


PREFACE

This report contains the findings of a water quality survey of Sunset Lake,
Hampstead New Hampshire, conducted in the summer of 1998 by the University of
New Hampshire Freshwater Biology Group (FBG) in conjunction with the Sunset
Lake Association. '

The report is written with the concerned lake resident in mind and contains a
brief, non-technical summary of 1998 results as well as more detailed "Introduction”
and "Discussion" sections. Graphic display of data is included, in addition to listings
of data in appendices, to aid visual perspective.
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Water quality data were collected in Sunset Lake by the Freshwater Biology
Group on August 4, 1998 while historical water quality data were collected by the
Sunset Lake volunteer monitors between 1984 and 1997. The 1998 Sunset Lake
water quality data are summarized in Table 1 and are typical of a moderately pro-
ductive “transitional” lake that borders conditions more characteristic of an un-
productive “pristine” New Hampshire Lake. The following section reviews the 1098
water quality data and incorporates historical data into the discussion when appli-
cable (Refer to Appendix A for a complete summary of the 1998 Volunteer Monitor
Data).

One should interpret the 1998 water quality data with caution since only a
single set of observations were recorded on August 4, 1998. Lake assessments are
typically based on a series of observations recorded between May and September
during which the water quality can exhibit considerable variation. Thus, the
August 4 sample is only a “snapshot” of the ambient conditions and is not neces-
sarily characteristic of the water quality during other times of the year.

Table 1: 1998 Sunset Lake Water Quality Readings and Water Quality Classi-
fication Criteria used by the New Hampshire Lakes Lay Monitoring Program.

Parameter Oligotrophic lesotr Sunset Lake
“Pristine” ‘ransiti August 4, 1998
Water Clarity (meters) > 4.0 5.2 meters #
Chlorophyil a (ppb) <3.0 3.0= 2.6 ppb#
Phospherus (ppb) <150 150 10.6 ppb (range: 8.8 — 12.5) #
Dissolved Oxygen (mg/l) > 5.0 sl 05 <1.0%*

# denotes samples collected in the surface waters (epilimnion)
* denotes dissolved oxygen data collected by the Freshwater Biology Group near the lakebot-
tom.

1} Water Clarity (measured as Secchi Disk transparency} - The August 4 Secchi
Disk transparency of 17.2 feet (5.2 meters) is characteristic of an unproductive
New Hampshire Lake (Table 1} and is well within the range of historical values
documented between 1984 and 1997 {Figure 10).

2) Microscopic plant abundance “greenness” [measured as chlorophyll a ~
The August 4 chlorophyll a concentration, 2.6 parts per billion {ppb), collected in
the surface waters (epilimnion) is low and characteristic of an unproductive New
Hampshire Lake (Table 1). The August 4 chlorophyll a concentration remained well
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within the range of historical values documented between 1984 and 1997 (Figure
11).

A supplemental chlorophyll a sample collected near the lakebottom (44.6
ppb at 8.0 meters) was nearly 20 times higher than the surface level of 2.6 ppb
and is characteristic of a deep-water algal population. Such deep water algal
populations can be a precursor to more severe algal blooms and water quality
problems. Future monitoring will examine this phenomenon more thoroughly.

3} Background (dissolved) water color: often perceived as a “tea” color in our
more highly stained lakes - The August 4

Sunset Lake dissolved color concentration
measured 20.6 chloroplatinate units (cpu) and
falls within the classification of a slightly col-
ored lake (Table 2). Dissolved color, or true
color as it is sometimes called, is indicative of

Table 2. Dissolved Color Clas-
sification Criteria used by the
New Hampshire Lakes Lay
Monitoring Program.

dissolved organic carbon levels in the water (a Range Classification
by-product of microbial decomposition}. Small 0-10 Clear

increases in water color from the natural 10 - 20 Slightly colored
breakdown of plant materials in and around a 20 - 40 light tea color
lake are not considered to be detrimental to 40 - 80 tea colored

water quality. However, increased color can > 80 highly tea colored

lower water transparency, and hence, change

the public perception of water quality.

4} Total Phosphorus: the nuirient considered most responsible for elevated
microscopic plant growth in our New Hampshire Lakes. — Total phosphorus
concentrations collected in the surface waters (epilimnionj at the deep and near-
shore sampling locations ranged from 8.8 to 12.5 parts per billion (ppb) and re-
mained within the range characteristic of an unproductive New Hampshire lake.
However, some values were in excess of 10 ppb which is considered the minimum
phosphorus concentration required to cause an algal bloom (refer to Appendix A
for a complete listing of the phosphorus data). A supplemental phosphorus sam-
ple collected near the lakebottom (8.0 meters) of Site 5 Center reached 51.4 ppb
and was nearly four times greater than the surface measurement of 12.5 ppb.

4) Resistance against acid precipitation (measured as total alkalinity) and

lake acidity (measured as pH)} - The August 4
Sunset Lake alkalinity measured 13.6 milli-
grams per liter {mg/1l} which is considered typi-
cal of a lake with a low vulnerability to acid pre-
cipitation according to the standards devised by
the New Hampshire Department of Environ-

shire Department of Environ-
mental Services

Table 3. Alkalinity Classificaticn
Criteria used by the New Hamp-

mental Services {Table 3). Range | Classification
Supplemental pH measurements col- [[ <0 Acidified
lected by the Freshwater Biology Group in the || 0 -2 Extremely Vulnerable
surface waters measured 6.8 which is well || 2.1~ 10.0 | Moderately Vulner-
within the tolerable range for most aguatic or- able
ganisms, 10.1 - Low Vulnerability
25 0
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5) Dissolved salts: measured as specific conductivity - Specific Conductivity
levels documented at the 5 Center sampling station were high when measured on
August 4 and ranged from 199.8 to 228.7 micro-Siemans (uS). The specific con-
ductivity measurements were higher towards the lakebottom and are indicative of
what is known as internal nutrient Ioading (when nutrients are released from the
sediments). Supplemental near-shore conductivity measurements, used to screen
for potential problem areas around the shoreline, did not detect any immediate
problems on August 4. High conductivity values can be an indication of fertilizer
applications and failing septic systems that are contributing “excessive” nutrients
into Sunset Lake.

6) Temperature and dissolved oxygen profiles - Temperature profiles collected
by the volunteer monitor indicate Sunset Lake becomes stratified into two distinct
thermal layers during the summer months {a warm upper water layer, epilimnion,
overlying a zone of rapidly decreasing temperatures, thermocline). The formation
of thermal stratification limits the replenishment of oxygen into the deeper waters
and under adverse conditions can favor oxygen depletion near the lake-bottom.
Supplemental data collected by the University of New Hampshire Freshwater Bi-
ology Group indicates dissolved oxygen concentrations are reduced near the lake-
bottom late in the summer and become stressful to warm-water fish species such
as bass and perch (Figure 12},

7) Based on the current and historical water quality data, Sunset Lake would be
considered a relatively clear and moderately productive “transitional” lake. A first
step towards preventing further water quality degradation in Sunset Lake is to
take action at the local level and do your part to minimize the number of pollut-
ants (particularly sediment and the nutrient phosphorus) entering the lake, When-
ever possible, maintain riparian buffers (vegetative buffers adjacent to the water
body}. These buffers will biologically “take up” nutrients before they enter the lake
and will also provide physical filters which allow materials to settle out before
reaching the lake. Reduce fertilizer applications. Most residents apply far more
fertilizers than necessary which can be a costly expense to the homeowner and
can also be detrimental to the lake as the same nutrients that make our lawns
green will also stimulate plant growth in our lakes. Make sure your septic system
is well maintained having it pumped out on a regular basis. An improperly func-
tioning septic system can contribute “excessive” nutrients into the lake and result
in early failure, costing thousands of dollars to repair or replace. Future volunteer
monitoring efforts should be directed at pinpointing problematic regions around
the lake where corrective and educational efforts should be focused. It is important
to make sure the watershed residents are well-educated on water quality related
issues. Numerous publications are available through University of New Hampshire
Cooperative Extension, the New Hampshire Lakes Association, the New Hampshire
Department of Environmental Services as well as several other local, state and
federal agencies. It is imperative that future activities within the Sunset Lake wa-
tershed are caréfully thought out before implementation if water quality degrada-
tion 1s to be minimized. Refer to the “Comments and Recommendations” section for
more detailed suggestions and to the section “Understanding Lake Aging” for a list of
publications pertinent to watershed protection.



1) We recommend that each participating association, including the Sunset
Lake Association, continue to develop its data base on lake water quality through
continuation of the long-term monitoring program. Data generated through con-
tinued monitoring will enable more reliable predictions of both short-term and
long-term water quality trends and will also provide documentation of “hot” spots
where educational and corrective efforts should be focused.

2) Frequent “weekly” water quality samples, necessary to assess the current
condition of Sunset Lake, should continue to be collected whenever possible, Wa-
ter quality sampling should continue to focus on tributary inlets where pollutants
are channelized into the lake, as well as, other suspect nearshore locations where
problems might exist {contact Bob Craycraft for further information at 862-3546}.

3) A more extensive watershed survey would be useful in identifying and pri-
oritizing regions within the Sunset Lake watershed where corrective and educa-
tional efforts shouild be focused. We invite interested persons to take part in a new
assessment survey, produced jointly by the NH LLMP and the U S Natural Re-
source Conservation Service (US NRCS), which provides the layperson with a sys-
tematic method for recognizing and evaluating erosion, sedimentation and related
non-point source (NPS} pollutant problems in New Hampshire watersheds. Refer to
the section “Watershed Evaluation System” in the back of this report for an over-
view of the watershed assessment manual. Contact Jeff Schioss (862-3848) for
further information.
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INTRODUCTION

The New Hampshire Lakes Lay Monitoring Program

1998 marked the twentieth anniversary for the NH Lakes Lay Monitoring
Program (LLMP). The LLIMP has grown from a university class project on Cho-
corua Lake and pilot study on
the Squam Lakes to a compre-
hensive state-wide program with Figure 1. LLMP Objectives
over 500 volunteer monitors [
and more than 100 lakes par-
ticipating. Originally developed
to establish a data-base for de-
termining long-tenm trends of
lake water quality for science
and management, the program
has expanded by taking advan-
tage of the many resources that
citizen monitors can provide
{Figure 1).

The NH LLMP has gained
an international reputation as a
successful cooperative moni-
toring, education and research
program. Current projects in-
clude: the use of volunteer generated data for non-point pollution studies using
high tech analysis system (Geographic Information Systems and Satellite Remote
Sensing), intensive watershed moni-

toring for the development of water-
shed nutrient budgets, and investiga-
tions .of water quality and ir_adica_tor M 588N v | Lo Gotreit

organisms (food web analysis, fish : 1984 - Govemor's Vlrnieerism Anard

condition, and stream invertebrates). ﬁm“?éf;‘m%ﬁ
The key ingredients responsible for 1o - Rowkarpshire Joural

the success of the program include

Figure 2. Awards & Recognition

1991 - Rerew MArverica Sucoess Maard

innovative costshare funding and cost Soviet Exvhassy Recnption
reduction, assurance of credible data, 192 e e Erudranrrent Briefing
practical sampling protocols and, most 1O e Eactarge et

importantly, the interest and motiva- 1994 Fourth National Cilfzenss’ \ioluntesr

tion of our volunteer monitors. EPA Cffice of Wisbersheds Award
The 1998 sampling season was B s e Monkcr Nancletier
another exciting year for the New Vinnipesatiee Watershed Project
. . . 1986 - Fifth Natioral Citizens Vofunteer
Hampshire ILakes Lay Monitoring Meritering Conference
Program. National recognition for the e o crtarerse

high quality of work by you, the vol-
unteer monitors, continued with




awards, requests for - -
program information Figure 3. National LLMP Support to

and  invitations to Volunteer Monitoring Programs

ak t tional , . . eir o
ingerenis ”;jg.ﬁre NH LLMP Directly inolved with the Initiation,

2). Expansion or Support of Volunteer

In  June of .
1998 we celebrated | PrOgrams in 24 States.
our 20t anniversary
with our volunteer
monitors and hosted
the fifth New England
Lakes Congress and
the Region 1 volun-
teer monitoring con-
ference: “Our New
England Waters: Wa-
tershed Stewardship
for the Next Millen-
tum”. In recognition of

our joint efforts (UNH Light gray shading denotes LLMP assisted states
and volunteers), we

received a proclama-

tion from Governor Jeanne Shaheen. The proclamation was made during our June
conference by the governor’s environmental affairs aide Susan Arnold. Over 200
participants attended the talks, panel discussions and “hands-on” workshops
during the three day conference.

