362
safety factors, 2363
service life, 2363

terminology in, 2361-2362
throw ropes, in whitewater sports, 1399
for use in rescue anchors, 1256-1258
used in SAR, 1234-1235, 1235f

Rose bush, 1415f
Ross River virus, 886-887
Rotary downwash, 279f
Round turn with two half hitches, 2373, 2373f
Rounds, 42
Route inding, in avalanche terrain, 50, 51f
Rozites caperata, 1475f
Rucksack carry, 1281, 1282f
Rucksack stretcher, 1265, 1265f
“Rule of nines”, 322-323, 322f
Rules of behavior, in hostage situations, 1379
Running

healthier spine positioning for, 2202
of knots, 2367, 2367f

Running spiders, 1011-1012, 1012f
Runout, SAR and, 1241, 1241f
Runout zone, of avalanche, 45, 47f
Runways, in air medical transport, 1300
Ruptured globe, occult, 1114, 1114f
Ruptured tendons

distal biceps, 842-843, 842f
latissimus dorsi muscles, 840-842, 841t, 

842f
pectoralis major ruptures, 839-840, 840f

Rural emergency medical services, 
intersection of, and wilderness 
emergency medical services, 1212

Russell’s viper, 764f
envenoming, 806-809, 807f-808f
in India, 807
in Myanmar, 808-809
in Sri Lanka, 807
in Thailand, 809

Russula emetica, 1469, 1473f

Resuscitation (Continued) Risk assessment (Continued) Rodeo medicine (Continued)
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Rutschblock test, 52

S

Sac spiders
Cheiracanthium, 1011-1012
Corinnids, 1012

Safe Sea, jellyish sting and, 1690
Safety

in aviation, 1311-1312
factors, in technical rescue, 1264-1265
on ground, for helicopter rescue, 1270
lantern, 2413, 2413b
personal safety

in cave rescue, 1406-1407
for women, 2131

steps in helicopter, 1324b
in travelling

irst 2 years, 2090-2091
2 to 4 years, 2092
school age children, 2094

water, recommendations for, 1547b
in wilderness medicine, 2263-2264

Safety at sea, 1550-1583
Automated Merchant Vessel Reporting 

program, 1581-1582
crew overboard, 1554-1557

recovery of, 1554-1557
remaining aboard, 1554, 1554f

decision to abandon ship, 1577-1578
emergencies, 1557-1564

collisions with other vessels, 1562-1564
ighting ires, 1558-1559, 1559b
ire, 1557-1558
looding, 1559-1562

emergency communications and distress 
signals for, 1571-1572

health maintenance and, 1564-1567
helicopter evacuation, 1582-1583
how to abandon ship, 1578-1579
life in raft, 1579-1581
life raft classiications, 1578
marine weather, 1567-1570
personal safety gear, 1551-1554

immersion suits, 1553
life jackets, 1551-1553
safety harnesses, 1553-1554

recreational boating accidents and, 1550-1551
rescue and evacuation of sick and injured, 

1581
sea conditions and breaking seas, 

1570-1571
Safety equipment, for prevention of 

drowning, 1548
Safety harnesses, for survival at sea, 1553-1554
Safety lights, waterproof, at sea, 1573
Safety matches, 1339, 1339f-1340f
Safety pins, 1077, 1077b

for holding tongue out, 1050f
Safety zones

burn out safety area, 304-305
LCES safety system and, 305, 305t
in wildland ire, 304-305

Safir-Simpson potential hurricane damage 
scale, 1937b

Safir-Simpson scale, of tropical cyclones, 
2352, 2352t

Sage, toxic essential oil from, 1460t
Sager traction splint, 505, 507f
Sahara horned viper, 807f
Sailish, 1670
Salicin, 2435
Salicylates, in sunscreens, 344
Salicylic acid therapy, for plantar warts, 

548-549
Saline locks, 1049, 1049f

Salinity
of ocean, 2560
of seawater, 2560t

Salmeterol, 11t
Salmon ly, as food, 2059f
Salmonella, enteropathogenic, 1867
Salons, tanning, 351
Salter-Harris pediatric fracture classiication, 

472f, 2089f
Salticidae, spiders, 1010
SAM (structural aluminum malleable) splint, 

495f-496f, 496, 502-503, 503f
Sampling methods, RHA, 1896
Samsum ant, 941
San Pedro cactus, 1444
Sand lies, 955, 1034f, 1035
Sand mining, in hydraulic fracturing, 2556
Sand tiger shark, 1648f
Sandbag splints, 1066
Sandstorm, 1388f
Sanitation

in humanitarian crises, 1892
kitchen and food, 2012
in wilderness survival, 1352-1353

Saponin glycosides, 1453-1454
Sarafotoxins, 770
Sarcocystis, 1874
Sargassum algae, 1744
SARSAT, 1215-1217, 1215b
Satellite emergency notiication devices 

(SENDs), 1577
Satellite internet, 2328
Satellite messaging devices, 2327-2328,  

2327f
Satellite navigation systems, 2330
Satellite phones, 600, 601f, 2214, 2325, 2326f

at sea, 1574
Satellite Wi-Fi, 2328-2329
Saturation diving, 1590-1591
Saudi Arabia, scorpion envenomation in, 

1021-1022
Savannah forests, 2575, 2576f
Saw grass, 1362f, 1371
Saw-scaled vipers, 803f

envenoming, 801, 804f, 805-806
Sawishes, 1676
Saws

for backcountry, 2415
for ire building, 1346-1347, 1347f

Sawyer bucket ilter, 2013t-2026t, 2024f
Sawyer water treatment system, 2022f
Saxitoxin, 1773
Scabies, 963-967, 964f

clinical aspects, 964-965, 964f-965f
life cycle of, 963-964, 964f
treatment and prevention of, 965
zoonotic, 965-966

Scald burns, 320, 320f
Scalp

bandaging, 528, 532f
tenderness, headache with, 1157
wounds, 447-448, 448f

from animal bites, 625
improvised closure, 1055-1056, 1056f

Scalpels, improvised, 1056, 1056f
Scaphoid fracture, 473f
Scapular fracture, 464, 464f
Scenario-based training, in educational 

techniques, 2448-2449, 2448f-2449f
Scenarios, in MedWAR, 2477-2478, 2478f
Scene missions, in air medical transport,  

1299
Scene safety, in natural disaster, 1878
Schistosome cercarial dermatitis, 1760-1762, 

1761f
Schistosomiasis, 1761f, 1857f, 2120
Schizoid personality disorders, 1173
Schizophrenia, 1172

Sciatic nerve
cooling, 225f
lesions of, 1162-1163

Scientiic oceanography, 2558
Scleritis, 1117, 1118f
Scleroderma cepa, 1469, 1474f
Scoliosis, 486f
Scombroid poisoning, 1160, 1769-1772

clinical presentation of, 1772
mimicking IgE-mediated seafood allergy, 

1798
pathophysiology of, 1769-1772
prevention of, 1772-1774
treatment of, 1772

Scoop stretchers, 497, 499f
Scopolamine, 1437f, 1566-1567
Score orienteering, 2347
Scoria cones, 2585-2586
Scorpion envenomation, 1017-1032, 1018f

differential diagnosis of, 1029
pathophysiology and clinical effects of, 

1027-1029
prevention of, 1032
regional considerations

Asia, 1020-1023
Australia, 1023
North Africa, 1018-1020
North America, 1023-1027
South America, 1023
Southern Africa, 1020, 1020f

treatment of
antivenom, 1030-1031
antivenom administration 

recommendations, 1031-1032, 1031b
in austere environments, 1031
pharmacologic therapy, 1029-1030

Scorpionish, 1728-1734, 1730f-1732f
life and habits of, 1728-1729
treatment, for envenomation of, 1733-1734
venom and venom apparatus of, 1729-1731

Scorpions
biology of, 1017, 1018f-1019f
stinging, 1369
venom of, 1017

Screening
cardiovascular, for wilderness travel, 

1148-1151
medical, for expedition, 1832
medical liability and, 2256
for polar sojourners, 246
Posttravel, 1825-1826

Scrotum, acute, 400
Scuba diving, 1586-1587

accidents, as risk factor for drowning and 
submersion injuries, 1532-1533

asthma and, 1181
conditioning for, 2201-2202
by persons with disabilities, 2179-2180
safe, 1617

Scyphozoa, envenomation by, 1696-1703
Chironex, 1697-1702
Chrysaora, 1703
Irukandji jellyish, 1702-1703

Sea cucumbers
envenomation by, 1712-1713, 1712f
poisoning by, 1785

Sea hare poisoning, 1785
Sea kraits, envenoming, 793-794
Sea-land breeze circulation, 2353, 2354f
Sea lice. see Seabather’s eruption
Sea lions, 1669, 1669f

attacks by, 640
Sea mango, 1449
Sea nettles, envenomation by, 1703
Sea plants, 2083t-2084t
Sea snakes, 796f, 1740-1743

beaked, 776f
clinical aspects, envenomation of, 1742
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envenoming, 793-794, 797f
freshwater, 776f
life and habits of, 1740-1741, 1740f-1741f
treatment, envenomation of, 1742-1743
venom and venom apparatus of, 1741-

1742, 1742f
Sea surface temperature, worldwide, 165f
Sea turtle poisoning, 1791-1792, 1791b
Sea urchins, envenomation by, 1706-1712, 

1707f-1708f
Sea wasp, envenomation by, 1698f
Seabather’s eruption, 1695-1696, 1695f-1696f
Seacocks, 1560
Seafood

consumption of, in U. S., 1795t
most frequently consumed, 1795t
taxonomic relationships among, 1795t

Seafood allergies, 1794-1805
aftercare of, 1799-1800, 1800f
biologic classiication of seafood, 1794
clinical manifestations of, 1797
cross-reactivity of, 1803-1804

ish, 1803
shellish, 1804

diagnosis of, 1798-1799
differential diagnosis of, 1798
epidemiology of, 1794
future directions of, 1804-1805
immunologic mechanisms of, 1794-1797
management of, 1799
molecular biology of

crustacean allergens, 1801t, 1802
ish allergens, 1800-1802, 1801t
mollusk allergens, 1801t, 1802-1803

occupational, 1797-1798
Seafood toxidromes, 1766-1793, 1770t

amebic infections, 1792-1793
bacterial and viral pathogens in seafood, 

1785-1789
grass carp gallbladder poisoning, 1769-1774
ichthyosarcotoxism, 1768-1769
liver poisoning: hypervitaminosis A, 1792
marine algae that produce phytotoxins, 

1766-1767
occupational exposure, 1793
parasites in seafood, 1789-1790
poisoning by environmental contamination, 

1791
poisonings associated with algal blooms, 

1774-1785
red seaweed poisoning, 1791
scombroid poisoning, 1769-1772
sea turtle poisoning (chelonintoxication), 

1791-1792
speciic toxic syndromes, 1769-1774
tetrodotoxin poisoning, 1772-1774

Seal inger, 1669, 1758-1759, 1759f
Sealpox, 640
Seals, 1669

attacks by, 640, 640f
bull Guadalupe fur, 1651f

Seamount, 362
Search and rescue, 1213-1242, 1214b, 1214f

air medical responses for, 1321-1326,  
1322f

anatomy of SAR incident, 1239, 1239f
in canyoneering, 2237-2238

demographics of, 2237, 2237f
medical equipment for, 2233
rescue in, 2237-2238
team education, 2238
technical materials, 2236

helicopter, 1583t
medical interventions for, 1325, 1325f

international agreements in, 1214
international stages of SAR operations, 

1215, 1215b

in lesser-developed countries, 1323-1324, 
1324f

operations management of, 1214
operations of

access phase, 1232-1233
locate phase, 1226-1232
stabilization phase, 1233-1234
transport phase, 1234-1239, 1234f

organization of event
incident command system, 1224-1226, 

1225f
National Incident Management System, 

1224
SAR environments within wilderness 

setting, 1239-1242
in United States, 1217-1224
in wilderness management principles, 2523

Search and rescue region, 1218
Search and rescue teams

in National Park Service, 2496, 2496f
during wilderness and endurance events, 

2215, 2215f
Search and rescue transponders, 1563, 1573
Search engine, in evidence-based medicine, 

2481, 2483b
Search missions, 1220
Search tactics, 1226-1228
Search theory, 1230-1231
Searches

in caves, 1407
improvised, 1255-1256

“Seashore” sign, in normal thoracic 
ultrasound, 2381, 2381f

Seasickness
essential oil for, 1526
irst-aid kit of natural products for, 1523
health maintenance at sea and, 1565-1567

Seasonal affective disorder, in Antarctic, 
245-246

Seasonal precipitation forecasts, 2356
Seat belts, in air medical transport, 1311
Seaweed

in life raft, 1581
red, poisoning by, 1791

Second layer, of clothing, 1331
Secondary blast injury, 585, 586f
Secondary missile injury, by lightning, 89f
Secondary mission, in air medical transport, 

1299
Secondary peer-reviewed literature, in 

evidence-based medicine, 2483, 2483b
Secondary survey

adjuncts to, 380-381
history of, 380
injuries to head, face, and neck, 384-390

Second-degree frostbite, 200-201, 201f
Security

needs in humanitarian crises, 1893
for travelers, 1961
in wilderness medicine, 2263-2264

Sedating plants, 1445
Sedative, phytopharmaceuticals as, 1520t
Sedimentary cycle, 2587, 2587f
Sedimentary rocks, sedimentation and, 

dynamics of, 2586-2588, 2587f-2588f
Sedimentation, in water disinfection, 1994, 

1994b
Seedpods, mesquite, 1388f
Seeps and springs, 2046, 2047f
Seiche, 2564t
Seismic activity, in hydraulic fracturing,  

2556
Seismic waves

earthquake, 1923, 1925f
sea, 2564-2565, 2564t

Seismos, 1923
Seizure alert dogs, 2181

Seizures, 36
central nervous system oxygen toxicity and, 

1625
diving and, 1613
due to lightning, 96

Selective availability, 2330
Selective brain cooling, 121
Selective sweep, 2503b, 2509, 2509f
Self-contained breathing apparatus, 831
Self-diagnosis, malaria, 1821
Self-rescue, 1242-1278

in canyon, 1275-1276
decision making in, 1245-1247
deinition of, 1244
in freezing environment, 206, 206b
from open water or an ice hole, 189-190, 

189f
Self-treatment, presumptive, of malaria, 

919-922, 920t, 924t
Semiclosed-circuit rebreather, 1588
Seminars, for safety at sea, 1550, 1551f
Semistarvation, 1977
Semple vaccines, 666
Senegal, snakebite deaths, 777
Senna (Senokot), 2294
Sensitization

in allergic rhinitis, 1491, 1491f
phase, in contact dermatitis, 1425

Sensory challenges, persons with, 2173-2174
Sensory deicit assessment, 389b
Sepsis, 161

Vibrio vulniicus, 1640f
Septicemia, Vibrio poisoning and, 1786-1787
Septicemic plague, 709
Sequencing technologies, 2504
Sequoia and Kings Canyon (SEKI) rescue, 

2490
Seracs, 1249
Serotonin, 1443f, 1723-1724
Serum electrolyte levels, accidental 

hypothermia and, 144
Serum sickness, 1680
Serum sickness-type reactions, to antivenom, 

823
Serum tryptase, anaphylaxis and, 1500
Service ceiling, of airplanes, 1300t
Service dogs, 2181
Services in place, in humanitarian crises, 

1898-1899
Sesamoiditis, 547-548
Set lines, for ishing, 2070, 2070f-2071f
Settlements, in volcanic eruptions, 1933
Severe anemia

complication of P. falciparum, 903
hyperbaric oxygen therapy for, 1633

Severe fever, 984
Severe hypoxia, regulated temperature altered 

by, 133
Severe injury, due to lightning, 94
Severe malaria, 930, 931t-932t
Severe pain

potentially unstable patient with, 1089
stable patient with, 1088-1089

Severe thunderstorms, 2353
Severity

of burn injury, 333-334
of COPD, 1182t

Sex slavery, 1958
Sextant altitude (Hs), 2341
Sexual activity, bear attacks and, 683-684
Sexual dysfunction, from lightning injury,  

101
Sexual violence

and humanitarian medicine, 1888
sexual assault of, 2131

Sexually transmitted infections (STIs)
in wilderness, preparing for, 2296
in women, 2131

Sea snakes (Continued) Search and rescue (Continued)
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2342-2344

Shallow water blackout, diving and, 
1605-1606

Shallow-water waves, 2564
Shark Shield, 1665
Sharks, 1643-1665, 1643f, 1652f

clinical aspects of, 1656-1659
feeding and attack, 1652-1656, 1655f-1656f
ishery interest in, 1645
life and habits of, 1647-1652
poisonous, 1768b
prevention of attack by, 1662-1665
treatment of injuries inlicted by, 1659- 

