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PREFACE

This manual is a compilation of practical field techniques for one specific aspect of
wildlife management: Census Operations. The manual is a response to requests 1o the
Wildlife Institute of India from wildlife managers and biologists for information on
census methodology. :

Census operations form a significant part of a wildlife manager's duties in Indian
protected areas and, increasingly, biologists are quantifying wildlife populations. A
problem for such field personnel is that there is a lack of easily available literature
dealing with wildlife census. A second problem is that when such literature is available
it often deals with situations in North America or the African savannahs, and may have
little relevance to conditions in India. Lastly, many texts dealing with census techniques
are highly mathematical, with little detail on implementing the field operation - they are
written for the specialists, not the managers.

This manual aims to fill the need for a practical guide to census techniques of
potential value to the manager and biologist in India. A variety of techniques are
chosen, many of their advantages and disadvantages are explained. Most of them have
already been tested under field conditions by the staff and trainees of this Institute.
Techniques are explained in simple terms, avoiding mathematics as much as possible.
Analysis of census results does require some simple mathematics; and the interpretation
of results, “has there been a population increase or not?” needs the ability to calculate
a statistical confidence limit around the mean. Appendices cover the necessary
statistical techniques. There is a section introducing the literature 1o wildlife census
(section 4). References are rarely cited in the text.

This is the first full edition of this manual. It is our intention to add to it and to
refine the descriptions. This is best done with the assistance of yourselves - the users.
Your cooperation in suggesting possible improvements - in clarity of expression,
thoroughness of description and even extra techniques is requested. This version follows
from an original draft prepared in 1986 and refined following census workshops held
in 1986 and 1987 in Sariska Tiger Reserve, Rajasthan. The opportunity was taken to
reword some techniques and include new sections. Further sections were added prior
to the Dachigam High Altitude Census Workshop in October 1 988.

We still do not feel the manual is complete - we would like to include more actual
field examples from Indian protected areas. But for this we need the help of wildlife
managers and biologists; the potential users of the manual. Initial comment on the
manual has been encouraging, but we would like information on the utility of the
methods. So we again request you, please send information on actual census operations.
We will happily acknowledge all contributions.
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HOW TO USE THIS MANUAL or
THE SELECTION OF CENSUS METHODS

A. Which Sections to Read

1.

Note:

All users should read sections 1.0 - 1.3, the introductory comments explaining much
of the terminology and rationale behind the census techniques. All users should scan
the list of contents and sections of interest. The first appendix introduces sampling and
should be looked at.

All users should know exactly why they want to do a census. Questions of which are
key species, which are optimum months for field operations, what level of resources
are available etc., should be known before the choice of methods are finalised.

Census objectives fall into four broad categories. Different techniques are useful for
each category. These are:

Survey of geographical distribution and Sections 2.1.1, 2.1.3 (part),
abundance in poorly known areas 24.5,246,24.7

Survey of distribution and abundance by Sections 2.1.2,2.1.3,
habitat, and basic population monitoring 2.15,2.16,22.1,232

Determination of population size, either of ~ Sections 2.1.4, 2.1.5, 2.2.1, 222,

protected area or of study area, 23.1,23.2,23.3,234, 24.6,24.7
Assessing animal density response to Sections 2.1.2, 2.1.3,
management inputs 2.14,23.1,24.1,243

All users should read section 3, discussing the use and presentation of census results.

It is stressed that this is a practical manual, not a full textbook. Persons planning
elaborate census programmes should seek help from knowledgeable ecologists and
statisticians.

All methods need practice in the form of field testing, staff training etc. before formal
operations. Usually there is no perfect or ideal method. Most choice of method isa
compromise. Often two or more methods may be necessary to cover the range of
species and habitats.

™)



B. Census Methods in Common Use Today

/

2.

Carnivores

the pugmark census(section 2.2.1) is universally
ion in Gir. Wildli involves counting lions seen at waterholes

ed. For lion in Gir. Wildlife Sanctuary census invo .
:rsld baits in 24 hours (section 2.1.4). There is no reason why tiger and leopard should not
be counted at waterholes where this method is used for ungulates, as well as by pugmarks.

For large carnivores (tigers and leopards)

No abundance surveys have been made for smaller felids in India, or other small cami-

VOIES.

Rare animals like dhole, wolf and snow Jeopard have been assessed by individual recog-
nition during intensive surveys and studies, usually in small study areas.

Ungulates in General
Two major sets of technique are in use by protected area managers:

a) Waterhole counts, (section 2.1.4) are used in more arid areas which have a finite
number of distinct waterholes in summer. Examples are: Ranthambhore, Tadoba,
Bandipur. Details differ and there are major problems with knowing the frequency
with which animals drink, and in knowing the repeatability of results. If results are
consistent over three repetitions in a short time period then the results could be
acceptable as an index to trends.

b) Block counts, (section 2.3.1, but usually done as a total count, section 2.4.3). Several
methodologies are used. These include the experienced guess by block or beat staff
about animals in their compartments or census blocks, to a slightly more objective
given time period (a few days) for beat staff to survey their blocks and reach an
informed guess as to animal numbers. Increasingly, however, a specific search is
made on a particular day in each block to actually count animals.In some areas the
count is repeated. In some areas the block sizes are very large (5-10 km?) and could
not be covered by a team in one day. In some areas a sample of smaller units is also
counted to ‘correct’ the extensive counts.

Biologists (who rarely have the resources to mount block counts over large areas) have

used a combination of transect counts, by vehicle and by foot, using several different estimators
(see sections 2.3.2, 2.3.3).

3.

Specific Target Animals

Mfany species’or communities of species will need specialised techniques, for example
primates (§ecnon 2'.4.9), crocodiles and turtles (section 2.4.8), birds (section 2.4.10) and
ungulates in the Himalayas or Evergreen Forest habitats (section 2.4.6 and 2.4.7).

Rare Species; i.e. Species of Very Low Density or Very Low Visibility
These are problematical and may not be amenable to detailed census; a subjective abun-

dance rating may be all that is possible. Sometimes a detailed survey of intensive study

ll n

(vi)



C. Short Cuts to Technique Selection

Trainees.

1.

This section is written in response to requests from many past Wildlife Management

Estimation of Population Size

a)

b)

<)

d)

Large Mammals:

Block Counts in small units, or at least a sample of small units, and use this sample
to correct larger counts.

If area is dry and has few water points then consider use of Water Hole Census as well
as less frequent use of block counts.

Carnivores:

Pug Mark Counts, frequent practice, using trained people.

Rare Species: |

Total Counts in small areas and then general survey of total area.

Individual Recognition, map locations and times of sightings, keep a recognition file.
Birds, Reptiles: .

See appropriate sections.

Monitoring Population Abundance and Distribution

a)

Roadside/Footpath Monitoring of sightings or evidences.

Assessing Reaction to Management Inputs

a)

Dung Surveys for small areas.

(vii)
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 Introduction to
Census for Indian Wildlife

1.1 INTRODUCTION

What is a Census?

Census in wildlife terminology deals with the estimation
of abundance of animal (and plant) populations. The very
simple set of descriptive adjectives: “absent, rare, occasional,
common, abundant” is a measure of abundance of a species or
population. It should be noted that for many species in India
we do not even have this level of information for most pro-
tected areas! This sort of census does not depend on seeing
the actual species in question, information can be collected on
evidence of that animal’s presence, e.g. tracks, dung, calls,
feeding, nesting etc.

Census methods can thus be split into those dealing with
observations on actual individuals and those based on other
evidences, a distinction sometimes referred to as direct and
indirect census. A census can be based on qualitative criteria:
e.g. none, few, many; or based on quantitative measurements
e.g. 0, 10, 52 etc.

A further division of census operations is into those that
are aimed purely at determining trends or indices of popula-
tion growth, and those that are aimed at actual population
numbers. For example stating that an average of 5.2 chital
were seen per kilometre of forest road in 1984, but 8.1 were
seen in 1986, suggests there is an increase in population size,
but it says nothing about the actual size of the population in
thgn area, which could be 100 or 1000 animals! In most cases
wildlife managers need information on trends so as to evalu-
ate management practice and inputs, e.g. the population in-
creased by 14% in two years. Information on population
actual size e.g. “3026 chital in Xyz sanctuary” is of little
further value for management (even though administrators

and laymen like to talk in real figures), and i
m i ’ S a very
ore difficult statistic to obtain, Sy ik

. .Mcthods can be aimed at findi
distinct area - population size; or
habitat - population density, e i

at . » €.8. 42 animals per
Densities can also be indices based on indireclp:vizgnkm
e.g: 323 groups of pellets per hectare, Many people ff;?;

Ng an actual number in g
the number per unit of

density data to be more useful when making comparisons. For
example telling us there are 16,000 chital in Kanha National
Park and 3,000 in Ranthambhore National Park does not tel]
us very much about the biology of chital or of the two national
parks. Statements such as Kanha has a density of 18 chital per
sq km and Ranthambhore 7 per sq km is more informative.
This becomes more so if related to habitat, e.g. in Ranthamb-
hore there are 300 chital per sq km around the lakes in
summer and <2 per sq km in the dry woodlands. This is an
example of ecological density information.

This last point stresses the importance of knowing the
pattern of distribution of abundance. Where are the animals
located, where is the high density zone, where is the dry
season concentration area, how does animal density distribu-
tion respond to increasing water availability? etc. are all ex-
amples of useful questions requiring knowledge of distribu-
tion.

Comparisons with Forest Inventory

Forest officers have considerable experience in estimat-
ing tree density, a major component of forest inventory,
which is a science of mathematical -complexity, involving
careful design and planning procedures. Trees however stand
still and are easily visible, they do not vary greatly from year
to year. The procedures are going to be even more difﬁ_cult
with individuals which are of low density, which are often
difficult to see (nocturnal, shy, or flee or hide), which can
fluctuate widely in numbers and distribution from season 0
season and year to year, and can sometimes fight back!

The careful planning of a census cxercise and the inter”
pretation of conclusions from the results are thus every bit as
Important as the field operations and data analysis.

Introducing Census Techniques:

Census operations form the most obvious example of 2
modern-day wildlife manager using biological techniques 11
formal work programmes. Virtually every protected ared h?s
had a wildlife census, however rudimentary, at sometime 10
its past.



Techniques for Wildlife Census in India : A Field Manual

One of the most frequent questions asked about an area
is “how many animals are there”. One of the most important
questions for a wildlife manager to answer is “are animal
populations increasing or decreasing in size, and are they
responding to management inputs”. Both of these questions
require census technology for their answer.

Census methods can vary from those using very elemen-
tary presence/ absence criteria to those involving highly
complicated mathematical and statistical techniques in their
design and analysis. It is the increasing frequency of the latter
in many ecological and wildlife texts and journals that deter
many people from investigating census methodologies in
more detail. This need not be so, provided that the wildlife
manager has a clear understanding of what he wants from a
census, of the assumptions that are made about the interac-
tions between observer, animals and habitats, and of the limi-
tations of the data and conclusions.

The concepts and techniques that follow are designed to
be used by managers in India’s protected area network.
Methods are, in some cases, adaptations of those already in
use in India. Many of them are robust in that they are based
on simple assumptions and can easily be modified to suit
local conditions. ’

Census or Inventory

These are different things, but may be confused. A cen-
sus deals with patterns of abundance of selected species. An
inventory is a listing of all species present, which may in-
volve considerable effort in capture and identification. The
frequency of encounter of species during an inventory may
form the basis of a simple census. In some places in the world,
however, the word “inventory” does mean an abundance es-
timate or census.

1.2 PLANNING A CENSUS
OPERATION

Background

Many factors are important in planning a census, e.g.
time of year, key species, methods to use etc., but none are so
fundamental as the questions of “why do I want to do a
census” and “to what use do I want to put the census results”.
These factors are considered in this section.

Why do I want a census?

In many cases the answer is “because I have been in-
structed to do so” or “we have always had a census pro-
gramme here”; this is unfortunate and does not help plan a
useful census, but it is a fact of life. Reasons to undertake a
census should be, “so as to give me more understanding of the

area, its animals, and its ecology” or “so I can evaluate man-
agement actions and or problems which may need manage-
ment action”. Whilst a protected area may have some 6-12
Jarge mammal species, plus up to 50 lesser mammals, not all
of these are equally important in management programmes.
Only a few, known as ‘key species’ are of real importance.For
some areas, birds or reptiles may be the key species, €.8.
bustard, geese, herons, pheasants, gharial, turtles.

Key Species

Many protected areas have been especially created to
conserve one or a few species considered nationally or inter-
nationally important. The National Chambal Sanctuary for
gharial is an example. Some species are endangered locally or
nationally, others are ecologically important or dominant in
that area, such as the tiger or elephant, others form an impor-
tant element of predator prey base such as chital, others are a
favoured target of tourists, such as gaur. All of these may
require specific management inputs and so may be considered
as a key species for planning a census. For example a block
count operation in a reserve in central India may have visibil-
ity parameters set for sambar and chital, which are relatively
easily seen; barking deer, which is smaller and more secre-

“tive, would be greatly under-counted by such a count. To

design a census for such a species would require far greater
man-power and financial resources. As the barking deer is not
a key species, less accurate data are to be expected and con-
sidered acceptable.