Our work with volunteer monitors, data analysis, use of Geographic
Information System technology and our new watershed evaluation systern for non-
point source pollution (“Following the Flow”) was presented at meetings and
conferences across the country. We continue to be listed as a model citizen
monitoring program on the Environmental Success Index of Renew America, the
Environmental Network Clearinghouse and the National Awards Council for
Environmental Sustainability. To date, the approach and methods of the NHE LLMP
have been adopted by new or existing programs in twenty four states and eleven
countries (Figure 3)!

Importance of Long-term Monitoring

A major goal of our monitoring program is to identify any short or long-term
changes in the water quality of the lake. Of major concern is the detection of cul-
tural eutrophication: increases in the productivity of the lake, the amount of algae
and plant growth, due to the addition of nutrients from human activities. Changes
in the natural buffering capacity of the lakes in the program is also a topic of great
concern, as New Hampshire receives large amounts of acid precipitation, yet most
of our lakes contain little mineral content to neutralize this type of pollution.



For almost two decades, weekly data collected from lakes participating in
the New Hampshire Lakes Lay Monitoring Program have indicated there is quite
a variation in water quality indicators through the open water season (April
through November) on the majority of lakes. Short-term differences may be due to
variations in weather,

lake use, or other Figure 4.
chance events. Monthiy

sampling - of a lake ALGAL STANDING CROP 1988-1982

during a single summer LATE SEASON SAMPLES FROM FIGURE 5
provides some useful

mformation, but there

£

is a greater chance that =38

important short-term Ess-

events such as algal £ 14

blooms or the lake’s wa9.

response 1o storm run- =

off will be missed. > 3

These short-term fluc- 2 2.8

tuations may be unre- i 2.6
O

lated to the actual long- O T RSOOSR
T

term trend of a lake or O o o e

they may be indicative 9

1938 1986 1490 1591 1902
-z LATE AUGUST SAMPLE

of the changing status

or "health" of a lake.
Consider the hy-

pothetical data depicted

in Figure 4. Sampling
only once a year during :
August from 1988 to Figure 5

1992 produced a plot | A} GA] STANDING CROP 1986-1995

suggesting a decrease

ever, the actual long- 7
term term trend of the TREND=>INCREASING EUTROPHY
lake, increasing eutro- 0 Y S SO
phy, can only be clearly | &
R =
discerned by frequent § T8 4o st
sampling over a ten E
year period (Figure 5). ;4 Ry HAORRSARRAl Rt St ¥| P | ARty Shligy i
In this instance, the | >
. . T i !
information necessary | @& 3 e i

- . &)
to distinguish between | o
short-term fluctuations %2 """"""""""" TR T Ty e
“noise” and long-term | U SELECTED DATES FOR FIGURE 4
trends “signal” could E
only be accomplished

0 -

through the frequent
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collection of water

quality data over many



yvears. To that end, the establishment of a long term database was essential to
trend detection.

The number of seasons it takes to distinguish between the noise and the
signal is not the same for each lake. Evaluation and interpretation of a long-term
data base will indicate that the water quality of the lake has worsened, improved,
- or remained the same. In addition, different areas of a lake may show a different
response. As more data are collected, prediction of current and future trends can
be made. No matter what the outcome, this information is essential for the intelli-
gent management of your lake.

There are also short-term uses for lay monitoring data. The examination of
different stations in a lake can disclose the location of specific problems and cor-
rective action can be initiated to handle the situation before it becomes more seri-
ous. On a lighter note, some associations post their weekly data for use in deter-
mining the best depths for finding fish!

It takes a considerable amount of effort as well as a deep concern for one's
lake to be a volunteer in the NH Lakes Lay Monitoring Program. Many times a
monitor has to brave inclement weather or heavy boat traffic to collect samples.
Sometimes it even may seem that one week's data is just the same as the next
week’s data. Yet every sampling provides important information on the variability
of the lake.

We are pleased with the interest and commitment of our Lay Monitors and
are proud that their work is what makes the NH LLMP the most extensive, and we
believe, the best volunteer program of its kind.

Purpose and Scope of This Study

1998 was the fifteenth year that water quality monitoring of Sunset Lake
was undertaken by the Freshwater Biology Group and the Sunset Lake Associa-
tion . The monitoring program was designed to continue adding data to the long-
term data base established. Sampling emphasis was placed on one centrally lo-
cated deep sampling stations (Site 5 Center) while additional water quality data
were also collected at selected nearshore sampling locations (Figure 9.

The primary purpose of this report is to discuss results of the 1998 moni-
toring season with emphasis on current conditions of Sunset Lake including the
extent of eutrophication and the lake’s susceptibility to increasing acid precipita-
tion. This information is part of a large data base of historical and more recent
data compiled and entered onto computer files for New Hampshire lakes that in-
clude New Hampshire Fish and Game surveys of the 1930’s, the surveys con-
ducted by the New Hampshire Water Supply and Pollution Control Commission
and the FBG surveys. However, care must be taken when comparing current re-
sults with early studies. Many complications arise due to methodological differ-
ences of the various analytical facilities and technological improvements in testing.



Water Quality and the Weather

Since the start of the New Hampshire Lakes Lay Monitoring Program {NH
LLMP}, questions have been asked pertaining to water quality changes that occur
in our New Hampshire lakes and ponds. Most commonly noticed changes are
those associated with decreasing water clarities, increasing algal growth (green-
ness), and increasing plant growth in the lake’s periphery. Over the long haul,
changes such as these are attributed to a lake’s natural aging process; what is
known as “eutrophication”. However, short-term water quality changes such as
those mentioned above are often encountered even in our most pristine lakes and
ponds and often coincide with variations in weather variables such as precipitation
and temperature.

These climate swings can have a profound effect on water quality, some-
times positive and other times negative. For instance, 1996 was a wet year, relative
to other years of LLMP water quality monitoring. This translated into reduced wa-
ter clarities, elevated microscopic plant “algal” growth and increased total phos-
phorus concentrations for most participating LLMP lakes. Past monitoring through
the NH LLMP has recognized that wet years such as 1996 often result in poorer
water in many of our New Hampshire lakes, relative to years with more typical
precipitation levels, “Excessive” runoff associated with wet periods often facilitates
the transport of pollutants into the water body such as nutrients {including phos-
phorus), sediment, dissolved colored compounds, as well as toxic materials such
as herbicides, automotive oils, etc. As a result, lakes often respond with shallower
{less clear} water clarities and elevated “algal” abundance during these periods.
Similarly, short term storm events can have a profound effect on the water quality.
Take for instance the “100 year storm” (October 21-22, 1996) that blanketed
southern New Hampshire with approximately 6 inches of rain over a 30 hour pe-
riod. This storm resulted in increased sedimentation and organic matter loading
into our lakes as material was flushed into the water bodies from the adjacent
landscape. Likewise, the heavy rains that saturated the soil and resulted in flood
conditions in June 1998 (heaviest rains occurring on June 12 and 13) resulted in
significantly shallower Secchi Disk transparency readings in the weeks to months
that followed. While events such as October 1996 and June 1998 storms are short
lived, they can have a profound effect on our water guality in the weeks to months
that follow, particularly when nutrients that plant growth are retained in the lake.

NH LLMP data collected during dry years such as 1985 can have the oppo-
site effect, reducing the transport of poilutants into the lake and in turn resulting
in higher water quality measured as deeper water transparencies, lower micro-
scopic plant “algae” concentrations and lower nutrient concentrations. Do all lakes
experience poorer water quality as a result of heavy precipitation events? Simply
stated, the answer is no. While most New Hampshire lakes are characterized by
reduced water clarities, increased nutrients and elevated plant “algal” concentra-
tions following periods, or years, of heavy precipitation, a handful of lakes actually
benefit from these types of events (heavy precipitation). These are generally lakes
characterized by high nutrient concentrations and high “algal” concentrations that



are diluted by watershed runoff and thus benefit during years, or periods, of heavy
rainfall, Such lakes may be susceptible to nutrients entering the lake from seepage
sources such as poorly functicning septic systems,

Precipitation {1998)

New Hampshire was off to a wet start during the first third of 1998 with
precipitation levels above average in January, March and March relative to the
twenty year average from 1979 through 1998 (Figure 6}. The April and May pre-
cipitation averages were both below the twenty year average while the month of
June is characterized by nearly three times the average rainfall over the past
twenty years and is the second wettest month of June over the past 100 years.
Approximately one fifth of the 1998 rainfall (8-10 inches} coincided with mid-June
storm so intense that it is though to occur only once every 500 years. The heavy
runoff that followed the “500 year” storm resulted in flooding in most lakes and
streams throughout the state in mid-June and culminated in no-wake zones for a
handful of New Hampshire Lakes including Lake Winnipesaukee and Ossipee
Lake. However, the precipitation pattern shifted abruptly in July, August and
September when monthly precipitation levels were approximately one inch below
normal for each of these months. Likewise, monthly precipitation during the
months of November and December were nearly one inch below the twenty year
norm while rainfall during the month of October was approximately one-half inch
above normal. Overall, the 1998 seasonal precipitation level for southern New
Hampshire (41.82 inches) is below the average yearly precipitation levels docu-
mented over the past 20 years (43.56 inches} and with the exception of the atypi-
cally wet month of June would be well below the average yearly precipitation level
over the past twenty years.

Figure 6.

Southern New Hampshire
{Regional) Precipitation Data
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Temperature {1998)

' Similar to the impact of precipitation extremes, temperature extremes can
have far reaching effects on the water quality, particularly early in the year and
during the summer months. Atypically warm spells can account for a rapid snow-
pack melt resulting in flooding and a massive influx of materials {e.g. nutrients,
sediments) into our lakes during the late winter and early spring months. These
early spring runoff periods also coincide with minimal vegetative cover which in-
creases the land area which is highly susceptible to erosional forces. As we prog-
ress into the summer months atypically warm periods can enhance both micro-
scopic “algal” and macroscopic “aquatic weed® plant growth. During the summer
months (the summer growing season) above average temperatures often result in
algal blooms that under optimal conditions can reach nuisance proportions. These
can include surface algal “scums” that cover the lake and wash up on the shore in
response to the prevailing winds.

During years such as 1994 and 1995, when above average temperatures
characterized the summer months, participating NH LLMP lakes were generally
characterized by increased algal concentrations, particularly in the shallows,
where filamentous cotton candy like clouds of algae flourished. Other NH LLMP
lakes had increased algal growth “greenness” and shallower water transparencies
during these “hot” periods.

