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enhancing the capacity of conservation professionals for effective research in the 

field of wildlife and conservation biology. We are committed to science based 

conservation and outreach activities through research and development. 
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Basics of Wildlife and their Management  

It is important to identify and define what we mean by the term “wildlife” before we can answer 

the question, “What is wildlife management and conservation?” Early definitions of wildlife 

focused on wild animals (undomesticated free-ranging animals) that could be hunted for sport 

or food therefore, the early definitions restricted the term wildlife to vertebrates. From that 

time forward, the message has been clear: there is a separation of those organisms termed 

wildlife, not only from other vertebrates, but most certainly from other groups of lower animals 

and plants.  

 

Much has happened in the field of wildlife management since early times, and this is reflected 

in new definitions of wildlife based on a more holistic viewpoint. The beginnings of this new 

viewpoint of wildlife began in the 1960s. Wording in the Endangered Species Act of 1973 

recognized fish and wildlife as any member of the animal kingdom, including without 

limitation any mammal, bird, fish, amphibian, reptile, mollusk, crustacean, arthropod, or other 

invertebrates.  

 

From a purely objective standpoint, wildlife should include all animals and their associated 

habitats. If we are to look at the big picture, it seems unnecessary to define the term wildlife 

along the usually rigid and nonfunctional lines of a taxonomist.  

Further, the relationship of an animal to its habitat (including competitors, predators, prey 

items, vegetation, and soil) is so interconnected as to add confusion in attempts to restrict the 

term wildlife.  

“A definition of wildlife should include all living organisms out of the direct 

control of man, including undomesticated or cultivated plants and animals.”(In 

other terms “Neither domesticated nor cultivated”)  

Although it may be inappropriate to restrict wildlife to a few kinds of organisms, 

common usage, public perceptions, funding allocations, and history have resulted in a 

practical definition of wildlife as undomesticated free-ranging vertebrates. 

Furthermore, because of professional distinctions, fish are generally excluded from the 

definition of wildlife. The definition of wildlife is left as essentially undomesticated, 

free-ranging terrestrial vertebrates (reptiles, amphibians, birds, and mammals). 

  

1 
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The overwhelming preponderance of research and management efforts, as well as public 

attention, has caused the definition of wildlife to focus on birds and mammals.  

 

What is Wildlife Management?  

Now on to the question, “What is wildlife management?” The definitions of wildlife 

management are about as numerous as authors and professional biologists. There are some 

differences, to be sure, but three common ideas are present in every definition of wildlife 

management, including:  

1. efforts directed toward wild animal populations,  

2. relationship of habitat to those wild animal populations, and  

3. manipulations of habitats or populations that are done to meet some specified human goal.  

Early wildlife biologists viewed wildlife management as the art of making land produce 

adequate game for recreational use (hunting, fishing, or trapping). Later definitions 

emphasized wildlife management as the science of manipulating wild animal populations and 

their habitats for specific human goals. Current definitions stress wildlife management as 

applied animal ecology that benefits the habitat and both wildlife and human populations.  

Wildlife management can be a complex process (Figure 1) whereby a landowner or biologist:  

conducts habitat and wildlife population inventories and evaluations; and  

determines what people desire from the wildlife resource and directs management eforts to 

meet this goal.  

 

The eventual outcome in meeting desired management goals is accomplished by:  

1. Manipulating the habitat,  

2. Manipulating the wildlife population, and  

3. Managing people.  
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Figure: 1  The process of wildlife management 

 

Preservation, Conservation, and Management: What is the Difference?  

Let’s now examine the differences between management, conservation, and preservation, 

because many people mistakenly confuse wildlife management with wildlife preservation.  

Conservation is an effort to maintain and use natural resources wisely in an attempt to 

ensure that those resources will be available for future generations. Wise use of resources could 

vary from actively managing white-tailed deer populations by hunting to protecting and 

preserving spotted owl populations and habitat.  

 

Preservation is a component or part of conservation in which natural systems are 

left alone without human disturbance or manipulation. Preservationists feel natural 

resources should be protected, unspoiled, and untouched by humans. The goal of 

preservation is often maintaining the integrity of the ecosystem as exemplified by 

nature preserves or wilderness areas. 
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Passive management strategy is sometimes used in wildlife management when wildlife 

populations dwindle to the point they are in danger of extinction. The passive management 

strategy for red-cockaded woodpeckers in South Carolina is to alter traditional timber 

management to ensure breeding and foraging habitat.  

It is important to note, however, that an undisturbed ecosystem is not necessarily a stable one. 

Natural changes in the plant community constantly create different habitats for different 

species of wildlife. As the system changes over time, conditions may not remain suitable for 

the continued existence of some wildlife species in that community.  

As a regenerated forest is allowed to mature, for instance, the presence and abundance of 

bobwhite quail will decline because the habitat is no longer suitable for them.  

 

Management is also a component of conservation that usually means controlling, directing, 

or manipulating wildlife populations and/or their habitats (active management strategy). 

Wildlife managers usually seek to:  

1. Increase a population (by providing key habitat components such as food, shelter and water);  

2. Decrease a population (by harvesting deer when they are damaging orchard trees or soybean 

crops); or  

3. Stabilize a population so that individuals can be removed on a continuing basis, making sure 

that enough individuals remain in the population to replace those that are removed 

(sustained yield).  

 

There are two different approaches to managing wildlife. The first approach is to provide as 

varied a habitat as possible in an attempt to support as many different wildlife populations as 

possible. This is called the species richness approach to managing wildlife. Under this 

system, landowners would try to manage their property to provide a mixture of areas in 

different plant stages, areas with large amounts of edge (area where 2 habitats meet) 

interspersed with some unbroken tracts of forest, and forested areas with vertical layering of 

trees, shrubs, and broadleaf weeds.  

 

The second approach to managing wildlife is called the featured species approach. The 

goal of this approach is to provide habitat for one selected (featured) species. The key to 

featured species wildlife management is to identify the precise habitat requirements of the 

featured species and select management practices that provide the requirements that are in 

the shortest supply.  

  



WCB’s National Training Programme 2021 

Research Techniques in Wildlife and Habitats| 5  

Options for Wildlife Management  

Any discussion of wildlife resources must begin by recognizing the potential for managing for 

a variety of wildlife species. These include threatened and endangered species, and even 

nuisance species. Managing the wildlife resource as the primary objective requires, in some 

instances, that other resources be managed differently. For example, timber harvests would be 

designed primarily to improve wildlife habitat, with maximum wood production being a 

secondary benefit. In this case management strategies could include or accomplish the 

following:  

Create, enhance or improve sufficient habitat to support suitable populations of desired 

wildlife species;  

Maintain healthy populations in a manner consistent with habitat carrying capacity;  

Provide diverse and abundant populations of desired threatened wildlife species, 

particularly those that are dependent on woody forest and  

Manage habitat and populations to protect flora and fauna listed as threatened or 

endangered.  

The key is that all resource management decisions are based on creating and maintaining 

sufficient habitat.  

 

Research in Wildlife PA’S  

Ministry of Environment, Forest and Climate Change has received detailed guidelines 

for scientific research in wildlife PA’s. It is aptly recognizes that information generated 

by scientific research in PA’s would be useful for taking appropriate conservation and 

management actions. As enunciated in National Wildlife Action Plan (2002-2016), 

research projects having the objective of measuring biological diversity; monitoring the 

status of indicator/ flagship/ threatened species of flora and fauna, and breeding 

biology, is to be given priority. Encouraging multi-disciplinary integrated research 

encompassing scientific and socio-economic aspects related to PA management has 

also been accepted.  

 

Nishith Dharaiya 
Associate Professor, Wildlife and Conservation Biology Research Lab, Department of Life 

Sciences, HNG University, Patan (Gujarat) 384265 India Email: nadharaiya@gmail.com 
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Monitoring methods for terrestrial vegetation for wildlife 

habitat assessments 

There are many parameters used to quantify the vegetation especially for wildlife management 

and monitoring of habitats. Such parameters are also useful to study animal-habitat 

interactions, impact assessment and survey and quantifying wildlife habitats. These 

parameters are also used as baseline information for future monitoring. This whole exercise 

requires a careful sampling of vegetation and their analysis. Wildlife habitat data are generally 

collected for academic research as well as protected area or forest managers for both 

experimental and monitoring purposes respectively.  

 

The techniques here we are using are largely adapted from the traditional plant ecology, 

forestry and wildlife habitat study institutes; however, for rapid monitoring and assessment as 

well as its effective utilization, it is necessary that the sampling methods must be cost effective, 

explicit and widely acceptable.  

 

Some of the most commonly used and effective sampling methods for terrestrial vegetation i.e. 

trees, shrubs and herb layer are reviewed and compiled here. I welcome your feedback on the 

applicability and improvements of these methods.  

 

Major attributes of vegetation and their significance in wildlife habitat 

monitoring:  

All the attributes of vegetation can be categorized into two aspects viz. structural and 

functional. The structural includes the life form and arrangements of plants and the functional 

includes weight, shape, size and number of individual species. Following are the major 

attributes of vegetation for wildlife habitat studies.  

1. Density, 2. Cover, 3. Frequency, 4. Biomass and 5. Diversity 
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Major attributes 

of vegetation, 

their wildlife 

applications and 

study method: No  

Vegetation 

attributes  

Wildlife 

Applications  
Study methods  

1  Density  

Correlation to animal 

populations, Forage 

management, 

Regeneration of 

desired species  

Quadrates, Belt 

transect, PCQ, Plot 

less and nearest 

individual method  

2  Frequency  

Relative abundance 

of desired species, 

Forage quality, 

Successional trends  

Point intercept, 

Quadrates, Line 

intercept  

3  Canopy cover  

Thermal, Escape, 

Resting, Roosting 

and other cover 

requirements  

Point and line 

intercepts, Ocular 

estimation, 

Densiometer  

4  
Foliar cover  

(Leaf area index)  

All as per 3 and  

Correlation with 

insect abundance  

Line intercept  

Cross wire sighting  

5  Basal cover  As above (3 and 4)  
Quadrates, PCQ and 

Plotless  

6  Ground cover  
Interpret community 

impact assessment  

Point intercept  

Grid–quadrate 

frame  

7  Production  

Forage quality and 

quantity  

Suitability, Season of 

use,  

Phenology  

Clipping & weighing  

Forage volume 

estimation  

Double sampling  

8  Species composition  
Forage quality  

Species diversity  

Species enumeration  

Releve’ method  

9  Structure  

Potential habitat  

Nesting /resting sites  

Other cover 

requirements  

Bisects  

Life form study  

 

 

Nishith Dharaiya 
Associate Professor, Wildlife and Conservation Biology Research Lab, Department of Life 

Sciences, HNG University, Patan (Gujarat) 384265 India Email: nadharaiya@gmail.com 
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The concept of habitat 

By:  R. H. YAPP 

Historical 

We are often reminded, sometimes with an air of patronage, sometimes in tones of apology 

that ecology is yet in its infancy. But already it has left the cradle behind, and is now 

generally acknowledged to be a sturdy stripling, full of the vigour and the promise of youth.  

Naturally it has many of the faults as well as the advantages of youth.  But maturity will 

come in time, and when that time arrives, we cannot doubt that botanical thought and 

knowledge will be the richer for the pioneer work of present day ecologists  and their 

predecessors. 

As must inevitably be the case, especially during the youthful phase’s o1 any subject of 

study, the aims and concepts of ecology have been much discussed and repeatedly defined. 

Some of these concepts are, at all events for the time being, generally accepted and 

understood, while others are still a matter of controversy. As Tansley wrote (27, p. 120),  “ 

We  must  never conceal from ourselves that our concepts are creations of the human  mind 

which we impose on the facts of nature, that they are derived from incomplete knowledge, 

and therefore will never early fit the facts, and will require constant revision as knowledge 

increases.” 

Curiously enough, the concept of habitat, one of the oldest and most fundamental 

concepts of plant ecology, though in constant use, has been less rigorously examined 

than some; not so much because it has escaped notice, as because it has usually been 

taken very much for granted. Ecological literature contains many definitions of “the 

habitat,” but so far as I know no one has yet attempted critically and analytically to 

examine the concept as such. In this address I propose to make such an attempt. If I 

succeed in focusing attention on the subject, and perhaps in some slight measure in 

resolving the ambiguity which still obscures the concept, my object will have been 

achieved. 

The dictionary meaning of the word habitat is “the natural place of growth or 

occurrence of a species....Dwelling place, habitation1.” A habitat then is a place of 

abode. In this sense it is the equivalent of the Greek oiKos, and more or less of the 

English station. Warming (31, p. 131) uses habitat in this sense when he speaks of “the 

ecological factors...that prevail in the station or habitat.” Gams (12, p. 307) has 

3 
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recently urged that the use of the term Stantdort should be similarly restricted. Most 

ecologists; however, extend the use of the term habitat so as to  include  not  only  the  

abode  itself,  but also, in so far as they affect the inhabitants, the conditions obtaining 

in the abode, i.e. the ecological factors. In this sense habitat corresponds more or less 

closely to the English environment, or to the word oilier as used by French, and 

Stondort by many German writers. This extension of the meaning of the term would 

appear both legitimate and natural, for it is the habitat factors which give importance 

to the habitat. It is in this extended sense that I shall use the term in my address. Even 

so, the usage varies according to the concept in the mind of the individual author, and 

this in turn depends very much on the nature of the investigations on which he is 

engaged.  In other words, hitherto the concept of habitat has been largely subjective. 

This ambiguity has been commented on by various authors. For example, Clements (4, 

p. 358) refers to the application of the term habitat as “completely a matter of 

individual opinion.” Nichols (19, p. 306) says it “has been applied somewhat loosely.” 

Pavillard (20, p. 5) remarks on “l’ambiguité bien connue de la notion de Standort.’ ” 

On analysis, it may be seen that a number of distinct ideas have been introduced 

into the concept of habitat. 

 
(1) The area idea of habitat. Probably most ecologists have conceived of habitats 

as occupying more or less definite and extensive areas of the earth’s surface. Clements 

(3, p. 18) wrote in 1905, “The habitat is the sum of all the forces or factors present in a 

given area2.” Flahault and Schriiter (10, p. 24) defined habitat as including “everything 

relating to the factors operative in a geographically defined locality2, as far as these factors 

influence plants.” Nichols too (19, p. 306) speaks of “any unit area2,” and so on. 

 
(2) Uniformity of life-conditions in habitat. Essential uniformity of conditions 

within a habitat is insisted on by some authors. This idea frequently enters into definitions 

of the plant association, the habitat being regarded as the physical counterpart of   the   

association.   Thus   Flahault   and   Schriiter (10, p. 25) define the association as “a plant 

community of definite floristic composition, presenting a uniform physiognomy and growing 

in uniform habitat-conditions.”   Nichols (19,  p.  307)  says, “The   habitat   may be further 

defined as any unit area iñ which the combined influence of climatic, edaphic and biotic 

factors is essentially uniform throughout.”  Cowles (7, p. lll), again, speaks of “similar life-

conditions.” Du Rietz (9, p. 243), on the other hand, is more impressed with the diversity 

of conditions under which plant communities can exist, and points out that every plant 

association, like every species, has a definite ecological amplitude. Tansley (27, p. 128) too 

mentions the range of conditions under which the community can exist. 
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(3) Change and development in the habitat. The authors previously quoted have 

evidently, for the most part, conceived of the habitat as that o1 the plant association. But 

with the recognition of the principle of plant succession, a tendency to extend the concept 

so as more definitely to include the element of time as well as space, began to manifest 

itself. Moss (18, p. 36) introduced the idea of a succession of associations within the same 

habitat. This was adopted by the British Vegetation Committee (see Flahault and Schroter, 

10, p. 16), and used in Tansley’s Types (26, p.  4). According to this idea, a plant formation 

consists of a series of natural phases of vegetation occurring “upon a habitat uniform in its 

fundamental characteristics.” Subsequently, however, the idea of uniformity was 

abandoned, as it was realized that the habitat is continuously changing during the course 

of succession (Tansley, 27, pp. 140—1). But the element of time was retained. Later, 

Clements (4, pp. 357—8) suggested that “the final and definite form of a concept of the 

habitat” might introduce the idea of change and develop ment. He  regarded  the  habitat  

as  the  counterpart  of  the sere rather than the association, and says, “the  habitat  ie  itself  

marked  by  development  in the same way that the formation is.” 