1662
venomous, 1739

Shear test, 52
Sheer lashing, 2373, 2375f
Shelf life, of drugs, 2622
Shellish poisoning

amnestic, 1781-1782
azaspiracid, 1783-1784
blue-green algae, 1783
callistin, 1784
diarrhetic, 1780-1781
Haff disease, 1783
ivory, 1784
neurotoxic, 1780
paralytic, 1778-1780
possible estuary-associated syndrome, 

1782-1783
venerupin, 1784
yessotoxin poisoning, 1784

Shelter
accessories for, 2427, 2427f-2428f
in backcountry, 2425-2427, 2425f
bivouac sack for, 2426, 2426f
building of, equipment for, 1355t-1356t
construction and design of, 2425-2426
emergency, emergency equipment for, 

2410b
ire, 290

used by wildland ireighters, 309-310, 
310b, 310f

in jungle
camp life, 1366
survival, 1376, 1376f-1377f

needs in humanitarian crises, 1893
as priority, in desert survival, 1385-1386, 

1387f-1388f
protective, against blood-feeding 

arthropods, 1037f
shape and size of, 2426
tarps for, 2426, 2426f
tents for, 2427, 2427f
in wilderness survival

bivouac sacks, 1338
constructed shelters, 1335
igloos, 1337-1338, 1338f
natural shelter, 1334-1335
plastic bag shelters, 1333, 1334f
snow caves, 1336
snow domes, 1336-1337, 1337f
snow shelters, 1335-1338
snow trench, 1335-1336, 1335f-1337f
space blankets and bags, 1332
summer emergency shelters, 1332
tarpaulins, 1333, 1334f
tents, 1338
thermal blankets, 1332
tube tents, 1333, 1333f
winter and cold weather emergency 

shelters, 1333-1334, 1335t
Shewanella putrefaciens, 1754-1755
Shield volcanoes, 361, 364f, 2585-2586
Shigella, enteropathogenic, 1867
Shiitake mushroom, 1467f
Shin splints, 519

Shirts
for jungle travel, 1362
pinning arm to, as improvised sling, 1065f

Shivering, 180-181, 181f
Shock

circulatory, due to Old World Viperidae 
venom, 798

complication of P. falciparum, 904
emergency treatment, 383b
sign of systemic snake envenoming, 

779-780
snakebite related, 825

Shoes, improvised, 1049
Short-board “immobilization”, 1061-1062
Short-haul operations, 1272-1273, 1273f
Shotgun injuries, to abdomen, 394
Shotgun projectiles, 553, 554f
Shotgun rounds, 555f
Shotgun sequencing, 2504
Shoulder

anterior, stretching of, 2198-2199
bandaging, 528, 531f
dislocation, 505

reduction, 1064, 1064f
repositioning, 466f
“snowbird” traction, 1064f
in whitewater sports, 1396, 1396f-1397f
without radiographs, 1063-1064, 1064f

dystocia, 2145-2146
injections, 487-489, 487f
regional anesthesia for, 1096
spica wrap, 505, 509f, 1065, 1066f
splint, 505, 509f
taping, 521-523, 527f

Shoveling techniques, 59
Shovels

for avalanche rescue, 53
for backcountry, 2415

Shrew, short-tailed, 638-639
Shrimp, mantis, 1673-1674
Shrimp aquaculture, 1767
Shrub layer, in forest, 2574
Siberian tick typhus, 988
Sicariidae, spiders, 1004-1008
Sicarius, spiders, 1008, 1008f
Sickle cell anemia and trait, 1191
Sickle cell disease

in children, 2113
or trait, diving and, 1616

Side effects
from botanicals, 1506
long-term, of chemotherapy agents, 1194b
of malaria chemoprophylaxis, 917t, 919
sunscreen, 349

Side lash, lightning injury, 86f, 87, 88f
Sidereal hour angle, 2340
Sideways, falling, in mountain bikes, 2239, 

2241f
Signals

and chance of cold-water survival, 187, 
187f

and communication, in abandon-ship bag 
for ocean passage, 1578b

distress. see Distress signals
ground, 1354
ground-to-air hand, 1318f
in life raft, 1580
universal river signals, 1402, 1402f-1403f

Signs
hard signs, of vascular injury, 444, 444t
soft signs, of vascular injury, 444, 444t

Signs and symptoms
associated with ciguatera poisoning, 1776b
of hypothermia, 2095, 2095t

Sildenail, 11t, 2630
Silencer, 2502-2504, 2503b
Silk ibers, for wound closure, 1055, 1055f
Silky shark, 1645f

Silos
injury related to, 830, 830f
safety tips in, 832b
silo iller’s disease, 831-832

Silver, in water disinfection, 2008, 2030
Silvertip reef shark, 1654f
Silymarin, 1488-1489
Simethicone, 2630
Simple asphyxiants, 830-831
Simple syncope, 1160
Simulations

in MedWAR, 2477-2478, 2477f-2478f
in teaching, of wilderness medicine, 

2460-2462, 2461f-2462f
Single-engine helicopter, 1303f, 1305-1307, 

1306f
Single nucleotide polymorphisms, 266, 2497, 

2503b
Single nucleotide variant, 2497, 2503b
Single-rescuer split-coil carry, 1281, 1282f
Single-runner system, 1069-1070, 1070f
Single-use needle, 1057
Sinkholes, 1404-1405
Sintering, 42, 43f
Sinus barotrauma, 1595-1597, 1595f
Sinusitis, maxillary, 1136-1137
Siphon ilter, 2013t-2026t, 2015f
Sitting, long, in an automobile, 2204
Six-eyed crab spiders, 1008, 1008f
“6-hour rule,” for antivenom administration, 

823-824
Size of burn injury, 322-323
Size-up factors, in evacuation, 1280, 1280b
Skeletal anatomy, of canine, 849f
Skeletal function, in musculoskeletal injury, 

451-452
Skeletal muscles, peripheral, nicotinic and 

muscarinic receptors of, 1438f
Ski pole carry, 1078, 1079f
Skier’s thumb, arctic, 247, 247f
Skiing, scuba diving for persons with, 2180, 

2180f
Skill set, working outside of, 1906, 1906f
Skills

development sessions, in educational 
techniques, 2447, 2447f

for technical rescuers, 1250
in weather forecasting, 2356

Skills-based learning assessment, 2455
Skin

anatomy of, 323f
cancer, sun exposure and, 337

nonmelanoma, 340-341, 341f
destruction of, after untreated box-jellyish 

envenomation, 1700f
disorders

affecting temperature control, 256
aquatic. see Aquatic skin disorders

infection, 401
necrotic, due to snake envenoming, 781f, 

798f
thermoregulatory organ, 223-224
unwashed, contributing to frostbite, 204
UVR acute effects, 337-338
wetness, contributing to frostbite, 204

Skin adhesives, for taping, 518, 518f
Skin bends, 1608
Skin glues, 445
Skin injuries, due to lightning, 96
Skin prick test, for seafood allergy,  

1798-1799
Skin trauma, in spacelight, 2611
Skin type, and chronic phototrauma, 337-338, 

338b
Skink, Armitage’s cylindrical, 762f
Skinning, rabbits and hares, 2056f
Skull fracture, 388

ultrasound of, 2382-2383, 2383f
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Skunks

attacks by, 638
musk, chemical injury to eye, 1112

Slab avalanche, 43, 44f-46f
Slalom probing technique, 61f
Slaughter, shark, 1645f
Sled, improvised rescue, 1081
Sled dogs, 853
Sledge, 1285, 1285f
Sleep, 1164

in Antarctic, 243
management of, 1164
for technical rescuers, 1250

Sleep apnea, and wilderness travel, 1175, 
1183-1184

Sleep-disordered breathing, 33, 33f
Sleep disturbance, due to lightning injury, 

101
Sleeping, and staying awake, in wilderness, 

preparing for, 2297
Sleeping bags, in backcountry, 2422-2424, 

2422b
insulation of, 2423
shape comparison of, 2424b
temperature of, 2423-2424, 2424b, 2424f

Sleeping pads, 2424-2425, 2425f
Slides, landslides, 1933
Sliding surface, 49
Slings, 492-517

improvised
for pelvic fractures, 1067, 1069f
pinning arm to shirt, 1065f
for pinning the arm, 1397f

SAM, 455f, 457f
Slingshot hunting, 2065-2066, 2065f-2066f
Slishman traction splint, 506f, 2292
Slope angle

avalanche and, 47
effect of steepness on lame attachment, 

314f
Sloth bear, 679, 679f
Slow-onset hazards, 1921-1922
Slugs, irearms, 553
Small bowel obstruction, mechanical, 398-399
Small-group dynamics, in Antarctic, 245-246
Small-group learning, in educational 

techniques, 2450
Smallpox, vaccine for, 1814
Small-team rescue, in avalanche, 58
SMART mnemonic, 410, 410b
Smoke poisoning, 331-333
Smoking, tobacco, contributing to frostbite, 

205
Smudging, in Native American healing, 2434t
Snag tag, 1401f
Snails, as food, 2060
Snake venom

apparatus, 766-769
Atractaspis snakes, 768, 768f
cobras, 768-769
colubroid snakes, 766
mamba, 768-769
pit vipers, 769, 769f
spitting cobra, 769, 769f

biogenic amines in, 770
cardiovascular toxins in, 770
composition of, 769-772

intraspecies variation in, 772
variation in quantity and, 771-772, 772b

effect of site, depth, and number of bites, 
772, 772f

enzymes in, 769-770
krait bungarotoxins in, 770
mamba toxins in, 770
necrotoxins in, 770
neurotoxins in, 770
pain-producing toxins in, 770
potency and lethality, 770-771, 771t

Snakebite: worldwide
as an occupational disease, 777, 778f
chronic sequelae of, 814-815
envenoming, 786-811

Atractaspidinae, 788-789
Colubroidea, 786-788
Elapidae, 789-795
pit vipers, 809-811
Viperidae, 795-798
Viperinae, 798-809

epidemiology of, 772-773
management of, 816-826
mortality and morbidity, 774-779
prevention of, 826

Snakebites
in children, 2099-2100
circumstances in occurrence of, 778-779
clinical features of envenoming and 

pathophysiologic mechanisms, 779-786, 
779t

in dogs, 853
inappropriate treatment for, 825
injury prevention and, 613
kept in captivity, 778
in large animals, 868
medical malpractice and, 2253-2254
in remote (wilderness) locations, 823, 824f
risk to travelers, 778
species responsible for, 772-773, 773t
surgical management, 825
treatment for

in the hospital, 819-820
before patient reaches hospital, 818-819

variations in venom injected by, 771-772, 
772b

Snakebites: North America
antivenom therapy, 748-751
clinical presentation, 739-741

coral snakes, 741
pit vipers, 739-741

management of, 741-748
hospital care, 743-748
prehospital care, 741-743

morbidity and mortality, 752-757, 753t-757t
coral snakes, 757
pit vipers, 752-757

scope of problem, 729-734
special scenarios, 751-752
venoms, 737-739

coral snakes, 739
pit vipers, 737-739

Snakes
anatomy of, 734-737

coral snakes, 736-737, 737f
pit vipers, 734-736, 734f-735f

envenoming, ultrasound for, 816
as food, 2060
giant, injuries caused by, 752
jungle, 1370
nonvenomous

distinguished from venomous snakes, 
762-766

giant pythons, 827, 827f
venom yields, 735t
venomous, 760-761

distinguishing, from lizards, amphibians, 
and snake-like ish, 761

distribution of, 773, 775f-776f
identiication of, 761-769
of North America, 729-757
taxonomic revolution of, 760-761

Snapping turtle, 1675
Snaring wild animals for food, 2069

baited snares, 2064
catapult hunting, 2065-2066, 2065f-2066f
freshwater ishing, 2066-2070, 2067f
noose snares, 2062-2064, 2062f-2064f
noose stick, 2064f

squirrel pole, 2064-2065, 2065f
survival irearms, 2071, 2072f

Snorkeling, 1586
Snow, 2351

conductivity of, 1334
densiication and strengthening of, 41f
depth of snow cover, 49
injury prevention and, 609-610
porosity, 66-67
and SAR, 1242
sustainability in, 2550-2551
water from, 2049-2051, 2050f
weak layers, 49-50

Snow climates, 40, 41t
Snow domes, 1336-1337, 1337f
Snow-on-the-mountain, 1417f
Snow properties

avalanche types, 43
equilibrium metamorphism, 42-43
kinetic metamorphism, 42
mechanical, 44-45, 45f-46f
new snow density and crystal type, 48
physical, 40-42
slab avalanche formation, 43-44,  

43f-44f
Snow shelters, 1335-1338
Snow trench, 1335-1336, 1335f-1337f
“Snowbird” traction, 1064f
Snowblindness, in wilderness, preparing for, 

2299-2300
Snowfall, 48

intensity, 48
Snowmobiles, 2244-2249
Snowmobiling

equipment for, 2245, 2245f
injuries in

alcohol and, 2247
epidemiology of, 2246-2247
falls through ice in, 2247-2248, 2248f
fatal, 2247
mechanism of, 2246, 2246f
pediatric, 2247, 2247b
types of, 2247

protective gear for, 2245-2246, 2246b
safety and risk reduction in, 2249

Snowshoe, 1354f
Snowshoe/snowboard system, 1062
Snowstorms, 1946
Social-ecologic model, of injury prevention, 

596-597
Social media, in disasters, 1883-1884
Society of American Foresters, in forestry, 

2573
Socioeconomic drought, 1944
Socks, 1331

for jungle travel, 1362
Sodium, dietary requirements, 1975
Sodium bicarbonate, 2630
Sodium dichloroisocyanurate, for water 

disinfection, 2028
Sodium hypochlorite, for water disinfection, 

2027
Sodium ions, in seawater, 2560t
Sodium sulfacetamide, 2630
Soft-shell fabrics, 2399, 2399f
Soft signs

vascular, 396b
vascular injury, 444t

Soft splints, 502-503
Soft tissue infections

abscess formation, 401, 401f
cellulitis, 401
community-acquired methicillin-resistant 

Staphylococcus aureus infections, 
401-402

cutaneous abscess, 401, 401f
lymphangitis, 401

Snaring wild animals for food (Continued)
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necrotizing, 402
hyperbaric oxygen therapy for, 1632

Soft tissue injuries, 547
hand or wrist, 475, 475f-476f
of oral mucosa, 1133
signiicant, 462

Software, 2361-2362
knots in, 2366-2373

Soil liquefaction, with earthquake, 1926
Soils, volcanic, 374
Solanaceae, 1418
Solanum, 1453
Solar disinfection, in water disinfection, 2009, 

2009b
Solar max, 2602
Solar particle events, 2602
Solar photocatalytic disinfection, of water, 

2008-2009
Solar power, 2552-2553
Solar radiation

electromagnetic spectrum, 335
environmental effects on UVR exposure, 

335-336
Solar retinopathy, 1120
Solar stills, 1384-1385, 1385f-1386f, 2051, 

2052f
Solastalgia, 2547
Soldier Water Estimation Tool, 2035, 2036f
Solid extraction, phytopharmaceuticals and, 

1503
Solid-fuel stove, 2421
Solid-organ transplant recipients, 1196-1197, 

1196f
Solid precipitation, international classiication 

of, 41f
Soluble oxalates, 1455-1456, 1455f
Somatic complaints, in wilderness 

environments, 1174-1175
Somatic health problems

air safety, 244, 244f
altitude illnesses, 242
circadian rhythms and endocrine studies, 

243
cold-related problems, 241-242
environmental health issues, 243
ire safety, 244
infection and epidemiology, 243
nutritional studies, 242-243
occupational health and injury prevention, 

243-244
tourist safety, 244

Sonographic imaging, 2376
Sonoran coral snake, 734f
Sopite syndrome, 1565-1566
Soreness after exertion, 2204
South Africa, snakebite deaths, 777
South America

scorpion envenomation in, 1023
snakebite deaths, 774-776

South American trypanosomiasis (Chagas’ 
disease), 1856

South Atlantic Anomaly (SAA), 2602
South Canyon ire, Colorado, 276, 277f
Southeast MedWAR, 2472, 2474f-2475f, 

2477f-2478f
Southern Africa, scorpion envenomation in, 

1020, 1020f
Southern Paciic rattlesnake, 732f
Southern tick-associated rash illness, 971f, 

980, 980f
Space, in in-light setting, 1314-1315, 1314f
Space adaptation syndrome (SAS),  

2604-2605
Space-based navigation systems, 2330
Space blankets, 1077, 1332, 2292
Space medicine, 2596-2620
Spacecraft environment, 2596

Spacelight
environment of, 2597-2603

carbon dioxide in, 2599
carbon monoxide in, 2600
dust, particulates, and other contaminants 

in, 2601-2602
ire in, 2601
oxygen in, 2598-2599
pressure in, 2597-2598
propellants and coolants in, 2600-2601, 

2600f
radiation, 2602-2603, 2602f
temperature in, 2599-2600, 2599f
water in, 2601

missions of, 2603-2605
launch in, 2603-2604
microgravity in, 2604-2605, 2604f
postlight in, 2605
prelight in, 2603

onboard medical capability in, 2617-2619
diagnostic imaging in, 2618-2619
future capabilities in, 2619
medical kits for, 2617-2618, 2618f

physiologic concerns of, 2605-2617
cardiovascular issues as, 2605-2607, 2606f
dental concerns and, 2616
in dermatology and hygiene, 2611
gastrointestinal issues as, 2616-2617
in gynecology and reproductive issues, 