What are the census data to be used for?

A common requirement of a census is that it be used to
determine change in population size from time to time. Usu-
ally this is from year to year, but may be before and after
management operations such as: a fire or installing water or
silvicultural tending operations etc. Comparisons could also
be between two areas, for example comparing a core and a
buffer zone, or sal and teak forest or natural forest and
plantation etc.

If the purpose of a census is comparison than the data
ought to be precise enough to detect differences. An elephant
population may grow at a maximum rate of 4% per annum. A
census operation which has precision limits of 10% (which
would be a very good census!) would not detect significant
changes over at least four years.

In many cases a simple index of density using dung
counts may be the most efficient way to show change. For
example counting pellets in a series of quadrats in two arcas
would be a way of showing difference in chital use of those
two areas.

Four main types of census operation

Brockelman and Ali (1987) usefully describe three broad
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categories of census operation in common use in wildlife
studies; I add a fourth. These are:

Distributional Surveys: The planning of conservation
inputs or improved management for species of concern, re-
quires knowledge of the distribution of that species, prefera-
bly with some degree of knowledge of general abundance,
¢.g. “common here, rare there”. Sometimes this is the initial
‘broad survey” prelude to more detailed study in specific high
density areas.

Population Estimation and or Monitoring: Here the
interest is in obtaining an estimate of the total population in
aregion of concern, e.g. a wildlife protected area. The demar-
cation of the region of concern is the first step, followed by a
choice of total count or sample count methodologies.

Intensive Study Areas: Here the census operation is often
part of a more detailed biological investigation of a species,
focusing on a small area or a small group of individuals.

Sometimes a study may incorporate all three categories,
starting with the broad survey, undertaking a population
density estimate, and then concentrating on a small group of
animals.

Management Response Survey: Here management may
have undertaken changes in part of the protected area,
e.g. removed cattle, or stopped fire, or put in dry season
water. It is useful to determine the response of animals, in
terms of density, to these inputs. Such investigation need not
involve a full scale census but can be localised monitoring
including dung surveys for example.

What is an ‘efficient’ census method?

An efficient census ‘method is one which collects the
required information with the best level of accuracy and
precision for the given quantum of time, funds and man
power. These two parameters are defined in appendix 5.1.

What is the best time of year for a census?

There is no one answer to this question, it depends on the
circunistances in each case. In the rains, access and poor visi-
bility may restrict observer movement and ability to see
animals. Immediately after the rains there will be adequate
food and water resources, and animals are more likely to be
evenly or randomly distributed, a pattern which is a common
pre-requisite fcr many census methods. But this spreads
density more evenly; for rare species, census may be easier if
they were concentrated into a particular area. For a waterhole
census the best time would be the height of the dry season
when water is limiting - note however the emergence of the
pre-rains flush of tree leaf may reduce some animals depend-
ence on free water. The fire season and timber working
Scason may cause frequent disturbances in distribution pat-
terns making census more difficult,

What are the infrastructural requirements for a census?

Each method has its own set of requirements, e.g. ade- .
quate motorable tracks representative of the total area and
which reach most parts of a reserve are needed for a vehicle
transect census. Adequate trained man power is a frequent
constraint to census work. All staff participating should be
literate, be good observers, and have some level of prior
training or practice. Often it is better to use a few good and -
interested people for a longer time period, than try to use a
large number of poorly trained people at one time. People
require funds, and a census involving a lot of man power is
expensive. Funds should be specifically earmarked for census
operations.

How often should a census be carried out?

This depends on the objectives of the census, but for
species of conservation importance, at least every second
year should be aimed at. Kaziranga counts rhinos every 6
years, Gir counts lions every 5 years; intervals I consider too
long; a population could be greatly depleted in that time. For
methods with little knowledge of accuracy and precision, I
would have more reliance in a method which showed:

‘Year 1 902 animals Year 1 902 animals
"2 968 “ than one and no information
“4 974 “ which went | until
“6 1067 s Year 6 1067

It may not be necessary to have counts of equal intensity
every year. For example large scale actual counts every 3
years could be interspersed with less intensive dung counts or
lesser area counts in intervening years, provided these are
also run in major years as a means of control.

Census design and samplé design

These two components of many census operation are
often confused. The objective of census design is to obtain the
best estimate of the numbers of individuals in each counting
(sample) unit. The objective of sample design is to obtain a
set of counting (sample) units representative of the statistical
population. Both are important. Sample design may need the
advice of a statistician, see appendices 5.1, 5.2.

A bureaucratic or paper census

Finally, a word on a difficult topic. Indian wildlife con-
servation has several stories of census results being manipu-
lated to show small annual increments every year (5-15%).
This is in response to expectations of audit minded bureau-
crats that animal populations which are being expensively
managed should never show a decrease, This is of course
ecolpg_ical nonsense. Given great fluctuations in annual rain-
fall it is to be expected that ungulate populations will show
great fluctuations in mortality and natality response, Popula-

tions which are close to carrying capacity will exhibit no long
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term trend of increase and will fluctuate around a mean
figure, showing small increases and decreases. Populations
may fluctuate due to random processes. For example a popu-
lation of 20 tigers may have 4 females giving birth at the same
time, the population could reach 30-32. One expects a large
proportion of cubs to die, maybe only one per litter survives
to adulthood. The population may “crash” to 22-24. This is
normal, and bureaucrats must be shown that this is normal.
Nobody gains if figures are falsified.

If figures are changed then ludicrous patterns may
follow. One major tiger reserve showed a steady increase in
sambar over the years from below 10,000 to over 14,000.
When the manager changed, the number of sambar reduced to
3,500. This is not scientific management!

Finally census results become a laughing stock if results
are obviously impossible. Stating the sex ratios of pythons
and porcupines from waterhole counts, at night, with no
binoculars (or microscopes!) is ridiculous. Other results be-
came suspect if some are not true.

Census results should be given as honestly and as fully as
possible.Only then can wildlife conservation understand what
is happening to the resource and evaluate or modify manage-
ment inputs accordingly.

1.3 TOTAL OR SAMPLE COUNTS?

Introduction

This is a controversial question. In general people with a
lesser knowledge of statistics are intrinsically unhappy about
a method which does not rely on sighting and counting each
animal, but only a small proportion of them. In forest inven-
tory and in most human population surveys only a proportion
of the individuals are tallied - for reasons of both financial
efficiency and the ability to use sampling statistics to estimate
precision. The same factors hold true for wildlife counts as
well.

What are total and sample counts?

A total count is one where the entire area of a reserve is
searched and all animals secn are tallied. It does not follow
that the entire number of animals is seen, although this is
often assumed.

A sample count is one where a pre-determined portion of
the reserve area is searched, usually in a number of small
distinct sample arcas. A “Sample” can be a large or small
proportion of the area, the term:

ea hed
Sampling Fraction is : ks

total arca of reserve
100 sq km

for example : _—
400 sq km

=0.25 or 25%.

This is a measure of sampling intensity. Note that sample
counts deal in densitics, and data have to be extrapolated to
the whole area of interest. This is the rcason why sample
design is so.important; to ensurc the sample units are rcpre-
sentative of the total population. Note that “total counts” and
“10% sample counts” mean that all the area was scarched and
that 10% of the area was counted respectively. It does not
necessarily mean all the animals and 10% of the animals were
counted, although sample and census design hopes that is so.

I. The problem with total counts:

Whilst it may be possible to count all the elephant in
10 sq km, or all the chital in 1 sq km, or all the jungle fowl
in 10 ha, it is a much more difficult task to count all the
elephant in 2000 sq km, as for example is attempted in Manas
Tiger Reserve in Assam.

In general the larger the area to be searched or the smaller
the animal, the more difficult it is to search that area effec-
tively. Sometimes exceptional visibility can allow easy
counting, for example the open short grasslands of 250 sq km
Ngorongoro Crater in Africa are counted by observers with
telescopes on the rim, each counting a geographically distinct
area. This would be unusual in most parts of India, but has ap-
plication in the steep and rocky alpine areas of the Himalayas
(see section 2.4.6).

A large area requires a greater amount of time or a large
number of people. These raise problems of under/over count-
ing due to animal movement during the census, and to differ-
ent observers recording (or ignoring) the same animal.

The greatest problem with a total count however, is not
in the actual mechanics of counting but in the interpretation
of results.There is no real way of telling how accurate or how
precise the result is. You cannot give statistical confidence
limits based on normal sampling statistics to an estimate from
a total count. Even if a total count is repeated on three
successive days and gives results of 960, 970, 980, you cannot
tell if all animals are counted and counted once only - the
same bias may occur throughout, and the real total could be
1050 animals. These particular data do indicate however that
the method used in this instance is highly repeatable and that
if in the future a similar count gave 892 animals, one could be
Justified in assuming a population decrcase. Note that figurcs
of 970, 900, and 1040, would not allow you to say there had
been a decrease if you counted 890 next year!

What 1o do with successive total counts is a vexed ques-
tion - do you take the highest or the average as the best count?
If it really is a total count then the highest should be taken. If
you think not all of the area was actually searched, and you
can estimate how much was left out, then the data could be
thought of as a sample count and the mean value chosen,

In some cases a series of total counts of an area could be
used to calculate a best estimate by a bounded count or jack-
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knife technique, see Appendix 5.2. A statistician should be
consulted for this.

I The problem with sample counts:

Sample counts involve searching a smaller area, which
automatically means less manpower, less expenditure and
less disturbance to the system. These are distinct advantages.

Sample counts have the.disadvantage of that the actual
sample areas counted have to be known and measurable and
discernible on the ground. So do all the very many census

units for a total count based on block census. The choice of

sample intensity and the location of sample areas are of
importance in census design and planning, and there are a
greater number of assumptions to be met in accepting sample
census results.

In general the following assumptions have to be met in
implementing sampling programmes:

a) the objects to be sampled (animals) are distributed at ran-
dom in the sampling space (the area of the reserve)

b) the sighting of one object does not influence the chances
of sighting another

c) the conditions affecting observer - object encounter do
not change during the operation.

Of these, the first is perhaps the most important and is
discussed more fully in the next section. The second is true
for solitary animals, but only becomes true for gregarious
animals if the herd is taken as the sample object. The third
may be taken as met if the whole operation is undertaken in
one ecologically homogenous time period i.e. the late dry
season, or winter or postrains etc. Animal reaction to observ-
ers should not change during the operation, i.e. by becoming
habituated, or wilder, due to disturbance.

The use of sampling statistics in planning a census:

[The readers are advised to read the appendices on statis-
tical terminology (5.1) and on calculating variability
(5.2).

If animals are distributed uniformly, as for example trees
are uniform in a plantation, then each same sized sample
would have the same number of individuals; e.g. in every 0.1
ha there may be 50 trees, and there would be no variation
between samples. Large animals are not distributed uni-
formly, but may be considered to be randomly distributed if
in a homogenous environment. If a single 1 sq. km. sample
was Jooked at there may be 0 or 10 animals in it, i.e. there
would be greater variability. Sampling statistics are about
understanding and using variability. If a sample count showed
50 animals this year and 100 next year, would you be justified

in assuming a doubling in total population size? No, not
unless you had some prior knowledge of variability and

sample intensity.

If a series of counts of equal area of 1 sq. km. give
2,4,6,8,10 animals, the mean number is 6. Another series
may give 4,5,6,7,8 animals, again with a mean of 6. The two
systems differ in their variability about the mean, where the
mean would be the estimate of the actual number of animals
in that 1 sq. km., i.e. 6. However our confidence interval
about the mean would be different in each case.

Note that if a large number of samples are taken then one
will be more confident that the estimated mean density is
close to the actual true density, but if the sample size is small,
then one would be less confident of the mean. The word
“precision” in sampling deals with the variability of the
system and sample size. A “precise estimate” is one that
would be found again if the exercise were repeated. This
could be for example, because there is little natural variation,
i.e. most square kilometers of forest have 5, or 6, or 7 animals
in them; or, because a very large number of samples has been
taken. Accuracy however deals with the level of error in the
method. A method may be very precise but inaccurate, due
for example to inability to see:calves of rhinoceros in tall
grass. When accuracy suffers from a known and consistent

bias, then the estimate can be corrected by a suitable correc-

tion factor.
Conclusions

Total counts have greater acceptance by laymen, but in most
cases are difficult to undertake, and are inefficient in use of
resources. They have greater levels of disturbance. Total
counts do not have confidence limits allowing the testing of
significance between successive counts.

Sample counts are less convincing to a layman, but can give
biologically and economically more efficient results than a
total count. Sample counts need greater efforts in design
and planning to ensure statistical assumptions are met,
but can give a greater quantity of usable information.

1.4 THE PROBLEM OF ENSURING
REPRESENTATIVE SAMPLES AND
THE USE OF STRATIFICATION

Background

The previous section stated that sample counts required
thfa assumption of animal groups being distributed at random
within Lt.le census area. In most cases, for large protected
areas, _thls is not true. Protected areas have several habitats,
a.nd wildlife species will have different ecological adapta-
tions and habitat requirements. Each, species will not be
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distributed equally throughout the area but will prefer some
habitats and avoid others. They are thus not distributed at
random.