The 1998 monthly temperatures were generally at, or below, the twenty year
(1979-1998) average with the exception of the months of July and October, during
which the average monthly temperatures were approximately one-half degree
Fahrenheight above the twenty year average (Figure 7). Lower temperatures
through the month of June translated into lower water temperatures in our New
Hampshire lakes and ponds and likely helped keep algal growth down during the

summer months, perhaps masking the full impact of the heavy June rains in some
lakes.

Figure 7.

Southern New Hampshire
{Regional} Temperature Data
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We should keep in mind, however, that while water quality declines such as
elevated “algal” growth and shallower water transparencies respond to climatic
variations, the severity and duration of these declines is a result of the greater
problem at hand: nutrient and sediment loading. While poorer water quality often
coincide with periods of atypically wet or warm weather, even in our most pristine
lakes, and reflects a natural response to differing environmental conditions, in-
creasing levels of human disturbance (e.g. fertilizer applications, forest clearing
and failing septic systems) can amplify the lake’s response to natural climatic vari-
ability and translates into poorer water quality than one would expect in an un-
disturbed setting. Periods of heavy runoff tend to provide the transport mechanism
for these pollutants which, once in the lake, can result in a range of possible im-
pacts that can be amplified by such natural phenomena as temperature variations
and variations in cloud cover (e.g. more sunlight penetration can resuit in in-
creased photosynthetic activity and thus greener water),

Water Quality Impacts

Water Transparency and Dissolved “tea” Colored Water

As previously indicated, shallower water transparency readings are charac-
teristic of most New Hampshire lakes during wet vears and following short term
precipitation events. Wet periods often coincide with greater concentrations of dis-
solved “tea” colored compounds (dissolved organic matter resulting from the
breakdown of vegetation and soils) washed in from surrounding forests and wet-
lands. Dissolved water color is not indicative of water quality problems {although
large increases in dissolved color sometimes follow large land clearing operations)
but in some of our more pristine program lakes, it nevertheless has a large effect
on water clarity changes. Data collected by the Freshwater Biology Group since
1985 indicate most lakes are characterized by higher dissolved “tea” colored water
during wet years relative to years more typical in terms of annual precipitation lev-
els. In some of our more highly “tea” colored lakes the early spring months are also
characterized by higher dissolved color concentrations, relative to mid-summer
levels, due to the heavy runoff periods that flush highly colored water into our
lakes during the period of spring snowmelt and following heavy spring rains.

Sediment Loading

Sediments are continuously flushed into our lakes and ponds during peri-
ods of heavy watershed runoff, particularly early in the season and again during
and following sporadic storm events during the summer and fall months, Many
New Hampshire lakes experience water clarity decreases following storm events
such as those described above. Lakes, ponds and rivers are particularly suscepti-
ble to sediment loadings in the early spring months when vegetated shoreside
buffers, often referred to as riparian buffers, are reduced. With limited vegetation
to trap sediments and suspended materials, a high percentage of the particulate
debris and dissoclved materials are flushed into the lake. Other activities such as
logging, agriculture, construction and land clearing activities can also increase
sediment displacement during and following heavy storm events throughout the
year and are the likely culprits of excessive sediment loading in many of our lakes



and ponds. As these materials (sediments) are transported into surface waters
they can degrade water quality in a number of ways. When fine sediments (silt)
enter a lake they tend to remain in the water column for relatively long periods of
time. These suspended sediments can be abrasive to fish gills, ultimately leading
to fish kills. Suspended sediments also reduce the available light necessary for
plant growth that can result in plant die-offs and a subsequent oxygen depletion
under extreme conditions.

As sediments settle out of the water column they can smother bottom
dwelling aquatic organisms and smother fish spawning habitat, As the dead mate-
rials begin to decay the result could be noxious odors as well as stimulation of
nuisance plant growth (i.e. scums along the lakebottom; new macroscopic plant
growth). Note: one should keep in mind that nuisance plants such as water milfoil
(Myriophyllum heterophyllum) will generally regenerate more rapidly than more fa-
vorable plant forms. This can result in more problematic weed beds than those
present before the disturbance. Habitat changes associated with the accumulation
of fine sediments and associated “muck” might also favor increased nuisance plant
growth in the future. Another un-favorable attribute of sediment loading is that
the sediments tend to carry with them other sorts of contaminant such as patho-
gens, nutrients and toxic chemicals {i.e. herbicides and pesticides).

Early symptoms of excessive sediment runoff include deposits of fine mate-
rial along the lakebottom, particularly in close proximity to tributary inlets and
disturbed regions previously discussed {i.e. construction sites, logging sites, etc.).
Silt may be visible covering rocks or aquatic vegetation along the lakebottom.
During periods of heavy overland runoff the water might appear brown and turbid
which reflects the sediment load. As material collects along the lakebottom you
might notice a change in the weed composition reflecting a change in the substrate
type (note: aquatic plants will display natural changes in abundance and distribu-
tion, so be careful not to jump to hasty conclusions). If excessive sediment loading
1s suspected, take a closer look in these areas and assess whether or not .the
change is associated with sediment loading {look for the warning signs discussed
above) or whether the changes might be attributable to other factors.

Nutrient Loading

Nutrient loading is often greatest during heavy precipitation events, par-
ticularly during the periods of heavy watershed runoff. Phosphorus is generally
considered the limiting nutrient for excessive plant and algal growth in New
Hampshire lakes. Elevated phosphorus concentrations are generally most visible
when documented in our tributary inlets where nutrients are concentrated in a
relatively small volume of water. Much of the phosphorus entering our lakes is at-
tached to particulate matter (i.e. sediments, vegetative debris), but may also in-
clude dissolved phosphorus associated with fertilizer applications and septic sys-
tem discharge. '

Microscopic “Algal” and Macroscopic “Weed” Plant Growth

Historical Lakes Lay Monitoring Program data indicate most lake experi-
ence "algal blooms" during years with above average summer temperatures {(June,
July and August) while years with heavy precipitation are also associated with an
increased frequency and occurrence of “algal blooms” among participating LLMP
lakes. Algal blooms are often green water events associated with decreases in wa-
ter clarity due to their ability to absorb and scatter light within the water column,



but can also accumulate near the lake bottom in shallow areas as "mats" or on the
water surface as "scums" and "clouds". Some years, such as 1996, the algal
blooms are predominantly green water events composed of algae distributed within
the water column. New Hampshire lakes were particularly susceptible to algal
blooms in 1996 as a function of the heavy runoff associated with the atypically wet
vear. Wet vears such as 1996 can be particularly hard on lakes where excessive
fertilizer applications, agricultural practices, construction activities, etc. favor the
displacement of nutrients into surface waters. The occasional formation of certain
algal blooms is a naturally occurring phenomenon and is not necessarily associ-
ated with changes in lake productivity. However, increases in the occurrence of
bloom conditions can be a sign of eutrophication {the "greening" of a lakej. Shifts
from benign (clean water} forms to nuisance {polluted water) cyanobacterial forms
such as Anabaena, Aphanizomenon and Oscillatoria, can also be a warning sign
that improper land use practices are contributing excessive nutrients into the
lake. :

Filamentous cotton-candy like "clouds" of the nuisance green filamentous
algae, Mougeotia, and related species have been well documented in 1994 and
1895 when the temperatures during the months of June and July were well above
normal. These algal “clouds” often develop within nearshore weed beds where they
can be seen along the lakebottom and tend to flourish during warm periods. Dur-
ing cooler years, this type of algal growth is kept in “check” and generally does not
reach nuisance proportions.

In other lakes, metalimnetic algae, algae which tend to grow in a thin layer
along the thermochne gradient in a lake's middle depths, sometimes migrate up
towards the lake surface causing a "bloom" event. If these algae are predominantly
"nuisance” forms, like certain green or bhue-green algae, they can be an early indi-
cation of nutrient loading.
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ISCUSSION

OF LAKE AND

The section below details the
important concepts involved for the
various testing procedures used in
the New Hampshire Lakes Lay
Monitoring Program. Certain tests or
sampling performed at the time of the
optional Freshwater Biology Group
field trip are indicated by an asterisk

(*).
Thermal Stratification in
the Deep Water Sites

Lakes in New Hampshire dis-
play distinct patterns of temperature
stratification, that develop as the
summer months progress, where a
layer of warmer water (the epilim-
nion) overlies a deeper layer of cold
water (hypolimmnion). The layer that
separates the two regions character-
ized by a sharp drop in temperature
with depth is called the thermocline

living particies) to absorb and scatter
it.

In the shallow areas of many
lakes, the Secchi Disk will hit bottom
before it is able to disappear from
view {what is referred to as a "Bottom
Out" condition). Thus, Secchi Disk
measurements are generally taken
over the deepest sites of a lake.
Transparency values greater than 4
meters are typical of clear, unproduc-
tive lakes while transparency values
less than 2.5 meters are generally an
indication of highly productive lakes.
Water transparency values between
2.5 meters and 4 meters are generally
considered indicative of moderately
productive lakes.

Chlorophyll a

The chlorophyll a concentra-
tion is a measurement of the standing

or metalimnion (figure 8}.
Some shallow lakes may be
continually mixed by wind ac-
tion and will never stratify.
Other lakes may only contain a
developed epilimnion and
metalimnion.

Water Transparency

Secchi Disk depth is a
measure of the water transpar-
enicy. The deeper the depth of
Secchi Disk disappearance, the
more transparent the lake wa-
ter; light penetrates deeper if

10+
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crop of phytoplankton and is often
used to classify lakes into categories
of productivity called trophic states.
Eutrophic lakes are highly productive
with large concentrations of algae and
aquatic plants due to nutrient en-
richment. Characteristics include ac-
cumulated organic matter in the lake
basin and lower dissolved oxygen in
the bottom waters. Summer chioro-
phyll ¢ concentrations average above
7 mg m? (7 milligrams per cubic me-
ter; 7 parts per hillion}. Oligotrophic
lakes have low productivity and low
nutrient levels and average summer
chlorophyll a concentrations that are
generally less than 3 mg m3. These
lakes generally have cleaner bottoms
and high dissolved oxygen levels
throughout. Mesotrophic lakes are
intermediate in productivity with con-
centrations of chlorophyll a generally
between 3 mg m?® and 7 mg mS3.

Testing is sometimes done to
check for metalimnetic algal popula-
tions, algae that layer out at the
thermocline and generally go unde-
tected if only epilimnetic (point or in-
tegrated) sampling is undertaken.
Chleorophyll concentrations of a water
sample collected in the thermocline is
compared to the integrated epilim-
netic sample. Greater chlorophyll lev-
els of the point sample, in coryunc-
tion with microscopic examination of
the samples (see Phytoplankton sec-
tion below), confirm the presence of
such a population of algae. These
populations should be monitored as
they may be an indication of in-
creased nutrient loading into the
lake.

Turbidity *

Turbidity is a measure of sus-
pended material in the water column
such as sediments and planktonic
organisms. The greater the turbidity
of a given water body the lower the
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Secchu Disk transparency and the
greater the amount of particulate
matter present. Turbidity is measured
as nephelometric turbidity units
(NTU), a standardized method among
researchers. Turbidity levels are gen-
erally low in New Hampshire reflect-
ing the pristine condition of the ma-
jority of our lakes and ponds. In-
creasing turbidity values can be an
indication of increasing lake produc-
tivity or can reflect improper land use
practices within the watershed which
destabilize the surrounding landscape
and allow sediment flushing into the
lake.