(4) The habitat of the individual. The synecologist has, naturally enough, interpreted 

“the habitat” according to whether he was primarily concerned with the plant association 

or with plant succession. But as soon as ecological research becomes intensive rather than 

extensive, one becomes impressed by the diversity rather than the uniformity of life-

conditions within the common habitat of a plant association. The autecologist realises the 

fundamental importance of the habitats of the varied growth-forms, or even of the 

individuals, of which the plant community is composed.  Warming (30, p. 119) and others 

have emphasized this point of view. As regards fen vegetation I showed (Yapp, 34, p. 306) 

that plants growing side by side were not necessarily subjected to the same conditions. 

Later (Yapp, 35, p.  860)  I pointed out that the physiological problems of individual species 

might be very diflerent even when growing in the same general habitat. Cockayne (6, p. 6) 

came independently to a similar conclusion. In a letter (1913) to me, which I venture to 

quote, he said, “it is not the so-called ‘habitat’ of the association that we have to consider, 

but the environment of the individual, an altogether different matter.” Kraus studied 

intensively for eleven years the habitat variations occurring within a limited area. He 

showed definitely that the immediate environments of plants growing close together, 

within the same general habitat, may vary within wide limits as regards:— percentage of 

calcium carbonate, temperature, water content, atmospheric humidity and wind. As Stiles, 

in a review of Kraus’ book (25, p. 258) re- marked, “ This view of the  habitat as varying  

much over a very small area,  and so necessitating the investigation of the habitat of  a 

single  plant  rather than that of the whole  plant association,  should  surely  be  of  great  
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help in the future in the elucidation o1 the many and little understood problems  of plant 

ecology.” 

Nichols, and especially Gams have treated the  habitat  question  from  a broader  point  of  view  

than  the  majority   of   plant  ecologists.   Nichols (19, pp. 307 et seq.) regards similar habitats 

within a climatic region, whether occupied by precisely the same vegetation or not, as 

equivalent to one another, and as belonging to a common habitat-type. Further, he introduced 

the term habitat-complex, to indicate  “a  group  or  series  of  habitats  which  occupy  a unit 

area and  are  alike  with  reference  to  one  or  more  habitat  factors.”  But “the  habitat”  itself  

he  regards  as  that  of  the  plant  association.  Gams (12, pp. 306 et seq.) rightly  insists that 

there may be various kind of habitats, but proposes—unfortunately in my opinion—to apply to 

each of them a separate, unconnected term.  The  term  Standort  (our  habitat)  he  would  

restrict to the larger unit areas, such as those  occupied  by  plant  associations.  To  the place 

occupied by an individual flowering plant he gives the term Lebensravm; while the abode of a 

minute  eryptogam,  in  which  the  habitat  factors  are uniform, he calls Lebensort. As living 

cryptogams may occupy the places of portions of larger plants, e.g. roots, stems or leaves, hams 

concludes that a Lebensraum consists of several different Lebensorten. 

To sum up, most authors have interpreted or defined “the habitat” subjectively, i.e. 

from the point of view of their own particular work. From their writings, few would 

appear fully to have realized that there may be various grades or classes of habitats. To 

what extent these apparently divergent views regarding the concept of habitat are 

really antagonistic, or merely complementary, we must consider later. 

 
The factors of the habitat. 

Of the many factors which make up the environment it is obvious that only those which 

influence, directly or indirectly, the physiological processes of plants, are of importance to 

plant life. Further, a factor may he of importance to plant like, and yet have little or no 

geographical significance; such a factor is gravity. It is those factors alone which affect the 

physiological processes of plants, and at the same time are distributed unevenly—either 

qualitatively or quantitatively—in nature, that can act as determining factors in plant 

distribution. It is these factors with which we, as ecologists, are mainly concerned. 

Various classifications of ecological or habitat factors have been proposed. The following, 

though criticised by several authors, has been widely accepted:— 

A. Physical (including chemical) factors. 

1. Climatic. 
2. Edaphic. 
3. Topographic or physiographic. 
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B. Biotic, biological or organic factors. 

It may be pointed out that the habitat factors are often closely  interrelated, and that no 

hard and fast lines can be drawn between the different groups. Some factors, e.g. mineral 

salts and light, may be mainly or exclusively either climatic or edaphic, while others are 

common to the two groups. Water, for example, is such a common factor. In its aspects of 

precipitation and atmospheric humidity, water is called a climatic factor; while so tar as 

the water-content of the soil is concerned, it is an edaphic factor.  Clearly, from the point 

of view of the physiology of the plant, these are merely different but inter-related aspects 

of one factor, i.e. water. Similarly, soil and air temperatures are but diflerent aspects o1 

the same factor. 

 
Topographic and biotic factors, though frequently of great importance, are usually indirect 

in their action, influencing plants by modifying more direct factors. Thus mountain ranges 

influence climate. Local differences of aspect or angle of a slope affect temperature, light, 

wind and drainage. Associated plants modify light and atmospheric humidity for each 

other. Nitrifying bacteria, earthworms, etc., exert a far-reaching influence on the chemical 

and physical characters of the soil, and so on. 

 
From the point of view of direct effect on the plant, we can recognize, out of the numerous 

factors of the habitat, a few, very few, fundamental or basic factors, or groups of factors. 

Of these the most important are (1) water (soil and atmospheric) ; (2) gases used directly 

by plants (especially oxygen  and carbon dioxide) ; (3) nutritive salts and certain other 

soluble soil sub-stances; (4) light, and (5) temperature (of soil and air). With few 

exceptions these basic factors are of fundamental importance in the life-processes of 

plants, and may also act as differentiating or  muster factors  (cf. Tansley, 56, p. 5). All, 

however, have not the same geographical significance. Compare for instance carbon 

dioxide and oxygen. Both are of great importance to green plants, and the proportions in 

which they occur in the atmosphere are fairly constant the world over.  But  while carbon  

dioxide is of  little value as a geographical factor, oxygen, on account of  its  slight  solubility  

in  water, acts  as  a  master  factor  in  the  ease  of  habitats  characterized   by  excess of 

‘water'. The majority of factors other than the basic factors mentioned are either 

subordinate in importance or indirect in their effect on vegetation. As a rule, in the 

investigation of habitats attention would naturally be focused first on the more 

important’basic factors. 

 
In laying stress on these basic groups of factors, I wish to suggest a point of view rather 

than to propose a new classification. If we adopt the usual classification into climatic, 
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edaphic, etc. groups, we should avoid the mistake of thinking in terms of plant organs 

rather than entire plants. Climatic factors do not affect merely the sub-aerial parts of 

plants, nor edaphic factors only the subterranean organs. Whether we are dealing with 

individuals or communities, it is ultimately the whole economy of the plants concerned 

that is affected by the habitat factors. We must  regard  the  plant as a living  whole, and 

should strive as far as possible to  visualize  the  problems  of  the  habitat as they are 

presented to the individual plant or plant community. 

 
A concrete example may serve to illustrate my meaning. Consider the habitat problems 

of three associated plants, a tree, a small herb growing at its foot, and a minute alga 

attached to its trunk. The environments of all three plants fluctuate within wide limits 

with changes of season and weather; yet the three individuals are living under very 

different conditions. Take the factor of temperature, on which the rate of physiological 

processes so largely depends. So far as the alga is concerned, whatever the actual 

temperature may be, and however rapid the periodic fluctuations, at any given 

moment of time the temperature of the entire plant is approximately uniform. Now the 

temperature of the air changes more rapidly and violently than that of the soil, and the 

deeper the layer of the soil the more uniform the temperature. The twigs and leaves of 

the tree, therefore, will be subjected to much greater fluctuations of temperature than 

the roots. Moreover, the physiological processes o1 the tree, considered as a whole, are 

directly affected, not only by the absolute temperatures of air and soil, but also by the 

differences between the two, that is the ratio of air to soil temperature. In this respect 

the tree, compared with the alga, is a plant of extremes, and its habitat problems more 

complex. The herb, with its more sheltered shoots, and roots nearer the surface of the 

soil, is intermediate between the tree and the alga. If we consider further the question 

of water supply as well as other factors, we shall realize the vast difference between the 

habitat problems of our three associated plants. 

I have of course selected an extreme case, but even in comparatively uniform types of 

vegetation, the problems of different growth-forms show similar diversity. The 

difference between these and more extreme cases is one of degree rather than of kind. 

1. Growth-forms and the stratification of vegetation. 

Warming and many other ecologists have rightly insisted on the importance the study 

of the growth- or life-forms of plants.  Warming (31, pp. 140—1) even based his 

classification of vegetation units on growth-forms, a view sharply criticized by Tansley 

and Moss (cf. Flahault and Schroter, 10, p. 17, and Tansley, 27, p. 121). Whatever their 

value in this connection, there can be no doubt as to the great importance of growth-
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forms in the investigation of the physiological inter-relations of plants and habitat. 

This is, in my opinion, one of the most fruitful points of view from which the study of 

growth-forms can be approached. The special habitat problems of associated species 

are, as we have seen, closely bound up with differences of growth-form. In this 

connection I would urge not only that we should look upon the plant itself as a living 

whole, but also that the growth-form a plant should be regarded as including the entire 

plant, and  not,  as is often the case (e.g. Warming, 31, pp. 7 et deg.), the shoot-system 

alone. The root- systems of plants should not be neglected as much in the future as 

they have been in the past. 

 

In the rather wide sense in which I am using the term (ct. Tansley, 27, p. 121), the 

growth-form of a species may either be more or less constant, or it may vary from time 

to time during the life of the individual.  The former is frequently the case with lower 

organisms, the latter with higher plants. In the one case the habitat problems may be 

fairly constant throughout the life of the individual; in the other they may vary 

according to the stage of development, or even with the season of the year. 

 
In the majority of cases a plant association comprises not only different species, but 

also a number of different growth-forms. The varying sizes of the component plants 

usually result in a more or less definite stratification or layering of the vegetation, 

though certain Thallophyte associations, in which the plants are small, may consist of 

a single stratum only. As a rule the number of recognizable strata increases with the 

size of the dominant species, as does also the number of growth-forms represented. In 

both respects the culminating point is no doubt tropical rain forest. But even in dwarf, 

comparatively homogeneous vegetation such as that of a ten, if we take growth-form 

as well as size into account, it may be possible to distinguish as many as five sub-aerial 

strata". In addition to this, the subterranean parts (roots, rhizomes, etc.) vary not only 

in form, but as regards the level they occupy in the soil. There is frequently as marked a 

stratification o1 the sub-terranean as of the sub-aerial organs (Yapp, 34, p. 308). The fact 

of stratifiation has, as we shall see, an important bearing on the habitat problems of species 

in a state of association. 

 
2. Factor variation within the “general habitat.” 

We have seen that uniformity of like-conditions within the habitat of a plant association 

has been postulated by many authors.  We must now enquire to what extent or in what 

sense such uniformity actually exists.  It has of course long been recognized that ecological 

factors are distributed unevenly in nature, and that in a general way different types of 

vegetation are an expression of broad differences of habitat. Only comparatively recently, 
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with the advent of intensive research, has much attention been paid to differences 

occurring within these “general habitats.” Now, however, it is becoming increasingly 

apparent that in many, if not in all plant communities, the physical factors are distributed 

by no means uniformly within the space inhabited by the shoots and roots of the associated 

plants. In other words, in respect of the distribution of physical factors few, if any, habitats 

are really homogeneous. This lack of uniformity exhibits itself in various ways. For 

instance, in the existence of a certain range of conditions within the limite of which a 

particular association can exist (cf. Tansley, 27, p. 128).  Or it may be due to minor local 

irregularities produced by, e.g. small differences of soil-level, aspect or slope. In addition 

to these variations in what we may call the horizontal direction, evidence is accumulating 

that as regards certain factors, a vertical gradient frequently exists, both in the atmosphere 

and in the soil. 

So far as the atmosphere is concerned, it is probable that such a gradient, irregular it may 

be, exists in practically all markedly stratified vegetation, with regard to humidity, light, 

and perhaps temperature (cf. Yapp, 34 and Adamson, 1, pp. 353, etc.). Salisbury too has 

recently proved the existence of a vertical gradient of humus and acidity in certain dune 

and woodland soils. He suggests “it  is not  improbable  that  rooting  depths  are,  in  part  

at all events, determined by the acidity gradient described” (22, p. 297). Such differences 

in the vertical distribution of physical factors are in many cases largely due to biotic factors 

of the habitat, i.e. to the existence of the vegetation itself. As Gleason (15, p. 35) remarks, 

“The plant itself is in many cases the controlling agent in the environment;...and the  

physical  environment is as often the result as the cause of the vegetation.” Several authors 

have pointed out that topographic and other causes may give rise to local as distinct mom 

regional climates. A covering of vegetation may have a similar result, and it is not going too 

far to say that the smaller, subordinate species of an association may live in a climate 

differing in many respects from that of the larger dominant species'. 

 
Looked at from this point of view, the “general habitat” of an association appears, on 

analysis, to be characterized by complexity rather than by homogeneity or uniformity. As 

the association develops, or as association succeeds association, plants with different needs 

will naturally, under the stress of competition, tend to sort themselves out according to 

local differences of conditions within the general habitat. Competition being keenest 

between species of similar growth-form and requirements, we  may  perhaps  regard most 

plant associations as more or less “complementary,” in the sense em- ployed by Woodhead 

(33, p. 345). 
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Thus it may be just as true to say that the distribution of the component species within 

a plant association is governed by the local distribution of factors, as to say that the 

distribution o1 the association itself depends on the General distribution of habitat factors. 

Even if this is not true in all cases it certainly is true of many stratified associations. 

 
The different species, be it observed, will not necessarily be found in situations where, in 

the absence of competition, they might fourish best. They will occur in those portions of 

the general habitat in which, taking all factors—physical, biotic, and even historical—into 

account, they can best establishes and maintain themselves. As Ganong (13, p. 342)  puts  

it,  “Any plant stands where it does  for  the  reason  that  the  physical  demands made by 

the structure and habit it happens to possess overlap in some degree the physical 

conditions prevailing in that place, and the better  they  match  the more nearly does the 

plant find its optimum, and the worse they match the  more slender is the hold  of  the  

plant  upon  that  place.”  Further, he points out that, “Ecologically speaking there are four 

critical periods in the like-cycle of a plant. These are (a) the germination of seed or spore, 

(b) the orientation of the seedling whereby the plant gains a grip upon its immediate 

surroundings, (c) the expansion of the adult, and (d) flowering or fruiting, or sporification. 

It is not enough that the plant can match an environment in three of these, it must match 

in all four.” 

The vexed question of the origin of “ epharmony,” i.e. of the agreement between plant structure 

and habitat, or even the  degree  to  which  such  agree ment  actually  exists, lies  entirely outside 

the  scope of  this address.  What we are concerned with for the moment  is  the fact that the 

complexity of habitats, coupled with the peculiarities of the plants  themselves, frequently result 

in the association of species of  very  dissimilar  requirements.  What becomes then of the 

“uniformity of life-conditions” within the common habitat of a plant association? Nature, 

as Tyndall once wrote (28, p. 264) “abhors uniformity more than she does a vacuum.” 