2614
in immunology, 2612-2613
musculoskeletal issues as, 2608-2609
in neurology, 2617
in ophthalmology, 2614-2616, 2615f
in otolaryngology, 2616
psychiatric and behavioral health as, 

2609-2611, 2610f
in trauma, 2611-2612
in urology, 2613-2614
visual impairment/intracranial pressure 

syndrome as, 2607-2608
Spanish lu (inluenza), 714
Spanish windlass, 1072
Sparassidae, spiders, 1009-1010
Spastic paraparesis/quadriparesis, plants 

producing, 1445
Spathiphyllum, 1452f
Spear ishing, 2068, 2068f
Special environment, medical kits for, 1836
Special environs, sustainability in, 2550-2551
Special investigations, and nonfreezing 

cold-induced injuries, 231
Special-use clothing, 2406
Specialized equipment

for bicycling, 2292
for cold exposure, 2291-2292, 2292f
for environmental and recreational hazards, 

2290-2293, 2291b
for hiking, 2292
for mountain climbing, 2292
supplies, kit assembly strategies, and, 

2276-2294
Specialized support assets, in National Park 

Service, 2494-2496
air operations of, 2495-2496, 2496f
personnel and national response of, 

2494-2495
search and rescue teams of, 2496, 2496f
technical rescues of, 2495
volunteers-in-parks program of, 2495

Species at risk, U.S., 2527t
Species decline, as biodiversity loss, 2538, 

2538f
Speciic patient populations, pharmacologic 

treatment of, 1088-1089
Speciicity, 2192
Speckled worm lizard, 762f
Spectacled bear, 679

Spectrum of applicability, for herbal 
medicines, 1506

Speed
in air medical transport, 1300
developing, for wilderness situations, 

2200-2201
Spenco 2nd Skin, for open blister treatment, 

540, 541f
Sphere project, 1915
Sphingomyelinase D, 1005
Spiders

baboon spiders, 1000-1001, 1000f-1001f
bites, 993-1016

general assessment and treatment of, 
994-999

brown recluse, hyperbaric oxygen therapy 
for, 1635

comb-footed spiders
Argiopes, 1016, 1016f
false widow spiders, 1015-1016
grey house spiders, 1016
orb-weaving spiders, 1016
widow spiders, 1013-1015, 1013f-1014f

crab spiders, 1009-1010
diversity and identiication of, 999-1000, 

999b, 999f-1000f
funnel-web mygalomorphs, 1002-1003, 

1002f
funnel-web spiders, 1013
grass spiders, 1013
ground spiders, 1009
hobo spiders, 1012-1013
hunting spiders, 1009
jumping spiders, 1010
litter and lowering line, 1266, 1267f
long-jawed intertidal spiders, 1008-1009
lynx spiders, 1010
of medical importance, 995t-998t
mouse spiders, 1003-1004, 1009
recluse spiders, 1004-1008
sac spiders, 1012
tarantulas, 1000-1001, 1000f-1001f
Trechona venosa, 1003
venomous, 1369
venoms of, 993-994, 994f, 995t-998t
wandering spiders, 1010-1011
white-tailed spiders, 1009
wolf spiders, 1011, 1011f

Spin and pull, tiger shark, 1658f
Spinal assessment, 454, 454f
Spinal cord injuries, 389

challenges during trip with, 2171-2173, 
2172b, 2172f

persons with, 2171-2173, 2171f
scuba diving for persons with, 2179-2180
trip preparation with, 2171

Spinal cord protection, in wilderness 
emergency medical services, 1209

Spinal cysticercosis, 720
Spinal disorders, 485-486, 486f
Spinal immobilization, 454-455

surfboards for, 1541f
Spinal injuries

in dogs, 850
in whitewater sports, 1398

Spinal protection systems, improvised, 1061, 
1061f

Spine immobilization, 492-497
beneits of, 493
C-spine immobilization device for, 495, 

495f-497f
cervical, 493f-495f, 494-495
complications of, 494b
contraindications for, 494
full, 496-497, 498f
guidelines for, 494, 494f
improvisational techniques for, 495-496, 

498f, 500f

Soft tissue infections (Continued)
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indications for, 492-493, 493b
risks of, 493-494
special considerations in, 495, 498f
thoracolumbar, 496

Spine positioning, healthier, 2203
“Spine sign”, 2378f
Spines

of bristleworm, 1713f
from cactus, injury caused, 1416f
of catish, 1736f-1738f
of crown-of-thorns starish, 1705f
desert plants with, 1387
jungle plants with, 1370, 1371f
of lionish, 1733f
in plants, 1415f
of scorpionish, 1732f-1733f
of sea urchins, 1706, 1707f, 1709f, 1711f
of stingrays, 1721-1723, 1725f, 1727f
of stoneish, 1733f

Spiny dogish (Squalus canthias), 1739f
Spirillar rat-bite fever, 706
Spiritual, deinition of, in Native American 

healing, 2432
Spitting cobra

African, 794, 797f
black-necked, 769f

venom ophthalmia, 801f
chemical injury to eye, 1111
envenoming, 790
fangs and venom apparatus, 769, 769f
Mozambican, 763f

Splinting
of ankle, 1325f
for dental injuries, 1134
extremity injuries, techniques for, 455-461, 

456f-458f, 460f
lower extremity, 499, 501t
principles of, 493b
and reduction, in canyon medicine, 2232, 

2233f-2234f
sling and swathe, 503
splinting techniques for extremity injuries, 

455-458
techniques of, 503-517
upper extremity, 499, 501t

Splints, 492-517, 493f, 848-849
improvised

nonrigid, 1065-1066
rigid, 1066, 1068f-1069f

in wilderness, preparing for, 2297
Split-apart rescue litter, 1286f
Split-coil carry

single-rescuer, 1281, 1282f
two-rescuer, 1283f

Split-coil seat, 1078, 1079f
Sponges, envenomation by, 1680-1682
Spontaneous pneumothorax, diving and, 1615
Spontaneous rewarming, 195
Spore prints, obtaining, in mushrooms, 1466b
Sporothrix schenckii, 1415, 1416f
Sport-speciic clothing, 2406
Spotted fever group rickettsial diseases, 

984-988, 985t
Spotting, of irebrands, 290-291
Sprains

ankle, 479-481, 480f-481f, 546
combination preparations for acute, 1521

Spray tan, 351
Spread of wildire, 290b
Spreading centers. see Divergent plate 

margins
Springs, 1404
Sprinkler systems, use on home, 308
Spurge family, 1417t

causing contact dermatitis, 1416
Squall lines, marine weather and, 1567-1568
Squamous cell carcinoma, 340-341, 342f, 347

Square knot, 2370, 2371f
Square lashing, 2373, 2374f
Squares, 42
Squats, 2195-2196
Squaw root, 1442
Squid, giant, 1672-1673
Squill, 1448-1449, 1449f
Squirrel pole, 2064-2065, 2065f
Sri Lanka

snakebite deaths, 777
viper envenoming, 807

SSB-HF radios, 1576
SssstingStop gel, 1522
St. Louis encephalitis, 884
St Elmo’s ire, 1569
St John’s wort, 1523
Stab wounds, abdominal, 394-395
Stability, 346

of medications, 2295
Stability evaluation tests, in avalanche terrain, 

50-53
Stabilization

of cold-water immersion victim, 194-196
of fractures, in technical rescue, 1253
in pain management, 1082
phase, of SAR event, 1233-1234

Stable lies, 956, 956f, 1034f, 1035
Stage races, 2238
Stages of Lyme disease

early disseminated disease (stage II), 
976-977

early localized disease (stage I), 975-976, 
975f

late disease (stage III), 977
Stages of SAR operations, international, 1215, 

1215b
Staggers, 1609
Stainless steel knives, 2414
Stalactites, 1404
Stalagmites, 1404
Standard ireighting orders, 304b
Standard of care, in expedition medicine, 

1838
Standard-of-care dilemma, 2267-2268

cultural differences, 2267
giving authority to untrained personnel, 

2268
limited resources, 2267

Standard Positioning Service, 2330
Standard surgical cricothyrotomy, 416-418, 

417f
Standards

for food bars, 1984t
for portable disinfection products, 1991

Standing, healthier spine positioning for, 2202
Standing orders, medical liability and, 

2259-2260
Standing part, of knots, 2367, 2367f
Staples, for wound closure, 1054
Star fruit, 1447
Starish, envenomation by, 1705-1706
Stargazer, 1678f, 1729f
Stars, life cycle of, 2579, 2579f
Starting zone, of avalanche, 45, 47f
Starvation, 1977-1979, 1977f

deinition, 1977
feeding victims of, 1981-1983, 1981b, 1982t
hierarchy of tissue utilization during, 

1979-1980, 1980t
limits of human, factors inluencing survival 

and, 1980f
sequence of events during, 1980, 1980f

State Regulation 1084, 571
State’s role, in SAR, 1223
Static kernmantle rope, 2366, 2366f
Status epilepticus, 1159-1160, 1159b
Steam burns, 97, 98f
Steatoda false widow spiders, 1015-1016

Stem cell (“bone marrow”) transplantation, 
1195-1196, 1195t

Step potential, lightning injury, 87
Step voltage, 110
Steri-PEN Classic, 2013t-2026t, 2024f
Steri-PEN Journey, 2013t-2026t, 2024f
Sterility, of drugs, 2623
Sterilization, 1991-1992

in water disinfection, 1992
Sternoclavicular joint dislocation, 464
Steroid alkaloids, plant-derived, 1437f, 

1450-1451
Steroid metabolism, plants that interfere with, 

1457
Steroids

anabolic, 2207
systemic, 1761t
topical, potency ranking, 1744t

Stethoscope
blood pressure without use of, 1047
improvised, 1047, 1048f

Stewardship, seven principles of, 2550
Stewardship philosophy, of wilderness, 2520
Stick insect, 953f
Stiletto snakes, 788-789
Stimson technique, 467f
Stinging nettle, 1430, 1430f-1431f, 1442
Stinging patterns, of Hymenoptera, 941
Stingrays, 1370, 1721-1728, 1725f

clinical aspects, envenomation of, 
1724-1726, 1725f-1726f

envenomation, treatment of, 1726-1728
life and habits of, 1721, 1722f-1723f
prevention, envenomation of, 1728
treatment, envenomation of, 1726-1728
venom and venom apparatus of, 1721, 

1723f
Stings

of ire coral, 1692f
of hydroid, 1691f
hymenopteran, 2100-2101
injury prevention and, 612-613, 612f-613f
jellyish, 1685, 1687f-1688f, 1700f

ocular, 1127
of man-of-war, 1687f
wasp and bee, in jungle, 1370
in wilderness, preparing for, 2299

Stockholm syndrome, 1380
Stokes basket, 1286
Stoneish, 1731f-1732f
Stony corals, 1676-1677

clinical aspects of, 1676-1677, 1676f
life and habits of, 1676
prevention of cuts from, 1677
treatment of cuts from, 1677

Stopper knots, 2368
Storage

of clothing, 2406
of drugs, 2623

Store-and-forward systems, 2315-2316,  
2316t

Storm matches, 1340, 1340f-1341f
Storm Prediction Center, 2356
Storm surge, 1937
Storm warnings, 1568b
Storms

in human health, 2544-2545, 2545f
and wilderness survival, 1352

Stove case, 2422
Stoves, in backcountry, 2420-2422, 

2420t-2421t
Strainer, 2220-2221

as river hazard, 1394, 1394f
Strains, combination preparations for, 1521
Strata, 2586-2587
Strategic shoveling, for avalanche rescue, 59, 

59f
Stratigraphy, 40

Spine immobilization (Continued)
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depletion of, as issues of environmental 

change, 2526-2527
Stratovolcanoes, 2585-2586
Strawberry Hill Fire, 317f
Streamer currents, estimates of, 92
Strength

itness as a lifestyle and, 2192-2194
of snow, 40
for wilderness preparedness, 2195-2198

Streptobacillary rat-bite fever, 705-706
Streptococcus iniae, infections caused by, 

1642-1643
Streptomycin, for plague, 710
Stress. see also Heat stress

decompression, 1126
environmental

and nutrient requirements, 1964-1969
and older adults, 2151-2155

management, in captivity, 1379-1380
in MedWAR, 2478
to patients and crew, in air medical 

transport, 1314
in wildland ire entrapment, 302

Stress bell curve, 1167f
Stress fractures, 485, 486f, 547
Stretchers, 1286-1292

in air medical transport, 1301, 1302f, 1305f
basket-style, 1286-1288, 1286f-1288f
lat, 1288-1289, 1289f
lexible, wrap-around, 1290-1292, 

1290f-1292f
hybrid devices, 1292, 1292f
improvised rope, 1284f
mountain rescue, 1289-1290, 1289f-1290f
rucksack, 1265, 1265f
wilderness, characteristics of, 1286

Stretching
Achilles tendon and foot, 2199
anterior shoulder and chest, 2198-2199
avoiding injuries from, 2203
and exercise, 2202
hamstrings, 2199
hip and thigh, 2199
for wilderness preparedness, 2198-2199

Strike-anywhere matches, 1340, 1340f
Strike mechanisms, of lightning, 87-88
Strike-slip, 2583
Stroke, 19, 19b

management of, 1158
Stroke patients, air medical transport and, 

1320
Strombolian eruptions, 1931, 1931f
Strong swimmer rescue, in whitewater sports, 

1399f, 1400
Strong winds, in winter storms, 1946
Strongyloidiasis, 1858-1859
Structural aluminum malleable splint (SAM 

Splint), 495f-496f, 496, 502-503, 503f, 
2292

Structural design, and tsunamis, 1930
Structure, of ocean, 2561, 2561f
Strychnine, 1445-1446
Stuff sacks, in backcountry, 2418-2419, 2419f
Subacromial joint injection, 487
Subacute brucellosis, 698
Subcallus blisters, 545
Subchronic lichenoid neurodermatitis, 1426f
Subclinical rabies, 660
Subconjunctival hemorrhage, 1115, 1116f
Subcuticular nodule, after sea urchin 

puncture, 1711-1712, 1712f
Subduction, 2582
Subglacial volcanoes, 361-362, 365f
Subject

condition of, deterioration of, 1251
hazards resulting from, human factors of, 

1251

Subject-based learning, in educational 
techniques, 2449

Sublingual immunotherapy, 1804
Sublingual temperature, 123
Subluxation, tooth, 1132
Submersion injuries, 1529-1549

classiication and types of, 1530
clinical presentation of, 1538-1539
element of time in management of, 1538
incidence and epidemiology of, 1530-1531
on-scene management of, 1539-1542

asymptomatic patient, 1539, 1540t
cervical spine injury, 1541
en route to deinitive care, 1541-1542
obviously dead or still-submerged 

patient, 1541
patient in respiratory or cardiopulmonary 

arrest, 1539-1541, 1540t
symptomatic patient, 1539, 1540t
terminating resuscitation efforts, 1541

pathophysiology of, 1534-1538
cardiovascular system, 1537
central nervous system, 1535-1537
hematologic and electrolyte disturbances, 

1537
human body and water, 1534
hypothermia, 1537-1538
initial event, 1534
pulmonary system, 1534-1535

prognostic signs of, 1545b
recommended rescue techniques and, 1549f
risk factors of, 1531-1534

Substance abuse disorders, 1173-1174
triage and, 1170t

Substantivity, 345-346
Substitute lightning, 117
Subsurface water, collecting, 2051, 2051f
Subtalar fracture/dislocation, 481f
Subtropical and tropical climates, 2351
Subungual hematomas, 543-544, 544f
Succinylcholine, 411, 2630
Succussion method, for homeopathic 

medicines, 1505
Suckers, of giant Humboldt squid, 1673f
Sucking bugs, 950-952
“Sucking” chest wound, 393, 1059
Sucking sump, 2220-2221, 2221f
Suction, in airway management, 407, 407f
Sudden cardiac death, frequency, 34f
Sudden death

arterial gas embolism and, 1600-1601, 1601f
in people with sickle cell trait, 1191

Sudden headache, 1157
with acute neurologic signs, 1157
severe, single episode of, 1157

Sugar snow, 41-42
Sugar tong splint, 505, 511f
Suicide, 1174

drowning and, 1533
Suicide tree, 1449
Suit barotrauma, 1597
Sulfate ions, in seawater, 2560t
Summer emergency shelters, 1332
Sumps, 2220-2221
Sun, to melt snow, 2051, 2051f
Sun angle, 2355
Sun bear, 680, 680f
Sun compass, 2342, 2344f
Sun damage, related damage experience by 

children, 2096-2098, 2097f
Sun exposure

acute effects of UVR on skin, 337
chronic phototrauma, 337-338
environmental effects on UVR exposure, 