While Secchi Disk measure-
ments will integrate the clarity of the
water column from the surface waters
down to the depth of disappearance,
turbidity measurements are collected
at discrete depths from the surface
down to the lakebottom. Such dis-
crete sampling can identify layering
algal populations (previously dis-
cussed) that are undetectable when
measuring Secchi Disk transparency
alone.

Dissolved Color

The dissolved color of lakes is
generally due to dissolved organic
matter from humic substances,
which are naturally-occurring poly-
phenolic compounds leached from
decayed vegetation. Highly colored or
"stained" lakes have a "tea" color.
Such substances generaily do not
threaten water guality except as they
diminish sunlight penetration into
deep waters. Increases in dissolved
watercolor can be an indication of in-
creased development within the wa-~
tershed as many land clearing activi-
ties {construction, deforestation, and
the resulting increased run-offy add
additional organic material to lakes.
Natural fluctuations of dissolved color
occur when storm evenis increase



drainage from wetlands areas within
the watershed. As suspended sedi-
ment is a difficult and expensive test
to undertake, both dissolved color
and chlorophyll information are im-
portant when interpreting the Secchi
Disk transparency

Dissolved color is measured on
a comparative scale that uses stan-
dard chloroplatinate dyes and is des-
ignated as a color unit or ptu. Lakes
with color below 10 ptu are very clear,
10 to 20 ptu are slightly colored, 20
to 40 ptu are lightly tea colored, 40 to
80 ptu are tea colored and greater
than 80 ptu indicates highly colored
waters. Generally the majority of New
Hampshire lakes have color between
20 to 30 ptu.

Total Phosphorus

Of the two "nutrients" most
important to the growth of aquatic
plants, nitrogen and phosphorus, it is
generally observed that phosphorus is
the more imiting to plant growth, and
therefore the more important to
monitor and control. Phosphorus is
generally present in lower concentra-
tions, and its sources arisé primarily
through human related activity in a
watershed. Nitrogen can be fixed from
the atmosphere by many bloom-
forming blue-green bacteria, and thus
it is difficult to control. The total
phosphorus includes all dissolved
phosphorus as well as phosphorus
contained in or adhered to suspended
particulates such as sediment and
plankion. As little as 10 parts per bil-
lion of phosphorus in a lake can
cause an algal bloom.

Generaily, in the more pristine
lakes, phosphorus values are higher
after spring melt when the lake re-
ceives the majority of runoff from its
surrounding watershed. The nutrient
1s used by the algae and plants which
in turn die and sink to the lake bot-
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tom causing surface water phospho-
rus concentrations to decrease as the
suminer progresses. Lakes with nu-
trient loading from human activities
and sources (Agriculture, Logging,
Sediment Erosion, Septic Systems,
etc.) will show greater concentrations
of nutrients as the summer pro-
gresses or after major storm events.

Streamflow

Streamilow is a measure of the
volume of water traversing a given
stream stretch over a period of time
and is often expressed as cubic me-
ters per second. Knowledge of the
streamflow is important when deter-
mining the amount of nutrients and
other pollutants that enter a lake.
Knowledge of the streamflow in con-
junction with nutrient concentra-
tions, for instance, will provide the
information necessary to calculate
phosphorus loading values and will in
turn be useful in discerning the more
impacted areas within a watershed.

pH *

The pH is a way of expressing
the acidic level of lake water, and is
generally measured with an electrical
probe sensitive to hydrogen ion activ-
ity. The pH scale has a range of 1
(very acidic) to 14 (very "basic" or al-
kaline} and is logarithmic (.e.:
changes in 1 pH unit reflect a ten
times difference in hydrogen ion con-
centration). Most aquatic organisms
tolerate a limited range of pH and
most fish species require a pH of 5.5
or higher for successful growth and
reproduction.

Alkalinity

Alkalinity is a measure of the
buffering capacity of the lake water.
The higher the value the more acid
that can be neutralized. Typically




lakes in New Hampshire have low al-
kalinities due to the absence of car-
bonates and other natural buffering
minerals in the bedrock and soils of
lake watersheds.

Decreasing alkalinity over a
period of a few years can have serious
effects on the lake ecosystem. In a
study on an experimental acidified
lake in Canada by Schindler, gradual
lowering of the pH from 6.8 to 5.0 in
an 8-year period resulted in the dis-
appearance of some aquatic species,
an Increase in nuisance species of al-
- gae and a decline in the condition
and reproduction rate of fish. During
the first year of Schindler's study the
pH remained unchanged while the
alkalinity declined to 20 percent of
the pre-treatment value. The decline
in alkalinity was sufficient to trigger
the disappearance of zooplankton
species, which in turn caused a de-
cline in the "condition” of fish species
that fed on the zooplankton.

The analysis of alkalinity em-
ployed by the Freshwater Biclogy
Group includes use of a dilute titrant
allowing an order of magnitude
greater sensitivity and precision than
the standard method. Two endpoints
are recorded during each analysis.
The first endpoint (gray color of dye;
pH endpoint of 5.1 ) approximates low
level alkalinity values, while the sec-
ond endpoint (pink dye color; pH
endpoint of 4.6) approximates the al-
kalinity values recorded historically,
such as NH Fish and Game data, with
the methyl-orange endpoint method.

The average alkalinity of lakes
throughout New Hampshire is low,
approximately 6.5 mg per liter (cal-
cium carbonate alkalinity). When al-
kalinity falls below 2 mg per liter the
pH of waters can greatly fluctuate.
Alkalinity levels are most critical in
the spring when acid loadings from
snowmelt and run-off are high, and
many aquatic species are in their
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early, and most susceptible, stages of
their life cycle.

Specific Conductivity *

The specific conductance. of a
water sample indicates concentra-
tions of dissolved salts. Leaking septic
systems and deicing salt runoff from
highways can cause high conductivity
values. Fertilizers and other pollut-
ants can also increase the conductiv-
ity of the water. Conductivity is
measured in micromhos (the opposite
of the measurement of resistance
ohms) per centimeter, more com-
monly referred to as micro-Siemans
{uS).

Dissolved Oxygen and Free
Carbon Dioxide *

Oxygen is an essential compo-
nent for the survival of aquatic life.
Submergent plants and algae take in
carbon dioxide and create oxygen
through photosynthesis by day.
Respiration by both animals and
plants uses up oxygen continually
and creates carbon dioxide. Dis-
solved oxygen profiles determine the
extent of declining oxygen concentra-
tions in the lower waters. High carbon
dioxide values are indicative of low
oxygen conditions and accumulating
organic matter. For both gases, as the
temperature of the water decreases,
more gas can be dissolved in the wa-
ter.

The typical pattern of clear,
unproductive lakes is a slight decline
in hypolimnetic oxvgen as the sum-
mer progresses. Oxygen in the lower
waters is important for maintaining a
fit, reproducing, cold water fishery.
Trout and salmon generally require
oxygen concentrations above 5 mg
per liter (parts per million} in the cool
deep waters. On the other hand, carp
and catfish can survive very low oxy-



gen conditions. Oxygen above the
lake bottom is important in limiting
the release of nutrients from the
sediments and minimizing the collec-
tion of undecomposed organic matter,

Bacteria, fungi and other
decomposers in the bottom waters
break down organic matter originat-
ing from the watershed or generated
by the lake. This process uses up
oxygen and produces carbon dioxide.
In lakes where organic matter accu-
mulation is high, oxygen depletion
can occur. In highly stratified eutro-
phic lakes the entire hypolimnion can
remain unoxygenated or anaerobic
until fall mixing occurs.

The oxygen peaks occurring at
surface and mid-lake depths during
the day are guite common in many
iakes. These characteristic heterc-
grade oxygen curves are the resuit of
the large amounts of oxygen, the by-
product of photosynthesis, collecting
in regions of high algal concentra-
tions. If the peak occurs in the ther-
mocline of the lake, metalimnetic al-
gal populations (discussed above)
may be present.

Underwater Light *

Underwater light available to
photosynthetic organisms is meas-
ured with an underwater photome-
ter which is much like the light meter
of a camera (only waterproofed!). The
photic zone of a lake is the volume of
water capable of supporting photo-
synthesis. It is generally considered
to be delineated by the water's sur-
face and the depth that light is re-
duced to one percent surface irides-
cence by the absorption and scatter-
ing properties of the lake water. The
one percent depth 1s sometimes
termed the compensation depth.
Knowledge of light penetration is im-
portant when considering lake pro-
ductivity and in studies of submerged
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vegetation.  Discontinuity  (abrupt
changes in the slope) of the profiles
could be due to metalimnetic layering
of algae or other particulates (dis-
cussed above). The underwater pho-
tometer allows the investigator to
measure light at depths below the
Secchi Disk depth to supplement the
water clarity information.

Indicator Bacteria *

Certain disease causing or-
ganisms, pathogenic bacteria, viruses
and parasites, can be spread through
contact with polluted waters. Faulty
septic systems, sewer leaks, com-
bined sewer overflows and the illegal
dumping of wastes from boats can
contribute fecal material containing
these pathogens. Typical water test-
ing for pathogens involves the use of
detecting coliformz bacteria. These
bacteria are not usually considered
harmful themselves but they are
relatively easy to detect and can be
screened for quickly. Thus, they make
good surrogates for the more difficult
to detect pathogens.

Total coliform includes all co-
liform bacteria which arise from the
gut of animals or from vegetative
materials. Fecal coliformm are those
specific organisms that inhabit the
gut of warm blooded animals. Another
indicator organism Fecal streptococ-
cus (sometimes referred to as entero-
coccus) also can be monitored, The
ratio of fecal coliform to fecal strep
may be useful in suggesting the type
of animal source responsible for the
contamination. In 1991, the State of
New Hampshire changed the indica-
tor organism of preference to E. Coli
which is a specific type of fecal coli-
form bacteria thought to be a better
indicator of human contamination.
The new state standard requires
Class A “bathing waters” to be under
88 organisms (referred fo as colony



forming units; cfu} per 100 milliliters
of lakewater.

Ducks and geese are often a
common cause of high coliform con-
centrations at specific lake sites.
While waterfowl are important com-
ponents to the natural and aesthetic
qualities of lakes that we all enjoy, it
is poor management practice to en-
courage these birds by feeding them.
The lake and surrounding area pro-
vides enough healthy and natural
food for the birds and feeding them
stale bread or crackers does nothing
more than import additional nutrients
into the lake and allows for increased
plant growth. As birds also are a host
to the parasite that causes "swimmers
itch", waterfowl roosting areas offer a
greater chance for infestation to oc-
cur. Thus while leaving offerings for
our feathered friends is enticing, the
results can prove to be detrimental to
the lake system and to human health.

Phytoplankton *

The planktonic community in-
cludes microbial organisms that rep-
resent diverse life forms, containing
photosynthetic as well as non-
photosynthetic types, and including
bacteria, algae, crustaceans and in-
sect larvae (the insect larvae and zoo-
plankton are discussed below in
separate sections). Because plank-
tonic algae or "phytoplankton” tend to
undergo rapid seasonal cycles on a
time scale of days and weeks, the lev-
els of populations found should be
considered to be most representative
of the time of collection and not nec-
essarily of other times during the ice-
free season, especially the early
spring and late fall periods.

The composition and concen-
tration of phytoplankton can bhe in-
dicative of the trophic status of a
lake. Seasonal patterns do occur and
must be considered. For example dia-
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toms, tend to be most abundant in
April-dJune and October-November, in
the surface or epilimnetic layers of
New Hampshire lakes, As the summer
progresses, the dominant types might
shift to green algae or golden algae.
By late season Blue-green bacteria
generally dominate. In nutrient rich
lakes, nuisance green algae and/or
bluegreen bacteria might dominate
continually. After fall mixing diatoms
might again be found to bloom.