Non-Random Distributions

Non-random distributions are common place in nature. In
the severe dry season most animals which are at all water
dependent will congregate near waterholes or in areas of more
palatable forage. Many animals have higher densities near
habitat edges or ecotones; chital around the periphery of
meadows in sal forest in Kanha form a good example. Road-
side in many protected areas are purposefully cut back as fire
breaks and view lines. Regenerating vegetation attracts many
animals such as chital, boar, gaur, which may have signifi-
cantly higher densities along roadside than elsewhere. This is
obvious in many parks and sanctuaries in India.

If a census operation used such a road system for transect
counts of say chital, what would happen? A density would be
obtained from animals seen on periodically cut roadside
verges, and this is going to be very much higher than the over-
all density of chital in that forest block. The census would
greatly over-estimate animal abundance. It would have a high
positive bias.

In many cases roads avoid steep terrain, they may be
placed in valleys which naturally have higher wildlife densi-
ties. In some protected areas, artificial waterholes and
saltlicks have been constructed near roads, again attracting
higher than normal densities of animals. The opposite can be
true, with animals avoiding areas near busy roads, especially
with foot traffic. Dust and diesel fumes can also reduce pal-
atability of roadside vegetation.

The answer has got to be, “do not use existing tracks for
detailed density information”. Use them for comparing sea-
sonal or annual changes, use them for indices of abundance,
but NOT for density for the whole area. Roads can be espe-
cially created for census operations, with a random or system-
atic grid of tracks, with no roadside disturbance and no visitor
traffic. Otherwise transects will have to be along foot paths or
walking across country to ensure a representative sample.

Where the distribution pattern is naturally non-random
then different techniques can be used. Firstly the non-ran-
domness may be seasonal, as for example congregating by
water in the dry season, but being widely dispersed after the
rains which may be the best time to undertake the count.
Where there are still distinct distribution differences, then
stratification must be used.

Stratification

Stratification means zoning. The study area is split into
zones, which are counted and analysed separatcly. Zones mi})’
be based on habitat factors such as vegetation type, terrain
etc., or management factors, such as core and buffer areas etc.
Whilst there may be an obvious difference between chital
density in sal forest and on meadows, one assumes that within
each of these separate habitats, distribution is not signifi-
cantly different from random.

The purpose of stratification is to reduce variability in the
data set and hence increase the precision by lowering confi-
dence limits around the estimated mean. An example may
make this clear. Suppose there are ten 10 km transects across
a 200 sq. km. protected area, five are in sal and five are in an
open Acacia-Zizyphus scrub. The following numbers of chital
are seen per square kilometre :

Transect Chital Density Density Data Stratified
Number per sq. km. overall Densities
1) 5 ) 7.4 per sq. km. )4.2+1.92
2) 2 )+S.D.of 3.95 YCV =45%
3) Sal 7 ) Which is a ) Confidence
4) 3 ) “coefficient of ) limits are
5) 4 ) variation of 53% )+ 1.03.

) and a standard
6) 8 ) error of + 1.25 )10.6+2.4
7) 12 ) which gives ) CV =23%
8) Scrub 9 ) confidence limits ) Confidence
9) 10 )of +2.75 ) limits are
10) 14 ) )+24

If the protected area has a total area of 200 sq km of
which half is sal and half is scrub, then total population

estimates with confidence intervals are :

Unstratified 74 + 275 x 200
Stratified  Sal 42 + 1.03 x 100
Scrub 1.06 + 24 x 100

1480 + 550
420 + 103) which overall
1060 + 240) is 1480 + 343.

nmonn

There is thus a considerable saving in precision, 343 is
much less than 550.

Stratification also allows you to place sampling effort
most efficiently. And remember that counting does take time
and money, efficiency is important. Rules of sampling proce-
dures suggest you put more effort (more samples) into areas
where densities are greatest or inherent variation is greatest,
and less effort (fewer samples) where densities and variation
are lower.
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Census Operations

2.1 SIMPLE INDICES OF
POPULATION ABUNDANCE

General

An earlier section suggested that managers are primarily
interested in two aspects of census. Trends of population
change (are they increasing, decreasing or showing no signifi-
cant change?), and knowing population response to manage-
ment inputs (are there more or less on burnt or unburnt areas,
areas weeded or with weeds, or where cattle have been
removed or water holes put in etc.?). This information may be
more useful than knowing absolute numbers of animals in a
given area.

We have also stated many animal species are difficult to
census directly by counting actual animals, as they are rare,
shy, camouflaged or nocturnal. However in many cases ani-
mals give signs of their presence in characteristic spoor, dung
or calls. Counting such signs or indirect evidences of an

animal's presence gives indices of population abundance
useful in management situations.

The best indices are those which increase linearly as
numbers increase, e.g. spoor and probably dung. Calls may
follow a curved response to population growth, as may nests
etc.

We discuss several possible methodologies for use in
Indian conditions - the interested wildlife manager will no
doubt be able to develop many more, or modify these meth-
ods to suit his particular circumstance.

Remember to think out the assumptions behind the
method you choose. If you count the number of trees dam-
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Swamp Deer Distribution by Compartment in a
Forest Range of 3 Blocks (fictitious example)

OR where no easy compartment
boundaries exist, a simple grid may
be prepared as shown here,

aged by porcupine in one area and compare it with data from
another area, can you be sure differences are due to porcupine
number? Perhaps differences are due to changed food prefer-
ences; the second area may offer more succulent roots or
tubers and so have less bark damage!

2.1.1 Presence/Absence and
Qualitative Mapping of Abundance

Introduction:

The statement that “Ranthambhore has sloth bear,
Sariska has none” - already tells you definite facts about sloth
bear populations in Rajasthan. The statement that “in Sariska,
caracal have been sighted in Sariska and Thana Ranges but
not in the others” gives a greater level of information on this
species. One would have more confidence in the statement if
it was qualified by, e.g.: “———— and staff have been spe-
cifically on the look-out for caracal for the past two years.”

For the rarer species, or for small units of land , the
simple statement of absence or presence gives useful data on
patterns of abundance. When done systematically the record-
ing of presence/absence data can yield valuable results. Note
that this has not yet been done for most wildlife species in
India.

A Survey by Forest Management Units or Grid Squares:

Within a protected area, it is often possible to plot the
distribution of a species by recording its presence or absence
in each compartment of each block in each range. An ex-
ample of such a survey (which can be done by questioning
beat officers) could be as follows, for say swamp deer:

77/

Hog Deer Distribution by 2 km x 2 km
grid square (fictitious example)




Techniques for Wildlife Census in India : A Field Manual

Qualitative Measures of Abundance:

Simple presence information can often be extended, by
for example, giving estimates of relative abundance such as
“rare, occasional, common, plentiful”, Care must be taken in
describing these terms for each species. Seeing three rhino in
a compartment might make you say they are common, seeing
three chital may be thought of as rare or occasional.

Such qualitative abundance estimates can also be
mapped, eg:

Note: Evidence such as dung may be used in building up
such pictures of distribution and abundance.

Some Mathematics

Caughley (1979) describes a quantitative census tech-
nique based on presence/absence frequency in small areas.

When survey blocks are small then the frequency qf
occurrence of the animal in the block can be used as quanti-
tative index of abundance using probabilities of presence.

Using Shading

KEY

| Abundant
Common

a

/ N\
Dl

RIEv,

or Using Numbers in Grid

4 4 3 1

4 4 3 2

3 3 2 2
OR

3 2 0 0

1 1 0 0

1 0 0 0

4. Abundant 3. Common 2. Some 1. Rare 0. None

Note that descriptive words such as ‘few’ or ‘common’ etc. must be defined for each species in each area.

Seasonal Change in Abundance:

If such estimates can be made at different seasons then
information on seasonal patterns of abundance can be given,

N ™,
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Note that if the block becomes too big then the probability of
occurrence becomes 100% or 1.0 (Probabilities are best given
as fractions). For example, what is the probability of finding
atigerin 1 sq km of Kanha N.P.? There is obviously achance,
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Distribution of Chital in a Protected Area.

Caution;

These maps indicate estimates of relative animal abun-
dance. It is important tocheck that they do not become maps
of searching effort. Each square or compartment should be
searched equally thoroughly, or each beat officer should be
questioned and information followed up by the same person.
There is great scope for observer bias, and care must be taken
in checking bias and in not giving too high a degree of con-
fidence inresults. They indicate patterns, not absolutes.

let us say 20% or 0.2. But if we are to ask of the probability
of finding a tiger in 100 sq. km., the probability is 100%.

The Probability of a survey block containing an animal
is: )
n
P= — n=number of blocks with an animal
) s = number of blocks sampled.

The Variance of P (by which you can tell if the
probability is different from year to year) is given by
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Pq
(whereq=1-P)

V() =

s-1

For example, if you survey 100 blocks and 60 have presence
of the rare species then:

60
P= — =06
100
(0.6 x 0.4)
and V(P) = =0.0024
99

This means that the real probability P lies between

0.6+ 0.0024

Another survey the following year, when 51 out of 80 blocks
had the animal gives a value of:

51
P=— =0.638 and V(P) = 0.0029
80

The two values of P can thus be taken as significantly differ-
ent.

2.1.2 Road Side Index for
Monitoring Population Trends

Introduction:

It is frequently stated that for nearly all management
purposes information on population changes is required
rather than actual numbers. Trends are easier to monitor than
absolute numbers and require less statistical and sampling
formality for interpretation. This section describes a simple
technique for collecting systematic data on animal presence
which can be analysed to give population trends. This is often
called monitoring a population.

The Basic Data Unit:

What is needed is the collection of specific statements of
animal presence, which can be located in time and space.
When summed and averaged over a time interval, these
statements give a mean value of animal presence which can
be compared with other time intervals, (eg. last year) or other
areas. For example “Driving from Dhikala to Paterpani in
Corbett National Park (11 km) on 2/2/86 from 6-7 am.,Isaw
27 chital and 4 sambar”, is a specific data statement and it is
repeatable. This could be further elaborated as “This was
repeated five times in February and the average count was 34
chital (range 19-48) and 6 sambar (range 1-11)”.

“In April 1985 I saw 30 wild boar in Dudhwa” is not
repeatable, as the effort, how much distance, and time and

place (where in Dudhwa) are not known. The reader cannot
tell if the observer spent 30 days in Dudhwa and saw the same
animal each time, or if 30 animals were seen at one time,

Methodology:

This method is designed for surveys along tracks and
roads, and can be used for walking/cycle patrols along trails,
vehicles along roads etc.

Within the study area a number of tracks which can be
covered regularly, and which include representative areas of
all habitats, are chosen for monitoring. A distance coverable

in 2 hours or so is the maximum to be chosen, e.g. 30 km, by
vehicle.

A decision is taken to cover this network a number of
times per time interval, e.g. 5 times per month, when moni-
toring is undertaken. These travels can be undertaken in
conjunction with other duties, but during travel itself, obser-
vation has priority, e.g. slow speed (20 km per hr) and the use
of regular observers. Such travels are best done in the mormn-
ing.

Example of a Monitoring Network of Motorable Tracks in
a Wildlife Range:

Range Boundary

Count Over
Once Only

Range HQ

The track is split into kilometre segments using the ve-
hicle mileometer or marks on trees. Animals are carefully
searched for. Sightings can be entered on a proforma as:

Animal Monitoring Date Recorder

From To ° Time out Time in

No. |Km. |Sp. No. |[M|F | IMM | Notes

1 |2-3 |Chital 27 Eating ber fruit.

2 |4-5 |Nilgai 8 01513 1 F in poor condition
3 |[4-5 |[Boar 6 - |- |- etc.

etc.

On the reverse of the proforma, trip totals can be ‘summarised
e.g.

Species No. of Obs Total
Nilgai 3 29
Chital 11 77

cte.

It must be emphasised that each trip acts as one sample,
and consecutive samples may differ greatly from each other.
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Data are therefore best presented as averages. For each census How many trips should be made per time int_erval‘{ This
time interval (e.g. one month) the mean and range of sighting ~ depends on the variation in the distribution of a{llmals in the
totals can be given, for example: study area. If consecutive daily counts are very different, then

several trips (over 5) should be made. Again, how precise do
you want the data to be? If you hope to pick-up annual
Month May 1984 Sariska to Kaligati Moming Counts 5-counts changes of say 10-15% in population size, then a very large
number, may be 15 trips, will be required. This need not be

Date Nilgai Sambar Chital
done every month. Large data sets could be collected once a
12-5-84 14 4 72 year, other months being used for data showing change in
14-5-84 29 9 64 seasonal distribution.
etc.
The kilometer grid mentioned earlier is useful for corre-
Total 125 60 290 lating animal sightings with habitat features - e.g. vegetation,

water, disturbance. Segments with a consistently higher or
lower number of animals than the average can be examined in
detail to determine important habitat factors. This however is
. o _ beyond the scope of this manual on census techniques, but a
With data sets of 5 or more samples per time interval, it diagram is used to illustrate possibilities.

is useful to give confidence limits to the mean value so as to

detect significant changes (See section on statistics, in appen-

dices 5.1, 5.2).

w
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Mean 25 12
Range 14-38 0-21 36-91
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Notes. This method is frequently used for monitoring bird populations, e.g. Kalpavriksh (a non-governmental environmental
organisation) in Delhi have counted birds seen over the same set route in several arcas over the past eight years.
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Box 1
Field Example: Roadside Monitoring

Sariska Tiger Reserve
Patterns of abundance and distribution are displayed Data come from several coverages of the 17 km road

for three common ungulates in the main valley of Sariska transect either in the early morning or in the late evening
Tiger Reserve. Data are given for the post monsoon for each time period. Animal sightings were noted within

period - November. separate 1km long segments.
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- 2.1.3 Dung Surveys

Introduction:

Dung is a reliable indicator of animal presence (provided
one can identify the species !) and has frequently been used
for estimating abundance. In certain situations dung counts
can lead to actual population estimates, but there are many
assumptions to be met, and this technique may not be easy to
implement in the tropics (see a later section 2.2.2). However
dung counts can more easily be used as an index of popula-
tion abundance. If at time 1 there is an estimate of 120
dropping per ha and at time 2 there is an estimate of 240 per
ha, the inference is made thatthe population size has doubled.
(Theoretically population size could remain unchanged and
defaection rate could double. But this is assumed not to take
place!)