335-336
photoprotection, 343-352
photosensitivity disorders, 352-353
UVB radiation, 337

Sun protection
clothing, 350, 2406
emergency equipment for, 2410b, 2412

Sun protection factor, 344, 1825
Sun starish, 1706f
Sunburn, 256

medical kit and, 2279
sunscreen prevention of chronic 

photodamage, 346-347
treatments, 338, 338b
UVB radiation and, 338
in wilderness, preparing for, 2299-2300

Sundoro Volcano, 357f
Sunish, giant, 1655f
Sunglasses

for children, 2098
for injury prevention, 606, 606f
selection of, in mountaineering, 1124, 1124t
for sun protection, 2412
for wilderness travel, 2299-2300

Sunken knuckle sign, 473f
Sunless tanning, 350-351

bronzers, 350-351
tanning salons, 351

Sunscreens, 1825
application of, 344-345
chemical-free, 344
for children, 2098, 2098f
and nonmelanoma skin cancer, 347
prevention of chronic photodamage, 

346-347
products, 348t
regulation, 345, 346f-347f
side effects of, 349
sun protection factor, 344
sunscreen vehicles, 344, 345t
UVA protection factors, 345

Supercell thunderstorms, 2353
Superchlorination-dechlorination, 2003
Supericial cervical plexus block, 1098-1099, 

1099f
Supericial partial-thickness burns, 323-324, 

323f, 330, 330f
“Superglue,” inadvertent instillation in eye, 

1111
Supergroup, Grand Canyon, 2589, 2593f
Supervision

for injury prevention, 604-605, 604f
prevention of drowning and, 1547

Supplies
kit assembly strategies, and specialized 

equipment, 2276-2294
for medically trained traveler, 2288-2290, 

2289b, 2289f, 2290t
in providing medical support for endurance 

events, 2213, 2213f
Support, for avalanche rescue, 60
Support vehicle module, 579-580, 579t
Supportive care, for severe malaria, 930
Supportive treatment, for snake envenoming, 

824-825
Supraorbital nerve block, 435f
Surface cold exposure, polar diving and,  

1592
Surface currents, ocean, 2562
Surface observations, in weather prediction, 

2357-2358
Surface-supplied (tethered) diving, 1589
Surface water, 1987
Surface zone, of ocean, 2561
Surgeonish, 1739, 1739f
Surgery and procedure, in crisis settings, 

1907b
Surgical emergencies, 377-403

skin and soft tissue infections, 401-402
urologic emergencies, 399-401
wilderness, 397-399, 398f

Surgical instruments, disinfection of, 1057
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Surgical treatment

for frostbite, 218-219, 218f
of osteoarthritis, 1190

Surgicel, 443
Surveyor’s tape, luorescent, 1077
Surveys, in RHA, 1896, 1896t
Survival

desert, 1380-1389
food, 1386
hazards, 1387
shelter, 1385-1386, 1387f-1388f
water, 1384-1385

general considerations in, 1328
in jungle, 1373-1379

cultural factors, 1378-1379
ire, 1376-1377
food, 1374-1375
in hostage situations, 1379-1380
psychology of survival, 1378
rescue strategies, 1373-1374, 1373f-1374f
shelter, 1376, 1376f-1377f
water, 1375-1376

limits of, dehydration and, 2040-2041
psychological and organizational aspects, 

1353-1354
special instances in, 1351-1352
wilderness. see Wilderness survival
wildland-urban interface ire, 304-313

emergency procedures during 
entrapment or burnover, 311b, 313

protective ire shelters, 309-310, 310b, 
310f

taking refuge in vehicles buildings and 
protective ire shelters used by, 
306-309

“Watch Out!” situations, 305-306
Survival at sea, 1550-1583

Automated Merchant Vessel Reporting 
program, 1581-1582

crew overboard, 1554-1557
recovery of, 1554-1557
remaining aboard, 1554, 1554f

decision to abandon ship, 1577-1578
emergencies, 1557-1564

collisions with other vessels, 1562-1564
ighting ires, 1558-1559, 1559b
ire, 1557-1558
looding, 1559-1562

emergency communications and distress 
signals for, 1571-1577

health maintenance and, 1564-1567
helicopter evacuation, 1582-1583
how to abandon ship, 1578-1579
life in raft, 1579-1581
life raft classiications, 1578
marine weather and, 1567-1570
personal safety gear, 1551-1554

immersion suits, 1553
life jackets, 1551-1553
safety harnesses, 1553-1554

recreational boating accidents and, 
1550-1551

rescue and evacuation of sick and injured, 
1581

sea conditions and breaking seas, 
1570-1571

Survival irearms, 2071, 2072f
Survival kits. see also First-aid kit; Medical 

kits
for canyoneering, 2222b, 2233, 2235f
desert, 1383, 1384b
minimal equipment for, irst-aid kit, 1358
for temperate to cold weather, 1355, 

1355t-1356t
for vehicle cold weather, 1357
for winter, 1357

Survival modeling, in cold water immersion, 
185-187, 186f-187f

Survival psychology
in jungle, 1378
in wilderness, 1177

Survival time
in cold water, 1537t
in cool water, 1538f

Survive, deinition of, 1327
Survivor 06, Katadyn, 2019f
Survivor 35, Katadyn, 2019f
Susceptibility

to cold injury, dehydration and, 2041
to heatstroke, genetic polymorphisms in, 

266
Suspension trauma, 1255
Sustainability

challenge in, 2557
in energy, 2551-2553, 2552b
human footprint and, 2551
hydraulic fracturing in, 2554-2557, 2555f
leave no trace and, 2549-2557
in special environs, 2550-2551
threshold of, of exercise, 2184-2185, 2185f
in wilderness, 2550-2551

Sustainable and safe seafood initiatives, 
1767-1768

Sustainable hospitals, 2554
Sustainable living, 2553-2554
Sustainable travel, 2554
Sustenance, in abandon-ship bag for ocean 

passage, 1578b
Sutherland’s pressure-immobilization bandage 

method, for snakebite, 817, 817f-818f
Sutures

alternative, sterilizing, 1056
for holding tongue out, 1050f
improvised needles for, 1054, 1055f
interrupted vertical mattress, 442f
natural and alternative materials, 1055
properties of, 446t
replanted tooth held in place by, 1133f
tape suture strips, 445f

“Swaged” suture needle, improvised, 1055f
Swan Lake Fire, Columbia, 279f
SWAT (special weapons and tactics) teams, 

564
Sweat, and sweat prediction, 2034-2035, 

2034f-2035f
Sweat bees, 937, 938f
Sweating, 131-132
SweetWater Microilter, 2013t-2026t, 2020f
Swelling

of burn victims, 325, 325f
in diagnosing fractures, 1063t
local, in burn injury, 325
from sea urchin puncture, 1710-1711, 1711f

Swimming
ability to, as risk factor to drowning and 

submersion injuries, 1533
injury prevention and, 609
lessons, prevention of drowning and, 

1547-1548
position, whitewater defensive, 1394

Swimming pool safety, prevention of 
drowning and, 1547

Swine, attacks by
domestic, 644
wild, 633, 633f

Swiss seat harness, 1258, 1259f
Swordish, 1670-1671, 1671f
Syllabus material, in teaching, of wilderness 

medicine, 2460, 2460f
Sympathectomy, 230

for frostbite, 216
Sympathomimetic stimulants, 2206-2207
Symphytum oficinale, 1506, 1512-1513, 

1512f
Symptomatic high-altitude pulmonary 

hypertension, 26

Symptomatic therapy, of traveler’s diarrhea, 
1864

Syncopal attacks, due to snake envenoming, 
818-819

Syncope
basic management of, 1152
high-altitude, 27
simple, 1160
unexplained, diving and, 1613

Synthetic ibers, 2398-2399, 2398t
Synthetic insulation, in sleeping bags, 2423
Syringa tree, 72, 73f
Syringes, disinfecting, 1057
System safety factor, 2363
Systemic circulation, at high altitude, 4-5
Systemic envenoming, species causing, 

787-788
Systemic inlammatory response syndrome, 

256, 268
Systems biology, 2502, 2503b

T

Tabanids (family Tabanidae), blood-feeding, 
1034f, 1035

Tabernanthe iboga, 1444
Tablets, iodine, 2027
Tachypnea, in accidental hypothermia, 143
Tactical breathing, in pain management, 1082
Tactical combat casualty care (TCCC), 582, 

583t
military, 567-569

care under ire in, 567, 567f-568f
evacuation, 569
tactical ield care in, 568-569

Tactical evacuation (TACEVAC), 582
Tactical medicine, 563-581, 564f, 564t-565t. 

see also Combat and casualty care
anatomic location of injury in, 563-564, 

565f
care under ire in, 567
civilian, military tactical combat casualty 

care and, 567-569
communication in, 573, 573f
education and training programs for, 

580-581, 581f, 581t
entry and breaching tools for, 573, 573f
forms and documentation in, 576
future of, 581
history of, 565-567, 566f
medical personal protective equipment in, 

577
operational casualty care in, 572
personal supply module in, 577, 577f-578f, 

577t
relationship with emergency medical 

services, wilderness medicine, and 
disaster medicine, 1201

reserve programs for, 580
tactical ield care in, 568-569
tactical medical equipment for, 572-573, 

573f, 574t
tactical mission in, 580
team health management in, 572
training, 580, 581t
uniforms and personal protective gear in, 

580
vision in, 575, 576f
weapons system in, 573-575, 574f-575f

Tactical mission, 580
Tadalail, 11t
Taenia saginata, 720, 720f
Taenia solium, 719-720, 719f, 1989
Tag lines, 1264
Tagline rescue, 1400, 1400f-1401f
Tail, of rope, 2367, 2367f
Tail injuries, in dogs, 850
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envenoming, 795f
front fangs of, 769f
twenty-minute whole-blood clotting test in, 

815f
Takeoffs, in helicopter rescue, 1270-1271
Tamarins, for head lice removal, 1361f
Tamoxifen, 2128
Tamoya species jellyish, 1686f
Tandem reclining cycles, by persons with 

disabilities, 2178, 2178f
Tanks, as water source, 2046-2047,  

2048f
Tanning, 338

sunless, 350-351
Tanning booth, 351
Tape, 1076-1077
Tape knot, 2372, 2372f
Tapetum lucidum, in sharks, 1652
Tapeworm, ish, 1789
Taping, 517-532

ankle, 519, 520f
sprained, 481f

for blister treatment, 538-539
“buddy”, 1065, 1067f
elbow, 521, 526f
inger, 519-521, 523f
improvised, 1054, 1054b
knee, 519, 522f
lower-leg, 519, 521f
patella, 519, 522f
preventive, for blister prevention, 536-537, 

536t
shoulder, 521-523, 527f
skin preparation for, 518
thumb, 521, 524f

for immobilization, 474-475
toe, 519, 521f
types of tape for, 518
wrist, 521, 525f

Tapir, attacks by, 635
Tar burn, 320f
Tarantulas, 1000-1001, 1000f-1001f

funnel-web, 1003
Taravana, 1611
Tarp shelter, in desert, 1388f
Tarpaulins, as shelter, 1333, 1334f
Tarps

in backcountry, 2426, 2426f
lightweight, 1077

Tarsal fracture, 482
Tasers, 575, 575f
Taste

of halogens in water disinfection, 2006
issues, in older adults, 2160

Taxine alkaloids, 1451-1452
TCCC. see Tactical combat casualty care
Teaching, in wilderness medicine, 2457-2463

classroom, 2458-2459
indoor, 2458
outdoor, 2459, 2459f

educational environment, 2458
evaluation of, 2462-2463

fairness and conidentiality in, 2463
instrument in, format of, 2463
method of, 2462-2463
results in, 2463

good teachers for, 2457-2458
training aids, 2459-2462

audio and visual, 2459-2460
equipment considerations in, 2459
simulations, 2460-2462, 2461f-2462f
syllabus material and handouts, 2460, 

2460f
textbooks in, 2460

Teaching model, learning-oriented, 2443
Team roping, thumb amputation by,  

843

Teams
assessment, in RHA, 1896
incident management, 1225-1226, 1226f
for organized rescue, training, 1251
in technical rescue, safety, 1250

Teamwork
in MedWAR, 2477
in wilderness, 1167-1168

Technetium-99m scanning, 209-210, 210f-211f
Technical diving, 1590
Technical equipment, 1277f
Technical rescue, 1242-1278

anchors for, 1256-1258
ascent in, 1259-1260
backup systems with belay, 1261
basic concepts of, 1256
belays in, 1263
communications in, 1246-1247
deinition of, 1244
descent in, 1258-1259
establishing main line, 1263-1264
general principles, for rope rescue, 1265
haul systems in, 1260-1261
highlines for, 1263
improvised carrying methods, 1265
improvised searches in, 1255-1256
knot pass for, 1261
leadership in, 1246
the load in, 1264
medical kit for, 1278, 1278f
in National Park Service, 2495
one-on-one pickoff in, 1262-1263
patient packaging in, 1267-1268
personal escape in, 1262
planning in, 1246, 1256-1265
risk reduction in, 1245-1246
safety factors in, 1264-1265
tag lines and haul lines for, 1264
tensioning main line in, 1264

Technical rock, SAR and, 1240
Technical terrain, 1243-1244
Technician Class license, 2325
Technology, in wilderness emergency medical 

services, 1212-1213
Tectonic origin, of rocks, 2583-2586, 2585f

igneous rocks, 2585-2586, 2585f
metamorphic rocks, 2586, 2586f

Tegaderm, 2298-2299
Tegenaria, 1012-1013
Tele-dermatology, 2315-2316
Tele-diabetic retinopathy, 2317-2319
Tele-radiology, 2315-2316
Tele-ultrasound, 2391-2394
“Teledactyl”, 2314, 2314f
Telemedicine

in combat and casualty care, 592
for frostbite, 219
for frostbitten toes, 1837b, 1837f
in wilderness, 2313-2322

assessment of, 2320b
for climbers on Mt Everest, 2316, 2318f
evolution of, 2313-2315, 2314f-2315f, 

2315t
logistical and ethical considerations in, 

2319, 2320f
modern, 2320f-2321f
smartphone for, 2316, 2317f
systems engineering of, 2315-2320,  

2316t
video-streaming device for, 2316, 2318f

Telemedicine providers, 1206
“Telemedicine trifecta”, 2314-2315
Telepresence, 2559
Temazepam, 28, 2630
Temperate coniferous forests, 2574, 2575f
Temperate deciduous forests, 2574, 2575f
Temperate rain forests, 2574, 2575f
Temperate region, wild plants, 2073t-2079t

Temperature, 2, 2559
adaptation to, genetic inluences on, 2513
in air medical transport, 1313
ambient, body temperature at, 121f
annual average of, summer-to-winter 

deaths in, 2544
avalanche and, 49
core. See Core temperature
distribution of, 250f
of dogs, 845
extremes

injury prevention and, 607-608
rescue operations and, 1247

forecasts, 2356
frostbite and, 201
measurement of, 148, 148t
measurement sites of, 122-123
in ocean, 2561f
oficial Canadian conversion chart, 163b
regulated

induced alterations of, 132-133
normal variations in, 131-132

regulation of body, wilderness survival and, 
1329-1330, 1329f

set point, 251
in sleeping bags, 2423-2424, 2424b, 2424f
in spacelight environment, 2599-2600, 

2599f
of water, sea state and, 173

Temperature gradient, 41, 41f-42f
Temperature set point, concept of, 250
Temporal arteritis, 1112
Temporary cavitation, in bullet behavior, 556
Temporomandibular disorder, 1137
Temporomandibular joint

dislocation, reduction of, 421f
disorders of, 420-423
internal derangements of, 423

Tendon ruptures
distal biceps, 842-843, 842f
latissimus dorsi muscles, 840-842, 841t, 842f
pectoralis major ruptures, 839-840, 840f

Tension headaches, 1156
Tension pneumothorax, 392

improvised pleural decompression 
technique in, 1058-1059, 1059b, 1059f

pulmonary barotrauma and, 1600
Tensioning main line, in technical rescue, 

1264
Tensionless anchor, 1256, 1256f
Tent poles, in rigid support, 1071, 1072f
Tentacles

of box-jellyish, 1699f
of Portuguese man-of-war, 1694f

Tents
in backcountry, 2427, 2427f
tube, 1333, 1333f
for wilderness survival, 1338

Tephra, 369-371
Termites, as food, 2060
Terrain

as environmental risks, 2276
hazardous features of, 1248
technical, 1243-1244

Terrorism, global, 1958-1959
Tertiary blast injury, 585
Testicular torsion, 400
Testing

allergy, 1494
equipment, for glucose, 1186

Tetanus, 1854-1855, 1855f
bacteriology and pathophysiology of, 1854
dog, 855
large animals, 868
prevention of, 1855

Tetanus prophylaxis
for animal bites, 626-627, 627t
for frostbite injury, 210
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for lightning victims, 103
postinjury, 448t
for wounds from aquatic environment, 