Zooplankton *

There are three groups of zoo-
plankton that are generally prevalent
in lakes: the protozoa, rotifers and
crustaceans. Most research has been
devoted to the last two groups al-
though protozoa may be found in
substantial amounts. Of the rotifers
and the crustaceans, time and budg-
etary constraints usually make it
necessary to sample only the larger
zooplankton (macrozooplankton;
larger than 80 or 150 microns; 1 mil-
lion microns make up a meter). Thus,
zooplankton analysis is generally re-
stricted only to the larger crusta-
ceans. Crustacean zooplankton are
very sensitive to pollutants and are
cornmonly used to indicate the pres-
ence of toxic substances in water. The
crustaceans can be divided into two
groups, the cladocerans [(which in-
clude the “water fleas") and the cope-
pods.

Macrozooplankton  are
an important component in the lake
system. The filter feeding of the her-
bivorous ('grazing'} species may con-
trol the population size of selected
species of phytoplankton. The larger
zooplankton can be an important food
source for juvenile and adult plank-
tivorous fish. All zooplankton play a
part in the recycling of nutrients
within the lake. Like the phytoplank-
ton, zooplankton, tend to undergo



rapid seasonal cycles. Thus, the zoo-
plankton population density and di-
versity should be considered to be
most representative of the time of
collection and not necessarily of other
times during the ice-free season, es-
pecially the early spring and late fall
periods.

Macroinvertebrates *

Macroinvertebrates  generally
refer to the aguatic insect community
living near the bottom substrate (i.e.
sediments} while other invertebrate
groups such as the crayfish, leeches
and the aquatic worms are also in-
cluded. Like the phytoplankton and
zooplankton, previously discussed,
the macroinvertebrates undergo sea-
sonal cycles and are most represen-
tative of conditions for particular pe-
riods of the year. The mayflies are
probably the most well known exam-
ple of a seasonal aqguatic macroin-
vertebrate as mayfly populations
metamorphosize into adults as the
water temperatures increase in the
spring and thus gving rise to the
name “mayflies”. Macroinvertebrates
are also sensitive to environmental
conditions such as streamflow, tem-
perature and food availability and are
most representative of particular
habitats along the stream continuum
(l.e. some organisms prefer slower
moving stream reaches while others
prefer rapidly flowing waters).

Macroinvertebrates are an es-
sential component to a Thealthy
aquatic habitat. Macroinvertebrates
help decompose organic matter en-
tering the system such as leaves and
twigs and also serve as a food source
for many fish species.

While some macroinvertebrates
are capable of breathing air as we do,
others have gills and utilize oxygen
dissolved in the water much as fish
¢o. Macroinvertebrates also vary in
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their tolerance to depleting dissolved
oxygen concentrations making them a
good indicator of pollutants coming
into the water body. The caddisflies
(Trichop-tera), the mayflies (Ephem-
eroptera) and the stoneflies (Plecop-
tera) are often considered highly sen-
sitive to pollution while the “true”
flies (Diptera) are often considered
highly tolerant to pollution. However,
exceptions to the above categoriza-
tions are often encountered,

A wvariety of indices have been
proposed to characterize water bodies
over a gradient of pollution levels
ranging from least polluted to most
polluted scenarios and often desig-
nated by assigning a numerical de-
lineator (i.e. 1 is least polluted while
10 is most polluted). Such an index,
the Hilsenhoff Biotic Index (HBI), or a
modificationn thereof, is commonly
used by stream monitoring programs
around the country. Macroinverte-
brate data are useful in discerning
the more impacted areas within the
watershed where corrective efforts
should be directed. Unlike chemical
measurements that represent ambi-
ent conditions in the water body, the
macroinvertebrate community com-
position integrates the water quality
conditions over a longer period
{months to years) and can identify
“hot” spots missed by chemical sam-
pling. If you are interested in more
information regarding macroinverte-
brate monitoring contact the LLMP
coordinator.

Fish Condition

The assessment of fish species
“health” is another biological indica-
tor of water quality. Because fish are
at the top of the food chain, their
condition should reflect not only wa-
ter quality changes that affect them
directly but also those changes that
affect their food supply. The fish con-



dition index utilized by the New
Hampshire Fish Condition Program
is based on two components; fish
scale analysis and a fish condition
index.

Like tree trunks, fish scales
have annual growth rings (annuli)
that reflect their growth history and
hence, provide a long-term record of
past conditions in the lake. The fish
condition index, based upon length
and weight measurements, is a good
indicator of the fish’s health at the
time of collection.

The resulting fish condition
data can be compared among differ-
ent lakes or among different years, or
the index for a particular species can
be compared to standard length-to-
weight relationships that have been
developed by fisheries biologists for
many important fish species. In the
end, the “health” of the various fish
species reflects the overall water
guality in the respective lake or pond.

Zebra Mussels

Zebra  mussels (Dreissena
polymorpha) are non-native, fresh-
water mollusks, The veligers (larval
form} are free swimming, nearly in-
visible, and profuse. Adult zebra
mussel shells are elongate (D-
shaped), about the size of a thumb-
nail and are usually striped. Zebra
Mussels are the only freshwater mus-
sel that can attach to objects using
sticky threads (byssal threads Like
those found on the marine blue mus-
sels). These threads allow them to
colonize quickly and reach densities
of 100,000 or more mussels per
square yard. The mussels have an av-
erage lifespan of 3.5 to 5 years. A
gritty feeling on your boat’s hull or
other immersed surfaces might indi-
cate that larval zebra mussels have
settled.
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Zebra mussels originated in
the drainage basins of the Black,
Caspian, and Aral seas of eastern
Europe and have been in western
Europe freshwaters since the 1700s.
Since first being introduced to North
America in 1986, zebra mussels have
dramatically altered the balance of
freshwater systems and fisheries.
These small water dwelling animals
have also caused millions of dollars in
expenses for industrial water users,
drinking water facilities, commercial
and recreational bhoaters, farmers,
and other groups and organizations
in Canada and the Great Lakes re-
gion.

The range occupied by these
unwelcome visitors has expanded and
continues to grow rapidly. In North
America, sightings have been re-
corded as far north as the Saint Law-
rence River near Quebec, as far east
as the lower portion of the Hudson
River, as far south as the Mississippi
River near Vicksburg, and as far west
as the Arkansas River in Oklahoma,

In 1993, zebra mussel sight-
ings were confirmed in New England
(Lake Champlain). The Lake Cham-
plain population has existed for at
least three vears, if not longer. Thus,
New Hampshire residents and boaters
are being encouraged to arm them-
selves with knowledge about the
natural history and geographic
spread of the mussels. Interstate
boaters and anglers, in particular,
should become familiar with boating
and fishing practices that decrease
the likelihood that zebra mussels will
be transferred from an infested water
body to an uninfested one.

The infestation risk factor for
any particular water body is deter-
mined mainly by the amount and type
of boat traffic it supports and the
chemical characteristics and tem-
perature it maintains. While the goal
is to prevent the mussels from be-



coming established in New England
waters, zebra mussels have proven to
be adaptable creatures able to survive
in a growing range of environmental
conditions. Cooperative monitoring
activities coordinated by the New
Hampshire Lakes Lay Monitoring
Program will help determine if and
when zebra mussels become estab-
lished in this region. If zebra mussels
are found, information about control
techniques can help those concerned
choose the best method to reduce the
destructive impacts of the mussels.

Take responsibilities for our
waters. If you've been boating in fresh
water outside of New England within
the past 10 days and plan to launch
locally, please...

Inspect your boat and trailer for
weeds., Remove and discard any you
find. Zebra mussels are commonly
found on aquatic plants in areas of
infestation.

Flush the cooling system, bilge areas
and live wells with tap water.

Leave unused bait behind and dis-
card bait bucket water away from
surface waters.

Keep your boat out of water to dry
for 48 hours. If it is visibly fouled by
algae, leave it out until the exterior is
completely dry or...

Wash down the hull at a car wash.
Hot (140 degree F) water kills zebra
mussels and veligers and high pres-
sure spray helps remove them, Wash
fouling off your boat away from water
sources!

Learn more about the zebra mussel
threat in order to be forewarned of the
situation and prevent costly repairs
or destructive responses.,

Share information, ideas and moni-
toring tasks with other members of
your lake association, watershed
council, marina club, conservation
commission, angling group or civic
organization.
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Repert any sightings to the New
Hampshire Lakes Lay Monitoring
Program. Preserve specimens in al-
cohol if possible, note the location
where they were found, and send
them in to confirm the identification.

To receive more information,
request an educational presentation
for vour next group meeting, become
involved in monitoring efforts, or con-
firm an identification, contact:

Jeff Schloss

Lakes Lay Monitoring Program
55 College Road 109 Pettee Hall
University of New Hampshire
Durham NH 03824-3512

(603) 862-3848
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Understanding Lake Aging
(Eutrophication)

by: Robert Craycraft  Educational Program Coordinator,
New Hampshire Lakes Lay Monitoring Program
University of New Hampshire
109 Peitee Hall, Durham, NH 03524
603-862-3546 FAX: 603-862-0107
email: bob.craveraft@unh.edu
and Jeff Schloss UNH Cooperative Extension Water Resources Specialist

A common concern among New Hampshire Lakes Lay Monitoring Program
(NH LLMP) participants is a perceived increase in the density and abundance of
aquatic plants in the shallows, increases in the amount of microscopic plant “algae”
growth (detected as greener water), and water transparency decreases; what is known
as eutrophication. Eutrophication is a natural process by which all lakes age and
progress from clear, pristine lakes to green, nutrient enriched lakes on a geological
timme frame of thousands of years. Much like the fertilizers applied to our lawns, nutri-
ents which enter our lakes stimulate plant growth and culminate in greener (and in
turn less clear) waters. Some lakes age at a faster rate than others due to natural at-
tributes: watershed area relative to lake area, slope of the land surrounding the lake,
soil type, mean lake depth, etc. Since our New Hampshire lakes were created during
the last ice-age which ended about 10,000 years ago, we should have a natural con-
tinuum of lakes ranging from pristine to enriched.

Classification criteria are often used to categorize lakes into what are known as
trophic states, in other words, levels of lake plant and algae productivity or “green-
ness” Refer to Table 4 below for a summary of commonly used eutrophication pa-
rameters,

Table 4: Eutrophication Parameters and Categorization

Parameter Oligotrophic | . ‘Mesotrophic -

“pristine” “transitional”

Chlorophyll a {ug/l} * <3.0 S 3.0-7.0
Water Transparency (meters) * >4.0 e 0D 540

Total Phosphorus {ug/l) * <15.0 C415.0-25.0

Dissclved Oxygen {saturation) # high to moderate | 'moderate to
: ‘ SRV

Macroscopic Plant (Weed) Abundance low . moderate;

* Denotes classification criteria employed by Forsberg and Ryding (1980).
# Denotes dissolved oxygen concentrations near the lakebottom.
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Oligotrophic lakes are considered “unproductive” pristine systems and are
characterized by high water clarities, low nutrient concentrations, low algae con-
centrations, minimal levels of aquatic plant “weed” growth, and high dissolved
oxygen concentrations near the lakebottom. Eutrophic lakes are considered
“highly productive” enriched systems characterized by low water transparencies,
high nutrient concentrations, high algae concentrations, large stands of aquatic
plants and very low dissolved oxygen concentrations near the lakebottom. Meso-
trophic lakes have qualities between those of oligotrophic and eutrophic lakes and
are characterized by moderate water transparencies, moderate nutrient concen-
trations, moderate algae growth, moderate aquatic plant “weed” growth and de-
creasing dissolved oxygen concentrations near the lakebottom.