How then to collect data on dung density distribution?
Field Methods:

i) The first criterion is the correct identification of dung
from different species, and the second is the recognition and
separation of different groups of dropping.

Superficially the individual pellets of sambar, nilgai and
chital dung are similar. Chital are smaller of course, but there
are large chital and young sambar! Nilgai frequently make
use of lavatory sites and dung is deposited on large heaps. But
this may not always happen. A large heap is definitely nilgai,
but single individual group of pellets may also be nilgai, and
could be confused with sambar. Sheep and goat pellets over-
lap with chital, and camel may overlap with nilgai.

Differences are in size, shape (roundness or clongation)
and pattern of indentations or protuberances at the ends of
each pellet. The best way to ensure accurate dung identifica-
tion is to keep a selection of pellets of each species in
transparent bags in your pocket. These pellets should be
collected when you sce an animal defaecating. Try and take
pellets from male, female and immature animals. Use these as
a reference for comparisons in the field. Note that a single
pellet may be aberrant, always look at the whole group when
identifying species. Seek the help of experienced local
people. Stimulate discussion, ask several people, and ask for
their reasons for discrimination between species.

Separation of different groups is based on thought and
experience. Usually dung is deposited at one spot, but a
moving animal may deposit dung over a few metres. If size,
shape, colour or apparent age of droppings differ, then as-
sume they are from different animals. If there has been recent
rain, surface wash may have moved pellets down slope. Cold
dry seasons when there is reduced insect and weather break-
down of dung are best for dung surveys.

ii) How carcfully docs one search for dung? We have done

12

field trials where very careful and slow searching, invo!vmg
turning over all leaves and examining the litter, does gIve 4
much greater number of pellet groups than a more rapid
surface search. However we ar¢ dealing with indices of rela-
tive abundance not absolutes. Provided the level of searching
intensity does not change during surveys, the intensity itself
does not really matter. Care should be taken that the system
does not change during the survey, for example leaf litter fall,
which would mask much of the dung.

iii) Sample plots should be designed to allow easy searching.
Plots that are too large take an excessive time to cover, and
portions may be missed out. Plots that are too small are
inefficient in that several of them will have no dung and yet
time is taken up locating and setting up plots.

Quadrats are time consuming, especially squares or rec-
tangles, when setting out exact right angles at the corners is
difficult. A circular plot using a central peg and fixed radius
string is easier to use. If several strings are attached to a
central peg, then it is easier to move around obstacles, €.g.

FIXED
RADIUS

STRING .

Example of a simple circular sample plot. (e.g. 2.0 m)

I prefer transect samples, in that they are easily extended
to cover a larger area, they run across micro-habitat diversity
(e.g. shade, non-shade; thicket clumps and openings; small
scale topography etc.) whereas quadrats have to be placed in
a small location, and this is often subject to observer bias, ¢.g.
avoiding Lantana or thorn thickets. We use 25m transect
lines, with a 2m width (30 paces is approximately 25m).
Width is determined by using a 1m stick from the centre of
the walked census line e.g.

1 M stick used for width demarcation

Walk olong y.4 N
the centre orart ‘/ \{ END
fine of A }—= ot — ({IDLurQQ
transect TRANSECT
tree used
YK for aiming

F

a particulor group of pellets
examined and found to be outside the transect!
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Transects or quadrats should be large enough to allow
most samples (over 60%) to have 1 or 2 dung groups at least.
With low density populations, transects may have to be 50 or
100m long. For elephant, transect width could be doubled (or
in open tountry quadrupled) as droppings are easy to locate.

Sample Design:

The accurate definition of objectives is important. Let us
take the simple case of comparing use of two adjacent habitat
types, e.g. Zizyphus- Butea grassland in valleys and adjacent
Anogeissus pendula woodland on slopes, a typical feature of
Sariska Tiger Reserve. The goal should be clear - is it to
compare just two specific localities, or all patches of Zizyphus
and all patches of Anogeissus in Sariska? If the latter then an
adequate proportion of such patches should be selected from
the whole protected area. Use sampling design considera-
tions, see appendix 5.1.

The whole habitat unit should be searched, not just
edges. Base line transects should run across the whole area

e.g.

Secondary transects arranged
systematically

Diagrom shows use of tronsects
and circular somple plots

1. Baseline transect A—B
2. Secondary transects arranged systematically

Diagram shows use of transects and circular sample plots

The diagram shows a number of samples (transects and
quadrats) placed along second order transects which system-
atically cover the whole area of interest.

Note that the sample area should be homogenous, and so
we should expect secondary transects to have similar mean
dung densities. The same may not be true for individual
samples. Samples near a stream or near habitat edges may
have significantly different densities. Major transects should
cut across such zonation. Each individual sample should be
totally within one homogenous zone ie. a 25m x 2m
sample should not cover two major habitats.

In practice we have used a sampling grid of sample
points spaced every 50m along a transect, and these transects
themselves being 200m apart along a baseline. Ten transects

with 5 points may give an adequate sample size for each
locality.

Data Recording:

Each second order transect will be recorded separately on
a proforma, possibly by a different census team. Two people
per sample transect works well, one to walk, search and calj
out sightings, the other following, recording data on the
proforma, e.g.

TRANSECT A, Kalighati area, 22-10-86. Obs. H. Patel.

Sample | Nilgai |Sambar |Cheetal | Other | Habitat
Transect

1 11 21 1 111 3 | Boar 1, |Flat, open

2 1113 (0} 1 1 |[NL Flat,tall grass
3 o (11 2 111115 | NIL Flat, open

More detailed habitat notes can be put on the back of the
proforma.

Data Analysis:

Total for each transect should be calculated from all data.

Number
Transect | of sample | Nilgai | Sambar | Cheetal Boar
points
A 6 6 3 12 3
B 6 9 4 10 0
Cc 6 4 1 14 1
etc.
Mean Values 8.2 31 13.6 1.9
Standard Error 1.0 0.6 20 702

Convert the data to density per hectare (or other standard
area measure).

If 6 separate 2m x 25m samples were used for each
transect then the area searched is 6 x 2 x 25m = 300 sq m.

Dung Density per hectare then becomes

Density/ha 273.3103.3 453.3 63.3 groups/ha

Standard Error  34.0 21.0 65.0 6.7

. 2
as: 8.2 in 300m? = %ﬂ) x 10,000=273.3 groups per ha.

Valid Comparison:

i) Can one compare chital and sambar occupance of Zizyphus
from their dung? Does knowing chital have 453 and sambar
103 dung groups per hectare have any value?

The strict answer unfortunately is NO, all we can talk
about is dung, not animals, as we do not know defaecation

13



Techniques for Wildlife Census in India : A Field Manual

rates. If chital produce 4 times as many groups of pellets per
day as sambar (which could mean fewer pellets per more
frequent defaecation) then there would be more sambar than

chital in the area!

Note nilgai are difficult to compare as they have differ-
 ent defaecation habits, using lavatory sites, where detection
of individual groups of pellets is virtually impossible.

Data do indicate trends however, especially if dung
densities are very different, one could infer differential use.

ii) Can one redo the count next year and compare sambar
figures from 1986 to 19877 Assume next year there are 168
per hectare. Can one assume an increase? ONLY if you can
assume similar conditions, i.e. rainfall timing and intensity,
which may have broken up dung two weeks before the 1986
survey, but there may have been no rain for ten weeks in
1987!

Choose similar conditions and methods at 2 time of year
when environmental parameters will have little effect.

iii) Can one compare chital in Zizyphus and Anogeissus?
Assume there are 453 per ha in Zizyphus and 204 in Anogeis-
sus. YES provided you can assume defaecation patterns are
the same in both habitats. Observations on red deer suggest
they have different rates of defaecation during feeding and
resting periods. If they feed in Zizyphus and rest in Anogeissus
in shade, then comparisons may not be valid!

Box 2
Faecal Pellet Analysis to
Determine Herbivore Relative
Abundance in Three Habitat Types
(Sariska, November 1986)

Data in Density of Pellet Groups/ha.

Species Zizyphus Anogeissus Boswellia
Valley Slopes Ridges
Nilgai 114 19 21
Sambar 1678 2994 3479
Chital 2967 2338 656
Sample Points 51 24 20

Each point consists of two 25m X 2m transects.

Note Low density for nilgai as a pellet group is a large
lavatory site. Nilgai dung is more abundant in the

valley.

Chital have much less dung on the rocky ridges
whereas sambar dung density is highest there.

.14

2.1.4 Waterhole Technique
for Wildlife Census

Introduction:

A census technique where large animals are countt?d
from a hide as they visit waterholes, is in widespread use 1n
the drier parts of India, e.g. Sariska, Ranthambhore, Gir,
Melghat, Tadoba. The technique is used where all dry season
water sources are known, when such sources are not too
numerous and where ‘water sources are distinct localities
widely scattered in the census area, not long meandering
streams or rivers. The method does have value as an index
count, but the large number of untested assumptions means
that there is no validity for its use to estimate actual popula-
tion size.

Assumptions:

Basic assumptions to use the method as an index are as
follows:

a) That there is a linear relationship for each animal species
between the number of animals seen drinking per time period
and the number of animals in the area.

b) That field staff are able to record an unbiased estimate of
animal numbers drinking at a waterhole; i.e. staff remain
awake, are literate and that their presence in a hide does not
deter animals from drinking.

Assumption ‘a’ probably is true although the relationship
may not be simple and will differ from species to species and
between age and sex classes, and probably will not be the
simple “each animal drinks once per 24 hours”.

Assumption ‘b’ can be made true by effective project
design. We do know of cases, however, where project staff
have fallen asleep, where census staff were illiterate and
guessed numbers seen, where hides have been built on top of
waterholes giving a real noise and smell deterrent, and where
staff have lit fires, made tea, drunk alcohol and cooked at the
base of the hide. In some cases less than a 24 hour period was
used to approximate a 24 hour period: e.g. 2pmto 10 am,e.g.
9 am to 7 am the next day, with an untested assumption that
“few animals drink in the missing hours”.

For attempts to estimate actual animal numbers, a further
assumption in necessary - that the frequency with which an
animal drinks is known. In India many people use the un-
founded assumption that animals drink once per 24 hours.
There is NO biological basis for this fact. Cervidae with less
heat tolerance and water conservation adaptations than Bo-
vidae almost certainly have different drinking regimes.
Immatured and lactating females will have different require-
ments from males. Cloudcover, humidity etc., will affect
water requirement, as will the availability of green forage
with its own high water content. If the exact frequency of
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drinking by the study population at that ecological time
period is NOT known, then there is NO justification in at-
tempts to estimate total population size. Frequency could be
obtained from observing marked animals, but that is outside
the scope of this section.

A survey in Madras Zoological Gardens showed chital
drank three times more frequently than nilgai.

Methodology:

1) The survey should be undertaken at the time of year with
the least availability of water. This will often be in mid-late
May.

2) A prior survey should locate all water sources in the entire
census area. Simple access to the water points should be
opened and a machan/hide constructed.

3) Machan construction should be for at least two people and
whilst allowing for adequate visibility should be far enough
away from the water that animals are not deterred from using
the water sources. Machans should be complete a few days
before the census period.

4) A census period during full moon should be chosen.

5) Field staff should be selected well in advance, using one
experienced literate person plus one helper for each machan.
Staff should check their machan suitability before the census
operations.

6) Staff should be trained in methodology and in using the
proforma, by a trial run sitting at a waterhole for a few hours,
and they should be aware of the objective and importance of

the census. They should take food, water, clothes etc. with_

them for the full census period. Binoculars should be issued
at the most important waterholes. All staff should have wrist-
watches.

7) Census should start in the evening of day one, with staff
having rested (hopefully sleeping) during the day. Data col-
lection should start an hour after arrival in the machan, to
eliminate the disturbance period. An evening start gives staff
a better chance of staying awake during the night period. A
cheap alarm clock continually being set for an hour ahead
(and placed in a muffled blanket) reduces the risk of long
sleeping periods. The census should continue for a full 24
hours after data collection began.