1637
Tetanus toxoid, 2630

types of, 449t
Tethers, connected to safety harness, 

1553-1554
Tetracaine, 2628
Tetracaine hydrochloride, 2630
Tetracycline, 2630
Tetrahydrocannabinol, 1443, 1443f
Tetrodotoxin poisoning, 1772-1774
Texas coral snake, 734f
Textbooks, in teaching, of wilderness 

medicine, 2460
Thailand

snakebite deaths, 777
viper envenoming, 809

Thalassemia trait, 1190
Theobromine, 2206
Theophylline, 2206
Theraphosidae, spiders, 1000-1001, 

1000f-1001f
Therapy dogs, 2181
Theridiidae, spiders, 1013-1016
Therm-a-Rest foam pad, 1363
Thermal acclimation, 133-134
Thermal airway injury, 331, 331f-332f
Thermal blankets, 1332
Thermal burns, hyperbaric oxygen therapy 

for, 1633
Thermal conductivity, of substances, 1335t
Thermal diffusivity, 123-124
Thermal issues, scuba diving for persons 

with, 2179-2180
Thermal protection, 173-175, 173t-175t, 

174f-176f, 176b
Thermal sensitivity, with pulpitis, 1135
Thermal sensors, 125
Thermal shock, 199
Thermally neutral water, 163
Thermocline, 2561
Thermogenesis, adaptive, food and, 1966-

1967, 1966f-1967f
Thermohaline circulation, 2563
Thermokarsting, 2551
Thermometers, 2355

types of, 122
Thermoregulation. see also Core 

temperature
altered system responsiveness and 

capacities, 133-134
central signal, 130-131
in children, 2089-2090
competition with other homeostatic 

systems, 134
convective heat exchange, 124
drugs that interfere with, 273b
effector responses

central signal, 128-129
local modulation, 129
vascular adjustments, 128

estimating mean body temperature, 123
evaporative heat exchange, 124
heat exchange, 123-124
heat stress and, 249-252
impaired, accidental hypothermia and, 

141-142
important modiications of 

thermoregulatory responses,  
131-132

induced alterations of regulated 
temperature, 132-133

measurement sites, 122-123
metabolic adjustments, 129-130
radiative heat exchange, 124

thermal sensors
central, 126f
peripheral, 124-126

Thermoregulatory network, 124-128
Thermoregulatory system, 120, 121f
Thermotolerance, 262-263
Thevetia peruviana, 1448, 1449f
Thiamine, garlic and, 1510
Thieves blend essential oil, 1525, 1525b
Thigh

bandaging, 523, 529f
pain and tingling, 1162
stretching of, 2199

Thin ice, “skating” on, 165b
Thin skin, in older adults, 2157
Third layer, of clothing, 1331-1332
Third-degree frostbite, 200-201, 201f
Thirst, in hydration assessment, 2034
Thomas stretcher, 1289, 1289f
Thompson Lock Snares, 2062f
Thoracic injuries

blunt chest trauma, 391
penetrating chest trauma, 393

Thoracic lavage, 152-153, 153f
Thoracic spine, ultrasound of, 2378f
Thoracoabdominal injuries, in mountain 

bikes, 2242
Thoracolumbar immobilization, 496
Thoracolumbar spine

fracture, 453
potentially life-threatening injuries, 453

Thorax
emergency regional anesthesia for, 1097, 

1097f
injuries to, 390-393, 391f-392f

Thorns, in plants, 1415f
Threat assessment, medical, 575-576
Threatened ecosystems, 2536-2538, 2537f
Threats, to wilderness, 2520-2521
Three-hole-per-step probe method, 61f
Threshold level, iodine, 2004
Thrombin-like enzymes, 781
Thrombocytopenia, 140, 1192

accompaniment of systemic snake 
envenoming, 781-783

Thrombocytopenia syndrome, 984
Thrombolysis, 221-222

in air medical transport, 1314
intraarterial, timing of, 221-222
with tissue plasminogen activator, 213-214, 

214f-215f, 215b
ultrasound-accelerated, 222

Thrombosis
deep vein, 1810
at high altitude, 27-28
microvascular, 259
travel, 1193-1194, 1194b

Thromboxane, garlic and, 1510
Throw bag, 1399f-1401f
Throw ropes, in whitewater sports, 1399
Thrush, 1138f
Thumb

amputation, 843
bandaging, 528
immobilization taping, 505, 513f
injuries, splint for, 505
spica splint, 505, 513f

Thunder, 84
Thunderstorms, 83, 83f, 108-109, 2352-2353

marine weather and, 1567-1568
and wilderness survival, 1352

Thuraya system, 2326-2327
Thyroid, effects of iodine ingestion, 2004
Thyroid cancer, old man’s beard and, 1518
Thyroid hormones, adaptive thermogenesis 

and, 1966-1967
Tibetan black bears, 679f

Tibia-ibula fracture, 463f
Tibial plateau fracture, 478, 479f
Tibial shaft fracture, 478
Tick bite red meat allergy, 972
Tick bites, in children, 2101
Tick-borne diseases, 968-993

babesiosis, 990-992
borrelial, 973-980, 973f

Lyme disease, 973-980
southern tick-associated rash illness, 980, 

980f
tick-borne relapsing fever, 980-982, 981t

in children, 2116
Crimean-Congo hemorrhagic fever, 983-984
ehrlichiosis, 989
prevention and awareness of, 992-993,  

993f
Q fever, 988
rickettsial, 984-988, 985t
viral, 982-984

Tick-borne encephalitis, vaccine, 1817
Tick paralysis, 855, 971-972, 971f
Ticks, 1033b, 1034f, 1036

argasid, 970, 971f
ixodid, 969-970, 969f, 970t, 971f

Tides, ocean, 2563-2565, 2564t
Tie-over bandages, 847-848, 849f
Tied loop, of knots, 2368
Tiger shark, 1648f, 1651f, 1658f
Tigers, attacks by, 630
Tight-it hypothesis, 13
Timber rattlesnake, 732f
Time, role in determining outcome of 

drowning, 1538
Time zone, changes in, 2128
Timing, of skin suture and staple removal, 

448
Tinctures

arnica, 1509
herbal, 1503-1504
hypericum, 1521

Tinder, 1376-1377
Tinea pedis, 548
Tingling, thigh, 1162
Tipití, 1368, 1369f
Tissue changes, at high altitude, 7
Tissue-freezing complications, 230
Tissue granulation, aloe and, 1513
Tissue injury, heatstroke related, 259-261, 

260f
Tissue perfusion, in frostbite, techniques to 

evaluate, 209-210
Tissue plasminogen activator, thrombolysis 

with, 213-214, 214f-217f
Titan triggerish, 1675f
Titanium knives, 2414
Toad intoxication, 852-853
Toadish, 1728f
Toads

as food, 2061
Monteverde golden, 2536, 2536f

Tobacco plants, 1440-1441, 1440f-1441f
Tobacco smoking, contributing to frostbite, 

205
Toboggan, 2219-2220

improvised rescue, 1081
Toddlers, 2092f

sleeping options, 2093f
Todd’s paralysis, 1159
Toe, blisters, 540-541, 542f
Toenail injuries, of dogs, 849
Toileting

2 to 4 years, 2093
in mountains, 2550

Tolerable upper limit, 1965-1966
Toll-like receptors, 258

of innate immune system, 258t
Tolnaftate topical antifungal solution, 2630

Tetanus prophylaxis (Continued) Thermoregulation (Continued)
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1049-1050, 1050f

Tongue lacerations, 432
Tools

in abandon-ship bag for ocean passage, 
1578b

for backcountry, 2413-2415
gear repair in, 2415
knives as, 2414-2415, 2414f
multifunction, 2413-2414, 2413b, 2414f
saws and axes, 2415
shovels and trowels in, 2415

for improvised medicine, 1076-1077
Tooth

concussion, 1132
cracked tooth syndrome, 1136
displaced, reduction of, 1134
fracture, plantain and, 1515
of piranha, 1674f
replanted, 1133f
of sharks, 1656-1657, 1657f, 1660f

Top carnivore, 2569
Top-loading packs, in backcountry, 2417
Topical adhesives, 446t
Topical anesthesia, for acute red eye, 

1117-1119
Topical anesthetics, 444
Topical application, 1505
Topical medications, for wilderness travel, 

2279t-2287t
Topical phototoxins, 352b
Topical therapies, for pain management, 

1090-1091, 1090t
Topographic maps, 599
Topography, effect on wildland ire behavior, 

295
Topples, landslides, 1933-1934
Tornados, 1940-1941, 2353

causal phenomena of, 1940-1941
outbreaks, 1941
predictability of, 1941
risk reduction measures for, 1941
vulnerability in, 1941
and wilderness survival, 1352

Tort law, doctrine of negligence and, 
2253-2254

Total body size area, and burn size, 320f
Total body water, 2031
Total energy intake, 1969
Total joint replacement, returning to 

wilderness after, 489-490, 489f-490f, 489t
Total metabolic heat production, 123
Touch issues, in older adults, 2160
Touch potential injury, lightning injury, 87
Touring snowmobiles, 2245
Tourism, in polar regions, 235
Tourists, arctic, 246
Tourniquet test, for dengue, 875, 875f
Tourniquets, 381-382, 382b, 382f, 443

for badly injured extremity, 462
in combat and casualty care, 586-587, 

586f-587f
junctional, 1252
for snakebite, 818

Toxalbumins, 1454
Toxic alveolitis, 833
Toxic exposures, injury prevention and, 614
Toxic mushroom ingestions, 1464-1490
Toxic plants, 1460
Toxicity. see also Neurotoxicity; Seafood 

toxidromes
of arnica, 1509
of comfrey, 1513
coprine, 1477b
DEET, 1038-1039
in dogs, 851
of ephedra, 1507
of garlic, 1511

of goldenseal, 1508
gyromitrin, 1484b
in medical botany, 1505-1506
muscarinic, 1479b
oxygen. see Oxygen toxicity

Toxicodendron, 1420-1424, 1420f-1421f, 1420t
Toxicologic studies, 107
Toxins

air, in wildland ires, 303-304
in canines, 851-853
ciguatoxins, 1775
cyanobacterial, 1783
mushroom. see Mushroom toxins
plant. see Plant toxins
regulated temperature altered by, 133
of sea anemones, 1704

Toynbee maneuver, middle ear barotrauma 
and, 1596

Trace elements, 2560
Trace metals, in biogeochemical cycles, 2570
Tracheostomy, in large animals, 860-861
Tracking dogs, 1228
Tracks

of avalanche, 45, 47f
in waypoint navigation, 2331

Traction
for dislocated shoulder reduction, 466f
improvised, 451f

ankle wrap, 458f
Traction pins, 458-459
Traction splint, 504

Buck’s, 509f
Ferno, 507f
Reel, 508f
Sager, 507f
Slishman, 506f

Tractors, injury related to, 835, 835f
Traditional healers, in Native American, 

2429-2430, 2430f
Tragsitz device, 1281, 1283f
Trail shoes, 1362
Trail snowmobiles, 2245
Trained personnel, rescue by, 190-191
Training

effect on lactate threshold, 2185-2187, 
2186f-2187f

expedition medical, 1835
at high altitude, 8
of humanitarian aid worker, 1915-1916
humanitarian training centers, organizations 

and resources, 1910t-1912t
of rescue teams, 1250
wildland ire training courses, 317

Training aids, in teaching, of wilderness 
medicine, 2459-2462

audio and visual, 2459-2460
equipment considerations in, 2459
simulations in, 2460-2462, 2461f-2462f
syllabus material and handouts in, 2460, 

2460f
textbooks in, 2460

Training for out-of-hospital personnel, 
prevention of drowning and, 1547

Training for wilderness adventure, 2183-2191, 
2184f

aging and training, 2188-2189, 2188f
blood transfusion, 2191
at high altitude and exercise, 2189-2191, 

2189f
hypoxic, 2190-2191
improving human performance, 2185-2188

eficiency of movement, 2187-2188
lactate threshold, 2185-2187, 2186f-2187f

mental awareness, 2183
physical conditioning, 2183-2185

Training responsiveness, genetics on, 2514, 
2514f

Traits
genetic basis of, 2498-2500, 2499f
in phenotype, 2497, 2498f

Tranexamic acid, 589
Transceiver, for avalanche rescue, 53-54, 54f, 

55b, 58
Transcriptome, 2500-2501, 2503b

hierarchy of, 2501f
Transcutaneous glyceryl trinitrate, for 

snakebite, 817
Transdermal hormonal contraception, 2126
Transect walk, 1896
Transform plate margins, 2583
Transfusion, of incompatible blood type, 

anaphylaxis and, 1499
Transient hypertension, in lightning victims, 

104
Transient ischemic attack, 1158

diagnosis of, 1158, 1158t
management of, 1158

Transitional snow climate, 40, 41t
Transitional waves, 2564
Translaryngeal ventilation, 419f
Transmucosal fentanyl, for acute pain, 

1087-1088, 1087f
Transpiration bags, 2052-2053, 2054f-2055f
Transplantation

organ, hyperbaric oxygen therapy for, 1634
solid-organ, 1196-1197, 1196f

Transport
air medical, 1294-1326
of burn victims, 325, 334, 334f
deinition of, 1244
ground and air coordination during patient 

stabilization for, 1315
improvised

carries, 1077-1078
nonrigid litters, 1078-1081
over snow, 1265
rescue sled or toboggan, 1081

interfacility, in air medical transport, 1299, 
1299f

phase, of SAR event, 1234-1239
hardware, 1236-1239
personal equipment, 1234, 1234f
software, 1234-1236

prolonged, 1253-1254, 1254f
Transportation

for avalanche rescue, 60
hardware accessories, 1293, 1293f

Transthoracic echocardiography, 2387
Trap injuries, 551, 556, 557f
Trap line, 2063
Trauma. see also Barotrauma

accidental hypothermia and, 142
air medical transport and, 1299
and cardiac arrest resuscitation, 1153t
combat, hyperbaric oxygen therapy for, 

1635
dental, 1128-1135, 1131b
essential oil for, 1526
irst-aid kit of natural products for, 

1523-1524
improvised treatment of, 1074
major, in wilderness and endurance events, 

2217
periocular, 1111
in spacelight, 2611-2612
in whitewater setting, 1395-1399

Trauma emergencies
alcohol as causative factor, 378
establishing priorities, 378-379
extremity trauma, 395-397
head injuries, 384-388
neck injuries, 388-390, 388f
overview of, 378-379
pelvic trauma, 395, 395f
primary survey, 379-380

Toxicity (Continued)
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secondary survey of, 380
thoracic injuries, 391-393
universal (body luids) precautions in 

wilderness, 379
vascular access, 381, 381f

Traumatic asphyxia, 393
Traumatic brain injury, 122, 384

hyperbaric oxygen therapy for, 1634
persons with, 2174-2175

Traumatic injury
air medical transport and, 1320
to avalanche victim, 63, 65
crush injuries, and rhabdomyolysis,  

396-397
Traumatic ocular disorders

corneal abrasion, 1114-1115, 1115f
corneal ulcer, 1115, 1115f
hyphema, 1115-1116, 1116f
iritis, 1115
obvious open globe, 1113-1114, 1114f
occult ruptured globe, 1114, 1114f
subconjunctival hemorrhage, 1115, 1116f

Traumatic ulcers, 1142
Trav-L-Pure Camper Canister, 2013t-2026t, 

2020f
Travel

activated charcoal for, 1524-1525
essential oil remedies for, 1525-1526
fatigue, irst-aid kit of natural products for, 

1523
sustainable, 2554

Travel expectations for children
irst 2 years, 2090-2091
2 to 4 years, 2091-2092, 2094f
school age, 2093-2094, 2094f

Travel medicine, 1807-1826
hazards of air travel, 1809-1810
high-altitude illness, 1823-1825, 1825f
immunizations for travel, 1810-1818
information, resources for, 1826
malaria

chemoprophylaxis for, 1819-1821
precautions against insects, 1819
risk assessment, 1818-1819
standby self-diagnosis and drug treatment 

for, 1821
medical kit for, 1825
motion sickness, 1825
and older adults in wilderness, 2155,  

2156f
Posttravel medical care and screening, 

1825-1826
radiation from sun, 1825
sources of information of, 1808
travel health risk assessment in, 1808-1809, 

1809b
traveler’s diarrhea, 1821-1823

chemoprophylaxis for, 1822-1823
management of, 1824f
recommended antimicrobial agents for, 

1824t
risk areas for, 1822f
symptomatic treatment for, 1823, 1823t

Travel-related problems for children, 2107
abdominal pain, 2109
animal bites, 2111-2112
conjunctivitis, 2111
constipation, 2109
eustachian tube dysfunction, 2107
fever of unclear etiology, 2110-2111, 2110b
foreign bodies, 2112
headache, 2101-2102
lacerations, 2111, 2111f
motion sickness, 2107
poisoning, 2112
rashes, 2111

Travel thrombosis, 1193-1194, 1194b

Traveler’s diarrhea, 1821-1823, 1861-1866
chemoprophylaxis for, 1822-1823, 1822t
in children, 2107-2109, 2107t, 2109b
chronic, 1862-1863
clinical syndromes of, 1861-1862
deinition of, 1861
etiology of, 1861
laboratory tests and procedures of, 