In the sense of being. So to speak, of a homogeneous texture throughout, uniformity 

in the common habitat of a plant association cannot be said to exist. On the other 

hand, in the sense of either a  similarity of life-conditions in corresponding parts of the 

general habitat, or the prevalence of a  particular complex of factors (with a particular 

master factor) over a given area, we can speak of a degree of uniformity. I lay some 

stress upon this distinction, because arguments have sometimes been based on the 

assumption that plants growing side by side in nature are necessarily subjected to the 

same environmental conditions. Such arguments are fallacious, for they are based on 

wrong premises (ct.  Kraus, 16). 
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Biotic associations 

If we attempt to visualize even a single mixed, closed plant association, from the point of 

view of the relations of the plants to their habitat and to each other, we cannot fail to be 

impressed by the immense complexity of the problem. Yet the attempt may be useful,  if 

only as a means of sounding the depths of our own ignorance. 

 
In a limited space a number of sedentary organisms, belonging to different species, and of 

varied growth-forms, are crowded together. They are not only continually reacting on the 

habitat, but also, in different ways and degrees, interacting with each other. Competition, 

toleration; dependence, and in a sense perhaps even co-operation, are some of the 

elements of the problem. 

 
But which of the interacting organisms shall we include in our conception of a plant 

association? Already this conception is widening. In addition to the sub-aerial portions of 

the higher plants, which were chiefly or alone taken into account by the older ecologists, 

increasing attention is being paid to subterranean organs and to cryptogams. Where shall 

we draw the line? Obviously, many soil organisms, such as soil fungi, the bacteria of decay 

and nitrifying bacteria exert a profound, even if indirect influence on the surface 

vegetation. The soil fauna too has considerable effect. Darwin showed the importance of 

earthworms, while Salisbury (22, p. 295) has recently found that they tend to reverse the 

normal acidity gradient of the soil. Protozoa (trophic amoebae) again, appear to aftect the 

numbers of bacteria in the soil (Cutler and Crump, 8, p. 21). Shall we then include animals 

and lower cryptogams as well as higher plants in the same associations? So far as the 

interactions of the organisms are concerned, it would seem probable that we may be 

justified in doing so. Unfortunately animal ecology as yet lags behind plant ecology. We do 

not know to what extent the limits of plant and animal communities coincide. If they are 

proved to coincide to any appreciable extent, we may have to revise our concept of the plant 

association. The prevailing concept more or’ less seems to be that of a community of 

(mainly higher) plants living together in a habitat modified by the presence of other 

organisms,  i.e. by  biotic factors.  It  may  be that in  the future we shall  have  to replace 

this somewhat  crude concept  by what  Vestal  (29, p. 13) has called “ singte biotic 

associations.” 

 
Vestal has formulated the hypothesis “that animals and plants in a given terrestrial 

environment are very intimately related; that plant and animal associations are co-

extensive and to a large extent interdependent, the animals being entirely dependent 

upon the plants, speaking broadly, and the plants being partly dependent upon the 

animals.” If this is true, we should be justified in grouping the associated plants and 
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animals together on sociological as well as on physiological grounds. On this matter 

our ignorance is great, but the subject offers a promising field for investigation. 

 
We may perhaps regard the organisms, both plants and animals, occupying any given 

habitat as woven into a complex, but unstable web of like. The character of the web may 

change, as new organisms appear on the scene and old ones disappear during the phases 

of succession, but the web itself remains. The physical environment as it were provides the 

stage on which the drama of organic life is to be enacted. 

 
The classification of habitats. 

We must now enquire whether it is possible to attain, for practical purposes, any 

measure of agreement regarding the concept of habitat. In the first place there appears 

to be  every  reason  for  agreeing  that  the  term  habitat  should be taken to include 

the factors or conditions of the environment. Most authors already use it in this sense, 

and though literally it might be more correct to speak separately of habitat and habitat-

factors, the single term is a convenient one. Apart from the factors, the habitat, from 

the point of view of ecology, is little more than an abstraction.  

The real difficulty  in defining  and  delimiting  the  habitat  arises from  the fact  that  the  

ecological  factors  are  so  numerous  and  so  variable  that their possible combinations 

are bewildering. In regard to habitats, as in so many other instances, nature draws no 

hard and fast lines. For purposes of precise definition, a habitat is as elusive as a plant 

association or a species. 

 
If we can speak of the habitat or environment of a community of plants it must be 

equally correct to speak of the habitat of even a single individual. Again, seeing that the 

habitat of a community may continually be undergoing change, it is often difficult to 

say where the habitat of one phase of a succession ends and that of the succeeding 

phase begins. It should therefore be possible to speak of the habitat of a succession or 

sere, at least in cases where, as in a salt marsh, the habitats of successive phases have 

a common master factor. It would appear then that a habitat may be as narrow as the 

environment of a single unicellular organism, or as wide as that of a succession of plant 

associations. 

 
If this be the case, then clearly what we need for practical purposes is not so much a 

rigid definition of “the habitat”—framed, as such definitions have too often been, to fit 

particular classes of cases—as a working classification of habitats. So far as I am aware, 

no satisfactory classification has yet been proposed; indeed the need for a classification 

at all is only just beginning to be realized. In offering concrete suggestions for your 
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consideration I would point out that at present any attempt to define and classify 

habitats can only be on broad and general lines. With this proviso, I would suggest 

that from the point of view of plant ecology: 

 

A habitat may be described as the place of abode of a plant, a plant community, or in some 

cases even a group or a succession of related plant communities, together with all factors 

operative u within the abode, bvt external to the plants themselves. 

In this working definition I have combined the apparently divergent ideas of various 

authors as regards the spatial relations of the habitat, as well as the “time and change” 

ides of Moss and Clements. The idea of “uniformity of conditions” has been discarded, 

for we have seen that it can apply only in a limited sense and to a limited number of 

cases. It is therefore out of place in a general definition. Emphasis is laid on the fact 

that the habitat factors are outside the plant itself. When anything enters the plant 

from the environment it ceases to form part of the environment. 

 
It is of course impossible to delimit, in a mathematically exact way, the outer spatial 

boundaries of any habitat, whether of an individual or a community. In many cases too 

the inner boundaries also are ill-defined, and it becomes difficult to decide precisely 

where the plant ends and the environment begins'. But such exact delimitation of the 

habitat is unnecessary; its interest is mainly theoretical. For practical purposes we are 

concerned with the nature of habitats rather than with their theoretical boundaries. 

 
A. THOSE PERTAINING TO SYNECOLOGY. 

1. The Successional Habitat. The changing habitat occupied by an allied group of plant 

associations which, as a rule, comprise the stages of a normal succession or sere. 

The Successional Habitat practically agrees with Clements’.developmental 

concept of habitat; it corresponds in part to Nichols’ “habitat complex.” 

2. 'The Communal habitat. The general habitat of any recognizable plant community, such as an 

association or a society 

A Communal Habitat usually forms part of a corresponding Successional Habitat, 

compared with which it is of shorter duration, but relatively more stable. As a rule a 

communal habitat is occupied by a variety of growth- forms. It more or less 

corresponds to “the habitat” of most authors. 
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B. THOSE PERTAINING TO AUTEGOLOGY. 

3. The Individual Habitat. The habitat of an individual plant, whether solitary or forming 

part of a plant community 

A Communal Habitat is made up of a number of Individual Habitats. These may (a) 

resemble one another, as when occupied by individuals of the same species, or, if of 

different species, then of similar growth-form and requirements. Or, (b) differ more or less 

widely from one another, as will usually be the case when  they  are  occupied  by  

individuals  of  different  growth-form and requirements. 

4. The Partial habitat. The habitat of an individual plant during any given period or stage 

of existence. 

For instance, during a certain stage of development, such as seedling, rosette stage, 

maturity, etc.; or during a certain season of the year, such as winter, dry season, 

growing season, and so on. Thus a Partial Habitat is a particular fraction of an 

Individual Habitat, selected arbitrarily for purposes of research. A group of similar 

partial habitats may be occupied by individuals of the same species, or by different 

species of similar growth-form. The partial habitat is not the same thing as the 

“Lebensort” of Crams. 

 
These four groups could easily be further subdivided, but this had better be left to 

individual authors in connexion with specific investigations. My aim, in suggesting a 

broad general grouping of habitats rather than a detailed classification, is to secure 

recognition of the fact that the term habitat can quite legitimately be used in various 

ways. In the present state of our knowledge a flexible scheme is probably the most 

suitable. 

'The same habitat might exhibit retrogressive ae well as progressive changes, e.g. those 

occurring on a salt marsh. The general habitat of the whole salt marsh would be a 

aueoessional habitat. 

You will notice that all the four suggested classes of habitats involve the element of time as well 

as of space. Hitherto, with the exception of Moss and Clements,  the  time  element  appears  to  

have  been  omitted  from  the   concept of habitat.  Thus  a  successional  habitat  may  endure  

through  a  number  of stages of a sere; a communal habitat persists   through  only  a  single  

stage, though the lifetimes  of  many  generations  may  be  involved;  an  individual habitat 

represents merely the  lifetime  of  a  single  individual,  and  a  partial habitat  only  a  portion  

of  a  single  lifetime.  Similarly with space.  Both the time and space elements are to some extent 

progressively narrowed in passing from the higher to the lower classes. 

Now any habitat, including as it does a complex of variable factors, is a difficult thing to 
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visualize as a whole, and still more difficult to investigate. As regards the larger and more 

complex habitats the most we can do at present is to investigate in a general way a few of 

the more prominent factors.  If  we aim  at  studying  the  physiological  inter-relations  of  

plant  and  habitat of which as yet we know very little—we must inevitably narrow our 

field of enquiry. Seeing that the “partial habitat” is a matter of arbitrary selection, it can be 

narrowed to any desired extent. For this reason, so far as intensive work in physiological 

ecology is concerned, it is the study of partial habitats and their occupants which may as a 

rule be expected to yield results of primary importance. The method of experiment, which 

is recognized as essential to the solution of so many ecological problems, often means the 

study of artificially arranged and controlled partial habitats.  The essence of all such 

intensive work is as far as possible to choose and formulate one’s problems. It appears to 

me that Clements, in his stimulating Research Methods failed to emphasize this point. He 

regarded (3, p. l7) “the essential sequence in ecological research” as first the habitat, then 

the plant, and lastly the plant community. I should exactly reverse this order. It is only 

after a detailed study of a plant community as such, when one knows the constituent 

species, their numerical relations, the growth-forms represented, and so on, that one can 

formulate one’s problems.  In other words, extensive work should as a rule precede 

intensive. This is, in point of fact, the actual history of ecology. Up to the  present  time 

most ecological  work  has been of an extensive (synecological)  nature; so far as intensive  

physiological  ecology is concerned we are still in the twilight that precedes the dawn. 

 
Ecological reference herbaria 

In this address I have laid stress on the physiological aspect of the habitat question, 

because I am a firm believer in the future of intensive ecology.  But I fully realize that there 

may be many members of our Society to whom this side makes no irresistible appeal. At 

all events they may be so situated that detailed research of this kind is impossible; even 

primary survey work may not be feasible. To such I should like, in concluding my address, 

to suggest a scheme for co-operative field work which has long been in my mind. The 

present occasion seemed to otter a suitable opportunity for ventilating the question. The 

scheme is, in brief, that our Society should consider the advisability of organizing a central 

“Ecological Reference Herbarium,” or a series of such herbaria, housed in suitable centres. 

The Secretary has been kind enough to arrange for a separate discussion of this subject,  so 

I  need  only refer to it now in the briefest terms. 

The ordinary herbarium, whether public or private, consists for the most part only of plants 

in the flowering, or occasionally the fruiting stage. In such a herbarium the ecologist, who 

is concerned with plants at all stages from seedling to maturity, at all seasons of the year, 

and with vegetative even more than with reproductive parts, can rarely find answers to his 
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questions. And yet a properly stocked, arranged and annotated herbarium may be for 

certain purposes as useful as a reference library. At all events the material may be more 

accessible than that buried in innumerable papers in a hundred and one different journals. 

 
The idea of ecological herbaria is not a new one.  Elements (3,  p. 196) has suggested what 

he calls “Formation and Succession Herbaria.” But the herbarium I have in mind is a 

different thing. It would aim not so much at recording the occurrence of species as at 

accumulating  material which might  in time be a veritable mine of information useful to 

ecologists. Such as, for example: developmental stages; growth forms (including root-

systems); forms of leaves in different parts of the same plant or at different seasons of the 

year, and seasonal states generally; habitat forms and so on. The winter conditions of 

herbaceous plants, a subject ignored by our Floras, but nevertheless of great importance in 

connection with the study of partial habitats, would no doubt form an important part of 

any ecological herbarium. In these and other directions comparisons of plants from a 

variety of habitats would be far more possible were such herbaria available for 

supplementing—they could of course never replace—individual work in the field. 

 
My idea is that individuals might undertake the detailed study and collection of material 

at various seasons of the year of, to begin with, one or more species, and pool the results. 

The scheme would require careful organization in order to avoid unnecessary overlapping. 

Quality rather than quantity of specimens should be aimed at, and the question of the kinds 

of information to be collected with the specimens would need careful consideration.  The 

chief difficulty, no doubt a very real one, would be that of organization and supervision; 

but I do not think that should be beyond the resources of a society such as ours. School 

teachers could secure the co-operation of senior pupils, and members of field clubs could 

enlist the sympathies of fellow members. I am confident that it would be useful work, and 

to me not the least attractive feature of the scheme is that it would afford a common 

meeting Found for the amateur and the professional botanist. We need unity of purpose 

rather than uniformity of work, and, as Francis Bacon put it centuries ago, “They be two 

things, unity and uniformity.” 

NOTE. I regret that a paper by M. Pavillard (“Remarques sur la Nomenclature 

Phytogéographique.” Montpellier, 1919) came to my notice too late to be referred to in this 

address. On pp. 4—10 he deals with the term “station” (= habitat). Pavillard suggests that 

the term localité should be used only in a purely geographical sense, and station only in an 

ecological sense. Moreover, he would use station primarily as an autecological term, i.e. 

with reference to the species or individual. “Le station (p. 10) c’est]’ environnement normal 

de]’espece, c’est-a-dire une combinaison déterminée de conditions favorables 
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h]’individual vivant (et â sa descendance), mais extérieures h lui.” 
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Data Collection Methods 

OBJECTIVES 
On going through this Unit you will be able to: 

 Explain the concept and types of data; 

 Identify the importance of data in a statistical inquiry, 

 Explain various survey techniques; and 

 Identify the uses and limitations of secondary data. 

INTRODUCTION 

We face problems in various fields of our life, which force us to think and discover their 

solutions. When we are genuinely serious about the solution of a problem faced, a thinking 

process starts. Statistical Thinking or Statistical Inquiry is one kind of thinking process which 

requires evidence in the form of some information, preferably quantitative, which is known as 

data/statistical information. 

 

In a statistical inquiry, the first step is to procure or collect data. Every time the investigator 

may not start from the very beginning. He must try to use what others have already discovered. 

This will save us in cost, efforts and time. 

 

As discussed in Unit 1 (Section 1.2.1) data imply related quantitative information. They are 

collections of any number of related observations with a predetermined goal. We can collect 

information on the number of T.V. sets sold by a particular salesman or a group of salesmen, on 

weekdays in different parts of Delhi to study the pattern of sales, lean days, and effect of 

competitive products, income behavior and other related matters. The information thus 

collected is called a data set and' a single observation a data point. 

 

All  types  of  information  collected  without  proper  aim  or  objective  is  of  no  use.    For 

example, John's height is 5'6" or monthly wage of Mr. X on 1ST January 2004 were Rs. 

15000/-   are   not   data.   Not   all   quantitative   information   are   statistical.   Isolated 

measurements are not statistical data. Statistics (that is in singular sense) is concerned with  

collection  of  data  relevant  to  the  solution  of  a  particular  problem.  According  to Simpson 

and Kafka (Basic Statistics),"Data have no standing in themselves; they have n basis for 

existence only where there is a problem". 