Is a pristine, oligotrophic, lake “better than” an enriched, eutrophic, lake?
Not necessarilyl As indicated above, lakes will naturally exhibit varying degrees of
productivity. Some lakes will naturally be more susceptible to ettrophication than
others due to their natural attributes and in turn have aged more rapidly. This is
not necessarily a bad thing as our best bass fishing lakes tend to be more meso-
trophic to eutrophic than oligotrophic and an ultra-oligotrophic lake (extremely
pristine} will not support a very healthy cold water fishery. However, human re-
lated activities can augment the aging process (what is known as cultural eutro-
phication) and result in a transition from a pristine system to an enriched system
in tens of years rather than the natural transitional period which should take
thousands of years. Cultural eutrophication is particularly a concern for northern
New England lakes where large tracts of forested lands are being developed, cul-
minating in an increased susceptibility of these lakes to sediment and nutrient
loadings which augment the eutrophication process.

Additionally, other pollutants such as heavy metals, herbicides, insecti-
cides and petroleum products might also affect your lake’s “heaith”. A “healthy”
lake, as far as eutrophication is concerned, is one in which the various aquatic
plants and animals are minimally impacted so that nutrients and other materials
are processed efficiently. We can liken this process to a well managed pasture:
nuftrients grow grasses and other plants that are eaten by grazers like cows and
sheep. As long as producers and grazers are balanced, a good amount of nutrients
can be processed through the system. Impact the grazers and the grass will over-
grow and nuisance weeds will appear, even if nutrients remain the same. In a lake,
the producers are the algae and aguatic weeds while the grazers are the micro-
scopic animals (zooplankten) and aquatic insects. These organisms can be very
susceptible to a wide range of pollutants at very low concentrations. If impacted,
the lake can become much more productive and the fishery will be impacted as
well since these same organisms are an important food source for most fish at
some stage of their life.

Development upon the landscape can negatively affect water quality in a number

of ways:
s Removal of shoreside vegetation and loss of wetlands - shoreside vegeta-
tion (what is known as riparian vegetation) and wetlands provide a protec-
tive buffer that “traps” pollutants before reaching the lake. These buffers
remove materials both chemically {through biological uptake) and physically
(settling materials out}. As riparian buffers are removed and wetlands lost,
pollutant materials are more likely to enter the lake and in turn, favor de-
clining water guality.
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e Excessive fertilizer applications - fertilizers entering the lake can stimu-
late aquatic plant and algal growth and in extreme cases result in noxious
algal blooms. Increases in algal growth tend to diminish water transparency
and under extreme cases culminate in surface “scums” that can wash up on
the shoreline and can also produce unpleasant smells as the material de-
composes. Excessive nutrient concentrations also favor algal forms known
to produce toxins which irritate the skin and under extreme conditions, are
dangerous when ingested.

¢ Increased organic matter loading - organic matter (leaves, grass clip-
pings, etc.) are a major source of nutrients in the aguatic environment. As
the vegetative matter decomposes nutrients are “freed up” and can become
available for aquatic plant and algal growth. In general, we are not con-
cerned with this material entering the lake naturally (leaf senescence in the
fall) but rather excessive loading of this material as occurs when residents
dump or rake leaf litter and grass clippings into the lake. This material not
only provides large nutrient reserves which can stimulate aquatic plant and
algal growth but also makes great habitat for leaches and other potentially
undesirable organisms in swimming areas.

e Septic problems - faulty septic systems are a big concern as they can be
a primary source of water pollution around our lakes. Septic systems are
loaded with nutrients and can also be a health threat when not functioning
properly.

e Loss of vegatative cover and the creation of impervious surfaces ~ A for-
ested watershed offers the best protection against pollutant runoff. Trees
and tall vegetation intercept heavy rains that can erode soils and surface
materials. The roots of these plants keep the soils in place, process nutri-
ents and absorb moisture so the soils do not wash out. Impervious surfaces
(paved roads, parking lots, building roofs, etc.) reduce the water’s capacity
to infiltrate into the ground, and in turn, go through nature’s water purifi-
cation system. As water seeps into the soil, pollutants are removed from the
runoff through absorption onto soil particles. Biological processes detoxify
substances and/or immobilize substances. Surface water runoif over imper-
vious surfaces also increases water velocities which favor the transport of a
greater load of suspended and dissolved pollutants into your lake.

How can you minimize your water quality impacts?

o Minimize fertilizer applications whenever possible. Most people apply far
more fertilizers than necessary, with the excess eventually draining into
your lake. This not only applies to those immediately adjaceni to the
lake but to everybody in the watershed. Pollutants in all areas of the
watershed will ultimately make their way into your lake. Have your soil
tested (the UNH Soils Analytical Laboratory offers soil testing for a
nominal fee, contact your county UNH Cooperative Extension Office for
further information) to find out how much fertilizer and what type you
really need. Sometimes just an application of crushed lime will release
enough nutrients to fit the bill. If you do use fertilizer try to use low
phosphorus, slow release nitrogen varieties.

s Don’t dump leaf litter or leaves into the lake. Compost the material or
take it to a proper waste disposal center. Do not fill in wetland areas. Do
not create or enhance beach areas with sand (contains phosphorus,
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smothers aquatic habitat, fills in lake as it gets transported away by cur-
rents and windj.

Septic systems will not function efficiently without the proper precau-
tionary maintenance, Have your septic system inspected every two to
four years and pumped out when necessary. Since the septic system is
such an expensive investment often costing around $10,000 for a com-
plete overhaul, it is advantageous to assure proper care is taken to pro-
long the system’s life. Additionally, following proper maintenance prac-
tices will reduce water quality degradation. Refer to:

Septic Systems, How they work and how to keep them working.
$1.00/ea University of New Hampshire Publications Center (603}
862-2346

Pipeline: Fall 1995 Vol. 6, No. 4. Maintaining Your Septic System-A

Guide for Homeowners, ($0.20 ea. plus shipping & handling). 1-800-
624-8301

Maintain shoreside (riparian} vegetative cover when new construction is
undertaken. For those who have pre-existing houses but lack vegetative
buffers, consider shoreline plantings aimed at diminishing the pollution
load into your lake. Refer to: ‘

Planting Shoreland Areas {no charge} University of New Hampshire
Cooperative Extension Publication Center. {603} 862-2346

A Guide to Developing and Re-Developing Shoreland Property in New
Hampshire: A Blueprint to Help You Live by the Water. North Country
Resource Conservation and Development Area, Inc. 103 Main Street-
Suite #1,. Meredith NH 03253-9266  (603) 279-6546
Buffers for Wetlands and Surface Waters: A Guidebook for New
Hampshire Municipalities. Audobon Society of New Hampshire. 3 Silk
Farm Road, Concord NH 03301 (603} 224-9909 (free for towns,
$5.00 for others).
If you have shoreland property review the New Hampshire Comprehen-
sive Shoreland Protection Act (CSPA). The CSPA sets legal regulations
aimed at protecting water quality If you have any questions regarding
the act or need further information contact the Shoreline Protection Act
Coordinator at (603) 271-3503.
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Rainfall... People... and Lake Water
Yuality

By: Alan L .Baker
Professor of Aquatic Ecology
University of New Hampshire

High quality lakes will always remain an invaluable attraction to people,
thus an important element of New Hampshire’s economy. Questions about
changes in water quality and clarity are often asked. Now data which have been
gathered by University of New Hampshire researchers, in cooperation with many
volunteer monitors, are beginning to provide some answers to questions such as:
Have our lakes degraded in this century? Is water quality currently deteriorating?
What is causing changes to occur? Now we can begin to answer these questions.

Dynamic Lakes

In order to understand the answers, one must have some awareness of
Limnology - the study of the geologic, physical, chemical and biological dynamics of
lakes. It is important to be alert to the changing nature of lakes, their sensitivity to
disturbances, and their likelthood to degrade or improve in quality in response to
poor or good protection strategies.

It is possible to identify many characteristics that determine the uniqueness
of each lake and help to distinguish a blue jewel from a septic waste depot.
Volunteer monitors from the N.H. Lakes Lay Monitoring Program (LLMP) have
amassed data from more than 100 New Hampshire lake sites over the past decade.
The objective of this effort, established in 1978, was to develop information to
scientifically document long-term trends in water quality.

It is now possible to understand the kinds of disturbances that modify the
characteristics of a lake for better or worse. This cooperative effort between
lakeshore property owners and UNH researchers has established how lake water
quality changes over the decades. Based upon accumulated data it is possible to
use a model to predict these events.

The Overview

Although each New Hampshire lake is unique, and there is a diversity of lake
types in the state, the LLMP data reveal a remarkably common pattern in the
"behavior’ of most lakes. Researches anticipated that multiple sites within any
given lake would have the same characteristics. There is also strong evidence that
large and small lakes follow a similar pattern of changes, within the ice-free period of
a single year as well as through nearly two decades of observations. This is quite a
surprise! How can unique lakes in unique watershed "behave” in such a similar
manner?

The "long-term" changes in water quality characteristics are not always
monotonously negative, but appear to fluctuate corresponding to 11l-year cycles of
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solar flares or sunspots. What is the role of human behavior? There is no cyclic
pattern to human activity on lakes.

Why, for example, did Squam Lake become greener from 1979 through 1984,
then suddenly clarify in 19857 Why did the clarity of nearly all lakes in the LLMP
program improve in 19852 Why did the chlorophyll {the major pigment in microscopic
plants) decrease significantly in the same year? Furthermore, why was total
phosphorous in the water very low in 19857 Why was there a relatively high Acid
Neutralizing Capacity in that year? [ANC is the capacity of a lake to absorb or buffer
higher levels of acidity in the water). Finally, why have dll these water quality
parameters changed together in the reverse direction from 1986 to 19937

A few lakes have "misbehaved” and followed opposite trends during the same
period, but this can be attributed to their unique characteristics, and to site-specific
circumstances.

The Hunch

New Hampshire is a relatively small state. Despite other diversities, our lakes
are all subjected to the climate we enjoy at 43¢ to 44¢ North latitude. The whimsical
nature of New England weather, difficult to predict, variable from season to season
and year to year, is well known. Could it be that our lakes are responding to climatic
variation and global warming? What was unique about 19857

A reasonable hunch was that changes in total rainfall could be the "pied
piper” playing the tune to which the lakes have danced. A comparison of rainfall
data from 30 National Oceanographic and Atmospheric Administration weather
stations confirmed that the state is basically a single cimate region. While rainfall is
much higher in some areas than others, the pattern is similar no matter where one
looks. A dry year is a dry year and a wet year is a wet year, statewide. The record
rainfall between July 1984 and June 1985 occurred during a period of sub-normal
rainfall relative to 30-year averages.

So! We have a clue.

The Model

The majority of New Hampshire's lakes are what is known as "nutrient
limited.” This means that certain nutrients, especially phosphorus and nitrogen,
when present in lake water stimulate high levels of growth in microscopic aquatic
plants such as algae and phytoplankton. Humans, along with other creatures,
process these nutrients quickly and deposit them in lakes or in water flowing down a
watershed.