1863-1864, 1863f, 1863t
major pathogens in, 1862t
management of, 1824f
persistent, 1862-1863
prevention and prophylaxis of, 1865-1866, 

1866t
chemoprophylaxis for, 1866
food, beverage, and personal hygiene in, 

1865-1866
immunoprophylaxis for, 1866

recommended antimicrobial agents for, 
1824t

risk areas for, 1822f
symptomatic treatment for, 1823, 1823t
treatment of, 1864-1865, 1865t

antimicrobial therapy for, 1864-1865, 
1865t

symptomatic therapy for, 1864
in wilderness, preparing for, 2296

Travois, 1285
Treatment. see also Field treatment

of allergic contact dermatitis, 1425-1426
of amatoxin ingestion, 1488-1489, 1488b
of anaphylaxis, 944
of anticholinergic syndrome, 1440
of burn injuries, rehabilitation, 330-331
of cardiac glycoside toxicity, 1450
of cardiotoxins that open sodium channels, 

1451
of coprine toxicity (disuliram-like toxin), 

1477, 1477b
of cyanogenic glycoside poisoning, 

1458-1459, 1459f
of extremity fractures and dislocations, 

1064
of gastrointestinal irritant mushroom 

ingestion, 1476, 1476b
of gyromitrin toxicity, 1484b
of heatstroke, 263-265
of irritant contact dermatitis, 1419
of isoxazole toxins, 1481, 1481b
of lepidopteran envenomation, 948, 948f
of lice infestations, 962-963
of lightning injuries

diagnosis, 102
history and physical examination, 103
initial irst aid and triage, 102
laboratory tests and radiographic 

examination, 103
of loxoscelism, 1007
of Lyme disease, 979-980
malaria, 919-930, 925f

in pregnant women, 926t-929t, 930
presumptive self-treatment, 919-922, 920t, 

924t
severe malaria, 930, 931t-932t
supportive care for severe malaria, 930
uncomplicated malaria, 922-930

of muscarinic toxicity, 1479-1480, 1479b
in Native American healing, 2433, 2433f
of nicotinic syndrome, 1442
of nonfreezing cold-induced injuries, 230
of psilocybin toxin, 1481b, 1483
of scorpion envenomation

antivenom, 1030-1031
antivenom administration 

recommendations, 1031-1032, 1031b
in austere environments, 1031
pharmacologic therapy, 1029-1030

of toxalbumin poisoning, 1454-1455

of traveler’s diarrhea, 1864-1865, 1865t
of vascular injuries, 396

Trechona spiders, 1003
Trechona venosa funnel-web tarantula, 1003
Tree pole litter, 1080
Tree snake, 787f
Tree stand injuries, 551, 551f-552f
Trees

causing contact dermatitis, 1417t
falling, as hazard, 1372
in forest, 2574
pollen allergens and, 1492f

Trek animals
medications for, 860t
poisonous plants that may affect, 866t
vital statistics of, 857t

Trematodes, from ish, 1789
Tremors, in older adults, 2161
Trench

shelter, in desert, 1387f
snow trench, 1335-1336, 1335f-1337f

Triage
in agricultural rescue operation, 829-830
for cold-water immersion hypothermia, 

192-194
mental health, in wilderness, 1169, 1169b
military, 591

Triathlons, 2210
injuries and illnesses during, 2215

Triatomids, 950-951, 951f
Triazolam, 28, 2631
Trichinellosis, 724-727

diagnosis of, 727, 727f
epidemiology and transmission of, 725-726
historical aspects of, 724-725, 725f
life cycle of, 725, 725f-726f
prevention of, 727
symptoms of, 726-727, 726f
treatment of, 727

Trichocereus spp., 1444
Trichodesmium erythraeum, 1774-1775
Trichomonas vaginitis, 2130
Tridacna clam poisoning, 1784
Triggerish, 1675-1676, 1675f-1676f
Trimethoprim/sulfamethoxazole, 2631
Trimix, for mixed-gas diving, 1590
Trinidad, scorpion envenomation in, 1023
TRIP database, for wilderness medicine 

providers, 2481-2483, 2484f-2485f
Trip participants

duty to warn and educate, 2254-2255
medical clearance of, 2255-2256
with preexisting, evaluation for, 2274
pretrip evaluation for, 2274

Trip preparation, chronic diseases and, 1178
Triprolidine, 2630
Trochanteric bursitis injection, 488, 488f
Trombiculid mites, 966, 966f
Tropane alkaloids, 1437-1440, 1437f
Trophic pyramid, 2569
Tropical Cyclone Warning Centers, 2356, 

2357f
Tropical cyclones, 1569-1570, 1935-1940, 

2352, 2352f
adverse effects of, 1939
causal phenomena of, 1935-1936
characteristics of, 1936-1937
deadly hurricanes and, 1938, 1938f
predictability of, 1938-1939, 1938f-1939f
risk reduction measures, 1940
vulnerability in, 1939, 1939f

Tropical deciduous forests, 2575
Tropical depression, 2352
Tropical environment, 1358-1359
Tropical medicine and public health, 

suggested readings, 1906b
Tropical rain forests, 2537, 2575, 2576f

Trauma emergencies (Continued) Treatment (Continued)
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Tropical region, wild plants, 2082t-2083t
Tropical storm, 2352
Tropomyosin, 1802
Trowels, for backcountry, 2415
Trucker’s hitch, 1072, 2372, 2373f
Trunk, bandaging of, 847
Truvada, 2631
Trypanosomiasis, 1855-1857

African, 1855-1856
South American, 1856

Tsetse lies (family Glossinidae), 1034f, 1035
Tsunami warning system, 1928
Tsunamis, 368-369, 368f-369f, 1928-1930, 

1928f, 2563-2565, 2564t
adverse effects of, 1929-1930, 1929f
causal phenomena and characteristics of, 

1928
with earthquake, 1926
Indian ocean, in 2004, 1889f
location of, 1932
predictability of, 1932
risk reduction measures in, 1930
volcanic eruptions and, 1932
vulnerability in, 1929

Tube tents, 1333, 1333f
Tubing

improvised
cricothyrotomy, 1050b
stethoscope using, 1047

intravenous, 1049
Tubular webbing, 1235f
Tularemia, 642, 711-713

bacteriology of, 711
diagnosis of, 713
epidemiology of, 711-712, 711f
prevention of, 713
symptoms of, 712
transmission of, 712
treatment of, 713

Tulip, 1428-1429, 1428f
“Tulip ingers”, 1428-1429, 1428f
Tumor necrosis factor-α, for frostbite, 222
Tumpline, 1363, 1363f
Tundra, sustainability in, 2551
Tuning fork diagnoses, of fracture, 1063
Tunisia, scorpion envenomation in, 1019-

1020, 1019f
Turbidity, 1994
Turf toe, 519
Turkey, scorpion envenomation in, 1020-

1021, 1021f
Turmeric, 1524
Turtles

as food, 2060
loggerhead, 1694f
snapping, 1675

Tutu, 1447
Tweezers, improvised, 1056, 1056f
Twenty-minute whole-blood clotting test, 815, 

815f
Twin-engine helicopters, 1307-1309, 

1307f-1309f
Twin studies, 2498, 2503b
Two-burner portable camp stoves, 2422
Two half hitches, round turn with, 2373, 

2373f
Two-hand seat, 1078
Two-rescuer split-coil seat, 1078, 1079f, 

1281-1282, 1283f
Two-way local communication, 2323-2325

Family Radio Service, 2323, 2324f
General Mobile Radio Service, 2323-2324
900-MHz band, 2324
2-meter and 70-centimeter amateur radio 

service, 2324-2325, 2325f
Two-way long-distance voice communication, 

2325-2329, 2326f

Two-winged lies. see Diptera (two-winged 
lies)

“2-1-1 regimen,” for rabies, 667
Tympanic infrared radiometers, 122
Tympanic temperature, 123
Typhoid fever, 1851-1852

clinical presentation of, 1851
management of, 1852
prevention of, 1852
vaccine for, 1816

Typhoidal tularemia, 712
Typhoons, 2352

U

Ulceroglandular tularemia, 712
Ulcers

aphthous, 1141-1142, 1142f
corneal, 1115, 1115f
Marjolin’s, 815f
peptic ulcer disease, 398

Ulnar gutter splints, 505, 512f
Ulnar nerve, ultrasound-guided forearm 

blocks of, 1103, 1104f
Ulnar nerve compression, at elbow, 1162
Ulnar shaft fracture, 471-472, 472f
Ultra-high-molecular-weight polyethylene, for 

ropes, 2366
Ultrailtration, 1996-1997
Ultralite rescue sled, 1292, 1292f
Ultramarathons, 2210

injuries and illnesses during, 2215-2216, 
2216t

Ultrasound, in wilderness, 2376-2395
advantages of, 2394-2395

cost, 2395
and limitations, 2377t
portability, 2394
safety and noninvasiveness, 2394-2395
versatility, 2395

common clinical imaging applications of, 
2377-2391

Doppler and blood low studies in, 2385, 
2385f-2386f

Focused Assessment with Sonography for 
Trauma (FAST) and, 2377-2380

inferior vena cava and volume assessment 
in, 2385, 2386f-2387f

introduction to, 2376
overview of clinical imaging, 2376
probe construction and frequency, 2376, 

2377t
limitations of, 2395
musculoskeletal assessment in, 2382-2384
of optic nerve sheath, 2384, 2384f-2385f
of peripheral veins, 2391, 2392f
for pneumothorax, 2381, 2381f-2382f
pregnancy, 2387-2390

amniotic luid volume assessment in, 
2389

fetal positioning and number of, 
2388-2389

irst-trimester ultrasound in, 2387-2388, 
2388f-2389f

gestational age/dating in, 2389-2390, 
2389f

placental positioning in, 2389
second- and third-trimester ultrasound in, 

2388-2390
for pulmonary edema, 2381-2382
in remote locations, special considerations 

for, 2391-2395
power supply, 2393-2394, 2393f, 2394t
tele-ultrasound, 2391-2394

right lower quadrant, 2391, 2391f-2392f
right upper quadrant, 2390-2391, 

2390f-2391f

Ultrasound-guided forearm blocks, 1101-1103
needle insertion and injection of, 1103
positioning in, 1101

Ultrasound-accelerated thrombolysis, 222
Ultraviolet A radiation, 337

protection factors, 345
Ultraviolet B radiation, 337
Ultraviolet C radiation, 337
Ultraviolet exposure, injury prevention and, 

606-607
Ultraviolet keratitis, 1118-1119
Ultraviolet light, in water disinfection, 2009, 

2009b
Ultraviolet protection factor, of clothing, 2406, 

2406t
Ultraviolet radiation)

acute effects on skin, 337
adaptation to, genetic inluences on, 2513
damage at altitude, 1123
exposure

environmental effects, 335-336
ozone depletion and, 336-337

Umbelliferae, 1432, 1433t, 1446, 1446f
Uncertainty, in environmental change, 2533
Uncompensable heat stress, 121, 254
Uncomplicated crown fracture, 1131
Unconsciousness, in divers, 1606b
Uncoupling protein-1, 1966-1967
Under-ice platelet layer, polar diving and, 

1591
Undercuts, 1393, 1394f
Undersea volcanoes, 362, 366f
Understory, in forest, 2574
Undertow, ocean surf problem, 1242, 1242f
Underwater blast injury, 1598
Underwater diving

and cardiovascular system, 1146-1147
TIA and stroke in, 1158

Underwater patching compounds, 1562
Underwater refractive correction, 1125
Underwear, long, 1330t, 1331
Underwrap, for taping, 518, 518f
Undiagnosed rabies, 660-661
Unexplained syncope, diving and, 1613
Unexploded ordnance, 592-593, 592f, 1957
Ungulates, attacks by

domestic, 643-644
wild, 633-636

Uniied command, 1880
Uniformitarianism, 2588
United Nations cluster approach, 1880-1881, 

1881f, 1915
United States

and developed countries, waterborne 
diseases, 1987-1988, 1987b

distribution of tick-borne diseases, 973t
forecast products in, 2356
lightning injury incidence, 77-78, 77f
scorpion envenomation in, 1024-1027, 

1024f-1025f
species groups at risk, 2527t
surface observations of, 2357
venomous lizards of, 758-760
venomous snakes of, 729-757
wilderness in

distribution of, 2521
legislation and policy of, 2518-2520
management agencies of, 2521, 2521t

United States Geological Survey, 2333,  
2333f

United States SAR
catastrophic incident SAR addendum to 

National SAR supplement, 1219, 1219b
local SAR response in, 1223
National Response Framework, 1218-1219, 

1218b
National SAR Supplement, to IAMSAR 

Manual, 1219, 1219b



I-71

I
N

D
E

X

National Search and Rescue Plan, 
1217-1218

rescue coordination centers
Air Force, 1219-1220
Civil Air Patrol, 1221-1222, 1222f
Coast Guard, 1220-1221
Coast Guard Auxiliary, 1222
Federal Aviation Administration, 1221

standards and regulations of, 1223-1224
state’s role in, coordination and support, 

1223
Units of pressure, in underwater environment, 

1593t
Unity of command, 1879
Universal Edibility Test, 2085b
Universal Pocket Navigator, 2342, 2343f-2344f
Universal precautions

body luids, 379
improvised, 1049

Universal river signals, 1402, 1402f-1403f
Universal Transverse Mercator Coordinate 

System, 2333-2335, 2334f
Universalizability test, 2266-2267
Unmanned aerial vehicles, 1273
Unmanned aircraft systems, 1221
Unstable pelvic fracture, 456f
Untrained personnel, giving authority to, 2268
Untrained-bystander rescue, 190
Upper body, training of, 2195
Upper-body injuries, 839
Upper extremity, splinting, 499, 501t
Upper extremity injuries

arm and elbow, 467-471
forearm, wrist, and hand, 471-475
in mountain bikes, 2242, 2243f
shoulder girdle, 463-467

Upper face fractures, 426-429
Upper respiratory infection, in spacelight, 

2616
Upside-down storm, 48
Upslope fog, 2354
Upward streamers, lightning injury, 86f, 

87-88
Urban context, emerging, and humanitarian 

medicine, 1888-1889
Urban heat islands, 255
Urban prehospital emergency, wilderness 

and, differences between, 2440
Urgency determination form, for SAR, 1227f
Urinary retention, 400

in spacelight, 2613
Urinary system, during pregnancy, 2133
Urinary tract infection, 400-401

in women, 2129
Urine concentration, in hydration assessment, 

2033, 2033f
Urologic emergencies

acute scrotum, 400
prostatitis, 400
renal colic, 399-400
urinary retention, 400
UTI, 400-401

Urology, in physiologic concerns of 
spacelight, 2613-2614

Urticaria, 1496-1497, 1496f, 1497b
cold related, 233-234, 234f
contact, immunologic and nonimmunologic, 

1429-1432, 1429b
Urticating hairs, of tarantulas, 1001
Urushiol, causing contact dermatitis, 1421, 

1421f
U.S. Department of Agriculture Forest, 277
U.S. federal wildland ire management policy, 

279
U.S. Navy decompression tables, 1610f
Useful load, in helicopters, 1304t
Usnea species, 1518-1519, 1518f

Uterine bleeding
abnormal, 2124
anovulatory, 2124-2126

Utilitarianism, 2264
Utility, in wilderness medicine, 2264
Utility (or working) snowmobiles, 2245
Uveal pigment, 1114f

V

V-shaped conveyor belt, for avalanche 
rescue, 59, 60f

Vaccinations
for HIV-positive adults, 1813b
human, for rabies, 667-668
for injury prevention, 605
preexposure, 668-670
rabies, for cavers, 1411

Vaccine-associated neurologic disease, 1813
Vaccine-associated viscerotropic disease, 1813
Vaccines

for adult traveler, 1810t-1812t
recommended, 1814-1818
required, 1813-1814
routine, 1818

after bone marrow transplant, 1195t
for children traveling to foreign countries, 

2103t-2105t
for malaria, development of, 930-934, 

933f-934f
for rabies, 666-667, 667t, 670
response to, during pregnancy, 2134

Vacuum mattresses, 1265-1266
Vacuum-sealed minor surgery tray, 578-579, 

579f
Vacuum splint, 497, 499f-500f, 502, 502f
Vacuum-assisted closure therapy, for frostbite, 

222
Vaginal discharge or itching, 2129-2131
Vaginal ring, 2126-2127
Vaginosis, bacterial, 2130
Validity, in wilderness systems, 1211
Valsalva maneuver, middle ear barotrauma 

and, 1596
Values

applicable to wilderness medicine, 
2263-2265

decision-making capacity and consent, 
2264-2265

safety or security, 2263-2264
utility, 2264

in modern biomedical ethics, 2263
sources of, 2263
of wilderness, public perceptions and, 