4 
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PURPOSE OF DATA COLLECTION 

By now you have known that data could be classified in the following three ways: 

a) Quantitative' and Qualitative Data. 

b) Sample and Census Data. 

c) Primary and Secondary data. 

 

a) Quantitative and Qualitative data: Quantitative data are those set of information which 

are quantifiable and can be expressed in some standard units like rupees, kilograms, litres, etc. 

For example, pocket money of students of a class and income of their parents can be expressed 

in so many rupees; production or import of wheat can be expressed in so many kilograms or 

lakh quintals; consumption of petrol and diesel in India as so many lakh litres in one year and 

so on. 

 

Qualitative data, on the other hand, are not quantifiable, that is, cannot be expressed in 

standard units of measurement like rupees, kilograms, liters, etc. This is because they are 

‘features’, ‘qualities’ or ‘characteristics’ like eye-colours, skin complexion, honesty, good or 

bad, etc. These are also referred to as attributes. In this case, however, it is possible to count 

the number of individuals (or items) possessing a particular attribute. 

 

b) Sample and Census Data: It was discussed in Section 1.2.3 of Unit 1 that data can be 

collected either by census method or sample method. Information collected through sample 

inquiry is called sample data and the one collected through census inquiry is called census data. 

Population census data are collected every ten years in India. 

 

c) Primary and Secondary Data: As discussed very briefly in Section 1.2.2, primary data 

are collected by the investigator through field survey. Such data are in raw form and must be 

refined before use. On the other hand, secondary data are extracted from the existing 

published or unpublished sources, that is, from the data already collected by others. 

 

Collection of data is the first basic step towards the statistical analysis of any problem. The 

collected data are suitably transformed and analysed to draw conclusions about the population. 

These conclusions may be either or both of the following: 

 

i) To estimate one or more parameters of a population or the nature of the population 

itself. This forms the subject matter of the theory of estimation (discussed in Block 7). 
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ii) To test a hypothesis. A hypothesis is a statement regarding the parameters or the nature 

of population (discussed in Block 7). 

 

COLLECTION OF DATA 

Collection of reliable and sufficient data\statistical information is a pre-requisite of any 

statistical inquiry. This and the subsequent Sections of this Unit are devoted to data collection 

techniques. 

Statistical Inquiry - Planning and Conduct 

Collection of reliable and sufficient data requires a careful planning and execution of a 

statistical survey. If this is not so then the result obtained may be misleading or incomplete 

and hence useless. They may even do more harm than good. In the following Section an 

attempt is made to explain planning aspect. 

 

Statistical data can be collected either by a survey or by performing an experiment. Surveys are 

more popular in social sciences like economics and business. In natural\ physical sciences 

experimentation is more commonly used method of investigation. 

 

Data collected by observing various individuals or items, included in a survey, are affected by a 

large number of uncontrollable factors. For example, wages in a country are affected by a lot of 

factors like skill, education and sex of worker; training and experience; and in some countries 

even on race to which a worker belongs. In India low caste and historically underprivileged 

people like sweepers are the least paid workers for social reasons also. 

 

It is interesting to note that even the data obtained through experiments in physical sciences 

are affected by a large number of uncontrollable factors in spite of the fact that such 

experiments are conducted under controlled conditions. The uncontrollable factors, in this 

case, may arise due to the bias of the person(s) conducting the experiment, nature and accuracy 

of measuring instrument, etc. 

 
Any statistical survey consists of two stages: 

i) Planning Stage 

ii) Executing Stage 
 

Planning Stage - Requisites of a Statistical Inquiry 

Before collecting data through primary or secondary source, the investigator has to complete 

the following preliminaries. 
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a) What is the objective / aim and scope of the inquiry? 

Unless the investigator answers this question most satisfactorily, (s)he cannot proceed in the 

right direction and can go astray. Both money and efforts will be lost if data, not relevant to 

inquiry, are collected. Not only this, one must also be clear about how much data are required 

and hence ensure that only the necessary data get collected. For example, if we want to collect 

data on pattern of wheat production in a particular state, we need to collect data on the type of 

land, agricultural inputs, educational levels of farmers involved, presence or absence of defects 

of land tenure system, availability and cost of agricultural finance, nature of marketing, etc. 

 
b) What shall be the source of information? 

The investigator has to make a choice between primary source, where he himself collects the 

data, or secondary source, where he lays his hand on already collected data. 

 
c) What shall be the nature of question? 

That is, the investigator has to make a choice between: 

1) Census or Sample inquiry. In census method (s)he examines each and every item / 

individual of the population whereas in sample method (s)he examines only the item 1 

individual included in the sample. For example, in census method (s)he examines each and 

every persons in a village, but in sample method, (s)he examines only a limited number of 

persons. 

2) Direct or Indirect inquiry. In a direct inquiry the observations can be directly obtained 

in quantitative terms as for example, sales of T.V. sets and the advertisement cost in rupees. 

On the other hand, in an indirect inquiry, like intelligence of a group of students, marks secured 

by them are used to judge their intelligence. 

3) Original or Repetitive inquiry. An inquiry conducted for the first time is original but if 

it is undertaken over and over again, it is repetitive. For example, population census in India 

is conducted every 10 years. All these inquiries must be related. 

4) Open or Confidential inquiry. In open inquiry the results are made public, as for 

example, the population and national income data. On the other hand, the results of many 

government inquiries are kept confidential for reasons of national security, as for example, 

data on defence, atomic energy, space research and development, etc. 

d) What shall be the statistical units of investigation or counting? 

A statistical unit is an attribute or a set of attributes conventionally chosen so that individuals 

or objects possessing them may be counted or measured for the purpose of enquiry. Thus a 

statistical unit is a characteristic or a set of characteristics of an individual or item that are 

observed to collect information. For example, various characteristics of a person may be his 
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height, weight, income, etc. The definition of a statistical unit means the specification of the 

characteristics of an individual or item on which data are to be collected. 

It must be pointed out that the result of observation of a statistical unit may be a number which 

is obtained-either by counting or by measurement. If the number is obtained by measurement, 

it is also necessary to specify the units of measurement. The specification of statistical units 

and the units of measurements is very necessary for the maintenance of uniformity in the 

collected data. 

e) What shall be the degree of accuracy? 

In  various  economic  and  business  studies,  absolute  accuracy  is  neither  necessary  nor 

possible. In population data, accuracy till the last person is not required. For example, 

population of India is 98, 89,70,510 or 98 ,89,00,000 does not matter much. However, the 

degree of accuracy required will determine the choice between different methods of collecting 

data.  Further, the degree of accuracy, once decided, must be maintained throughout the 

survey. 

 
Execution Stage 

This stage comes after the planning stage, where the plan is put in operation. It includes: 

 

1) Setting up the central administrative machinery which prepares a format of questions 

relating to the inquiry, called a questionnaire or a question schedule. It decides the setting up of 

branch offices to cover large geographical area. 

2) Selection and Training of field staff called interviewers or investigators or research staff 

or enumerators. They will approach the respondents in different ways as explained in Section 

2.4. Investigators should be properly trained, should be honest and hardworking. Any error at 

this stage will jeopardize the whole process of investigation giving misleading results. To obtain 

the best possible results h m a survey, it is desirable to have the field staff who is familiar with 

the language of the respondents and have patience and tact of dealing with them. 

3) Supervision of field staff is a must to ensure that information is actually obtained from 

the respondents rather than that the questionnaires are fictitiously filled up in hotel rooms. 

Further, there must be some experts to make clarification3 on problems faced by the 

investigators in the field work. 

While conducting field surveys the problem of non--response is common. 

This includes: 

a) Non-availability of the listed respondent. Here in no case this respondent be replaced 

by another because it may spoil the random character of sample and the results of investigation 

are likely to become biased. 
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b) Due to non-response, a part or certain questions of the questionnaire may remain 

unanswered or partly answered. These should not be replaced or tempered with by the 

investigator. 

4) After the data have been arranged, the next job is to analyse the same. The methods of 

doing this are fully described in later Blocks. Now-a-days computers are available to do this 

job. 

5) After analysis of data, now is the turn for writing a detailed report mentioning the main 

findings of the survey\statistical inquiry. The main conclusions drawn and policy 

recommendations are duly recorded at the end of this report. 

Primary and Secondary Data 

A pertinent question that arises now is how and from where to get data? Data are obtained 

through two types of investigations, namely, 

1) Direct Investigation which implies that the investigator collects information by 

observing the items of the problem under investigation. As explained above, it is the primary 

source of getting data or the source of getting primary data, and can be done through 

observation or through inquiry. In the former we watch an event happening, as for example, 

number and type of vehicles passing through Vijay Chowk in New Delhi during different hours 

of the day and night. In the latter we ask questions from the respondents through questionnaire 

(personally or through mail). It is a costly method in terms of money, time and efforts. 

2) Investigation through Secondary Source which means obtaining data from the 

already collected data. Secondary data are the other people's statistics, where other people 

includes governments at all levels, international bodies or institutions like IMF, IBRD, etc., or 

other countries, private and government research organisations, Reserve Bank of India and 

other banks, research scholars of repute, etc. Broadly speaking we can divide the sources of 

secondary data into two categories: published sources and unpublished sources. 

A) Published Sources 

1) Official publications of the government at all levels - Central, State, Union, Territories 

and Councils. 

2) Official publications of foreign countries. 

3) Official publications of international bodies like IMF, UNESCO, WHO, etc. 

4) Newspaper and Journals of repute, both local and international. 

5) Official publications of RBI, and other Banks, LIC, Trade Unions, Stock Exchange, 

Chambers of Commerce, etc. 

6) Reports submitted by reputed economists, research scholars, universities, 

commissions of inquiry, if made public. 
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Some main sources of published data in India are: 

i) Central Statistical Organisation (C.S.O.): It publishes data on national income, 

savings, capital formation, etc. in a publication called National Accounts Statistics. 

ii) National Sample Survey Organisation (N.S.S.O.): Under Ministry of Statistics 

and Programme Implementation, this organisation provides us data on all aspects of national 

economy, such as agriculture, industry, labour and consumption expenditure. 

iii) Reserve Bank of India Publications (R.B.L): It publishes financial statistics. Its 

publications are Report on Currency and Finance, Reserve Bank of India Bulletin, Statistical 

Tables Relating to Banks in India, etc. 

iv) Labour Bureau: Its publications are Indian Labour Statistics, Indian Labour Year 

Book, Indian Labour Journal, etc. 

v) Population Census: Undertaken by the office of the Registrar General India, Ministry 

of Home Affairs. It provides us different types of statistics about population. 

B) Un-published Sources 

1) Unpublished findings of certain inquiry committees. 

2) Research workers' findings. 

3) Unpublished material found with Trade Associations, Labour Organisations and 

Chambers of Commerce. 

COLLECTION OF PRIMARY DATA - SURVEY TECHNIOUES 

After the investigator is convinced that the gain from primary data outweighs the money cost, 

effort and time, she\he can go in for this. She\he can use any of the following methods to collect 

primary data: 

a) Direct Personal Investigation 

b) Indirect Oral Investigation 

c) Use of Local Reports 

d) Questionnaire Method 

a) Direct Personal Investigation 

Here the investigator collects information personally from the respondents. She/he meets them 

personally to collect information. This method requires much from the investigator such as: 

1) She/he should be polite, unbiased and tactful. 

2) She/he should know the local conditions, customs and traditions so that she/he 

3) She/he should be intelligent possessing good observation power. 

4) She/he should use simple, easy and meaningful questions to extract information. 
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This method is suitable only for intensive investigations. It is a costly method in terms of 

money, effort and time. Further, the personal bias of the investigator cannot be ruled out and 

it can do a lot of harm to the investigation. The method is a complete flop if the investigator 

does not possess the above mentioned qualities. 

b) Indirect Oral Investigation Method 

This method is generally used when the respondents are reluctant to part with the information 

due to various reasons. Here, the information is collected from a witness or from a third party 

who are directly or indirectly related to the problem and possess sufficient knowledge. The 

person(s) who is/are selected as informants must possess the following qualities: 

1) They should possess full knowledge about the issue. 

2) They must be willing to reveal it faithfully and honestly. 

3) They should not be biased and prejudiced. 

4) They must be capable of expressing themselves to the true spirit of the inquiry 

c) Use of Local Reports 

This method involves the use of local newspaper, magazines and journals by the investigators. 

The information is collected by local press correspondents and not by the investigators. 

Needless to say, this method does not yield sufficient and reliable data. The method is less costly 

but should not be adopted where high degree of accuracy or precision is required. 

d) Questionnaire Method 

It is the most important and systematic method of collecting primary data, especially when the 

inquiry is quite extensive. It involves preparation of a list of questions relevant to the inquiry 

and presenting them in the form of a booklet, often called a questionnaire. The questionnaire 

is divided into two parts: 

1) General introductory part which contains questions regarding the identity of the 

respondent and contains information such as name, address, telephone number, qualification, 

profession, etc. 

2) Main question part containing questions connected with the inquiry. These questions 

differ from inquiry to inquiry. 

Preparation of the questionnaire is a highly specialized job and is perfected with experience. 

Therefore, some experienced persons should be associated with it. The following few important 

points should be kept in mind while drafting a questionnaire: 

i) The task of soliciting information from people in desired form and with sufficient 

accuracy is the most difficult problem. By their nature people are not willing to reveal any 
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information because of certain fears. Many a times they provide incomplete and faulty 

information. Therefore, it is necessary that the respondents be taken into confidence. They 

should be assured that their individual information will be kept confidential and no part of it 

will be revealed to tax and other government investigative agencies. This is very essential 

indeed. 

ii) Always avoid personal questions which may embarrass the respondents. For example, 

questions like 'Do you evade income tax?' or 'Are you engaged in smuggling or black 

marketing?' should not be asked. 

iii) Questions hurting the sentiments of respondent should not be asked. These include 

questions on his gambling habits, sex habits, indebtedness, etc. 

a) Questions involving lengthy and complex calculations should be avoided because they 

require tedious extra work in which the respondent may lack both interest as well as 

capabilities. In such cases it would be better to 

b) either get documents like balance sheet, profit and loss account and inventory record 

from the respondent from where we can get or calculate the required information himself, or 

c) Ask indirect and simple questions which, with some calculation later on, can help us to 

acquire the required information. 

iv) Ask questions which enable to cross check the correctness of the information supplied 

by the respondent. For example, questions on total wage bill of a factory can be cross checked 

if the other questions seek information on different types of workers working in administrative, 

production, store and marketing departments. Similarly information on saving of a household 

can be cross checked by getting information on different sources of income and its expenditure 

on different heads. 

v) As far as possible questions should be of Yes/No type. These are precise and simple to 

understand, and take very little time to answer. Later on they are easy to tabulate. For example, 

Are you married? Yes/No 

Tick the right answer. 

vi) Questions should be short and clear. That is, they should not be ambiguous and 

confusing. As far as possible, attempt should be made to suggest the possible answers to a 

question and the respondent may be asked to simply tick the answer/s he/she thinks is/are 

correct. 

Since the list of answers may not be exhaustive, therefore, a line of "others, if any" should also 

be inserted leaving sufficient blank space for the answer. 

Following is an example of a question: 

Why do people not exercise their right to vote? Tick the right answer: 
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a) They are illiterate and do not understand the value of the vote. 

b) They think, it does not matter if their one vote is not cast out of lakhs 

c) The polling booths are far from their residence. \ 

d) They are afraid of the local goons and violence. 

e) They are not happy with the government and do not vote out of protest. 

f) They do not vote unless some money is offered to them. 

g) Any other reason, please state. 

This form of questions and answers also helps in arranging and tabulating the data. 

vii) A very large number of questions should be avoided because it leads to the feeling of 

monotony. Many respondents will hesitate to answer a long list of questions, for want of time 

and interest. 
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A sample questionnaire on family planning is reproduced below. 