In addition, most watersheds in New Hampshire are small and have steep
topography. The streams within these watersheds are typically short and fast-
flowing, delivering rainwater to lakes very quickly. Thus, episodes of high rainfall
deliver more nutrients by washing them into lakes from watersheds. Prolonged
periods (up to one year) of high rainfall lead to more nutrient loading and higher
total phosphorus levels, therefore greener and less transparent lakes. In addition,
sulfur dioxide in rainwater--the ingredient that causes acid rain -- and solutes
{dissolved acids) collected within the watershed, lowers the ANC of our lakes, i.e.,
the capacity of lakes to buffer the effects of acidity is diminished.
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At its present state of development, the LLMP model suggests that the total
volume of rainfall is the cause of both seasonal and long-term annual changes in
lake water quality throughout New Hampshire. Most lakes "improved” in dry years
such as 1985 and "degrade" in wetter years such as 1984 and 1986. The model
works to the extent that the loading of nutrients into nutrient-deprived lakes is
dependent on rainfall, and this appears to be the case.

Further verification of the model comes from the few more productive lakes,
i.e., those higher in naturally occurring levels of nutrients. The "richer” in nutrients
a lake, the “greener” it tends to be. Such "rich" lakes tend to be "diluted” by the
loading of stormwater running off the watershed. This again directly implicates
rainwater as the "piedpiper’ which causes such lakes to be somewhat less
productive, therefore "improved,” during wet years.

Implications

At least two important predications can be developed when interpreting the
LLMP model. First, changes in rainfall volume associated with global warming will
influence lake water quality directly, If New Hampshire becomes drier, the lakes will
tend to remain transparent and on that basis, will likely "improve” in water quality.
Otherwise, a wetter future will likely deplete water quality to some extent.

Second, the model provides substantial evidence that our lakes are sensitive
to changes in nutrient loading. Such loading can be controlled to a large extent by
the choices people make with regard to activities within a watershed area. Such
activities include land use and development patterns and practices within the
watershed area, as well as along the shoreland areas of lakes and streams. Human
activity on the water can also have some impact on nutrient loading of lakes (see
Spring 1995 Lakeside).

Efforts to minimize nutrient loading can make a difference. Such practices

as:
® routine pumping of septic systems
° erosion control
o maintaining buffer and wooded areas near lakes and within watershed
e control of storm water run-off from roof tops, impermeable driveways

and parking lots
all help to minimize nutrient transport to lakes.

Future Concerns

While we can predict lake water quality parameters based upon weather
patterns in a given year or over a period of years, there are a number of issues that
require more comprehensive and thoughtful policy development if New Hampshire's
lakes are going to remain the blue gems that we take for granted.

here are some of the unresolved issues:

® The survival of each lake given the multiple uses which they receive now,
and will receive in the next millennium. '

® The study of lake capacity, or use beyond which a lake becomes
undesirable.
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® The possibility that lakes will lose their aesthetic and economic value if
they visibly degrade over time,

® The establishment of a comprehensive statewide lake use plan to manage
our lakes effectively.

Reprinted from the Summer 1995 issue of Lakeside
A Publication of the New Hampshire Lakes Association
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The Zebra Mussel Threat to New
Hampshire

By: Jeff Schloss
UNH Cooperative Extension
Water Resource Specialist

The Zebra Mussel, a non-native freshwater mollusk that has successfully
invaded a host of lakes and rivers throughout northeastern and central North
America, continues its expansion towards New Hampshire. In the past three years,
primarily due to the efforts of state agencies like New Hampshire Fish Game and
New Hampshire Department of Environmental Services (DES), the New Hamp-
shire Lakes Association as well as local lake associations, residents and visitors
have started to become aware of this non-native aquatic nuisance. All of these
groups have been assisted by the University of New Hampshire (UNH) SeaGrant
and Water Resource Extension Programs of the Northern New England Mussel
Watch.

These tenacious little shellfish have caused almost a billion dollars worth of
trouble in the Great Lakes region of the US and Canada. More recently, they im-
pacted water suppliers and a federal fish hatchery on Lake Champlain in neigh-
boring Vermont to the tune of millions of dollars. Thus, there is great concern with
this potential threat to New Hampshire’s precious fresh waters. But given the fact
that many lakes and streams have very soft waters {they contain low mineral con-
tent especially that of calcium which is important for reproduction and shell con-
struction) how concerned should we be?

TABLE 5:
ZEBRA MUSSEL COLONIZATION POTENTIAL

Based on environmental tolerances of known wild and lab populations in Europe
and North America
{modified from C. O'Neill, NY SeaGrant Zebra Mussel Clearing House 6/95)

Variable High Moderate Low Very Low | N Symmer, NH ¢ Supmer sl ¢
Potential | Potential Potential | Potential Range * ' Bverage * 7
SALINITY (ppt) 0 -1 1 - 4 4 -~ 10 10 - 35 nogea s {-less tham O
CALCTUM (mg/L) > 25 20 -25 G o~ 2{ < 4 <Llo- 32 083 :
DH (Units) V.4 - 8.5 | 7.0 - 7.2 | 8.5 -7.0 1< 6.5 SRR e 0
8.5 - 9.0 > 9.0 L p e
WATER TEMP."C} 18 - 25 16 ~18 9 -15 < B .8 - 30 varies by depth o
25 -29 28 - 30 > 30 LR b CU
DISE0LVED g - 10 5o~ 8 P < 4 T - 12 - . . | genersliy 5 6.
OXYGEN (ppm) L U in upper layer
CONDUCTIVITY > 83 37 - 82 22 ~ 35 <21 13 ~ 350 [ B5 oo
{umhos at 25%C) T Tt
CHLOROPHYLL Greater 2 pph CHL a {algaa level) Q.3 - 1dd . V7.2
than Lo oa i

* Summer upper water {(epilimnetic) layer data from UNH Freshwater Biology Group and
NH DES Limnology Center

data bases 1978 to 1993; total of 597 NH lakes sampled.
> = preater than; < = less than.
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Table 5 breaks down the colonization potential of Zebra Mussels according
to the water conditions they encounter. As can be seen, most of our fresh waters
meet their temperature, algae, salinity and oxygen requirements, Limiting coloni-
zation for a majority of our lakes is pH and calcium content. It is ironic that the
conditions that hurt us most in combating acid rain impacts may be our saving
grace in preventing dense colonies of mussels. Of the two parameters, calcium is
the more critical in that the pH of even the softest waters can increase to more tol-
erable levels due to the photosynthetic activity of submerged plants and algae {the
removal of carbon dioxide from the water raises the pH in dense weed beds and in
more productive lakes).

Care must be taken in concluding how safe we really are from infestation.
These data are only from known zebra mussel habitats. In the Iab, zebra mussels
have successfully reproduced at salinities as high as 15 parts per thousand. Also,
the lower limit of the calcium requirement continues to fall with time.

So which of our waters are most susceptible to Zebra Mussel colonization?
Table 6 lists those waters with calcium concentrations of 9 parts per million or
greater. There are two lakes that have water conditions highly conducive to coloni-
zation, three lakes with moderate potential and at least 16 lakes with low potential
(an additional 8 lakes have calcium
levels just under 9 parts per mil-
lionj. Most are located somewhere
near the Connecticut River that has

Table 6: Lakes Most Susceptible
to Zebra Mussel Colonization.

; . Lake Town
Iimestone deposits that can con- - -

. . Horseshoe (low risk) | Merrimack
tribute calcium to nearby waters, Hartis Pond Pelh

. . aI11s Fon cinam
The othgrs are in the lower Merri- Kimbail Pond Canterbury
mack River valley. There are also Post Pond Lvme
some close to t.hf? sea Coast: UNH “Gebbins Pond - . - fred. | Redford .
Sea Grant has initiated monitoring pisk)lo EREEE
for adult mussels on the majority of Wilder Lake T Lebanon -
these lakes through existing NH "Cobbetts Pond ' Windham
LLMP (UNH), VLAP (DES) and Co- Crystal Lake Manchester -
operative Extension/SeaGrant Ogontz Lake * : Pyman =
monitoring programs. Moses Pond Plainfield
While our current under- Dorrs Pond o ‘Manchester

standing of the mussels may allow World End Pond Salem :
for a brief sigh of relief on the part ' Otternick Pond - Budson
of our low calcium lakes, boaters Fish Pond .- [ Columbia -~ -
and anglers should still continue to ‘Flints Pond © | Hollis _
take the proper precautions on all Taylor River ..~ | Hampton =
waters. We are still continuing to Kendall Pond | Fondonderry
amass all of the available informa- [ Stevens Pond Manchester
tionn and research on these persis- .
tent little shellfish. The most fright-
ening information indicates that L

these critters are becoming more at home in a wider range of water conditions; the
water conditions within the mussels American range are much wider than those
found in the mussels native habitat in Central Europe. Zebra Mussels have only
been in our country since sometime around 1988 while they have been known to
occur in large freshwater lakes such as the Black, Caspian and Aral seas for Hun-
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dreds if not thousands of years. This means that the invading mussels have heen
adapting quickly. Remember also that our native shellfish have adapted very well
to our soft waters.

That is the reason zebra mussel warning signs have been posted with in-
formation posters and pamphlets at public areas and boat-launch sites. These
materials are in place at lakes with higher calcium levels as well as high boat traf-
fic areas. In addition, these precautions will minimize the risk of introducing non-
native weeds like milfoil and other new plant and animal invaders that could
eventually find a way into New Hampshire.

Reprinted from the August 1995 issue of Lakeside
A Publication of the New Hampshire Lakes Association
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REPORT FIGURES

Figure 9. Location of the 1997 Sunset Lake deep sampling sta-
tion, Site 5 Center, and near-shore sampling stations, Hamp-
stead; New Hampshire.
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Figure 10. Comparison of the 1998 Sunset Lake, Site 5 Center,
lay monitor Secchi Disk transparency data with historical
data {1984-1997). The shaded regions on the graph denote
the ranges characteristic of low, moderate and high Secchi
Disk transparencies. The higher the Secchi Disk transparency
the clearer the water. Secchi Disk readings are measured to
the nearest tenth (0.1) of a meter.

Figure 11. Comparison of the 1998 Sunset Lake, Site 5 Center,
lay monitor chlorophyll a data with previous yearly data
(1984-1997). The shaded regions on the graph denote the
ranges characteristic of low, moderate and high chlorophyll a
concentrations. The higher the chlorophyll a concentration
the greener the water (i.e. more algal growth).
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Figure 12. Temperature and dissolved profiles collected at Sun-
set Lake, Site 5 Center, on August 4, 1998, The gray shaded
region on the graph denotes dissolved oxygen concentrations
stressful to warmwater fish. The temperature and dissolved
oxygen data were collected at one-half meter increments and
are reported as degrees Centigrade (°C) and parts per million
(ppm), respectively.