2521-2522, 2522t
Valves, for oxygen administration, 2307
Vampire bats, 638, 1370
Vancomycin

anaphylaxis and, 1499
urticaria and, 1497

Vanderbilt University’s LifeFlight program, 1298
Vapor-barrier clothing, 2406
Vapor barrier liners, improvised, 1049
Vapor barrier systems, 1332
Variation, in phenotype, 2497
Varicella-zoster virus (chickenpox) vaccine, 

1817
Vario ilter, 2013t-2026t, 2015f
Various weather phenomena, 294
Vascular access, in trauma emergencies, 381, 

381f
Vascular function, in musculoskeletal injury, 

451
Vascular injuries

of extremity, 395-396
of nonfreezing cold-induced injuries, 225, 

227f

Vasoconstriction, 225
hyperbaric oxygen and, 1619-1620

Vasodilation, cold-induced, 224
Vasodilators, for frostbite injury, 211-213, 214f
Vasomotor decompression sickness, 1609
Vasomotor rhinitis, 1494
Vector-borne diseases

on human health, 2545-2546
during pregnancy, 2138-2139

Vector pull, 1401, 1401f
Vectors, ticks as, 972-973, 973t
Veering, in weather prediction, 2361
Vegetable still, 1384-1385, 1386f
Vegetation

avalanche and, 48
water from, 2051, 2053f

green vegetation, 2045-2046
Vehicles

all-terrain, 2249-2253
injury related to, 834-835

cold weather, survival kits for, 1357
items stored in, 2293, 2293b, 2293f
lightning safety and, 109-110
submerged, as risk factor for drowning and 

submersion injuries, 1532, 1532b
suggested emergency equipment for, 2411b
taking refuge in, from wildland ire, 

306-307, 307b
unmanned aerial, 1273

Venerupin shellish poisoning, 1784
Venezuela, scorpion envenomation in, 1023
Venom, 737-739. see also Envenomation

of cnidaria, 1682-1685
of cone snails, 1715-1716
coral snakes, 739
Gila monster and beaded lizard, 758
of Hymenoptera, 941-942, 942f

immunotherapy for, 944-945
of Lepidoptera, 945-947
of octopuses, 1717-1720
pit vipers, 737-739

characteristics of, with geographic origin, 
738

neurotoxicity of, 738
reptile, allergy to, 751
of scorpion, 1017
of scorpionish, 1729-1731
of sea cucumbers, 1712
of sea snakes, 1741-1742
of sea urchins, 1706-1708
snake. see Snake venom
of spiders, 993-994, 994f, 995t-998t
of starish, 1705-1706
of stingrays, 1721-1724
yields, 735t

Venom apparatus
of cnidaria, 1682-1685
of cone snail, 1715-1716, 1716f
of octopuses, 1717-1720
of sea cucumbers, 1712-1713
of sea urchins, 1706-1708
of starish, 1705-1706

Venom ophthalmia
of elapids, 794-795, 801f
spitting cobra, 801f
treatment of, 826

Venomous lizards, 826, 826f
Venomous (horned) sharks, 1739
Venous gas emboli, decompression sickness 

and, 1606-1607
Venous thromboembolism, 2128
Venovenous rewarming, continuous, 155
Ventilation, 407-408

assessment, in primary survey, 379
bag-mask, 409f
failure of, 404
at high altitude, 4, 6f
high-altitude pulmonary edema and, 23

United States SAR (Continued)
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rescue breathing, 408
for snake envenoming, 824

Ventilator, in air medical transport, 1297, 
1305f

Ventricular arrhythmias, 160-161
Verapamil, for box-jellyish sting, 1702
Verapamil hydrochloride, 2631
Veratrum alkaloids, 1451
Vermilion border, 432, 432f
Verruca plantaris, 548, 548f
Vertebrates, extinction rate per millennium of, 

2538f
Vertex delivery, 2145, 2145f
Vertical circle, 2340-2341, 2341f
Vertical evacuation, in canyon rescue, 1277f
Vertical movement, of water, 2561
Vertical pin, 1394, 1395f, 1401
Vertigo

acute, 1163-1164, 1164f
alternobaric, 1598

Very high altitude, 2, 3f, 3t
Very-high-frequency radios, 2419-2420
Vesicles, of sea anemone, 1703f
Vestibular decompression sickness, 1609
Vestibular neuritis, 1163
Vests, inlatable, 1552
Vesuvian eruptions, 1931, 1931f
Vesuvius eruption, AD 79, 357-358, 358f
Vet wrap, for bandaging, 523, 528f
VHF-FM marine radios, 1574-1576, 1575f
Vibrations, in in-light setting, 1314
Vibrio alginolyticus, 1726-1727
Vibrio spp.

from aquatic environment, growth in 
culture, 1640-1641

causing shellish illness, 1786
enteropathogenic, 1868
V. alginolyticus, 1787
V. cholerae, 1787
V. mimicus, 1787
V. parahaemolyticus, 1787
V. vulniicus, 1754f, 1786-1787
wound infections caused by, from aquatic 

environment, 1638-1642
Photobacterium damsela, 1640
Vibrio alginolyticus, 1640
Vibrio cholerae, 1640
Vibrio mimicus, 1640
Vibrio parahaemolyticus, 1639
Vibrio vulniicus, 1639-1640

Victims
of crime overseas, assistance for, 1962
of mushroom poisoning, 1489-1490

Video laryngoscopy, 415-416, 415f-416f
Vinegar, box-jellyish envenomation and, 

1700-1701, 1701f
Vines, water-bearing, 1375, 1375f
Violence

climate change on, 2546
potential for, 1174
sexual, and humanitarian medicine, 1888

Violent regional ethnic conlicts, increasing 
numbers of, 1955

VIP program. see Volunteers-in-parks program
Viperinae envenoming

bush viper, 803-805
desert viper, 805
European snakes, 798-799
giant rain forest viper, 803, 806f
neurotoxic envenoming, 801f
Russell’s viper, 806-809, 807f-808f

in India, 807
in Myanmar, 808-809
in Sri Lanka, 807
in Thailand, 809

saw-scaled/carpet vipers, 801, 804f, 
805-806

Vipers
bush, 806f

envenoming, 803-805
Chinese bamboo, 774f
desert, 807f

envenoming, 805
European, 802f

envenoming, 798-799
fangs and venom apparatus, 769
front fangs of, 762f, 769f
giant rain forest, 805f

envenoming, 803, 806f
neurotoxic envenoming, 801f
Old World, 795-798
pit. see Pit vipers
Russell’s, 764f

envenoming, 806-809, 807f-808f
saw-scaled/carpet, 803f

envenoming, 801, 804f, 805-806
Sri Lankan saw-scaled, 768f

Viral diseases
Colorado tick fever, 982-983
Crimean-Congo hemorrhagic fever, 983-984
Heartland viral disease, 984
North American tick-borne encephalitis 

viral diseases, 983
severe fever and thrombocytopenia 

syndrome, 984
tick-borne encephalitis, 983

Viral enteric pathogens, 1868
Viral infections. see also Mosquito disease 

vector
Crimean-Congo hemorrhagic fever, 1847
dengue, 872-876, 1845-1846
Ebola and Marburg viruses, 1847
Hantavirus cardiopulmonary syndrome, 

1847-1848
hemorrhagic fever with renal syndrome, 

1847-1848
Japanese B encephalitis, 1848-1849
Japanese encephalitis, 880-882
Lassa fever, 1846-1847
major viral hemorrhagic fevers, 1844
maxillofacial, 1137-1138, 1137f-1138f
named hepatitis viruses, 1849-1851
rabies. see Rabies
Ross River virus, 886-887
West Nile virus, 882-884
yellow fever, 876-880, 1844-1845
Zika virus, 888-889

Viral meningitis, 1162
Virga, 2353
Virginia creeper, 1424f
Virolas, 1371
Viruses

enteropathogenic, 1860t
susceptibility to halogen disinfection, 2000
waterborne, 1986b, 1988

Viscerotropic disease, vaccine-associated, 1813
Viscous deformation, 44
Visibility minimums, in helicopters, 1270
Vision

decreased, after diving, 1127, 1127b
issues, in older adults, 2160
loss of, in white, quiet eye, 1112-1113, 1112b

Vision loss, persons with, 2173, 2173f
Visitor and Resource Protection Directorate, 

of National Park Service, 2489
Visitor use, wilderness, distribution of, 

2522-2523, 2522f
Visitors, wilderness, 2522
Visual acuity measurement, 1109
Visual and sound distress signals, at sea, 

1571-1572, 1571b
Visual impairment/intracranial pressure 

syndrome, in spacelight, 2607-2608
Visual means, to avoid collisions with other 

vessels, 1563-1564

Visually impaired person, scuba diving for 
persons with, 2180

Vital signs, improvised measurement of, 
1046-1047, 1047f, 1047t

Vitamin C, 1522
Vitamin D, role of, 349-350
Vitamin D3, 1522
Vitamins

performance-enhancing effects of, 2208
and their relationship to health and 

physical performance, 1973-1975, 
1974b, 1974f

Vitreous detachment, posterior, 1113
Volar wrist splint, 505, 512f
Volatile oils

of calendula, 1516
of chamomile, 1515
of garlic, 1509-1510

Volcanic arcs, 2582
Volcanic ash, 369-371, 371f-372f
Volcanic eruptions, 354-376, 1930-1933

adverse effects of, 1932-1933
causal phenomena of, 1930-1931
characteristics of, 1931-1932
fatalities from, 356t-357t
hazards, 363-374

from explosive volcanoes, 363-373, 366f
from nonexplosive volcanoes, 373
posteruption, 373-374, 374f

risk reduction measures for, 1933
tsunamis and, 1932
vulnerability in, 1932

Volcanic gases, 1932
Volcanic laze, injury prevention and, 614
Volcano-related terms, glossary of, 355b
Volcanoes

generally explosive, 360-361
generally nonexplosive, 361-362
global distribution of, 358-360, 358f
theory of plate tectonics and, 359-360, 

359f-362f
types of, 360-362
Vesuvius, AD 79, 357-358, 358f

Voltage, 85
Volume, in air medical transport, 1312-1313
Volume assessment, ultrasound and, 2385, 

2386f-2387f
Voluntary, 1899t
Volunteers, in MedWAR, 2473-2474
Volunteers-in-parks program, in National Park 

Service, 2495
Vomiting

due to snake envenoming, 818
essential oil for, 1526
during resuscitation after drowning, 1541

von Willebrand disease, 1192
Vulcanian eruptions, 1931, 1931f
Vulnerability, 1922

in loods, 1943
in tornadoes, 1941
in tropical cyclones, 1939, 1939f
in tsunamis, 1929
in volcanic eruptions, 1932

Vulnerable populations, care for, 1879
Vulvovaginal candidiasis, 2129-2130
Vulvovaginitis, differential diagnosis of, 2130t

W

Wadding, for powder irearms, 553, 553f
Wadi, 1384, 1385f
Wading rescue, for whitewater rescue, 1400
Waiver of liability, 2257-2258

effective waiver, 2258
no waiver for gross negligence, 2258
other bars to waiver, 2258

Wakefulness adjuncts, 2208

Ventilation (Continued)
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Walking, healthier spine positioning for, 2202
Walking blood bank, organization of, 383-384
Walruses, attacks by, 640
Wandering spiders, 1010-1011
Warfarin, 1193t, 2631
Warm receptors, 125
Warmed intravenous luids, 195, 195b
Warming up, 2199-2200
Warrior Aid and Litter Kit, 584, 584f
Warts

on Amanita muscaria, 1465f
plantar, 548-549

Wasps, 937-938, 938f-940f
Waste, disposing, 2550
“Watch Out!” situations

in wildland ire environments, 305-306
in wildland-urban interface ire, 306

Watch schedules, in life raft, 1580
Water

for backcountry, 2415-2416
characteristics of, 2559-2560
cold

immersion into, 162-197
polar diving and, 1591-1592

inding and collecting, 2045-2053
low of, hazards, 1393-1394
hole, in desert, 1384f
in humanitarian crises, 1892, 1892f
injury prevention and, 609, 610f-611f
in jungle

camp life, 1369
survival, 1375-1376, 1375f-1376f

in lahars, 365-368
in life raft, 1580-1581
mean temperature, 164t
moderately cold, long-term immersion in, 

165b, 165f
for performance enhancement, 2208
personal water storage, in backcountry, 

2415-2416, 2416f
as priority, in desert survival, 1384-1385
quality, 1990b
in spacelight environment, 2601
and spread of disease, 1987t
sustainability in, 2551
for technical rescuers, 1250
temperature

effect of, on maximum breath-hold 
duration, 182f

sea state and, 173, 173f
thermally neutral, 163
viability of enteric pathogens in, 1990t
in wilderness survival, 1351

Water birthing, incidents, as risk factor for 
drowning and submersion injuries, 1533

Water bottles, 1365, 2415-2416, 2416f, 2416t
Water deprivation, 1965
Water disinfection

beneits of water treatment, 1985, 1986b
chemical disinfectants, 1998-2006
comparative studies and preferred 

techniques, 2009-2011, 2010t-2011t
deinitions, 1992b
devices and products for ield use, 

2013t-2026t
heat, 1992-1993
methods

chemical disinfectants, 1998-2006
deinitions, 1991-1992
heat, 1992-1993
miscellaneous disinfectants, 2006-2009
physical removal, 1994-1998
summary, 2011t

prevention and sanitation, 2011-2012
risk of waterborne disease transmission, 

1986-1990
standards for, 1990-1991
system for, 2292

Water gain, 2031
Water hemlock, 1446
Water intake, during ireighting, 316
Water knot, 2372
Water loss, 2031
Water machine, 2049-2051, 2050f
Water moccasin, cottonmouth, 733f
Water pollution, 2541

in hydraulic fracturing, 2554-2556
Water Recovery System, in International 

Space Station (ISS), 2601
Water resistance/lotation, of ropes, 2365
Water resources, threatened, 2541
Water safety, recommendations for, 1547b
Water slide, 2219-2220
Water sports, during pregnancy, 2140-2141
Water vines, 2051-2052, 2054f
Waterborne diseases

climate change in, 2546
developing countries, 1987, 1987t
enteric pathogens, 1986b
during pregnancy, 2136-2138
recreational contact, 1988
speciic etiologic agents, 1988-1990
in U.S. and developed countries, 1987-

1988, 1987b
Waterfalls, 2219-2220

frozen, rescue operations and, 1248
in whitewater sports, 1393

Waterproof/breathable fabrics, 2398-2399
Waterproof matches, 1339, 1340f
Waterproof personal safety lights, at sea, 1573
Waterspouts, 2353

marine weather and, 1569
Watson and the Shark, 1647f
“Wave riding,” seasickness and, 1566
Wavelength, 2565
Waves, ocean, 2563-2565, 2564t
Waypoint, 2331, 2331f
Weapons, in hostile environment for 

travelers, 1956-1957
Weapons system, in tactical medicine, 

573-575
Weather, 2524-2525

cold, survival in, 1330-1332
death, causes of, related to, 2533b
effect on wildland ire behavior, 294-295
as environmental risks, 2276
helicopters and, 1270
recreational boating accidents and, 1551f
rescue operations and, 1247-1248

Weather chart, marine weather and, 1568
Weather forecasting, 2355-2356

forecast products, 2356
interpretation of, 2356
types of, 2356
variable in, 2356
in wilderness survival, 1352

Weather prediction
meteorology and, 2350-2361
in wilderness, 2358-2361

backing and veering, 2361
boundary layer stability, 2361
clouds, 2358, 2360f
clouds and weather, 2360-2361, 2360f

Weather radio, 2420
Weather-related information, for tactical 

medicine, 576, 576t
Weather satellite, access and interpret, 2358, 

2358f-2359f
Weather watch, marine weather and, 

1567-1568
Weathering, in sedimentation, 2587
Web sling, 1282f
Webbing, 2363

for anchors, 1256, 1257f
breaking strength of, 2363t
deinition of, 2362

used in SAR, 1235, 1235f
for whitewater rescue, 1399

Webbing sling, 1065f
Wedge compression fracture, 453f
Weeverish, 1738-1739, 1738f
Weight

of children, average for age, 2089t
gain, during pregnancy, 2134
improvised measurement of, 1046
of jungle, animals, 1368t
of ropes, 2365

Weight loss, ephedrine and, 1507
Wells, as water source, 2047-2048
West Caucasian bat virus, 671
West Nile virus, 882-884

clinical presentation of, 882-883
diagnosis of, 883-884, 883b
electron microscopy of, 882f
epidemiology and transmission of, 882, 

882f
surveillance and reporting of, 884
treatment and prevention of, 884

Western diamondback rattlesnake, 731f, 
1388f

Western pygmy rattlesnake, 733f
Wet bulb globe temperature, 2041-2042
Wet bulb globe temperature heat index, 

273t-274t
“Wet burps”, 2605
Whale shark, 1644f, 1650f
Wheelbarrow carry, three-person, 1077-1078, 