Survey on Family Planning 

1. Name .......................................................................................... 

2.  Father's / Husband's Name  ......................................................... 

3. Residential address...................................... ............................. 

4. Place of Work  .................................................................. ........... 

5. Age ................................. 6. Male/Female ............................. 

7. Religion ........................... 8. Telephone No. ........................... 

9. Profession: 

a) Self........................... b) Spouse........................... 

10. Annual Income of the family from all sources ........................... 

11. Educational Qualifications: (Tick () the right answer) 

a) Illiterate b) Primary standard 

c) Middle standard  d) Secondary 

e) Sr. Secondary f) Graduate g) Post graduate 

12. Educational Qualifications of spouse: (Tick () the right answer) 

a) illiterate b) Primary standard 

c) Middle standard  d) Secondary 

e) Sr. Secondary f) Graduate g) Post graduate 

13. Number of years of married life................................................. 

14. Number of children born: Girls..................... Boys ................... 

15. Number of surviving children: Girls ..................Boys ............... 

16. State the gap in years between the children 

a) Between marriage and first child: ........................................... 

b) Between first and second child: ........................................... 

c) Between second and third child: ........................................... 

d) Between third and fourth child: ........................................... 

e) Between fourth and fifth child: ........................................... 

f) Between fifth and sixth child............................................ 

1 7. Do you favour family planning? (Yes/No) 

18. If no, what are the reasons? 

a) Children are natural gift: (Yes/No) 

b) Family planning is against my religion: (Yes/No) 

c) Family planning means murdering an unborn child:(Yes/No) 

d) Number of children is the part of my fate: (Yes/No) 

e) Any other reason, please state: ............................................... 

19. If you favour family planning, state the reasons 

a) Small family is a happy family: (Yes/No) 

b) Two children can be controlled easily: (Yes/No) 

c) Two children can be properly educated and fed: (Yes/no) 

d) There are fewer complications in life: (Yes/No) 

e) The health of the mother is not adversely affected: (Yes/No) 

f)  Any other reason, please state:  
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20. State Age, Educational Level and Health Condition of your children. 

Sr.No Name  Age Educational Level Health condition* 
1) .................  ......... ............................ ............................ 
2) .................  ......... ............................   ............................ 

3) .................  ......... ............................  ............................ 

4) .................  ......... ............................  ............................ 

(*State whether Poor, Below Normal or Excellent)  

How to approach the Respondent with a Questionnaire? 

There are three methods available to us: 

i) Send the questionnaires by post to the respondents with a forwarding letter 

highlighting the importance of the survey to them as well as to the community or nation, and 

requesting cooperation in filling it and then you can sit back and wait for the response. It is 

often seen that the response is generally poor. 

ii) Send the questionnaire through investigators, who will interview the respondents and 

record the information personally. This method, though costly, is better. It helps the 

respondents to understand questions properly. The response is certainly better because the 

scope of laziness and irresponsibility is reduced. A clever and intelligent investigator with tact 

and initiative is able to get better response. 

iii) Send the questionnaire by post followed by the visit of the investigator. This in fact is 

the best method as it combines the benefits of both the methods. It, no doubt, is a costly 

method. It is very useful for extensive studies. Being expensive, it can and is normally used by 

Government who has financial resources at its command. 

COLLECTION OF SECONDARY DATA 

As  pointed  out  in  Section  2.3.4  that  direct  investigation,  though  desirable,  is  costly  in terms 

of money, time and efforts. Alternatively, infomation can also be obtained through a secondary 

source. It means drawing or collecting data from the already collected data of some other 

agency, Technically, the data so collected are called secondary data. 

Limitations of Secondary Data 

 

Although the secondary source is cheap in term of money, time and effort, utmost care should 

be taken in their use. It is desirable that such data should be vast and reliable- and the terms 

and definitions mutt match the terms and definitions of the current inquiry. The suitability of 

the data may be judged by comparing the nature and scope of the present inquiry with that of 

original inquiry. Secondary data will be reliable if these were collected by unbiased, intelligent 
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and trained investigators. The time period to which these data belong, should also be properly 

scrutinized. Comer has rightly remarked, "Statistics, especially other people b statistics are full 

ofpitfalls for the user". Needless to say, before using secondary data, the investigator must 

weigh the advantage in terms of saving of money, time and effort with the disadvantage of 

reaching misleading conclusions. Whether secondary data are safe or not should be judged 

from its adequacy, suitability and reliability. 

Thus, before the use of secondary data, i.e., otherpersons' data, we must properly scrutinize 

and edit them to find whether these data are: 

1) Reliable, 

2) Suitable, and 

3) Adequate. 

 

Reliability of data has to be the obvious requirement of any data, and more so of secondary data. 

The user must make himself/herself sure about it. For this(s) he must check whether data were 

collected by reliable, trained and unbiased investigators from dependable sources or not. 

Second, we should see whether data belong to almost the same type of class of people or not. 

Third, he should make sure that due to the lapse of time, the conditions prevailing then are not 

much different from the conditions of today in respect of habits, customs, fashion, etc. Of 

course we cannot hope to get exactly the same conditions. 

Suitability of data is another requirement. The research worker must ensure that the secondary 

data he plans to use suits his inquiry. He must match class of people, geographical area, 

definitions of concepts, unit of measurement, time and other such parameters of the source he 

wants to use with those of his inquiry. Not only this, the aim and objectives should also be 

matched for suitability. 

Secondary data should not only be reliable and suitable, but also adequate for the present 

inquiry. It is always desirable that the available data be much more than required by the 

inquiry. For example, data on, say, consumption pattern of a state cannot be derived from the 

data on its major cities and towns. 
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LET US SUM UP 

Data / Statistics are quantitative information and can be distinguished as sample or census 

data; primary or secondary data. 

 

For conducting an inquiry, we need data which can be collected afresh or from a secondary 

source. Both require statistical survey which has a planning stage and an executing stage. In 

the planning stage, the investigator should decide whether to use primary or secondary source, 

census or sample inquiry, nature of the statistical units and the units of measurement, degree 

of accuracy desired and so on. 

 

In the execution stage, the chief investigator has to set up administration, select and train field 

staff and supervise the entire process of data collection. 

 

Care has to be taken in using the secondary data, derived from published or unpublished 

source, as they contain various pitfalls. 

 

Of all the survey techniques, the questionnaire method is very important. A questionnaire 

contains a set of relevant questions which should be simple, unambiguous, YedNo type with 

suggestive answers. Their list should not be very long. Personal and embarrassing questions 

should be avoided. 

KEY WORDS 

Data Point: It is an observation from an individual or item. 

Data Set: It is the collection of a11 data points. 

Census Data: The data obtained by observing all the items of population. 

Sample Data: The data obtained by observing only those items which are included in the 

sample. 

Primary Data: Data obtained by observing the items or individuals under the ambit of a 

problem under consideration. 

Secondary Data: Data obtained from the already collected data of some agency. 

Questionnaire or Schedule: It is a list of questions that are relevant to the inquiry at hand. 

Statistical Inquiry: An inquiry that requires information in the form of figures for its 

investigation. 

Statistical Survey: It is a method for the collection of data by observing all or a sample of 

items under the ambit of a given problem. 

Statistical Unit: It is a characteristic or a set of characteristics of an item that are observed 

to collect data. 
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Respondent: The person who supplies the information. 

Investigator: The person responsible for the collection of information from respondents. 

Hypothesis: It is an assertion or statement about a population. 

Test of Hypothesis: Testing the validity of a hypothesis on the basis of collected data. 
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Avian surveys and monitoring 

A more complete understanding of the role that wild birds play in the ecology of wildlife 

diseases require baseline studies of those species likely to host, transmit or spread patho- gens. 

Baseline studies of wild bird populations will generally fall into three categories: inventory and 

monitoring, movement patterns and behavioural studies. Initial studies will likely focus on 

inventory and monitoring with specific objectives that include: 1) an inven- tory of all the bird 

species in an area of interest; 2) determining the abundance or density of the species present; 

and 3) monitoring seasonal changes in species composition and numbers. When applied to 

understanding the emergence of infectious diseases such as H5N1 AI, these techniques serve to 

provide an early warning system for detection of higher than expected mortality rates in wild 

bird populations. 

Species inventories and population monitoring are common tasks of biologists, and a variety 

of avian survey and monitoring techniques are available. While each technique has its 

advantages, the most appropriate technique will depend on the specific objectives of the study, 

the size of the study area, characteristics of the species and habitat of interest, and the logistic 

and financial feasibility of implementing the study. This Manual provides a brief review of some 

the practical techniques used to survey and monitor avian populations, with special emphasis on 

those techniques applicable to waterbirds, shorebirds and other species known or suspected of 

hosting, transmitting or spreading the H5N1 virus. 

Various approaches can be employed to assess wild bird species composition and abun- dance 

over an area of interest, from total counts of all animals present (a complete census) to sampling 

strategies that provide population estimates that can be extrapolated over the entire study area. 

One important precept applies regardless of the technique employed: it is essential that all 

techniques are properly described and surveys are conducted by qualified personnel using 

standard methods that are consistent over time. Observers will undoubt- edly encounter a 

variety of species, conditions and habitats during surveys, but counts are of little use if the 

species identification is dubious and the survey methodology varies from one day to the next or 

among sites. Thus, observers should be able to identify most, if not all, of the species likely to be 

encountered during a survey, including closely-related species that may be nearly identical, and 

different sexes and age groups within a species. 

  

5 
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Complete censuses 

The goal of a complete census is to conduct a total count of all the animals present over a 

specified area to obtain an unbiased estimate of abundance without statistical inferences or 

underlying assumptions. A reliable census is conditional on the assumption that all individu- als 

present in an area can be recorded; therefore, censuses are most useful for conspicuous species 

occupying discrete and well-defined habitats. Some situations in which a reliable census may 

be possible include complete counts of herons and cormorants nesting in trees along a wetland 

margin, water birds frequenting small open wetlands, or shorebirds at high tide roost sites in 

estuaries. 

 

 

 
However, in many situations, such as where waterbirds are very numerous or tightly grouped 

or where time is limited, it may be necessary to estimate the number of individuals rather than 

to count every individual. Experienced counters can accurately estimate 10, 20, 50, 100 or more 

birds almost instantaneously, and scan through flocks counting in these units with a tally 

counter. It is preferable to estimate in small units (10 is probably the most commonly used unit); 

units of 100 or more are generally used for birds in flight or on nests (for colonial nesting 

species), and when time is limited. 

 

A complete census is more practical when targeted at large and conspicuous species such as 

swans or geese and is the preferred method especially where there are active networks of 

 
FIGURE 5.1 

Bird survey with a telescope 
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participants to undertake the work. This kind of approach is promoted for periodic special 

census of swans by organisations such as Wetlands International/IUCN/SSC Swan Specialist 

Group at the regional level (see for e.g. Worden et al. 2006). For large-scale coordinated census of 

waterbirds, such as under the annual International Waterbird Census coordinated by Wetlands 

International (Delany 2005a, 2005b), all the birds of a selection of appropriate species, at a 

selection of suitable sites are covered, in a series of “look-see surveys” (sensu Bibby et al. 1998). 

 

 Achieving the ambitious goals of a conventional census count will often involve consid- erable 

logistic preparations. A large census area will usually need to be divided into smaller units that 

can be conveniently surveyed over time or by multiple field personnel at the same time. In the 

latter case, the survey team requires proper training in census techniques, species identification, 

accurate number counting or estimation, and use of field equipment (e.g. spotting scopes, 

Global Positioning System - GPS). In either case, the survey period should also be considered. 

Observers need enough time to thoroughly examine each survey unit, but not so much time that 

individuals of the target species move between survey units and are counted more than once. 

 

The census area also needs to be accurately mapped and the entire area completely surveyed. 

Individual survey units should be easily discernable in the field because poorly defined unit 

boundaries may result in missing or double counting individuals. All habitats in the survey 

area which are suitable to the target species must be searched. Incomplete coverage (e.g. 

neglecting areas considered less suitable to the target species) may miss some individuals and 

introduce biases in the survey data. 

 

Photographic or video images provide an efficient census technique that has been used 

increasingly in recent years. This involves producing a set of photograph or video images 

covering the entire area of interest (and all the animals within) which can be counted at a later 

time. Photographic and video surveys are usually conducted from aircraft, but any platform 

which provides unobstructed views of the survey area is suitable for conducting a census. 

 

Photographic surveys must be conducted at a distance (or altitude) that produces images with 

sufficient resolution to permit species identification and distinguish individual birds in 

sometimes dense flocks or colonies, but not so close that the spatial relationship among images 

is lost. Concurrent ground- or boat-based surveys are advisable when con- ducting aerial 

photographic or video surveys to verify species identification and examine other potential 

biases. 
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FIGURE 5.2 

 

 
 
 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Sample plots 

In many studies, the time and effort required to conduct a complete and accurate census is 

prohibitive, usually because the area of interest is too large to adequately survey in a reasonable 

amount of time. In such cases, sample plots can provide data indicating species diversity and the 

abundance of each species within the study area. Sample plots are most amenable to ground-

based observers because time is less of a limiting factor than in boat- based or aerial surveys, 

allowing for greater search effort dedicated to ensuring accurate counts and proper species 

identification. 

 

Sample plots need not be limited to counts of actual birds and cannot be used for that purpose 

where birds move between sample plots during counts. Sample plots are most use- ful when the 

target species (or objects) are relatively immobile over the survey period, for example wading 

birds attending discrete roost sites. Specific applications of sample plots to AI-related wildlife 

investigations may include estimating waterbird nest densities or the number of carcasses at 

an H5N1 outbreak site. 

 

The selection of sample plots should be carefully considered when designing a study because 

plot location can have a strong influence on population estimates. Considera- tion must be 

given to factors such as bird behaviour and heterogeneous habitats which may result in non-

random animal distributions that require stratified sampling techniques. Details of more 

sophisticated sample plot design and analysis techniques are beyond the scope of this Manual, 

but Bibby et al. (1998, 2000) provide useful references9. 
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In the simplest applications, complete counts of all animals (n) in sample plots of known size (a) 

are conducted and the plot density is calculated as d = n / a. The average density (D) from all the 

plots can be calculated and extrapolated over the entire study area (A) to pro- vide an estimate 

of total animal abundance (N = D / A), although more sophisticated means of determining 

average density by examining variability in sample plots may be desirable. 

Figure 5.2 illustrates a simplified example of the use of sample plots to determine water- bird nest 

density and abundance. 

Actual density in this hypothetical population of 120 nests distributed over 0.48 km2 is 250 

nests km-2. A total of 16 nests are detected in the six randomly chosen 100 m2 plots for an 

average density of 267 nests km-2 (16 nests / 0.06 km2) and an abundance estimate of 128 nests 

(267 nests km-2 x 0.48 km2) over the entire study area. 

The accuracy of density estimates will increase as survey effort (the number or size of the plots) 

increases. In the above example, sampling a single 100 m2 plot could result in densities ranging 

from 0 to 800 nests km-2. The size and number of sample plots will depend on the effort 

required to detect individuals of the target species. Intuitively, more or larger plots can be 

established for species that are easier to detect and require less search time per individual, thus 

moving closer to the conditions of a complete census. 

Sample plots need not be square (quadrats), although regularly shaped plots (e.g. square or 

circular) are usually easier to demarcate and search. If plots are to be repeatedly surveyed, 

boundaries should be marked and coordinates recorded with a GPS unit. 

 

Strip transects 

Strip transects are one of the most commonly used survey techniques for determining avian 

species composition and density. Essentially, strip transects are modified versions of a sample 

plot in which the observer performs counts while traveling along a fixed transect line instead of 

searching over an entire plot. 