8) A suggested proforma is given below. The most important
columns are species and total numbers seen. It is not realistic
to expect staff without binoculars to accurately determine sex

and age classes, or even to do such sexing at night with
binoculars!

9) After the census is over, forms from all waterholes are

15

collected at range offices and checked by the range officer
and forwarded to the census co-ordinator who will compile
species totals.

Interpreting Results:

What do the results mean? The result is an index of animal
presence. A large population will have more animals drinking
than a small population. If populations increase in size, then
the number of animals seen drinking will increase. Data from
successive years can be compared to show trends in popula-
tion size, provided conditions remain constant!

A study! in Kruger N.P., South Africa, illustrates the
problem of trying to estimate actual number. Animal numbers
are well known in Kruger from aerial and ground survey.

Species Actual Relative Relative
.Abundance Abundance
in Kruger at Waterholes
Impala 70.7% 18.4%
Zebra 9.0% 34.7%
Wildebeest 8.1% 21.4%
Elephant 4.1% 1.9%

The pattern of animal presence at water is very different from
the actual density.

It is useful to know how consistent a figure can be
obtained for animals seen drinking at each census period. If a
first count gives 282 nilgai and a second count two days later
gives 171 or 369 then the method has little value and a figure
of 380 the next year could not be used to indicate a population
increase. Repeating counts a few times in one time period can
give an indication of consistency or repeatability. It may not
be realistic to expect managers to mobilise staff to recount
every waterhole two or three times in a week. But a propor-
tion of waterholes should be repeatedly counted. Either
choose waterholes with large numbers of animals or choose a
group of adjacent holes and count each three times. Use the
mean figure and lower and upper limits to indicate the range
of expected values for the whole area in that year.

from an initial total count of 52 waterholes, 520

nilgai were seen.

2) two or three repeat counts of 10 waterholes gave 120
& 168 nilgai and 146 in the 10 holes from first count.

3) mean count value is 145 nilgai for these ten sample
waterholes, with a lower level 25 or 17% below, and
a higher level 23 or 16% above.

4)  this will give a range of census values of 432 and 603

around the total 520. '

e.g. 1)

Young, E. 1972 The value of waterholes in estimating wild animal popula-
tions. Journal of Wildlife Management Association of South Africa. 2(1)
2223
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Proforma for Waterhole Census

SL |Time | Species| Number| Adult| Adult [Imma-Others
No. Male | Female| tures

Range

Block 1 5.35pm Chital 2

e 2 550“ Sambar 7

Name of Observer

Date 3 650“ Langur 29

Time started etc........

Time finished

Signature of R.O.

Note: The following diagram portrays the pattern of time of drinking for different animal species, and stresses the importance
of a full 24 hour count (data from V.B. Mathur, pers. comm., 1989).

0-10 10-11 11-13 13-1 1-2 23 34 48 B8 0-7 78
PM. AM.

10 4

o

o = i ,r“..'

Chital

6-9 ©0-10 10-I1 11-12 12-1 12 23 34 448 50 8-7 T8 68-0
PM.

Time

9-10 10-11 11-12 123-1 1-3 3-3 3-4 40 B8 O6-T 7-0 B-8 0-10 1.0-11 11
PM, AM,

Time
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10

Nilgai

{
9-10 10-11 11-12 12-1 12 23 34 48 68 B6-7 78 68-8 ©9-10 10-11 14-12 12-1 1-3 3-3 34 46 68 6-7 78 B8-9
PM.

Time Pl

Box 3 Waterhole counts in Tadoba National Park, Maharashtra

An interesting paper on the use of waterhole counts in India is : R. Choudhary, 1987 Methodology for
population estimates of herbivores: a statistical approach in Indian conditions. Tiger paper 14(3): 11-17.
The paper presents a detailed methodology and census data. One point is highly questionable, and that is the
assertion that a six hour period (1600 hrs to 2200 hrs) is adequate to count all animals coming to water! Detailed
observations in 1989 showed animals drinking at all periods throughout a 24 hour day and that different species
had different peak periods (V.B. Mathur, see diagram). A six hour period will give another form of relative
abundance estimate, but can not be used to estimate absolute number.

The paper shows animal numbers over 3 consecutive years.

1984 1985 1986
Gaur 218 93 202
Chital 1246 1027 1602
Sambar 133 182 256

1985 low numbers are explained by disturbance due to bamboo working. Tadoba is adjacent to the extensive
Andheri Wildlife Sanctuary and animals move from one to the other, Ideally censuses shouid cover 2 complete
ecological unit. .

Within the one year however, repeated counts at waterholes showed considerable variation, but this may
have been confused in adequate timings,
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2.1.5 The Use of Calls for Bird and
Other Species Census

Introduction:

Sounds indicate the presence of a species in a locality,
but the opposite is not true, no sound does not necessarily
mean no animal. It is obvious thén that any ‘use of sounds,
calls, roars etc. must be done very cautiously. Can one as-
sume that if one hears 4 chital alarm calls in 5 minutes there
are more chital present than if one hears only 2? No! A lion
who has long held a territory against few competitors may
roar infrequently. A lion who has recently won a territory and
has many competitors may roar much more often. Moonlight,
females in oestrus, state of hunger etc. may all affect roaring.

If one starts with the premise that a call does indicate
animal presence, then the recording of calls from several
separate sites in a short time interval can be used to give a
minimum estimate of the number of individuals in an area.
Variations of this technique have often been used with birds.

Bird Calls:

The males of many bird species use calls to indicate
territory ownership or to advertise for a mate. Species vary
from tiny song-sparrows to large bustards, cranes and ground
thbills. Production of calls varics seasonally, being most
frequent at the start of the breeding season, and varies diur-
nally, being most common at dawn, and sometimes at dusk as
well. Weather changes may affect vocalisation. The first pre-
requisite of a census based on calls is to choose the appropri-
ate season and appropriate time of day.

In some cases it may be possible to stimulate a bird to call
by playing calls from a tape-recorder. This technique is often
used with pheasants, who view the call as an intruder in their
territory and will call back to the intruder.

Note that these methods do not directly count females or
. immatures, or possibly even non-territorial males - only adult
calling males will be counted. This in itself may be of suffi-
cient value, in that different areas, different years and differ-
ent management activities can be compared.

Census Operations:

1) In hilly terrain, such as in most pheasant areas, it is possible
to find vantage points on ridges or hill tops, from where calls
from several areas can be heard. (Pay attention to wind
direction when planning listening sites, wind greatly affects
your ability to hear calls). A complete hill-valley system
could be covered in such a way by a series of observers.
Double counting can be eliminated by recording the time of
each call, its direction (usc a compass), and approximate
distance away. By comparing adjacent observers’ notes and
using a good map, double calls will be prevented.
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Such vantage points can be used to play bacl.c bird calls,
but again remember that down-wind response will be much
greater than up-wind.

Data on number of calls can be used directly as indices of
population abundance; or, by knowing the arca which has
been censused, (how far can you hear a bird calling?) an
estimate of density can be made. Hill systems allow such area
measurement, as ridges will be prominent on maps and when
locating calls.

2) In flat terrain, such assal forest in the terai, it is possible
to census jungle fowl by recording calls heard whilst walking
along transects.

There are many variants of this method. The observer
should walk slowly and silently along pre-planned transect
lines at the optimum time of day and year. I prefer to stop
every hundred metres and listen for a full minute, turning to
face all directions. When a call is heard the location should be
noted including your position along the transect (e.g. between
450 and 500 metres, bearing 060 degree and approximately
40 metres distance).

In this case you are getting information on the number of
birds heard calling along a sample transect. It will be neces-
sary to run several transects to get adequate data on a particu-
lar area. Data can be used as an index of abundance. In this
case the average number of calls per kilometre of transect will
be the value to use to compare habitats, years etc.

Estimates of the density of calling birds can be obtained
by knowing the width along the transect in which you can
hear calling birds. The perpendicular distance to a calling bird
from the transect line can be estimated by guess work, or
calculated as follows. On hearing a call a compass bearing is
taken, a short distance is moved along the transect, counting
metres walked, and another bearing taken on what is assumed
to be the same bird still calling. The two angles and base line
distance are drawn on paper (graph paper is best) using
protractor and the perpendicular distance is measured, e.g.

Base Line TRANSECT
O i = e S S s et =0
< >
Angle one ' } Angle two
Perpendicular
distance to be o. 0

measured I

Two observer
points
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The conversion of a number of calling distances to an
estimate of how wide a transect is covered is problematical.
One solution is to take the maximum distance and use this as
the estimate of strip width.

Strip width and transect length give you the area neces-
sary to calculate the density of birds calling:

n

e.g. Density = ——

g e Lx2W

Where n is total number of birds heard calling summed
over all transects.

L is total transect length

Wis strip width, the figure 2 is to cover both
sides of the transect.

The density value can be calculated once for all transects
combined or, in order to get confidence limits around the
estimate density, it can be done separately for each transect.
In this case transects should be long enough to ensure a few
birds are heard on most occasions. Strip width however is best
calculated from the overall data set and the same value used
for each transect. (See section 2.3.3 for more details of this
formula).

Each separate density estimate for each transect can then
be used to give an estimated mean density with a measure of
variation. Transects of different lengths may need to be
weighted; equal length transects are easier to deal with.
Nortun-Griffiths’ book “Counting Animals” gives formulae
to us2 for unequal length transect lines (see reference list).

Extrapolating to total populations:

So far we have considered male calling birds. If extra
field work allows the observation of natural groups of the
birds, then male: female ratios and male: immature ratios can
be recorded. If the data set is good enough it can be used to
determine total population density, knowing the density of

males:

e.g.

Male density 3.5 per sq km

Observations 24 groups. Male : Female =1:24
Male : Immature =1:0.8

Total population density

= Males (3.5) + Females (3.5 x 24) + Immature (3.5 x 0.8)

= 35 + 8.4 + 2.8

=14.7 per sq km.
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2.1.6 Fixed Visibility Transects For
Monitoring Population Trends

Introduction:

Some protected areas in India have developed a series of
permanent transects for monitoring population abundance,
The most widely known of these is the Palamau Track Cengyg
Technique, developed in Palamau Tiger Reserve, Bihar, anq
used there for over 15 years (See Bibliography, Section 4),
The method assumes a constant fixed width visibility either
side of the transect or track, and it was suggested by them that
even if the width is wrong, the results still give a useful index
to population change. This, however, may not always be true,
as we discuss below.

Permanent Transects:

In Palamau, some 60% of the whole reserve has been
crossed by a network of permanently marked straight line
transects (using paint marks on trees). Transects are at fixed
intervals of 400 m and are parallel in each block in a direction
chosen to facilitate walking from one access road to another.
The transects vary from 1 to 5 km long.

In the early days, just the numbers of animals seen were
used as the index of population abundance, e.g.

1970 1971 1972 1973

Chital 597 625 541 623 (Note: These data are
for 249 sq km only)

Sambar 139 148 125 160

No assumptions were made about all ;mimals being seen
or not, the results were purely an index, and as such, the
results from 1970-73 would indicate a population which is

stationary.
Fixed Width Concepts:

In later years the Palamau authorities chose an estimate
of 50 m as their measure of lateral visibility either side of the
transects. This gives a 100 m wide strip every 400 m, and
hence results are multiplied by 4 to extrapolate to a total
count for the whole area.

The following data set has been obtained in such a way
in recent years:

1982 1983 1984 1985
Chital 23,071 17,476 18,399 15,657 (Note: These
Sambar 4,049 4,097 5307 3,850 data are for
Boar 13,509 14,322 11,498 8,576 900 sqkm)

This data has been taken to indicate a decline in specics
numbers, but is this necessarily true?
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Discussion

For any index to work, conditions have to be uniform
throughout the duration of the census period, the only pa-
rameter that may vary is the number of animals. If, for,
example only half the people were used in one year, a fall in
numbers could be expected.

In Palamau, the authorities have assumed visibility has
remained constant over the years, and that results indicate a
real change in numbers. However, at the same iime they
acknowledge that forest protection has caused an increase in
shrub density, grass height and forest regeneration - all para-
meters which could be expected to cause a decrease in visi-
bility. Their initial estimate of 50 m must have changed.

We suggest therefore, that no conclusion can be drawn
from these data, as there is great uncertainty about a key
parameter - visibility. The method is no longer suitable as an
index.

How can the method be improved?

Staff and trainees of the Wildlife Institute of India under-
took a combination of census methods in 1986 and 1987. Our
small sample of visibility estimates in December 1986,
showed a mean of 40 metres, varying from 22.5 m for langur
to over 100 m for elephant; chital mean sight distance was 35
m. Palamau authorities will have to measure visibility each
year, either from a proportion of animal sighting distances, or
from a number of fixed posts specifically set up to estimate
visibility. Our King census foot transect operation gave con-
sistent results from 1986 to 1987.

2.2 USE OF INDIRECT EVIDENCE
FOR ACTUAL POPULATION
ESTIMATION

To convert quantitative data on indirect evidences (e.g.
dung pellets per ha, tracks seen per km walked, calls heard
per hour etc.) into estimates of actual population size (e.g. 16
tigers in this range, or 12.9 chital per sq km) is difficult.