1078f
Whelk poisoning, 1784
Whistles, for whitewater rescue, 1399
White blood cell count, accidental 

hypothermia and, 144
White inger syndrome, 2247
White-gas stoves, 2421-2422, 2421f
White-lipped green pit viper, 774f
White mustard plant, 1418, 1418f
White-tailed spiders, 1009
Whitetip shark

oceanic, 1649f
reef, 1654f

Whitewater
deinition of, 1389-1390
having to swim in, 1393-1394
rescue, 1389-1403

equipment, 1399
of pinned boat, 1401
rapidly deployed rescue techniques, 

1399-1400
tagline, 1400, 1400f
wading and strong swimmer rescues, 

1399f, 1400
situations, serious, 1395t

Whitewater canoes, 1390
Whitewater defensive swim position, 1394
Whitewater medicine, 1389-1403

irst-aid kit for, 1402
historical perspective of, 1390
injuries and deaths and, 1390-1391
organizations in, 1403
paddling equipment in, 1391-1392
river hazards and, 1392-1395
trauma in, 1395-1399
universal river signals and, 1402
whitewater rescue in, 1399-1401

Whitewater paddling, equipment for, 
1391f-1392f

Whitewater (swiftwater) river, SAR and, 
1240-1241, 1241f

Whitewater sports, prevention of injuries in, 
1395-1396

Whole blood transfusion, 589, 589f
Whole-genome sequencing, 2502, 2503b, 

2504

Webbing (Continued)
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hypothermia and, 140

Wholeness, accessing, 1169-1170, 1169b
Wide Area Augmentation System, 2330
“Widow makers”, 2578
Widow spiders

false, 1015-1016
Latrodectus, 1013-1015, 1013f-1014f

Wild animals
attacks, 627-638. see also speciic animals
as food, 2056-2071
protection from, 1354
rabies eradication in, 672

Wild birds, removing meat without using 
knife, 2059f

Wild game, in jungle, 1368t
Wild plant foods, 2071-2085

Arctic region, 2081t-2082t
desert region, 2079t-2081t
preparation of, 2085
procurement of, 2072-2085, 2072f
sea plants, 2083t-2084t
temperate region, 2073t-2079t
tropical region, 2082t-2083t

Wild wisteria, 1446
Wild yams, 1457
Wilderness, 2517-2523, 2519f

concept of, historical development of, 
2518, 2519f

considerations before going into, 760
deining, 1200-1201, 1200b, 1200f
distribution of

in United States, 2521
in visitor use, 2522-2523, 2522f

forests and, 2574
legislation and policy of, in United States, 

2518-2520, 2520f
management

agencies of, in United States, 2521, 2521t
principles of, 2523

navigation in, 1352
potential threats to, 2520-2521
preservation of, as national and 

international movement, 2523
stewardship philosophy of, 2520
sustainability in, 2550-2551
use of herbal medicine in, 1505-1506
values and public perceptions of, 2521-

2522, 2522t
visitors of, 2522

Wilderness Act, 2518-2519, 2523
Wilderness adventures, opportunities for, 

2181-2182
Wilderness and endurance events, 2209-2218

development of medical support plan for, 
2211-2212, 2212f-2213f

emergency medical services and search and 
rescue teams in, 2215, 2215f

injuries and illnesses in. see Injuries and 
illnesses

legal considerations in, 2215
medical support for, 2210-2215, 2211f
types of events, 2209-2210

Wilderness areas, environmental change on, 
2529-2531

conversion in, 2530, 2530t
direct impacts of, 2531
high-risk technologies, 2531
human penetration of, 2530-2531
indirect impacts of, 2531

Wilderness cardiology, 1146-1154
Wilderness emergency medical services, 

1199-1213
agencies in, 1203
commercial schools in United States, 

1202-1203
equipment needed in, 1210
examples of, 1200b

future areas of growth in, 1212-1213
future of, 1210-1213
history of, 1201-1203
intersection of rural emergency medical 

services and, 1212
operations in, 1206-1207
as physician subspecialty, 1213
protocols of, 1207-1210

acute coronary syndrome, 1209
anaphylaxis, 1208
common ailments, 1210
ectopic pregnancy, 1209
hypoglycemia, 1209-1210
joint reduction, 1209
medication administration, 1210
pain management, 1208-1209
spinal cord protection, 1209
termination of resuscitation, 1208
wound care, 1208

providers
levels of, 1204-1206
types, standardization, and scope of 

practice of, 1203-1206
relationship with wilderness medicine, 

disaster medicine, and tactical 
medicine, 1201

technology in, 1212-1213
Wilderness emergency medical technician, 

1205
Wilderness Experience Programs, 2522
Wilderness irst aid provider, 1204
Wilderness irst responder, 1204-1205
Wilderness legal issues, in persons with 

disabilities, 2167
Wilderness legislative issues, in persons with 

disabilities, 2167
Wilderness medicine

air transport
crew coniguration, 1298
medical director, 1298
missions, types of, 1299
organization, 1296-1297

deining, 1200-1201, 1200b, 1200f
growth of, 1203
hyperbaric oxygen therapy in, 1634-1635
liability concerns in, 2254
medical record keeping in, 2260-2261
relationship with emergency medical 

services, disaster medicine, and tactical 
medicine, 1201

Wilderness medicine education, 2439-2471, 
2441f

adult learning in, 2441-2451
basic principles of, 2442
concepts, theories, and models of, 

2442-2444
educational techniques of, 2444-2451

assessing learners’ needs in, 2452
assessing learning in, 2453-2456
certiication programs in, 2467-2469, 2468b, 

2469t
competency-based, 2451-2452
conferences and travel in, 2470-2471
continuing of, planning for, 2466-2467
health care professionals, 2469, 2469f
learning objectives in, 2452-2453, 2453t
medical school, residency, and  

fellowship offerings in, 2469-2470, 
2470b-2471b

professional societies in, 2467, 2467b
program and curriculum development in, 

2463-2466
concepts and models of, 2465
course evaluation of, 2466
injury and illness data for, 2464-2465, 

2464f-2465f

retention of learning, 2464
steps of, 2465-2466

teaching
classroom for, 2458-2459
of educational environment, 2458, 2458f
evaluation of, 2462-2463
good teachers for, 2457-2458
training aids in, 2459-2462

training in, limitations of, 2456-2457, 2457f
Wilderness medicine providers, evidence-

based medicine resources for, 2481-2485, 
2481b

Wilderness navigation techniques, 2329-2349
celestial navigation, 2338-2342

coordinates in, 2340, 2340f
direction inding in, 2342-2346
horizon coordinate system, 2340-2341, 

2341f
lines of position, 2341-2342, 2341f
practical ield-expedient, 2346

compass navigation in, 2335-2338
compass types in, 2336-2337, 2336f
compass use in, 2337-2338, 2337f-2339f
magnetic dip, deviation, and declination, 

2335-2336, 2336f
makeshift compasses in, 2338, 2339f

geocaching, 2349
with global navigation satellite systems, 

2330-2335, 2330f-2331f
orienteering

for children, 2349
maps for, 2347, 2348f

pocket radio, 2346-2347
processes of, 2329-2330

Wilderness neurology, 1154-1165
Wilderness orthopedics, 450-492
Wilderness paramedic, 1205
Wilderness physician and advanced practice 

clinician, 1205
Wilderness preparation

for common medical problems, 2296-2300
epidemiology review in, 2272
general preparation in, 2272-2276, 2273b
items stored in vehicle, 2293
medical reference material, 2293-2294
portable diagnostic instruments for, 2290t
sample journey on, 2300-2301
suppliers listed for, 2305
supplies, kit assembly strategies, and 

specialized equipment, 2276-2294
Wilderness response systems, 1199-1213
Wilderness services, Internet resources for, 

1212b, 1213
Wilderness sports, resources for, 2181-2182
Wilderness survival

adding heat from the outside, 1338
backcountry weather forecasting for, 1352
cold weather survival

decreasing body heat loss, 1330-1331
dressing for, 1331-1332

essence of, 2044-2045
essential of, 1327-1358
food in, 1350
heat sources, 1338-1344
increasing body heat production, 1338-1344
navigation in, 1352, 1353f
oxygen in, 1328-1329
preparations for, 1354-1355
protection from wild animals, 1354
psychological and organizational aspects, 

1353-1354
regulation of body temperature in, 

1329-1330, 1329f
sanitation in, 1352-1353
shelter in, 1332-1338
special instances in, 1351-1352
story of survival, 1327b

Wilderness emergency medical services 
(Continued)

Wilderness medicine education (Continued)
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survival kits
minimal equipment for, irst-aid kit, 1358
for temperate to cold weather, 1355, 

1355t-1356t
for vehicle cold weather, 1357
for winter, 1357

water in, 1351
Wilderness systems, challenges to, 1210-1212

deining no-rescue areas, 1211-1212
insuficient funding in, 1211
provider shortages in, 1210-1211
validity of and reimbursement for services 

in, 1211
Wilderness therapy, 1166
Wilderness travel

medication for, 2279t-2287t
pretrip medication evaluation form for, 

2302
repair supplies for, 2277t

Wildland Fire Fighting for Structural 
Fireighters, 317

Wildland Fire Lessons Learned Center, 317
Wildland ires, 275-318

defensible-space program, 287
early-warning system, 289-290
environments

LCES safety system, 304-305, 304f
“Watch Out!” situations, 305-306

ire behavior, 276
fundamental characteristics, 292-299, 

293f, 293t
ire-related injuries and fatalities, 299-304, 

299t-300t, 300b
house survival probabilities, 283t
and human behavior, 313-317, 315b, 315f
management and technology of, 276-280

policies, 278-280
protective ire shelters used by wildland 

ireighters, 309-310, 310b, 310f
requirements for spread of, 290b
suppression efforts, 317

Wildland-urban interface ire, 280f
Alaska, 279f, 281f
historical problem, 280-288
lessons learned, 287, 287f
nature of problem, 281-287, 281b, 

281f-282f, 285f
Portugal, 277f
recommendations to reduce loss of life and 

property in, 286b
survival principles and techniques, 304-313

Wildlife habitat, in forest, 2577
Willow, for pain, 1524
Wind

desert, 1387
injury prevention and, 608-609, 608f, 610f
and snow, 40
speed and direction, 48-49

Wind Cave, passage in, 1405f
Wind chill, 2354

chart, 1329f
Wind direction and speed, forecasts on, 2356
Wind-driven crown ire, 298, 298f
Wind mills, water from, 2048, 2048f
Wind pants, 1331
Wind power, 2552
Wind waves, 2564, 2564t
Windchill, 201, 608-609, 609f
Windproof matches, 1339, 1340f
Windscreens, on white-gas stoves, 2422
Winter-over syndrome, in Antarctic, 245
Winter storms, 1946-1947
Wintergreen oil, 1460t
Wire

braided picture-hanging, 1077
snare wire, 2062f

Wire survival saws, 1346, 1347f

Wisteria, wild, 1446
Withdrawal, from abused substances, 

1173-1174
Wolf spiders, 1011, 1011f
Wolfsmilk, 1417f
Wolves, attacks by, 628-629, 628f
Women, acute mountain sickness and, 12
Women in the wilderness, 2117-2149

assessment of, 2118b
breast health, 2129
complications

ectopic pregnancy, 2142
miscarriage, 2141-2142

contraceptive options during, 2126-2128
emergency delivery, 2143-2145
gender-based research in, 2117

environmental exposure, 2119-2120
gender-related performance, 2117-2119
health issues for older adventurers, 

2148-2149
infectious disease risk, 2136-2139
medication use, 2136t-2138t
menstrual cycle-related, 2121
ovulatory, 2124
personal safety, 2131
physiologic changes accompanying 

pregnancy, 2133-2134
postexposure HIV prophylaxis, 2131
pre–wilderness travel checklist, 2118b
pre–wilderness travel health assessment, 

2117
during pregnancy, 2131-2148
pregnancy tests and, 2126
response to infection and vaccines, 2134
sexual assault, 2131
sports and wilderness adventure risks, 

2139-2141
STIs, 2131
supplies for management of, 2142b
urinary tract issues and, 2129, 2129f
vaginal discharge or itching, 2129-2131

Wood dust, causing irritant contact dermatitis, 
1415-1416

Wood products, from forests, 2576
Wool and merino wool, 2396, 2397f, 2398t
Work productivity, dehydration and, 

2038-2039
Working end, of knots, 2367, 2367f
World Health Organization (WHO), 935, 1889

oral rehydration solution, 1982t
Worldwide distribution, of malaria, 1819f
Worms

annelid, envenomation by, 1713-1714
earthworms, as food, 2060

Wormwood oil, 1460t
Wound care, 590

for snakebite, pit vipers, 745-746, 745f
in wilderness emergency medical services, 

1208
Wound cleansing, in rabies, 670
Wound closure, of animal bites, 624
Wound closure device, 382
Wound culture, for animal bites, 626
Wound healing

aloe and, 1513
comfrey and, 1512
echinacea and, 1516
hyperbaric oxygen and, 1620, 1620b
problem, hyperbaric oxygen therapy for, 

1628-1629
Wound infections in aquatic environment

caused by Aeromonas species, 1642
caused by Vibrio species, 1638-1642

Wound management, 440-450
anesthesia, 444-445
for animal bites, 624
in aquatic environment, 1636-1637
cleansing, techniques, 442-443

Wilderness survival (Continued)
clinical presentation of, 441-442
dressings and aftercare, 448-449
irst-aid kit for wound care, 450, 450t
improvised, 1052-1056
treatment of, 442-449
vascular injuries, 443-444
wound closure techniques, 445-448, 445f, 

447f
Wound myiasis, 402, 958-960, 958f-959f
Wounding proiles, 556, 556f
Wounds

calendula and, 1516
care adjuncts for, 2298-2299
in dogs

gunshot wounds, 850
open, covering of, 846
stapling, suturing, and gluing, 850

in large animals, 862-863
gunshot wounds, 865

types and deinitions of, 440-441
in whitewater sports, 1398
in wilderness, preparing for, 2298-2299, 

2298f
Wrap-around stretchers, lexible, 1290-1292, 

1290f-1292f
“Wrap three, pull two” anchor, 1257f
Wrist

bandaging, 528, 530f
blood pressure measurements at, 1047, 

1047f
fracture of, 472, 473f

splint for, 505
strengthening of, 2197

Wrist block, 1101, 1103f
Wrist pivot method, for reduction of TMJ 

dislocation, 422
Wrist-top computers, 2419

X

Xenopsylla cheopis, 707f
X-ray, effects of, 93
Xylitol, 851

Y

Yak, attacks by, 636
Yamakagashi snake, 787f

fatal envenoming, 786, 788f
Yams, wild, 1457
Yarrow, 2435
Yaw bullet motion, 556
Yawning behavior, of bears, 681, 682f
Yeast, 1464, 1763

infections, maxillofacial, 1138, 1138f
Pityrosporum folliculitis, 1763, 1763f

Yellow fever, 876-880, 1844-1845
clinical presentation and diagnosis of, 

1844-1845
clinical presentation of, 878-879
diagnosis of, 878-879
ecology and epidemiology of, 1844
epidemiology and transmission of, 876-878, 

878f-879f
management of, 1845
prevention of, 1845
treatment and prevention of, 879-880
vaccine for, 1813, 1814f-1815f
virology and pathophysiology of, 1844

Yellow gentian, 1516-1517
Yellow jack, 1961f
Yellow jasmine, 1442
Yellowjacket wasp, 937-938, 938f
Yerba mate, 2206
Yersinia pestis, 706, 707f

Wound management (Continued)
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Yopo, 1371-1372, 1371f
Youth-speciic models, of snowmobiles, 2245
Yucca, 1368, 1369f
Yunnan Bai Yao, 1522
Yunnan white medicine, 1522

Z

Z-drag system, for pinned boat, 1401, 1401f
Zebra mussels, 2539, 2539f
Zebraish, 1728-1729
Zenith, 2340-2341, 2341f
Zheng Gu Shui trauma lotion, 1521
Zika virus, 888-889, 2139,
Zinc, in water disinfection, 2008

Zinc salts, 2631
Zingiber oficinale, 1511-1512
Zippo lighter, 1342, 1342f
Zodariidae, spiders, 1009
Zolpidem, 28, 2631
Zoonoses

from animal bites, 625, 625b
wilderness-acquired, 692-728, 693t

anthrax, 693-695
avian/swine inluenza, 713-715
bacillary angiomatosis, 695-696
Bartonella infections, 695-697
brucellosis, 697-698
cat-scratch disease, 696-697
cowpox and monkeypox infections,  

715
cysticercosis (taeniasis), 718-721

echinococcosis, 722-724
glanders, 698-700
hantavirus pulmonary (cardiopulmonary) 

syndrome, 715-717
Hendra virus, 717-718
leptospirosis, 700-703
melioidosis, 703-705
Nipah virus, 718
plague, 706-711
rat-bite fever, 705-706
trichinellosis, 724-727
tularemia, 711-713
variant Creutzfeldt-Jakob disease, 727-728

Zoonotic scabies, 965-966
Zygomatic arch fractures, 429
Zygomaticomaxillary complex fractures, 429

Zoonoses (Continued)