 

Transects are randomly located, often within stratified sub-areas of the total study area, to 

obtain representative samples of the species and numbers of each species present. If density 

estimates are desired, the counts are limited to objects within a fixed distance of the transect 

line. In such cases, the sampled plot becomes a rectangular strip extending a specified distance 

on either side of the transect line. 
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Strip transects have been adapted for a variety of species and habitats that have direct 

applications to AI-related studies. Aerial and boat-based strip transect methodologies have been 

specifically developed for conspicuous aquatic species and these techniques have become the 

preferred survey method in large open water habitats. Aerial strip transects can be established 

to assess the distribution and abundance of waterfowl over broad geo- graphic areas where 

waterfowl habitat overlaps with poultry production, agricultural fields and other potential 

H5N1 outbreak zones. Over smaller scales, ground-based strip transects established along the 

interface between waterbird habitats and poultry operations can identify particular species 

likely to bridge these habitats. 

As for sample plots, the density from a strip transect plot can be extrapolated over the study 

area to obtain an abundance estimate. Figure 5.3 illustrates a simplified example of a 50 m strip 

transect (extending 50 m on each side of the line). 

As in the previous example, actual density is 250 animals km-2. A total of 17 animals are 

detected within the 700 m long by 100 m wide transect for a density of 243 animals km-2 (17 

animals / 0.07 km2) and an abundance estimate of 117 animals (243 animals km-2 x 0.48 km2) 

over the entire study area. 

In practice, strip transect methodology is rarely as simple as the above example sug- gests, and 

several factors must be considered before surveys can be conducted. If density estimates are 

desirable, choice of the appropriate strip transect width is a compromise between maximising 

detection probability for the target species and surveying as large an area as possible. 

Intuitively, detection probability (and strip transect width) increases for large, conspicuous 

species in more open habitats. Obviously, it is senseless to establish a 400 m wide strip transect 

to count tiny sandpipers foraging in a vegetated wetland, just as it is inefficient to use a 50 m 

strip transect to survey large and conspicuous swans on a lake. 

Like sample plots, density estimates from strip transect surveys operate on the assump- tion that 

all animals within the plot are detected, thus surveys are best conducted in open habitats where 

visibility is unobstructed. However, unlike sample plots, the observer does not usually leave the 

transect line to search the plot, thus complete detection of all animals in the plot may be difficult 

to achieve. Binoculars (image-stabilised models are best) are commonly used during ground- 

and boat-based strip transect surveys to aid visual detec- tion and species identification, but 

visual aids are of little use during aerial surveys. 

The ability to make quick and accurate assessments of bird locations in relation to survey 

boundaries is imperative for reliable density estimates. Errors in estimating bird location 
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relative to the transect line can have a considerable effect on density estimates. In the 

illustrated example (Figure 5.2), counting three individuals located just outside the bound- ary 

results in a density of 287 animals km-2, while excluding three just inside the boundary yields 

200 animals km-2. 

Consistent assessments of bird location in relation to the boundary require that aerial surveys 

be conducted at the same altitude and boat-based observers are stationed at similar heights above 

the water (and these parameters are accurately recorded). Aids to distance estimation, such as 

range finders or markings on airplane windows or wing struts, are helpful for calibrating the 

observer’s eye during the training period, but reliance on these aids often distracts from the 

primary task of identifying and counting birds. 

Strip transects can be conducted by observers on the ground, in boats or in aircraft. Aerial 

surveys offer far greater spatial coverage (and incur much higher costs) compared to ground- 

and boat-based surveys, although the extended range sometimes comes at the expense of 

accuracy, as the speed of the aircraft limits observation time and may make accurate counts 

and species identification more challenging. In fact, performing a good aerial survey requires 

specific training and experience. 

  

 
FIGURE 5.3 

Use of strip transects for estimating avian density and 
abundance 
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If biases among survey platforms are suspected, concurrent counts using different survey 

methods are advisable (triangulation of the data and information). For example, observers on 

aerial surveys may be more likely to miss single birds or birds of a particular species. Ground-

based surveys (“ground truthing”) conducted concurrently with aerial sur- veys can often detect 

these biases and, if biases are consistent over a number of replicates, a “correction factor” based 

on the average ratio of counts between the survey types can be determined to account for birds 

likely missed by aerial observers. 

Point counts 

Point counts are another of the most commonly used survey techniques for determining avian 

species composition and abundance. Point counts are essentially strip transects of zero length 

in which the observer performs the count in a 360º arc around a fixed survey station. Survey 

stations are randomly located throughout the study area to obtain repre- sentative samples of 

the species and numbers of each species present. If density estimates are desired from point 

counts, the counts are limited to objects within a fixed radius from the survey point. In such 

cases, the sampled plot becomes a circular plot of specified radius from the survey point (Figure 

6.4). 

As related survey techniques, many of the issues discussed for strip transects also apply to 

point counts. However, some important differences should be noted. Unlike strip transect 

surveys, point counts are usually conducted for a pre-determined and fixed period time, usually 

after allowing for the avian population to come to “rest” before the survey begins. Point counts 

are limited to ground- and boat-based surveys because observers must remain at the fixed count 

station. 

Point count surveys have been developed for a variety of species and habitats which may not 

be effectively surveyed with other survey techniques. Point counts are especially useful in 

difficult terrain where it is not be possible to establish practical transects or perform counts 

while travelling along the transect line; for example ground-based surveys of wetland birds in 

shallow marshy habitat with soft substrates, or surveys in steep terraced agricultural fields. 

 

Because point count observers are sedentary, they may be more likely to detect shy spe- cies that 

would otherwise hide and escape detection when mobile and conspicuous strip transect 

observers approach. Thus, point counts can be used to inventory shy and retiring “bridge” 

species in the immediate vicinity of poultry farms and disease outbreak sites. 
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Point counts based on vocal cues have been developed for situations where visual cues are 

limited, such as nocturnal surveys or heavily vegetated habitats. For some species, vocal cues may 

be the only reliable means of detection; for example, most counts of secretive rails in heavily 

vegetated marshes have relied on vocal cues for determining their presence and abundance. 

However, distances from the point count station are often difficult to determine from vocal 

cues, making density estimates problematic. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Distance sampling 

Several studies have demonstrated that a significant proportion of animals within a defined plot 

are overlooked during strip transect and point counts, particularly those located at distance 

from the transect line or survey point. Distance sampling offers an alternative to these 

techniques that takes into account the decreasing probability of detecting animals as distance 

from the observer increases. In theory, distance sampling provides more reliable density 

estimates and should be considered when reliable absolute density or abundance estimates (as 

opposed to relative measures) are important objectives of the study. 

 

Distance sampling survey techniques are similar to strip transect and point counts, with one 

major exception; distance data (recorded as perpendicular distances from the transect line or 

FIGURE 5.4 
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radial distances from point count station) are recorded for each animal (or group of animals) 

observed (Figure 5.5). 

Unlike strip transect or point counts, distance sampling does not assume that all indi- viduals 

within a defined area are detected, but three assumptions need to be satisfied before distance 

sampling methodology can be used: 1) all objects on the line or point must be detected; 2) 

objects must be detected at their initial location, prior to any movement  in response to the 

observer; and 3) distances must be measured accurately. In addition, a sufficient sample of 

observations is needed to model the detection function adequately. However, if the above 

assumptions and sample requirements can be met, then it is likely that distance sampling will 

yield more reliable population estimates than analogous esti- mates from strip transects and 

point counts. 

The computer software program DISTANCE (Thomas et al. 1998) uses distance data to 

generate a detection function that models the decreasing probability of detecting an object as 

distance increases. DISTANCE is a very user-friendly program and offers a variety of input and 

analysis options, although a detailed review of distance sampling methodol- ogy is beyond the 

scope of this Manual. An excellent introduction to distance sampling by Buckland et al. (2001) 

provides background information and discussion of relevant issues such as model selection, 

data grouping and truncation, counting groups versus individuals and much more. 

 

Capture-mark-recapture 

Capture-mark-recapture (CMR) studies have a long history of use for estimating popula- tion 

abundance, and a considerable body of literature has been dedicated to the use of CMR models. 

The basic theory underlying CMR modelling, in its simplest form, can be summarised as 

follows. Within a closed population of animals (N), two samples (n1 and n2), are captured, 

marked and released at times 1 and 2, such that the number of marked animals recaptured at 

time 2 (m2) can be accurately determined. Intuitively, the proportion of marked animals 

recaptured in the second sample (m2 / n2) should equal the proportion of the total animals 

captured at time 1 in the total population (n1 / N), or alternatively N = n1 n2 / m2 , where N 

equals the total population size. 

 

This basic model, the Lincoln-Petersen model, makes several assumptions that very few natural 

populations can meet. However, a number of modifications on this basic theme have been 

developed to permit CMR analyses even when the basic assumptions above are violated. 

 

An in-depth discussion of all the different models is beyond the scope of this Manual, but 

references to several useful reviews are included at the end of the chapter for those seeking 
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further information on CMR modelling. The computer program CAPTURE (Rexstad and 

Burnham, 1991) includes modifications of the Lincoln-Petersen model that provide population 

estimates with CMR data which account for unequal capture probabilities. The Jolly-Seber 

model is the basic CMR model for population estimates of open populations. 

 

Programs which provide Jolly-Seber population estimates from CMR data include POPAN 

(Arnason and Schwartz, 1999), JOLLY (Pollock et al. 1990) and MARK (White and Burnham, 

1999). 
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Herpetology  
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 Introduction 

The westernmost state of India, Gujarat (ca. 20.21–24.80°N to 68.16–74.76°E), is one of the 

most biodiverse regions of the country. The political boundaries encompass a uniquely diverse 

geographical region that comprises a variety of habitat types, ranging from moist deciduous 

forests to deserts, and from freshwater wetlands to saline gulfs with mudflats and mangroves. 

Additionally, most of the major mountain ranges of Peninsular India, such as the Aravalli, 

Vindhya, and Satpura Ranges, as well as the Western Ghats (Sahyadri), have a terminus in 

Gujarat, and this, along with other different habitats, creates conditions that support a unique 

and diverse fauna (Vyas, 2007; Giri et al., 2009; Mirza et al., 2016). Studies on the reptile fauna 

of Gujarat are comparatively better than those on amphibians, fishes, or invertebrates, but they 

have lagged behind the progress made on the faunas of birds and mammals (Vyas, 2000a). 

Our knowledge of Gujarat reptiles traces back to the 1870s (Stoliczka, 1872; Murray, 1886; 

Gleadow, 1887; McCann, 1938; Acharya, 1949; Kapadia, 1951; Daniel and Shull, 1963; Sharma, 

1982, 2000; Gayen, 1999; Vyas, 1993, 1998, 2000a, 2007; Patel et al., 2018). However, a 

majority of these studies were restricted to selected regions of Gujarat and, with few exceptions 

(Vyas, 2000a, 2007), did not present the reptile fauna for the entire state (Vyas, 2000a). In 

recent years, several new species have been described and new records published, resulting in 

a rapid increase in the number of reptiles reported for the state (Vyas, 2000b, 2003, 2004a, 

2005, 2017; Vyas and Desai, 2010; Vyas and Patel, 2007, 2013; Vyas and Prajapati, 2012; Vyas 

and Upadhyay, 2008; Vyas et al., 2006, 2011, 2017; Giri et al., 2009; Patel et al., 2015, 2016; 

Sharma and Jani, 2015; Mirza et al., 2016, 2018; Joshi et al., 2017; Agarwal et al., 2018). In 

contrast, some species have been listed as present in Gujarat based on historical records. The 

combination of new information and old records, some with questionable validity, prompted 

our reappraisal of Gujarat’s reptilian fauna. Here, we provide a list of all reptile species that we 
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have either documented ourselves or that we consider as having been reliably reported in the 

literature. We also advocate removal of some species dubiously or erroneously reported from 

Gujarat, pending reliable, correctly identified vouchers. 

Study Area 

The area of Gujarat State comprises 196,024 km2, of which 14,757 km2 is covered by forest 

(FSI, 2017). According to Champion and Seth (1968), the forests of Gujarat are divided into 

four major types, including 3B – south Indian moist deciduous forest; 4B – swamp forest; 5A 

– southern tropical dry deciduous forest; and 6B – northern tropical thorn forest. Gujarat has 

a very strategic location from a biogeographic point of view, as it covers four biogeographic 

zones of India and 40% of the total biogeographic diversity is represented in this state (Rodgers 

et al., 2002). The state is administratively divided in to 33 districts. For ease of understanding, 

we have divided the state into five geographical units, based on climatic variation, geology, 

forest types, soil, and drainage patterns (Figs. 1 and 2). These include (1) South Gujarat: This 

region is an extension of the northern end of the Western Ghats and can be divided into coastal 

plains and hilly moist deciduous forest. (2) Central Gujarat: This area is an extension of the 

western Satpura and Vindhya Ranges (Malwa Plateau) along with some central plains, 

featuring dry deciduous forest. It receives the drainage water of major rivers, such as the 

Narmada and Mahi. (3) North Gujarat: This region is an extension of the Aravalli Hills, with a 

mix of dry deciduous, Prossopis, and thorny scrub arid forest. (4) Saurashtra: This unit has the 

longest coastline of the five regions, and it includes two coastal gulfs with good mangrove 

forests. It also comprises large forest blocks of dry deciduous and thorny scrub forests 

alongside of grasslands. (5) Kutch: This is an area with large undulating hills area with scant 

rain, as well as dry arid and grasslands areas. It is bordered by the Greater and Little Rann of 

Kachchh . 

 
The climate of Gujarat is tropical with three distinct seasons, namely the monsoon (mid-June–

October), winter (October–February), and summer (March–mid-June). The southwest 

monsoon is irregular and erratic. The maximum rain is experienced during July, with 

occasional showers during November–January and March–May. The average rainfall varies 

between regions and ranges from 2800 mm in some areas of South Gujarat to as low as 400 

mm in Kutch. Temperatures begin to increase beginning in the second half of February. May 

is the hottest month of the year, with mean daily maximum temperatures reaching > 45°C in 

Kutch, North Gujarat, and regions of Saurashtra. December is the coldest month of the year 

with a mean daily maximum temperature near 25°C and a mean minimum of < 10°C. Due to 

the passage of extratropical storms known as Western Disturbances across northern India 

during the cold season, spells of colder weather occur and the minimum temperature 
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sometimes drops to about 2°C. The relative humidity is comparatively high in the monsoon 

season (data derived from the Indian Meteorological Department website, 

http://www.imd.gov.in). 

  

http://www.imd.gov.in/
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Material and Methods 

The present survey includes the scientific literature up to April 2018 and the results from 

several field surveys in the different regions and territorial extensions of Gujarat conducted 

from 2012–2017. One of us (RV) has been actively surveying the reptilian fauna of the state for 

the past three decades. During field surveys, the study area was divided into various regions, 

and each region was explored on the basis of habitat types and the level of species diversity 

following Vyas (2004b). Many different techniques, including visual encounter surveys 

(VESs), pitfall traps, opportunistic collection, and nocturnal road cruising, were employed for 

data collection. Species encountered were collected, examined, and photographed in the field 

and released in the same area, except for selected vouchers to allow further study. All species 

were carefully identified using diagnostic keys and the available literature (e.g., Smith, 1931, 

1935, 1943; Whitaker and Captain, 2004; Lajmi et al., 2016). Nomenclature follows the most 

recent taxonomic advances (e.g., Deepak et al., 2016; Lajmi et al., 2016; Agarwal et al., 2018; 

Mirza and Patel, 2018; Purkayastha et al., 2018; Takeuchi et al., 2018; Uetz et al., 2018). Taxa 

whose identity remains unresolved at the species level are listed with the notation “cf.” before 

the species name, indicating similarity. The global threat assessment level for each species was 

obtained from the International Union for Conservation of Nature Red List (IUCN, 2018), 

except for the putative new species. We used the five different regions as defined above for our 

species listings (for details refer to Fig. 1).  