Such conversions depend on knowing accurately the rate
of production of the evidence, and for how long that evidence
remains visible. How many times does a chital defaecate in
24 hrs, and for how long are faecal pellets distinguishable?,
are pertinent questions. But they are difficult to answer, as
will be explained below. Even apparently simple parameters,
such as the frequency with which an animal takes water, are
complex to determine, as they depend on so many variables,
and they can only be very coarse estimates at best. A recent
study on elephant dung density, rate of defaecation and rate
of decay of dung heaps discusses the possibility of this tech-
nique in South India (Sale, Johnsingh, Dawson, 1990 TUCN/
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SSC Asian Elephant Specialist Group). The conclusions ar¢
that the method does have great promise, and needs further
refinement.

Another possible method to convert indices to actual
estimates of abundance is to use a different and direct method
so as to calibrate data from indirect counts. For example if in
a small restricted area there are only 35 chital, and there are
180 pellet groups per hectare per week, then knowledge of the
proportion of dung per chital could be used to estimate popu-
lation sizes elsewhere.

Finally, evidences may be related to individual animals,
such as identifying large carnivores by their pug marks, and
searching an area until all individuals are so identified. This
technique, the basis of carnivore population estimation in
India, is described below in considerable detail.

2.2.1 Pugmark Counting for
Large Carnivores

Introduction

The technique of censusing tigers was first developed by
Chaudhary and applied for counting tigers in the state of
Orissa in 1969. Later the first all India census was carried out
in 1972 which employed the technique by then called the
‘Cooperation’ census since it involved a large number of
professionals and local people. The census methodology is
described below, considering contributions made by authors
before and after Chaudhary. Reference are given in Section 4.

The Tiger Pugmark

The census is based on recording several distinguishable
morphological features of tiger’s footprints or the pugmarks
because studies have shown that each tiger in a defined area
has a “unique” pugmark signature which makes it possible to
distinguish individual tigers in the forest. The overall shape of
the pugmark helps in determining the sex. Fig. 1 depicts a
typical print of the rear left foot of a tiger. The terms used in
distinguishing the key identity features in the process of
pugmark analysis are indicated. The process is discussed
separately.

Where to Look for Pugmarks?

The smallest unit of survey and census is the forest beat,
also called the counting unit which bears a permanent serial
number. The person in charge of the beat survey is called the
participant. Tigers mostly walk along a well defined network
of forest roads, paths, wildlife trails, stream banks. They
choose well beaten paths and frequent water points like all
other wild animals. A census participant therefore must have
thorough knowledge of such features within his area i.e.
counting unit. If a tiger is present, survey along such favoured
areas especially in summer, must yield pugmarks.
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Preparing Tiger Pugmark Tracings

a) Equipment: The principal requirement of the census is
the detection and record of tiger pugmarks. The equipment
necessary is a tiger tracer, sketch pen, tracing paper, field
note book and ball pen, prescribed census format, topo-
graphic counting unit/beat map, a large scale range map
showing counting units, a 2 metre tape, plastic mug, plaster of
paris and a water bottle. It would be ideal to provide a field
compass to each participant.

b) Pugmark Selection and Tracing: Great care is re-
quired to select a ‘representative’ pugmark. The method is
based on the assumption that a trained observer can accu-
rately draw the key features of an individual pugmark. Best
prints aré obtained on hard and even open surface overlaid by
a film of dry or moist fine soil about 5 mm thick, or a com-
pact fine sandy surface. Prints obtained on large grained dry
sand, stony soil, muddy surfaces, deep fine soil are usually
distorted and not representative. Examine the trail and select

a print of the left hind pugmark on the bzst possible substrate.

Make sure that all edges of the foot print are registered and
are as sharp as possible. Place the tiger tracer on top of the
print so as to get the print in the central position of the glass.
The gap between the print and the glass must be uniform and
as narrow as possible to avoid parallax when the print is
viewed from the top. The glass should not however touch the
upper edges of the print. Angled lighting shows the print
features to best effect. Moming and late afternoon hours are
ideal. Position yourself on the ground, on knees to bring your
eyes vertically above the print and close enough to see all
print features clearly. Study the print carefully and satisfy
yourself about the clarity of the edges of toes and pad, then
using the sketch pen, trace the sharpest outer edges of all toes
and pad and any recognisable lines within the toes or pad
composition smoothly. Check and correct lines if necessary.
Some participants prefer using a series of dots along the edges
and then join these by drawing a line. During the process of
tracing, maintain the position of your eyes vertically over the
print segment being traced. If you change the position or
angle, distortion will result due to parallax.

When the trace is complete, mark the direction of walk
vertically on the tracing partially cutting the leading edge of
pad and the second toe. Draw a tangent at 9'0O clock to the
" marked direction of walk at the upper most point of the
leading pad edge (Fig.2). This grid helps in ascertaining
differences in lead pad edge inclination while comparing
traces. Remove tiger tracer, place a piece of tracing paper the
size of tiger tracer glass, hold it firmly over the glass by clips
or rubber bands. Hold the tracer against light so that the
tracing on the glass is clearly visible through the paper. Trace
thjs on the paper carefully without errors. Write with ball pen
your name and counting unit number in top left corrier of the
trace, location of the trail of pugmarks by a landmark in the
right upper corner with date and time. In the lower right
corner of trace describe substrate, the normal walk, foot fall
sequence, stride/step, sex, age class of the animal, print age
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(A, B or C) and the direction of walk (see details below),
Preserve the pugmark traced on the ground by surrounding
with small stones and placing a flat stone across and resting
on the ring for verification by a supervisor.

Right rear pugmarks can also be selected but if differen
enumerators in nearby counting units select left and right by
their individual choosing, subsequent comparisions in over-
lap zone may become difficult. Hence for uniformity the left
rear pugmark has been prescribed for preparing traces.

c) Determination of Normal Walk: Footfall Sequence:
Follow the trail of pugmarks over as great a length as pos-
sible, ideally over 500 m at least and observe carefully the
footfall sequence. There are six basic pattemns (i) hind foot
completely registering over the print of the front foot hence
only the prints of hind feet are obtained (ii) hind foot print
completely over shooting the front foot print (between dis-
tance important) (iii) hind foot print under shooting the front
foot print (rare) (iv) hind foot print partially over cutting front
foot print (v) hind foot print partially under cutting the front
foot print (vi) lateral and partial superimposition of hind foot
print over front foot print. It is possible that within a single
trail two or more patterns may be seen due to gait variation
but the commonest sequence should be taken as the normal
walk for the specific animal. Census procedures for a given
state must ascribe a code notation for each pattern. The appro-
priate code should be recorded on the trace as the case may
be. This is corraborative information (CI) for resolving close
identities based on morphology of the print alone.

d) Record of Stride/Step: A stride is the distance meas-
ured in centimetres between two successive prints of either
the left hind or the right hind foot as a result of a single
complete movement of the particular leg. A step is the dis-
tance measured in cms between the successive left and right
hind foot prints measured vertically between parallel tangents
drawn at 90 degrees to the direction of walk consistently
either through the highest point among toes or through the
lowest point on the heel. The step measure half as much as the
stride. Chaudhary measured ‘step’ distance and called it a
stride. So long as a term is defined and uniformly applied it
does not make a difference. Record at least 5 to 10 measure-
ments at random along the trail of the same animal on ap-
proximately plain section. Avoid slopes. Work out the aver-
age stride/step.

e) Identification of Sex: Draw a four sided right angled
polygon around the tracing of the print, touching the outer-
most point of the print on the respective sides (Fig.3). If the
polygon is nearest to a square the tiger is probably a male. If
itisaclear rectangle the animal is probably a female. Observe
the over-all shape of toes. Males tend to have toes nearer to
acircle. Female toes tend to be near to an oval. The front foot
prints of a male and female (when obtained) do not make such
distinctions, hence the hind feet prints are important as deter-
minants of sex. If there is confusion about the sex of the
animal, record it as sex unknown.
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f) Determination of Print Age: This can be achieved
very crudely. It is highly subjective but is better than not
having such a judgement at all. The information is noted at 3
levels— A, B and C. A indicates very fresh pugmarks, clean
and sharp edges, no fall-in of soil. B indicates relatively
recent pugmarks, well defined features but some obliteration
of edges due to wind. C category indicates older pugmarks
with diffused and obliterated edges: age class indeterminant.
Such estimates help a little in sorting pugmarks otherwise
close in appearance from separate sites. Date and time of
record and estimated pugmark age provide a clue.

g) Use of Plaster of Paris: An often used alternative to
pugmark tracings is making plaster casts of prints by using
plaster of paris. By mixing water in plaster of paris powder a
viscous mass is prepared which can run when poured but is
not watery. It is evenly and quickly poured over the selected
print. Sticks are used to make a temporary square frame
which is put around the print. This holds the volume of wet
plaster and prevents it from spreading out. Good plaster
should set quickly and dry. When dry it is carefully prised out
and the lower surface is carefully cleaned. A true replica, “a
negative” is obtained. Information is inscribed on the reverse
surface by a nail. In spite of the obvious advantage there are
problems with casts. They are inconvenient to handle. Large
space is required for studying 200-300 casts. It is very diffi-
cult to sort them. Casts often break when plaster is of poor
quality. Casts are three dimensional, made under varied soil
depth situations, they are that much more difficult to use for
precise comparision and analysis.

k) Substrate Problems: Certain forest situations pose
serious problems relating to substrate quality as a result
pugmarks are rarely seen e.g. terai and evergreen forest

habitats. Only wet patches may yield pugmarks. Wildlife'

trails and earth roads over dry surfaces are generally hard
packed and unsuitable for pugmarks. When such a situation
arises employ the use of a systematically laid network of
Impression Pads (IP). On earth roads and wildlife trails the
IPs are located at approximate intervals of some every 500
meters. Across the road or trail an area covering the width of
the road or at least 4 meters wide, whichever is more and
equal in length, is evened out. Gravelly or stony material
lying loose on the surface is swept off and a uniform thin layer
of fine soil or sand is spread over the surface. This IP is ready
to register footprints of animals walking on it. All well beaten
paths should thus have IPs on which tigers must walk at one
time or the other. Similarly IPs can be provided near water-
holes with unsuitable substrate surrounds the approaches and
margins. IPs are numbered, mapped and regularly monitored
for pugmarks. Such preparation if considered necessary must
be ready well before the census is scheduled to begin.

i) Typical Pugniark Related Questions:

) Difference Between the Front and the Hind Foot
Print: Footfall sequence permitting, all the four fect of the
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tiger may register prints. Census focuses on the prints of left
hind foot. The hind feet prints can casily be distinguished
from those of the front feet prints if the observer knows what
to look for. The front feet prints are appreciably larger than
the hind feet prints and less distinct on the same substrate.
The hind pugmark shows the three heel lobes almost of equal
size and a tangent drawn will touch the outer points of all the
three lobes. The front pugmark has the two lateral lobes
prominently displayed. The central lobe is appreciably
smaller and not in line with the other two i.e. a tangent drawn
to touch the outermost points of all lobes will touch the lateral
two lobes only leaving a gap against the central lobe. (Fig.4)

1) Distinction Between Pugmarks of an Adult Leopard
and a Tiger Cub: A tiger cub with pugmarks the size of an
adult leopard would be between 3 to 4 month old. At this
stage it is too young to move on its own and always is
accompanied by its mother. If such small prints are seen
accompanied by prints of a tigress, usually the smaller prints
belong to a tiger cub. However an observer is quite likely to
encounter a situation wherein a path is used by a tigress and
an adult leopard separated in time. Record the prints and ob-
serve. Adult leopard pugmark is compact, the toc spread and
toe advance is distinctly narrower than that found with a tiger
cub pugmark (acceptable substrate only). Another important
thumb rule is that the ratio-fraction between toe-size and pad-
size is smaller in case of a leopard as compared to that in case
of a tiger i.e. for the same size of pad the toes of leopard will
be distinctly smaller than those of a tiger. You need to have
a reference. All census areas must have such an example on
record to enable observers to appreciate the difference.

1) Distinction Between the Left and the Right
Pugmarks: Inexperienced observers often ask such a ques-
tion. Whichever the foot, the outermost point of the second
toe leads all the tips of other toes. This actually is the third
toe. The first or the dew claw being situated higher up on the
leg does not register. If the longest toe as we may call it is
second right it is a right foot print and if second left it is the
left foot print. In deep mud, deep fine soil the dew claw may
register by the side of the first toe. On slippery muddy banks
large claw marks may register infront of each toe. This is
exceptional and need not cause confusion.