38



0t

UaBAX() paAjossI(]=+ ainleladwia] =

(H0) aimelssdwa |

81 cl

0l

8
L
9
G
14
¢
¢
b
0

(siojowi) yideq






APPENDIX A

Lakes Lay Monitoring Program, U.N.H.
[FBG Data - August 4, 1998 |

Site Depth Chloro- | Disselved | pH Carbon | Alkalinity | Alkalinity Total
phyl 2 Color Dioxide | gray end pt | pink end pt | Phosphorus
@ pH 5.1 @pH 4.6
(meters) {ppb) (CPU) {ppim) (ppm) (ppm) (ppb)
5 Center 0-4.0 2.6 206 s e 13.6 14.2 12.5
5 Center LU T et TR o ) ) I e S
5 Center R e T 6.8 2.4 14.0 46
5 Center 6.5 2.3 19.8 6.6 10.2 14.4 154 9.1
5 Center 7.0 5.8 1727 reeme et I e B T
5 Center 5.0 44.6 24.9 6.5 11.6 i6.C¢ 17.0 514
Secchi Disk Tranpsarency = 5.2 meters
Site Depth Temperature | Dissolved Specific Total Light
Oxygen Conductance Phosphorus
{meters) K9 (ppm) (uS/cm) {pph) {Relative %)
5 Center 0.1 253 7.4 2094 | - 160.000
5 Center 0.5 253 i e 66.000
5 Center 1.6 253 74 2094 | - 50.000
3 Center | i T T e R 34,000
5 Center 2.0 253 7.4 2682 | - 24,000
5 Center 2 N T e 17.000
5 Center 3.0 25.0 7.3 2067 1 e 12.060
5 Center 3.5 24.5 7.0 2067 1 e 10.000
5 Center 4.0 24.2 6.4 2059 | 7.200
5 Center 4.5 229 39 203 1 e 5.200
3 Center 50 213 1.1 1998 © 0 e 3.700
5 Center 5.5 18.2 0.4 2052 | e 2.500
5 Center 6.0 16.9 0.3 2117 ) e 1.500
5 Center 6.5 14.9 2.0 2147 ] e 1.106
5 Center 7.0 13.9 0.1 2156 | - 0.706
3 Center 7.5 13.3 6.1 2214 ] e 0.180
5 Center 8.0 12.6 0.1 2287 ) - 0.070
5 Center I T e T B 0.037
1 05 e mmn 2070 | e e
2 0.5 | e e 2067 | -—- ———n
3 0.5 | e e 2669 1 eeeem | e
4 1 N B T 206.5 106 |0 e
) 05 | s ] e 2000 1 e L e
6A 05 | e | - 2068 | —— ] e
7 L T 20677 e e




Site Depth Temperature | Dissolved Specific Total Light
Oxygen Conductance | Phosphorus
{meters) °C) (ppm) {uS/cm) (ppb} (Relative %)

8 L e 2007 1 e e

9 05 1 e - 2068 1 eeee

11 G5 | e e e N
1A 035 | e e 207.0 | - e
11B 05 1 e e 200y ) e e
iz L R T 2072 1 e e
12A 05 1 e e 2072 1 ——— ] en
13 - T 206.7 88 ] e
14 0.5 et B 207.5 106 | e
14A 05 | —— | - 206.5 [T —
15 05 | e e 2003 ] e e
16 I S N T 200.6 e IR




APPENDIX

GLOSSARY OF LIMNOLOGICAL TERMS

Aerobe- - Organisms requiring oxygen for life. All animals, most algae and
some bacteria require oxygen for respiration.

Algae-See phytoplankton.

Alkalinity- Total concentration of bicarbonate and hydroxide ions (in most
lakes).

Anaerobe- Organisms not requiring oxygen for life. Some algae and many bacte-
ria are able to respire or ferment without using oxygen.

Anoxic- A system lacking oxygen, therefore incapable of supporting the most
common kind of biological respiration, or of supporting oxygen-demanding chemi-
cal reactions. The deeper waters of a lake may become anoxic if there are many
organisms depleting oxygen via respiration, and there is little or no replenishment
of oxygen from photosynthesis or from the atmosphere.

Benthic- Referring to the bottom sediments.

Bacterioplankton- Bacteria adapted to the "open water” or "planktonic" zone of
lakes, adapted for many specialized habitats and include groups that can use the
sun's energy {phytoplankton), some that can usec the energy locked in sulfur or
iron, and others that gain energy by decomposing dead material.

Bicarbonate- The most important ion [chemical) invelved in the buffering
system of New Hampshire lakes.

Buffering- The capacity of lakewater to absorb acid with a minimal change in
the pH. In New Hampshire the chemical responsible for buffering is the bicarbon-
ate ion. {(See pH.)

Chloride-  One of the components of salts dissolved in lakewater. Generally the
most abundant ion in New Hampshire lakewater, it may be used as an indicator of
raw sewage or of road salt.

Chlorophyll a- The main green pigment in plants. The concentration of chlo-
rophyll a in lakewater is often used as an indicator of aigal abundance.

Cirgulation- The period during spring and fall when the combination of low water
temperature and wind cause the water column to mix freely over its entire depth.

Density- The weight per volume of a substance. The more dense an object, the
heavier it feels. Low-density liquids will float on higher-density liquids.



Dimictic- The thermal pattern of lakes where the lake circulates, or mixes,
twice a year. Other patterns such as polymictic (many periods of circulation per
yearj are uncommon in New Hampshire. (See also meromictic and holomictic).

Dystrophy- The lake trophic state in which the lakewater is highly stained with
humic acids (reddish brown or yellow stain} and has low productivity. Chlorophyll
a concentration may be low or high.

Epilimnion- The uppermost layer of water during periods of thermal stratification.
(See lake diagram).

Eutrophy- The lake trophic state in which algal production is high. Asscciated
with eutrophy is low Secchi Disk depth, high chiorophyll a, and high total phos-
phorus. From an esthetic viewpoint these lakes are "bad" because water clarity is
low, aquatic plants are often found in abundance, and cold-water fish such as
trout and salmon are usually not present. A good aspect of eutrophic lakes is
their high productivity in terms of warm-water fish such as bass, pickerel, and
perch.

Free CO2- Carbon dioxide that is not combined chemically with lake water or
any other substances. It is produced by respiration, and is used by plants and
bacteria for photosynthesis.

Holomixzis- The condition where the entire lake is free to circulate during periods
of overturn. (See meromixis.)

Humic Acids- Dissolved organic compounds released from decomposition of
plant leaves and stems. Humic acids are red, brown, or yellow in color and are
present in nearly all lakes in New Hampshire. Humic acids are consumed only by
fungi, and thus are relatively resistant to biological decomposition,

Hydrogen Ion- The "acid" ion, present in small amounts even in distilled wa-
ter, but contributed to rain-water by atmospheric processes, to ground-water by
soils, and to lakewater by biological organisms and sediments. The active compo-
nent of "acid rain”. See also "pH" the symbaolic value inversely and exponentially
related to the hydrogen ion.

Hypolimunion- The deepest layer of lakewater during periods of thermal
stratification. {See lake diagram)

Lake- Any "inland" body of relatively "standing" water. Includes many
synonyms such as ponds, tarns, loches, billabongs, bogs, marshes, etc.

Lake Morphology- The shape and size of a lake and its basin.

Littoral- The area of a lake shallow enough for submerged aquatic plants to
STOW.

Meromixis- The condition where the entire lake fails to circulate to its deepest
points; caused by a high concentration of salt in the deeper waters, and by pecu-
liar landscapes (small deep lakes surrounded by hills and/or forests. (Contrast
holomixis.)



Mesotrophy- The lake trophic state intermediate between oligotrophy and
eutrophy. Algal production is moderate, and chlorophyil a, Secchi Disk depth, and
total phosphorus are also moderate. These lakes are esthetically "fair" but not as
good as oligotrophic lakes.

Metalimnion- The "middle" layer of the lake during periods of summer ther-
mal stratification. Usually defined as the region where the water temperature
changes at least one degree per meter depth. Also called the thermocline.

Mixis- Periods of lakewater mixing or circulation.

Mixotrophy-The lake condition where the water is highly stained with humic ac-
ids, but algal production and chlorophyll a values are also high.

Dligotrophy- The lake trophic state where algal production is low, Secchi
Disk depth is deep, and chlorophyll a and total phosphorus are low. HEsthetically
these lakes are the "best” because they are clear and have a minimum of algae and
aquatic plants. Deep oligotrophic lakes can usually support cold-water fish such
as lake trout and land-locked salmon.

Overturn- See circulation or mixis

pH- A measure of the hydrogen ion concentration of a liquid. For every
decrease of 1 pH unit, the hydrogen ion concentration increases 10 times. Sym-
bolically, the pH value is the "negative logarithm" of the hydrogen ion concentra-
tion. For example, a pH of 5 represents a hydrogen ion concentration of 10-2 mo-
lar. [Please thank the chemists for this lovely symbolism -- and ask them to ex-
plain it in lay terms!] In any event, the higher the pH value, the lower the hydro-
gen ion concentration. The range is 0 to 14, with 7 being neutral 1 denoting high
acid condition and 14 denoting very basic condition.

Photosynthesis- The process by which plants convert the inorganic substances
carbon dioxide and water into organic glucose (sugar) and oxygen using sunlight
as the energy source. Glucose is an energy source for growth, reproduction, and
maintenance of almost all life forms.

Phytoplankton-  Microscopic algae which are suspended in the "open water”
zone of lakes and ponds. A major source of food for zooplankton. Common exam-
ples include: diatoms, euglenoids, dinoflagellates, and many others. Usually in-
cluded are the blue-green bacteria. '

Parts per million- Also known as "ppm". This is a method of expressing the
amount of one substance (solute) dissolved in another (solvent). For example, a
solution with 10 ppm of oxygen has 10 pounds of oxygen for every 999,990
pounds (500 tons) of water. Domestic sewage usually contains from 2 to 10 ppm
phosphorus. '

Parts per billion- Also known as "ppb". This is only 1/1000 of ppm, therefore
much less concentrated. As little as 1 ppb of phosphorus will sustain growth of
algae. As little as 10 ppb phosphorus will cause algal blooms! Think of the ratio
as 1 milligram {1/28000 of an ounce) of phosphorus in 25 barrels of water (55
gailon drums)! Or, 1 gallon of septic waste diluted into 10,000 gallons of lakewa-
ter. It adds up fast!




Plankton- Community of microorganisms that live suspended in the water col-
umn, not attached to the bottom sediments or aquatic plants. See also "bacterio-
plankton" (bacteria), "phytoplankton” (algae) and "zooplankton" {microcrustaceans
and rotifers).

Productivity- Referring to levels of nutrient enrichment and plant growth in
lakes and ponds. Generally speaking, the more enriched the water body the higher
the chiorophyll a concentration, the shallower the water transparency, the higher
the nutrient {phosphorus) concentrations, the greater the aquatic plant abundance
and the lower the dissolved oxygen concentrations near the lake-bottom. See Tro-
phic Status for further information.

Saturated- When a solute {such as water) has dissolved all of a substance that it
can. For example, if you add table salt to water, a point is reached where any ad-
ditional salt fails to dissolve. The water is then said to be saturated with table salt.
In lakewater, gaseous oxygen can dissolve, but eventually the water becomes satu-
rated with oxygen if exposed sufficiently long to the atmosphere or another source
of oxygen.

Specific Conductivity- A measure of the amount of salt present in lakewater.
As the salt concentration increases, so does the specific conductivity {(electrical
conductivity}.

Stratum- A layer or "blanket". Can be used to refer to one of the major layers
of lakewater such as the epilimnion, or to any layers of organisms or chemicals
that may be present in a lake.

Thermal Stratification- The process by which layers are built up in the lake due
to heating by the sun and partial mixing by wind.

Thermocline- Region of temperature change. {See metalimnion.)

Total Phosphorus- A measure of the concentration of phosphorus in lakewater.
Includes both free forms (dissolved), and chemically combined form (as in living
tissue, or in dead but suspended organisms).

Trophic Status- A classification system placing lakes into similar groups ac-
cording to their amount of algal production. (See Oligotrophy, Mesotrophy, Eutro-
phy, Mixotrophy, and Dystrophy for definitions of the major categories)

Z- A symbol used by limnologists as an abbreviation for depth.

Zooplankton- Microscopic animals in the planktonic community. Some are
called "water fleas”, but most are known by their scientific names. Scientific
names include: Daphnia, Cyclops, Bosmina, and Kellicottia.