  



WCB’s National Training Programme 2021 

Research Techniques in Wildlife and Habitats| 63  

Results 

A total of 107 reptile species, belonging to 62 genera and 23 families, were identified for Gujarat 

(Table 1). We report one non-native species (Trachemys scripta) from the state, and as an 

invasive we did not include it in Table 1. We recorded one species of crocodile (Crocodylidae), 

nine species of chelonians belonging to five families, 43 species of lizards belonging to seven 

families, and 54 species of snakes belonging to ten families. Among the chelonians, Cheloniidae 

(three species) had the highest diversity, followed by Geoemydidae (two species) and 

Trionychidae (two species). Dermochelyidae and Testudinidae were represented by a single 

species each. Among lizards, the highest diversity was observed for Gekkonidae (16 species), 

followed by Scincidae (11 species), Agamidae (seven species), Lacertidae (five species), and 

Varanidae (two species). Species of Eublepharidae, and Chamaeleonidae also contribute to the 

species diversity, with each represented by a single species. Snakes were represented by 

Elapidae (14 species), Viperidae (three species), Typhlopidae (three species), Homalopsidae 

(two species), Lamprophiidae (two species), Erycidae (two species), Uropeltidae (two species), 

Pythonidae (one species), Acrochordidae (one species), and Colubridae (24 species), the latter 

with the highest diversity among snakes. 

South Gujarat (75 species) was found to have the highest reptilian diversity among the five 

regions, followed by Saurashtra (74 species), Central Gujarat (71 species), Kutch (52 species), 

and North Gujarat (51 species) (Figs. 3, 4). Crocodylians were represented by Crocodylus 

palustris, which was reported from all five regions. Among chelonians, the family 

Dermochelyidae was represented by a single species, Dermochelys coriacea, reported from 

Kutch (in the Gulf of Kutch). The highest diversity of turtles was found in Central Gujarat and 

Kutch, each with six species. Saurashtra had the highest lizard diversity (26 species) and South 

Gujarat accounted for the highest number of snake species (46 species). The family Uropeltidae 

was reported only from South Gujarat. Gujarat has one endemic genus, the colubrid snake 

genus Wallaceophis, and three endemic species (Fig. 5), including Hemidactylus gujaratensis 

(Gekkonidae), Ophisops kutchensis (Lacertidae), and Wallaceophis gujaratensis 

(Colubridae). Hemidactylus gujaratensis a spot endemic species from Saurashtra, while 

Ophisops kutchensis occurs in parts of Kutch and Saurashtra. Wallaceophis gujaratensis is 

known from Saurashtra and Central Gujarat. 

According to their IUCN status, 72 species (68%) are considered to be of Least Concern (LC), 

20 (19%) are listed as Not Evaluated (NE), six (5%) as Vulnerable (VU), five (5%) as Data 

Deficient (DD), two (2%) as Critically Endangered (CR), and one (1%) as Endangered (EN) 

(Fig. 6). 
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Species occurrences need to be verified  

We also determined that 23 species belonging to nine families reported in the literature were 

based on dubious or erroneous records, including historical reports, and need to be corrected. 

Turtles.—In his account of reptiles of Kutch, McCann (1938:425) stated that “according to 

Captain V.C. Steer-Webster Caretta caretta comes ashore at Mandvi to breed.” However, there 

are no reports other than this of C. caretta from Gujarat, and without any supporting evidence 

or a voucher specimen the record of this species cannot be verified and should be removed 

from the state’s list of reptiles. Sharma (2000) reported Geoclemys hamiltonii and Hardella 

thurjii from South and North Gujarat, respectively, without any specimen vouchers or specific 

locality details but others (Vyas, 2000a, 2007; Patel et al., 2018) did not report these of 

Lygosoma vosmaeri in the collection of the Bombay Natural History Society (BNHS), 

Mumbai. We inquired about the specimen (BNHS 1975) in question and learned that the 

locality of its collection is actually unknown (Saunak Pal, pers. comm.). As a consequence, this 

species should not be included among the reptiles of Gujarat. Auffenberg et al. (1989) 

suggested a probable distribution of Varanus flavescens in Gujarat based on habitat 

suitability, but there are no confirmed records for the species in the state. Kumar (2009) 

reported Varanus salvator from Nalsarovar, but this species occurs only in parts of 

northeastern India and on the Andaman and Nicobar Islands (Uetz et al., 2018).  

Snakes.—Sharma (2007) included Gujarat in the range of Myriopholis blanfordi without any 

further information. The region of Kutch is suitable for this species but a reliable report is 

lacking. Uropeltis ocellata was reported from the Narmada Valley by Naik et al. (1993) without 

any voucher. We believe this to be an error because U. ocellata is a localized endemic in 

southern India. In the past, a brown morph of Ahaetulla nasuta was erroneously identified as 

A. pulverulenta (Vyas, 1988), so A. pulverulenta is not confirmed for Gujarat. Naoroji and 

Monga (1983) reported Atretium schistosum without further evidence as a prey item of the 

serpent eagle, Spilornis cheela, in Rajpipla, Gujarat. The article lacked additional details on 

the snakes species. As a consequence, we consider both records dubious. Melanochelys trijuga 

was reported to occur in forests of Dangs, South Gujarat (Daniel and Shull, 1963; Vyas and 

Patel, 1990), but more recently this species has become regionally extinct in Gujarat (Vyas, 

2007; Patel et al., 2018). Two turtles, Nilssonia leithii and Pangshura tentoria, were 

historically reported from South Gujarat (Bhatt, 1989; Frazier and Das, 1994). However, 

neither species has been reported since then, and vouchers would be needed to confirm their 

continued existence in the state.  

Lizards.—Vyas (2000a) included Eumeces schneideri in the list of reptiles of Gujarat and 

erroneously cited Stoliczka (1872) as the author reporting it from Kutch. While the habitat in 

Kutch is suitable for the species, a reliable, recent report is lacking. Datta-Roy et al. (2014) 
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mentioned the existence of a Gujarat specimen of Lygosoma vosmaeri in the collection of the 

Bombay Natural History Society (BNHS), Mumbai. We inquired about the specimen (BNHS 

1975) in question and learned that the locality of its collection is actually unknown (Saunak 

Pal, pers. comm.). As a consequence, this species should not be included among the reptiles of 

Gujarat. Auffenberg et al. (1989) suggested a probable distribution of Varanus flavescens in 

Gujarat based on habitat suitability, but there are no confirmed records for the species in the 

state. Kumar (2009) reported Varanus salvator from Nalsarovar, but this species occurs only 

in parts of northeastern India and on the Andaman and Nicobar Islands (Uetz et al., 2018). 

 

 

 

 

 

 

 

Snakes.—Sharma (2007) included Gujarat in the range of Myriopholis blanfordi without any 

further information. The region of Kutch is suitable for this species but a reliable report is 

lacking. Uropeltis ocellata was reported from the Narmada Valley by Naik et al. (1993) without 

any voucher. We believe this to be an error because U. ocellata is a localized endemic in 

southern India. In the past, a brown morph of Ahaetulla nasuta was erroneously identified as 

A. pulverulenta (Vyas, 1988), so A. pulverulenta is not confirmed for Gujarat. Naoroji and 

Monga (1983) reported Atretium schistosum without further evidence as a prey item of the 

serpent eagle, Spilornis cheela, in Rajpipla, Gujarat. The article lacked additional details on 

the snakes reported as the prey items of S. cheela and we believe there was most likely a 

misidentification with Fowlea piscator, a common species of the region. Wall (1924) 

mentioned a skin of Ophiophagus hannah with an origin in Deesa, Palanpur, North Gujarat. 

We believe this was most likely from a captive specimen, transported by a snake charmer or 

other human activities. The nearest confirmed location for the species is Tillari in southern 

Maharashtra (Yadav and Yankanchi, 2015), nearly 1000 km away. Stoliczka (1872) reported 

Psammophis schokari from Kutch, and this remains the sole report of this species from 

Gujarat. While the habitat in Kutch and some other regions in North Gujarat is suitable for this 

species, a fresh voucher is needed to confirm its continued presence in the state. In his account 

on reptiles of Gujarat, Gayen (1999) considered the possibility that Hydrophis lapemoides 

occurred in the coastal regions but a confirmed report is lacking. Dendrelaphis pictus, 
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Oligodon venustus, Psammophis condanarus, and Naja oxiana have been reported in the 

literature without any vouchers or morphological details (Murray, 1886; Kapadia, 1951; Akhtar 

and Tiwari, 1991; Patel and Reddy, 1995) and should be removed pending reliable, correctly 

identified vouchers. Wallach et al. (2014) erroneously included Gujarat in the range of Boiga 

cynodon. This is a Southeast Asian species and does not occur in India (Uetz et al., 2018). 

Recently, Sharma and Jani (2015) reported Lycodon travancoricus from the Vansda National 

Park, Navsari. The report was based on two images without any morphometric or scalation 

data. Despite being a common snake throughout its range in the Western Ghats (Zeeshan 

Mirza, pers. comm.; HP, pers. obs.), this species was not found during the present or previous 

studies (Vyas 2004b, 2007; Patel et al., 2018). A fresh voucher specimen is needed to further 

confirm the occurrence of this species in the state. 
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Discussion 

The present number of reptile species of Gujarat now stands at 131, a number that includes 23 

erroneously or dubiously reported species and one non-native species (Trachemys scripta), a 

significant increase for the state (107 in Vyas, 2000a; 114 in Vyas, 2007) (Fig. 7). Of these, the 

identity of Cyrtopodion sp. from Central Gujarat remains unclear and this appears to be a new 

species, but further sampling and taxonomic studies are necessary to produce a firm 

assessment (Agarwal et al., 2014). 

The Saurashtra region accounts for the highest number of Gujarat endemic species, with all 

three species reported from Saurashtra. Other than Gujarat endemics, many species are 

reported from only a single region in Gujarat. Dermochelys coriacea, Batagur baska, 

Ophiomorus raithmai, and Varanus griseus have been reported only from Kutch. 

Hemidactylus gujaratensis, H. robustus, Indotyphlops porrectus, Hydrophis cantoris, H. 

gracilis, H. mamillaris, and H. spiralis have been reported only from Saurashtra. 

Hemidactylus persicus and Ophisops pushkarensis are reported only from North Gujarat. 

Psammophilus blanfordanus and Eutropis dissimilis are reported only from Central Gujarat. 

Cyrtodactylus deccanensis, Hemidactylus gracilis, H. maculatus, Monilesaurus rouxii, 

Uropeltis ellioti, U. macrolepis, Boiga beddomei, Chrysopelea ornata, and Calliophis 

nigrescens are reported only from South Gujarat. Recently, Mohan et al. (2018) synonymised 

Elachistodon with Boiga based on preliminary molecular phylogeny study. However, their 

results show that Boiga is paraphyletic and a detailed phylogenetic study is underway. For the 

purposes of the present list, we have retained Elachistodon as a distinct genus. Previously, 

Platyceps gracilis was reliably reported from Central Gujarat only (Vyas et al., 2011), but more 

recently we have received evidence and specimens from South and North Gujarat. The species 

appears to be distributed throughout the hilly forest belt of eastern Gujarat. Similarly, 

Wallophis brachyura was previously known only from Surat, South Gujarat (Patel et al., 2015) 

but recently a specimen was collected at Dabhoi, near Vadodara (Central Gujarat). A relict 

population of Chrysopelea ornata was confirmed from the forests of Dangs (Patel et al., 2018); 

a report from Rajkot (Buch, 1999) appears to be of a specimen introduced in this region by 

anthropogenic activities, most likely timber transportation. The species Coelognathus helena 

is represented by two subspecies. Whereas C. h. helena occurs throughout the state, C. h. 

monticollaris is restricted to the forested regions of South Gujarat (Mohapatra et al., 2016). 

Similarly, Echis carinatus appears to be represented by two subspecies, E. c. carinatus 

distributed throughout the state and E. c. sochureki occurring in Kutch and parts of North 

Gujarat (Whitaker and Captain, 2004). There are few reports of a non-native species, 

Trachemys scripta (Fig. 8) from the state (Munjpura, 2014; Vyas, 2015). It is a well-known pet 

species and must have been released by or escaped from pet owners or vendors. A survey is 
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necessary to determine the exact range of T. scripta in the state and its effects on the native 

fauna. 

Of the reported 107 reptile species of Gujarat, the Red List status of 20 has not been evaluated 

or listed, 72 are listed as Least Concern, and five are considered data deficient. The plausible 

reason for this high aggregate number of species in these three categories could be lack of 

information on population size, reduction trends, and accurate distribution, both locally for 

Gujarat but also more generally. Clearly, the status of reptiles in this region lacks detailed 

studies. We have documented many direct and indirect threats to reptiles, including vehicular 

impact/transportation, habitat destruction and alteration, soil erosion, soil and water 

pollution, poaching or hunting, destructive agricultural practices, irrigation practices, forest 

fire, and even consumption as food by local tribal communities. Many of these threats we have 

reported earlier (Vyas, 2007; Patel et al., 2018), but an impact assessment of each of these 

threats is necessary to improve conservation policies.  

Gujarat supports a high number of reptiles due to its high habitat diversity. While Gujarat 

accounts for < 6% of the geographical area of India, it includes nearly 20% of the country’s 

known reptilian diversity. Many regions of Gujarat remain largely unexplored in terms of 

reptilian studies. Studies involving systematic surveys of each region, along with incorporation 

of detailed taxonomic comparisons, may yield additional reptilian discoveries in Gujarat. 
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Studying Chiropterans: How to make a beginning!! 
 

Introduction 

Bats are mammals belong to the order Chiroptera, meaning 'hand-wing'. Chiroptera has two 

suborders, Megachiroptera and Microchiroptera with 17 families and 177 genera making it to 

almost 1400 species worldwide. Bats belonging to the suborder Microchiroptera are the 

microbats or insect-eating bats. The Megachiroptera consists of the megabats or fruit-

eating bats. India is home to about a hundred species of bats, including 12 fruit bats, such as 

the fulvous fruit bat Rousettusleschenaulti, Indian flying fox Pteropusgiganteus, Nicobar 

flying fox P faunulus, island flying fox P hypomelanus, Blyth's flying fox P melanotus, short-

nosed fruit bat Cynopterus sphinx, lesser dog-faced fruit bat C brachyotis, Ratanaworabhan's 

fruit bat Megaeropsniphanae, Salim Ali's fruit bat Latidenssalimalii, Blanford's fruit 

bat Sphaeriasblanfordi, dawn bat Eonycterisspelaea, and hill long-tongued fruit 

bat Macroglossussobrinus. Whether solitary or colonial; each species gives birth to its young 

and an elaborate parental care is seen in bats. Sadly, though, data on the conservation status, 

population density, and ecology of many of these species is limited due to lack of field studies. 

 

Other than taxonomical classification bats are also grouped according to its feeding 

preferences. Such as: 

1. Frugivorous bats: Frugivorous bats feeds on fruits, flowers andor flower products. 

They play an important role in pollination and speed dispersal of many plants in 

various parts of the world. These bats have large, keen eyes, an acute sense of smell and 

small ears as compared to the size of their bodies. In general, these bats do not produce 

ultrasound; however, those belonging to the genus Rousettus have a primitive 

echolocation system. They make an audible clicking sound through their mouths. 