IV) Determination of the Age Class of the Tiger: There
is no known technique by which the age of the tiger can be
estimated by pugmark features and size. The census format
has three categories adult, sub-adult and cubs. Cubs are taken
in the sense of very young animals, say up to 6-8 months old.
The census does not define this. As per convention a young
tiger not yet fully separated from its mother, between 15-20
months age is still referred to as a cub, though it may look as
large as its mother. In a broad sense pugmarks smaller than an
established average adult male or female pugmark size but
not to be confused with a pugmark identified with a ‘cub’ size
animal as above is recorded against the sub-adult animal
category. Admittedly this is a bit crude. The following crite-
ria be used to classify tiger pugmark by size (length) on
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comparable substrates in the three age class categories (a)
length > 12.5 cm: adult male, > 11.5 cm: adult female (b)
length < 9 cm: cub (c) all intermediate measurements: sub-
adult animals. Pugmark length is measured vertically be-
tween parallel tangents drawn to touch the tip of longest toe
and the outermost point of the lowest heel lobe. (Fig.3)

Other Tiger Signs

No tiger signs except pugmarks can be used to identify
individual tigers or to estimate their number. It is of course
possible to make use of tiger signs to derive indices of relative
abundance, (more about this later). In addition to pugmarks
which are the most conspicuous evidence of tiger presence,
signs such as scats and scrapes, claw marks on tree boles are
useful indicators of tiger presence and could be recorded in
terms of number per km length surveyed. These are not as fre-
quent and as easily detected as the pugmarks. Look for scats
along the middle and sides of road/path. Scrapes are often
associated with urination and scats. Fresh scats which smell
‘high’ can be detected when observer is downwind. The smell
is often mistaken for a rotting carcass or nearby presence of
a tiger. Old scats are often only aggregates of bleached hair
remains not easily detected unless the participant is actively
looking for it. Scats are more difficult to encounter in rains
and early winter when dung rolling beetles are active and
quickly remove all material except hair remains. Claw marks
made by tiger are usually found on tree boles with soft bark
e.g. Bombax ceiba, Madhuca latifolia. Claw marks are deep
with sharp edges, placed vertical or at an angle and may reach
up to 2 m height above ground or more. Look for hair sticking
along marks on the bole of the tree and loose pieces of nails.
If the participant has a good nose, fresh tiger marking can be
detected as a strong cooking rice aroma. It also suggests that
a tiger is likely to be nearby. Tiger presence can be detected
also by calls which are quite distinct. This however is by no
means a common place event since tigers as a rule are not as
vocal as lions. All evidences should be tied to locality and
recorded.

Tiger Sighting

Sightings should be recorded separately with mention of |
date, time, locality, distance at which observed, adult or |
otherwise, sex if identifiable and activity details. When the |
tiger moves away, the pugmarks must be verified and re. |
corded. Sighting does not confirm identity, and cannot be
added to the tally. '

Census Format or Counting Sheet

The format prescribed is in the form of a single sheet |
(Fig.5). The information is straight-forward. Participant
should keep the daily observation record in the field notebook
and then enter the details in the log book provided in the
format. Additional information should be written on plain
paper and attached with all traces.

Census Planning and Organisation

The notice regarding census dates and period is issued by
the state Chief Wildlife Warden. It applies to all possible tiger
habitats and to the concerned management agencies such as
territorial divisions, forest corporation areas, PAs etc. Census
is carried over a period of one week. In the north-east it is held
in February, in the rest of India in April or May. All India
census is carried out at an interval of 5 years. The tiger
reserves and the better supported PAs make annual estima-
tion. Infact the population should be monitored by informa-
tion gathered continuously the year round.

The census is conducted over 4 distinct phases within
each forest or corporation division or a PA i.e. a division level
management unit. The phases are (i) organisation, (ii) pre-
census training, (iii) census operation spread over 7 days in
two regimes: regime I - first 5 days; regime II - last 2 days,
(iv) data collection, analysis and finalisation of tiger tally.
The features are as under:

1) Organisation: The personnel hierarchy for the pur-

Sl. No.  Designation Jurisdiction
1 . Panicipant: Forest Guard WL Guard.

2 Coordinator, Section Forester.

not more than five.

3 Organiser: Range Forest Officer.
in the range.

4 Chief Organiser, -Deputy Conser-
vator of Forests/Wildlife Warden,
PA Director or Supdt.

A Division; or P.A.

5  Chief Coordinator: Officer

A State,
selected by a State.

6  Zonal Coordinator.

South.

Forest beat/counting unit.

Forest section. Includes several
beats/counting units. Ideally

A Range. Includes all sections

States as grouped under Zones:
North, East, Central, West and

Function
Survey and data collection as prescribed.

Coordinate and supervise work of parti-
cipants concemned. Also gather data.

Overall control and supervision of
census in the range. Gathering of
tiger evidence whenever encountered.

All ranges within jurisdiction. Complete control
and supervision. To be assisted by Asst.
Conservator of Forests. Data collection, analysis
and preparation of final tally for the jurisdiction.

Full charge of census operation in the
State. Collection of state data, analysis
and finalisation of census data for State.

Within and interzone coordination. Data
analysis — between state and zone data
leading to the all India figure.
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se of the census and their duties are as given in previous
page (see table).

For planning and organisation purposes a division level
operation is considered. The chief coordinator arranges train-
ing of chief organisers as the first step. Chief organisers need
to be experienced persons. The State Wildlife Wing takes an
active part in all aspects of the census. Regional wildlife
wardens within the state must lend their expertise and extend
supervision in non PAs.

At least a week before the pre-census training for partici-
pants is scheduled to begin, the chief organiser must ensure
that all equipment is ready and logistics are planned as shown
below: R
Division level large scale maps of previous census opera-
tion with identified tiger locality and individuals
mapped.

i)

ii)

iii)

Forms and tracings of previous census and analysis.

Range level, section level maps in sufficient number for
the use of organisers and coordinators.

Counting unit maps for participants.
Topo-sheet sets at range level for reference.

Cut pieces of tracing paper in sufficient quantities, sketch
and ball pens, field notebooks, census formats, tiger
tracers, 2 metre tapes, hand compasses to meet the re-
quirement of all participants.

vii) Communication and supervision schedules, wireless
operation, vehicle assignments, format collection, verifi-
cation, submission, data analysis and result schedules.

All equipment from range level downwards must be
distributed and should reach individuals concerned. All plan-
ning and operational details at appropriate levels must be
communicated.

ii) Pre-census Training: Ideally 7 working days should be
devoted. Training is imparted and coordinated by experi-
enced officers. All men to be engaged are addressed about the
methodology, individual responsibilities, supervision, verifi-
cation schedules. Participants and all observers are put
through the complete drill of census procedure and assessed
for competence. This is practical work. Lots of details must
go into this. Familiarisation with terrain, map reading, habitat
description, calibration of substrate conditions, study of wild-
life signs with emphasis on tiger signs, survey and record
preparation. Continuous practice at pugmark selection, study
of morphology, foot-fall sequences and tracing is critical.
Only practice can iron out the variations between individuals.
The importance is often not understood. Census supervisors
must satisfy themselves of the standard and level of partici-
Pant preparation. Supervisors must lead the participants in
census training,

Chief Coordinator :
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iii) Census Operation:

Regime I (First five days): Each participant works for at le.ast
half a day. This condition is for non-PAs with consideration
to peak forestry activities which would preclude taking away
men from their tasks for seven full days at a stretch. Over the
five day period participants must try to cover as much of the
counting units within the potential tiger areas as possible, and
gather evidence. Supervisors must verify pugmark tracing on
sites in the field through a predetermined communication
schedule. It is possible for a senior supervisor to cover 500 sq
km in one week and verify all traces over the entire seven day
period.

Regime II (Last two days): Intensive repeat of survey. Visit
areas not covered earlier, check for new evidences and rec-
ord. Obvious multiple evidence for the same animal must be
identified and noted in the counting unit summary. Organ-
isers, coordinators and the chief organiser must play a key
role. Objective is to analyse the data progressively in the field
itself.

iv) Data Collection, Analysis and Result:
Participants Handover completed record to the

concerned coordinator who collects it
for the section.

Coordinator Submits collated data for section,
complete with verification to the

organiser.

Organiser Collects data for the range. Verifies
it; the officers assisting the chief co-

ordinator take active part in this.

Receives data from all organisers,
analyses the data and finalises the
tally.

The analysis of information or the process of establishing
tiger identities must be carried out by an experienced person
who is familiar with the total area concerned. It is not just a
mechanical process but needs experience and judgement. It
essentially involves comparing pugmarks/traces i.e. the form
and related information from adjoining units and elimination
of duplication. It should begin with one section and then the
analysis is extended to include larger and larger areas by
adding further sections. It is to be remembered that the proc-
ess cannot be complete and correct unless the traces being
sorted out as separate individuals are repeatedly used in
comparisons as more and more sections are taken up for
analysis. Knowledge of tiger sociology and land tenure sys-
tems is critical. It is convenient to use pugmark ‘form’ cate-
gories to sort out pugmarks initially. (‘Forms’ as described by
Jayarajan 1983). While comparing traces it must be ensurcd
that the substrate in context are similar. Analysis of previous
census with maps must be used. The final identities should be
put on the division scale map in the units concerned. Corre-
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sponding traces must be superscribed to that effect. Compare
with previous census information and assess dispersal of the
then sub-adults, the fate of adults, new additions, shifts in
locations. Comment on problem encountered and gaps in
information.

Discussion on Pugmark Methods

1. Whilst pugmark census has been widely accepted in
India and is in widespread use - it does not follow that the
method is simple to use. Panwar in his paper says ‘painstak-
ing care is necessary at every stage’. Karanth (1988) is even
more sceptical about abilities of disinterested field staff to use
the method. Like all other field techniques, its optimum use
depends upon experience. It is probable that experienced and
interested persons can distinguish a large number of individ-
ual animals from a set of collected pugmarks. But it is equally
probable that the inexperienced or disinterested managers
will make many mistakes in individual recognition. Practice
makes perfect and managers should not view pugmark exami-
nation as an excercise to undertake only once every one or
two or even four years. Pugmarks should be examined when-
ever the opportunity arises. Junior staff cadres likewise
should be enouraged to collect data at intervals throughout
the year. Managers must train, encourage, stimulate and
supervise use of this technique.

2. Pugmarks are a means to identifying real live animals,
they are not an end in themselves, instead they should lead to
the recognition of real animals. Whenever a carnivore is seen
in the field, its pugmarks should be described and the animal
characterstics noted - sex, age, size and distinguishable fea-
tures. Done over a period of months this practice can result in
the ability to recognise individual animals from their
pugmarks; and will make the observer a better judge of
pugmark characteristics.

3. Giving such identified animals a name can greatly in-
crease your ability to recall individual animal characteristics

and it can also increase the level of knowledge from field staff
and mahouts if they too use the same name. It is much easier
for example to talk about “Rajah” than it is about “the big
male who is often near compartment 4” or even, “the large
pugmark with an uneven stride and a small digit on the rear
right pug”.

4. During census and routine pug collecting operations,
great use should be made of maps, the locality of every
pugmark collected should be marked on a map. Marks should
be annotated to indicate individual animals. Doing this can
help draw attention to possible errors e.g. a normally seden-
tary animal, suddenly being found a long way away, and
allow cross checking between identification result from adja-
cent forest blocks.

Utility of Results

Pugmark data, when well collected and analysed, can
yield more information than simply population size alone.
The data should also give information on :

age composition and adult sex ratio of the popula-
tion,

longevity of individual animals,

home range and seasonal changes in home ranges,

habitat use patterns, including differences between
core and buffer zones etc.

Panwar (1979), using the pugmark tracing method, was
not only able to record the growth in tiger population in
Kanha National Park between 1972 and 1978 but also to
determine changing territorial patterns with growth in popu-
lation and occupation of new areas, population distribution
vis-a-vis habitat suitability and population structure. Thus
valuable information on land tenure systems and population
dynamics of a typical tiger population was added to the then
scarce information on tiger sociology.

Fig. 1. Left hind pug mark of a tiger depicting key morphological features
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Fig. 2. Use of top edge of pad and heel notches to differentiate
between pugmarks of individual tigers (Source: Panwar 1980)

KANHA NATIONAL PARK KANHA NATIONAL PARK
KANHA RANGE MUKKI RANGE
Direction of walk Direction of walk
13 -
12 . J x £
= 12 ST
=0 L 11 114 Ze
3 |10 10 ° 3
[4]
55 -8 9- .§ °
go /’\ o 8 /\ o ©
e i ) 4
65 = L7 7] .T6
L2 \) . o N
a
G, 5 5 5.
3 L4 4 =5 ©
k) T o
58 -3 3 E- .g
88 ' -2 2 28
(o - 1 14 -]
5 E S (V] ] 5 g
Analytical Notes: Analytical Notes: ’
1. Top edge of pad perpendicular to direction of walk. 1. Top edge of pad not perpendicular but inclined at
2. Mark conical tips in bottom edge pointing upwards more than 90° to direction of walk.
parallel to the direction of walk. 2. Mark eenical tips in bottom edge pointing slightly
to the right of the direction of walk.
Fig. 3. Measuring length and width of Fig. 4. Difference between the front and the hind
tiger pugmark : pugmark of a tiger.
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COUNTING UNIT NO

Fig. SA Cooperation Census Format

Species - TIGER (Panthera tigris)

Period of Count
Division Name of participant
Range Address
Section

Beat/Counting unitCo-ordinator

Overall location of

the area covered

during the week

Terrain : % of — hill (  )/hill-plain (  )/plain (

Cover

)

% of — ravines ( )/broken (  )/unbroken ( )

a) — Natural preys—abundant/normal/bare subsistence/none left

b) — Human competition—heavy/rational/negligible

¢) — Cattle competition—heavy/normal/negligible

d) — Nature of protection—good/fair/bad/worse

€) — Local co-operation—good/fair/nil

Special information from participant

1.