2. Insectivorous bats: Most microchiropteran bats feeds on insects and other 

arthropods. They have small eyes and large ears, and produce ultrasound over 15 kHz, 

which human ears are unable to catch. They rely on echolocation for navigation and to 

catch insects. The insectivorous bats are further divided into two groups: 

a) Sheath-tailed bat, also called sac-winged bat, any of about 50 bat species named 

for the way in which the tail protrudes from a sheath in the membrane attached to 

the hind legs. Bats belonging to genus Taphozous sp. (Tomb bats) such as Naked-

rumped tomb bat (Taphozousnudiventris), Long-winged tomb 

bat (Taphozouslongimanus), Black-bearded tomb bat (Taphozousmelanopogon), 

Pipistrelle sp., etc.   
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b) Free-tailed bat, also called mastiff bat, any of 100 species of bats, so called for 

the way in which part of the tail extends somewhat beyond the membrane 

connecting the hind legs. Some free-tailed bats are also known as mastiff bats 

because their faces bear a superficial resemblance to those dogs. Free-tailed bats 

eat insects and roost in tree hollows, caves, and buildings. They are found 

worldwide in warm regions. Most species live in groups, and some form colonies 

with populations numbering in the millions, such as the colonies of Greater Mouse 

tailed Bats (Rhinopomamicrophyllum) and Lesser Mouse tailed bats 

(Rhinopomahardwickii) in mines of Jambughoda Wildlife Sanctuary, Gujarat.  

3. Insectivorous/Predacious bats: Few species of bats such as Greater False Vampire 

bat (Megaderma lyra lyra), Lesser False Vampire bat (Megadermaspasma) and Leaf 

nosed bats (Hipposideros sp.)are opportunistic feeders and have heterogeneous diet 

feeding not only insects but also on small rodents, shrews, small lizards, fishes along 

with other bats.   

 

Ecosystem services and conservation status of bats 

Bats help maintain healthy ecosystems and are important pieces of the puzzle for our natural 

spaces, including national parks. Tropical fruit bats play a significant role in rainforest 

ecosystems. Pollination of flowers, dispersal of seeds of trees, shrubs and climbers are all part 

of their function in the ecosystem. Besides, bat droppings in the caves they occupy support a 

delicate ecosystem composed of unusual organisms. The Indian Wildlife Protection Act of 1972 

consigned bats to schedule V as 'vermin'. While the more glamorous animals -- elephants, 

rhinos, lions and tigers -- have received considerable attention from conservationists in the 

country, bats have been largely ignored in such discourses.As for the Wildlife Act, it names just 

two bat species for protection — Salim Ali's fruit bat and Wroughton's free-tailed bat. Along 

with this, threats like habitat loss, wind energy turbines, and white-nose syndrome, pose a 

significant threat to an already declining bat population worldwide. More recently, the source 

of Sars-covid19 virus is alleged to be the horse shoe bats in Wuhan province of China. Such 

studies are inconclusive and often put anthropogenic pressure on a single species. 

Methods for Catching and Studying Bats 

Bats are small animals that can be hard to find. They are often well-hidden in trees or deep 

inside caves and only come out at night to hunt for insects. This makes bats difficult to study, 

so special techniques have been developed for studying and counting bats. 

 

Mist nets –Mist netting is one of the most common and effective technique of capturing bats. 

This loose mesh is practically invisible when strung up between two poles at dusk, and bats get 

https://www.britannica.com/animal/bat-mammal
https://www.britannica.com/animal/mastiff
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caught in it when they fly by. Researchers can then carefully free the bat and collect 

information, such as the type of species or weight, collect samples for genetic studies or disease 

surveillance, or mark the bat with a band or other device so it can be tracked. The bat is then 

released to continue its nightly activities. Bats are quick learners, so forest staff and researchers 

have to be creative about where to set up the nets. 

 

 

Fig1. Bat trapped in a mist-net 

 

Acoustic surveys - Scientists can record the echolocations or calls that bats make when 

they are flying through the air using specialized microphones and recording devices. Just like 

birds, different species of bats tend to make different types of sounds, which allows the 

researcher to identify the species of bat that flew by. The recording device may be left in the 

field to record bat calls over a number of nights or can be used to survey an area in one night 

by walking or driving along a specific route. Additionally, many parks have permanent 

monitoring stations to track bat activity year-round. 

 

 

Fig 2. Bat Detectors 

https://www.nps.gov/subjects/bats/echolocation.htm
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Fig 3. How does a bat detector work. 

 

Fig 4. Software data of Bat calls during feeding 

 

 

Fig 5. Species specific call signatures of bats 

 

Field surveys - In a field survey, scientists visit locations where bats are likely to live - caves, 

trees, crevices, abandoned mines, etc. They are often looking for numbers and species of bats 

that are at these locations at different times of the year. Some special tools, like infrared 

cameras, slow motion cameras or tele lenses, can be helpful for finding and counting bats. It is 

very difficult to identify bats in flight like we do with the birds. Hence, photography of its facial 
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features (from different angles), patagium, body, hind parts, etc can provide clues for their 

identification. However, capture and records of their character matrix remain the gold 

standard for their identification. 

 

Radio transmitters - In some cases, researchers need to be able to track a bat to learn about 

the elusive places that bats go to rest, hibernate or raise young. The information helps us know 

where bats are during different times of the year and what locations they need to protect for 

the bats. Temporary radio transmitters are fitted on the back of a bat (like a tiny backpack) 

after it is captured using a net or other method. The bat is then released. Throughout the next 

few weeks, the researchers can track its movements using an antenna to detect the signal that 

is constantly sent out from the tiny radio transmitter on the bat. After a few weeks, the 

transmitter falls off and the bat can return to its secretive ways.

 

Fig 6. Radio-transmitter tagging on bats 
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Conservation status and challenges 

Bat species in India are delicately balanced on the survival scale. Attitudes towards bats, myths 

about them, reckless hunting, disturbance of their natural habitat and lack of legal protection 

are all prodding bats away from a true chance at survival. A few simple steps could change this 

trend. First, educate people about bats. We could tell others about the role of bats in the 

ecosystem, dispel myths about them and fear of them, and speak of the importance of bats for 

biodiversity. Secondly, we could plan bat conservation projects, and try to build bat roosting 

sites in our area. There is so little known about the population status of so many species of bats 

that one could start a local 'bat-watching' society. Thirdly, we could write to our local legislators 

and parliamentarians and demand legal protection for bats. The Wildlife Protection Act of 

India evidently needs revision to include protection to all species of fruit bats, and other 

selected insectivorous bats. 
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Monitoring Methods for large mammals 

Mammals are found in almost all the continents of the world and classified into 26 orders 

(Nowak 1991) and occupies all kinds of habitats from terrestrial to marine. Mammalian species 

are at risk from several factors, above all, the fast growing human population and rapid 

development are the most severe factor that directly affects the mammalian diversity. The 

conservation of mammals will require an ongoing and intensive effort aided with systematic 

and scientific approach, which is known as monitoring. Monitoring is very much necessary to 

identify the threatened species of mammals in different regions and to decide the hot-spots 

and priority species for conservation.  

 

Proper study design is important to ensure the repeatability, reliability and compatibility of 

results for future investigators across the different geographic regions. For successful 

conservation of biological diversity, an investigator should know the number of species present 

in the area and the status and population viability of each species. For a scientific and 

systematic survey of mammals, the following steps should be included in research and 

monitoring design. 

 

 Design of sample survey 

 Selection of sampling units 

 Determining sample size 

 Stratification of the area 

 Observability 

 Sampling variability  

 Standardization   

Apart from above, some associated data is also very important during the survey, these 

associated data are: 

 Climate and Environment  

o Basic weather data : Temperature, Precipitation 

 Additional Environmental data 

o Wind speed and direction 

o Humidity, Pressure 

o moisture and water level 

 Geographic characterization 

 Habitat and micro-habitat  
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Conducting a mammalian survey  

Before conducting any biological survey, define the clear objective, that will help in planning 

and execution of the survey. This will also enhances the efficiency of data collection and 

improves the quality of the survey. 

Before starting the survey, also consider the following: 

1. Species list 

2. Selection of target species  

3. Previous study and literature on the species  

4. Physical characteristics and behaviour of the species  

5. Size of the area of interest (AoI) 

6. Habitat and climate of AoI 

7. Map of the study area 

8. Choose the sample points/ plots  

Mammals can be studied by direct detections by sightings, smell or sound and indirect 

detection by some equipment such as camera traps, recorders, and ultrasonic detectors. All 

these techniques are called observational techniques mostly used for diurnal or some time 

nocturnal mammals. Observational techniques are can be used to survey almost all the 

mammalian species. Using these technique generally we are able to study the density and 

relative abundance and total counts /sample counts. Following methods are popular and 

widely used for observational surveys. 

Silent detection for total counts  

individual identification 

observation of emergence from burrows or dens 

total counts from mobile platforms  

Silent detection for sample count  

Line transects 

 Strip transects 

 Road counts 

 Quadrate sampling  

Special techniques 

 Arial survey 

 Call playbacks  

 Night surveys   
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Mammalian Sign 

Even the most secretive mammals leave a record of their presence in different ways in the 

environment. The identification of these signs requires perceptiveness, good field experience 

and serendipity. Sign is an indicator of the presence of a given species and that species must 

have been identified in the act of producing the sign. Some typical mammalian signs can be 

used in mammalian inventory and monitoring programme because they are comparatively 

easy, less expensive and sometime more effective and rapid.  

 

Learning of identification, interpretation and recording signs of mammals in the field can 

provide information about their habits, habitat use pattern, status and abundance that is very 

easy to study. Signs are the best determination to confirm the presence of a species in the area 

(Wilson et al., 1996). The signs of mammals in the field have varied age according to the time 

of decay or disappearance due to several factors. Using the sign age, we can also study the 

status and frequency of habitat use by a species in the area. Some most common and visually 

detectable signs are as follows; however one need a long field experience to identify the signs 

of mammals in different habitat types as they differ according to habitat, forest type, soil 

texture and other factors.  

 

Visually detected signs  

Tracks: can tell about behaviour, size, age, sex, social status, etc. 

Scats: used to know the status, food composition, determine population (deers and 

antelopes), disease, parasites, etc. 

Stored food and food remains: can tell predator, prey, presence of scavengers etc.  

Marks: (claw mark, scratch mark, scent mark, etc): Habitat use, territorial 

behaviour, etc. 

Olfactory signs: Specific secretion, odor, social and anti- predator function also used 

in studying territorial behaviour of carnivores  

Camera Traps: population status, estimation, habitat use, home ranges, etc. 
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Sign Age estimation for large mammals based on their decay range 

 

Sign counts are not appropriate for broad scale survey work, they are best used for monitoring 

individual species or number of target species. Few investigations have attempted to use sign 

other than fecal pellets to estimate animal abundance and almost all cases only relative 

abundance was considered. It is important to remember that counts of signs are simply that, 

and that can be interpreted in to animals only by calculating from a known ratio of signs per 

animal (Putman, 1984). Count of signs need not, however be considered as population 

estimates or animal densities and should be examined simply to document occurrence, status 

and depending on the aim of the study. As a means of analysing comparative densities, 

population trends, a sign density index is very useful for large mammals (Hill, 1981). There are 

various sources of error that often occur in the field most common are the following. 

1. Environmental heterogeneity 

2. Nonregular production of sign 

3. Mobility of animal 

4. Detectability 

5. Decay rates  
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To avoid the problems and issues during the sign surveys, use the proper sampling protocols 

to design the survey. It is also necessary that number of signs produced per animal per unit 

time be determined independently for each population.  

 

Procedures for animal sign survey and counts are very simple with respect to sampling designs 

and target species. Mostly, quadrates, transects (strip) are used and animal signs are quantified 

according to different sign categories. Information for each species should be recorded 

separately. The number of person required for a sign survey always depends on the size of the 

area, sampling frequency, habitat type, target species and time available. If possible, the 

number of persons should be minimum to reduce the interobserver bias. The best results of 

sign surveys are achieved by single or two persons sample all units.  

Some essential materials are required for conducting sign surveys such as data sheets, pen, 

map of the area, a measuring tape, GPS, marking or flagging material, some references such as 

sign guide, pictures of signs, tracing material etc should kept with the investigator.  

 

Sample Datasheet 

Transect ID:   GPS Location: Start   End    

Date and Time:  Location & local name of area:     

Habitat type:  Start   End    

Name of Observer:     Expertise level:    

 

Distance  Distance 

from 

center 

Sign type Decay/Age Photo ID Habitat 

type 

Comments 

       

       

       

 

Confidence level: 0 = uncertain, 1= reasonably certain, 2= certain 
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Sex, Age and Reproductive Conditions of Mammals  

Determining sex, age and reproductive status of a mammal is very important while studying, 

monitoring and evaluating viability of a species in the ecosystem as these are the crucial 

variables reflects the structure and dynamics of a population. Necropsy is the most accurate 

method to assess these variables; however, it is not always compatible with the natural 

population. Non-invasive field methods of determining the above variables through external 

genitalia, secondary sexual characteristics, body size and behaviour can be used, but these may 

be again vary with the mammalian species. Determination of these variables is largely 

influenced by the detection limits of the methods, and the expertise of the investigator (Wilson 

et al., 1996) 

 

Sex Determination:  

Genitalia:  

 Female: Mammary glands, vaginal opening  

 Male: Testes, glans penis  

Body Size, Shape, Pelage and Ornamentation:  

Males are mostly larger than the female of many large mammalian species, but again 

it is not always a reliable sex determination. 

Scent glands: 

 Many mammals have specialized sex specific scent glands which differ in sizeand 

appearance between the two sexes.  

Behaviour: 

Posture used for urination, mating behaviour, display and aggression (Males) 

 

Age estimation:  

There are many field methods for estimating the age of a mammal with varied accuracy. It is 

very essential for a researchers or managers to assign animal into a broad age classes. More 

accurate age determination is required in constructing life tables and in demographic analysis. 

The following table can be used for monitoring mammals in their natural habitats. A 

combination of body measurement and reproductive criteria offers the best means of 

determining the age of many mammals in the field (Spinage, 1973). 
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Commonly used age categories for Mammals (Wilson, et al. 1996) 

Neonate: A new born mammal with a detectable umbilical cord. 

Nestling: A young animal with a limited locomotory and sensory development that has not 

left the nest 

Suckling: A mammal before weaning  

Pouch young: A young marsupial that has not left the pouch  

Juvenile: A weaned young mammal that still associates with its mother or sibling and may 

nurse infrequently; usually smaller than sub-adult  

Immature: A young mammal which is neither fully grown nor sexually mature  

Sub adult: A young mammal that is not fully grown but that may /or may not be sexually 

mature or have adult pelage 

Adult: A fully grown, sexually mature mammal  

Old adult: An animal that shows extreme tooth wear and /or poor body condition  

Further readings: 

Novak, R.M. (1991). Walker’s mammals of the world. 5ed, Johns Hopkins University Press, 

Baltimore, Maryland, USA. 

Wilson, D.E., Cole, F.R., Nichols, J.D., Rudran, R. and Foster, M.S.  (1996). Measuring and 

monitoring biological diversity: Standard methods for mammals. Smithsonian Institution, 

Washington DC, USA. 

Putman, R.J. (1984). Facts from faeces. Mammal Review. 14: 79-97. 

Hill, G.J.E. (1981). A study of grey Kangaroo density using pellet count. Australian Wildlife 

Research. 8: 237-243 

Spinage, C.A. (1973). A review of age determination of mammals by means of teeth, with special 

reference to Africa. East African Wildlife Journal. 11: 165-187. 
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Not only money, we need YOU!  

Support WCB and be a part of 
our mission of saving the 
natural resources of Mother 
Earth. 

The WCB Research Foundation 
is focused for science based 
conservation through research 
and capacity building. 100% of 
your donation will be directly 
used into wildlife research and 
conservation including vital 
projects addressing human 
wildlife conflicts and promoting 
co-existence between human and 
wildlife. 
 
Your donation today will help us 
to save wildlife and people for 
the future. 

Donate WCB and contribute 
in protecting what we enjoy 

 

Join WCB as a 

 Life member 

 Intern 
 Volunteer 

Contact us for more details 
 

Ms. Jahnvi Patel 
Admin Officer 

WCB Research Foundation 
Phone: 97123 13698 

wcbresearch@gmail.in 
 

 

 

mailto:wcbresearch@gmail.in

	Title_plus
	Acknowledgements
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch6
	Ch7
	Ch8
	Z_Last pages