If you have not seen a tiger or
its pugmark during the week, do
you reliably know of any tiger
in your area ?

Which side was it during counting?

When was the last man-eating/cattle lifting ?

When was the last tiger seen if none exist
now?

Remarks of the co-ordinator and other
supervising personnel.

Do you reliably know of any tiger in following layout around
your counting unit ?

Counting sheet No.?

N Y
Counting Sheet Your Counting
No. ? W area E sheet No.
here
S

Counting sheet No.?
Give details for the above layout as below:

1. How far is the tiger from your area ?

N) E) S) W)
2. What Sex?
N) E) S) W)

3. Has the tiger ever come to your area of count? If so
when, and how often?
N) E) S) W)

4. Longest distance covered by you during the week of
count, in your area, from the centre,
N) E) S) W)

5. Any other useful information,
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Fig. 5B The Week’s Log-Book
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feature, then remedial action can follow.
Maps of tiger pugmark location can be gxammed and .
gaps with no pugmarks require investigation. Why are References:
there no pugs? Is it inadequate habitat - water, cover, ‘
prey? Or it a feature of inadequate searching? If a habitat  Champion F.W. 1930. Tiger Tracks JBNHS 33(2). 284-287

Fig.6 The Recommended Process for Establishing Tiger Identities
(After - Sawarkar, 1979)

Pugmark traces Log sheets for each
‘Area map with collection/plaster counting unit-spatio-
F— counting units casts temporal data
Previous Sort according to Pugmarks actually
census data ‘Form’ category of verified in field
pugmark by supervisors
Compare pugmark

Compare stride sequence for nor-
and sort mal gait and sort
Scrutinize pugmark
features and reverify,
considering all additive
evidence
FianI number Reject doubtful
. f’f m{hﬂdu@ly traces and esta-
identified tigers blished duplication
Place on Map
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2.2.2 The Use of Dung for Estimating
Actual Population Size

A) Using Defaecation Rates.
Introduction:

Section 2.1.3 described methods of collecting data on
dung density for use as indices of population abundance. The
various assumptions that have to be made were discussed. In
many parts of the world, notably North America and North
Europe/USSR, the counting of dung is routinely used for
estimating actual population size. These techniques have
rarely been applied in the tropics. Dung break down and lack
of knowledge of defaecation rates are major problems.
However, there may be situations where it.can profitably be
used, so an outline of the method is described here.

The Parameters Required:

The basic information needed is:

a: an estimate of dung (faecal pellet group)
density per time period,
b: information on estimated defaecation rate.

Dung density data are collected as described earlier but
the sample sites have to be marked and reassessed after a
suitable time interval. Normal practice is for a grid of sample
plots to be set up. Each plot is visited, clearly demarcated (but
not in a way likely to deter animals from revisiting the site)
and all dung meticulously removed (or marked or covered).
At a later date the plot is revisited and all dung counted. Plot
size and time interval should be such that adequate data is
collected with reasonable efficiency. The time period should
be such that dung does not disintegrate sufficiently to prevent
recognition. The density of the target species and the season
of the year will affect sample size.

Let us assume the sample grid is of 100 sites, each of
which has a sample area of 20 sq m and that the sample is
counted after one month. Assume that in this total area of
2,000 sq m, some 50 dung piles were recorded, giving a
density of 1 per 40 sq m or 250 per hectare per month.

Defaecation rate data must come from a separate study.
There is much North American data to suggest white tailed
deer defaecate some 13 times per 24 hour period, but this
figure varies seasonally and with diet type. Other species
have different values, and there is sufficient variation be-
tween populations of one species to suggest a separate study
be done for each area or season.

Many studies are undertaken on captive or tame ‘free
ranging’ animals, and it has been assumed that this replicates
conditions in a normal wild population. As there is much
social synchrony in defaccation it is probable that captive or

solitary tame animals do not exemplify natural conditions
very well.
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The technique is best described by following a hypothgti-
cal example: Let us assume arate of 15 defaccations by chital
per 24 hour time period (a figure which should come from a

study for chital in your region, but such information is rarcly
available).

Observed dung density in the
field for a specific time period

Then: Chital Density =
Estimated defaecation rate for same
time period for a single animal

250 groups perhaina month
B 15 x 30 (days in a month)
250
450

= 0.556 animals per hectare
= 55.6 per sq km

Two sets of figures are necessary therefore. Defaecation
rate, and the rate of deposition in the field. This latter statis-
tic is usually obtained by periodic counting of marked plots.

Note: In many studies on North America cervids, a defaeca-
tion rate of 13-18 times per day has been determined.
One detailed study of chital from Nepal shows a much
higher rate of defaecation, of 28 times per day.

Variance and Assumptions:

Remember that estimates of dung density will have a
variance, and so will estimates of defaecation rates. The
actual confidence limits around an animal density figure will
be quite large.

Dung breakdown in the tropics is rapid, due to monsoon
rains and dung beetle activity. Winter may thus may be the
best season for such census operations. As the defaecation
rate figure is used as a constant for a population, data from
studies which may be undertaken in the future could be used
to correct previous population estimates.

B) Using Proportional Methods.

The counting of low density animal populations is never
easy. If you are attempting a census by using actual sightings
on sample transects you may have to walk for a long way
before recording any observations. If you are comparing
compartments and one sample gives 1 sambar and another
gives 4 sambar can one really conclude the second has a 4
times greater density? No! Not unless there was a very large
sampling effort!

But dung surveys could usefully be employed to estimate
animal density, by using proportional values of animal den-
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sity and dung density from higher density .populations..An
example will clarify this: For a high density and medium
density chital area we may have figures of 30, 22 and 15
animals per sq km and dung data of 1200/ha , 900/ha and 560/

ha. If, in a low density area we find 80 pellet groups per
hectare, then an estimate of chital density can be made by

proportion. A simple graphical method would be possible
remembering zero dung at zero density. A statistician would
help construct a regression equation.

1400 e}
Density 1200 Line drawn in
c:jfml 1000 ° :ie:bcst fit by
Dung  gg9

per

sqkm 600

400

200

80
0 10 20 30
Density of Chital persq km
Answer is 2.2!
2.3 SAMPLE COUNTS OF ANIMALS
USING ACTUAL SIGHTINGS

The counting of animals in a number of small sample
units within an overall census area forms the basis for a large
number of census techniques, some of which are described
here. Theoretically the concept of counting within small
sample units is simple. In practice one of the most difficult
tasks is to demarcate the actnal sample unit and to estimate its
size.

Two types of sample unit are considered: counting within
blocks, and counting along transect lines. Block counting
may either be within a previously known demarcated and
measured area, such as a forest compartment; or the block
may be described by the start point, end point and lateral
positions of a counting team. Transects are merely long thin
blocks, which are counted by travelling once along the centre
of the transect line, looking outwards to the edges.

Transects may be placed along existing roads or tracks,
or placed systematically or randomly within the census zone,
Road transects could be covered by foot, cycle or vehicle.
Cross country transects usually have to be walked. A tech-

nique for vehicle census and one for foot transects are de-
scribed.

‘ Block counts and transect counts are being used with
increasing frequency in wildlife areas in India. These meth-
ods are therefore discussed in much greater detail than some
other techniques of more limited application.
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2.3.1 Block Counts Census I :
Planning Considerations

To total count a small area or sample block by one o
more people.

These sections discuss methods using direct counting of
animals by observers on foot. The methods are suitable for
using within steep and rugged terrain as well as in closeq |
forest. Two similar methods are described, one using a large
number and one a small number of observers.

Background Information:

a) Total counts become increasingly practical propositions
as the area, and so work-load, become smaller. It is perfectly
feasible for instance to imagine the successful counting of 10
hectare of forest for chital by one person in one morning. As
the area gets larger, or the animal gets smaller or less visible,
then the task of counting becomes increasingly difficult. This |
is not always realised. Many protected area managers in India
use some variation of block count in their census operations,
but I believe that many of them try to cover too large an arca
atonce, often over 8 sq km, on foot or by elephant.

b) The question of whether one should do a count of se-
lected sample areas and so estimate the overall total from a
sample; or attempt to count every animal in every block over
the whole area is again relevant. Sample counts have the great
advantages of giving estimates of precision as well as being
more controllable and causing less disturbance. The block
census method lends itself to a sample census design in that
a proportion of the total potential number of blocks in the
protected area are counted, and a mean density figure, with its
variance, is estimated from this proportion. The smaller the
block, the more accurately it can be counted; the more blocks
that are counted, the greater the sample size, and hence a
better estimate of precision can be obtained.

Combining these ideas suggests that the counting of a
large number of small blocks within a census zone would be
ideal.

Planning a Census Operation:

a) Block counts can be done in two ways, either utilising a
single census team, or utilising a larger number of people who
systematically cover or beat through an area by walking in an
extended line abreast. This is sometimes called a beat or line
drive count. Both methods have advantages. The choice of
which to use is partly determined by the nature of the terrain,
the sample area and the target species.

b) The definition of a sample block is of importance.
Sometimes, this can be simple, as when pre-existing compart-
ments are of suitable size (less than 2 sq km) and have well
defined boundaries. Otherwise, an area with a high density of
streams, tracks and ridges which are clearly defined, both on
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the ground and on a 1:50,000 topo-map sheet can allow the
drawing of large numbers of potential sample blocks of suit-
able size on the map. Physical features, such as streams and
ridges, as well as roads, fire lines etc., can be used as block
boundaries. From the total number of compartments or natu-
ral blocks, the required sample can be selected at random
(using random numbers, (see appendix) pins on a map or
drawing numbers from a hat!). If the compartment or natural
feature boundaries cannot be used, then it may be necessary
1o mark some or all of the boundaries on the ground. This
could be done by cutting narrow paths or blazing trees or
using markers or even using people as markers.

c) One essential pre-requisite for a line abreast drive count
is that there be a clearly defined straight start line along the
long axis of the counting block (see Fig.1).

The basic need is for the counters to start together in a
line, and proceed forwards together roughly in a line. It does
not matter if they reach the finish line at somewhat different
distances, e.g. No.1 will finish long before No.7 in the dia-
gram (Fig.1). The finish line should be clearly definable,
another track or a large stream are suitable. No more than
twenty counting teams (of one or two people) should be used.

The side lines are demarcated by the compass bearings
walked by the end counters who only tally animals seen
inwards. The area counted can be determined from the map,
knowing start and finish lines.

If an adequate start line is not possible, then do not use a
line drive. Do not plan a line drive longer than 3 km, as lines
start to break up due to slower and faster walking, stops to
sight and record animals, and different difficulties of terrain.

d) For block counts, a single census team should cover
irregular shaped arcas in the most efficient way possible. If a
valley-ridge system is to be counted, then more effort should
be spent in the valley bottoms , which are likely to have more
animals in denser cover. Depending on the terrain, the ridges
may be walked, looking down into the valley and counting
what is seen. Descents into the valley may have to be made
to check out denser vegetation etc. If the task seems 00 big,
or if there is worry that some animals may be overlooked,
then reduce the size of the area. Divide a compartment using
stream beds or tracks, and count each half separately as
different blocks on different days.

¢) Note that an advantage of a sample census is that each
sample unit can be counted on a different day, provided the
operation is within the same general ecological time unit, e.8.
early monsoon or late summer. With three trained counting
teams, a total sample of 306 blocks can be finished in ten
days.

f) How many samples? (sample size is discussed in the
appendix). The answer is how precise do you wish your
estimate to be? As a rule of thumb, perhaps 10-20% of the
area should be counted. If you have a 300 sq km protected
area and you are counting 2 sq km blocks, then 15 sample
blocks will give you the 10% cover of 30 sq km.

Like all sampling activities, use prior stratification to
increase sample precision. If your protected area has 20%
steep hills, 30% grassland and 50% forest then sample each of
these strata separately and in proportion to their extent in the
area. :

Block Count Census II : Field Operations

Diagram showing precensus route planning for a line abreast drive count

Straight Line

1-9 : Line
drive

routes
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Prior Planning:

By the time one is ready for planning the actual field
procedures, the sampling design should be complete. A
choice of line abreast or single team block counting will have
been made. Potential sample blocks will have been drawn and
the required sample chosen.

Field Training:

All participating staff should know exactly what to do
from prior talks, discussions and sufficient field trials. If
necessary make the first day’s count a full scale rehearsal and
repeat the count later. If one or a few teams are used then it
is possible to choose highly motivated experienced people.
One of the common problems with most field census opera-
tions in India is the use of large numbers of untrained and
non- motivated people!

Line Drive Census:

Each person, or a group of two people in difficult coun-
try, should be separated from the next group by the largest
distance possible without losing sight or sound contact. This
may be 20 m in closed forest, 50 m in deciduous forest, and
100 m in open woodland. The method is based on two adja-
cent observers being able to count all target animals in the
space between them. The size and behaviour of the principal
target species will also affect the spacing. For example, you
could have a wider spacing for chital than for barking deer,
which is usually solitary and secretive, and is often flushed
from a hiding place at close quarters.

The counting groups are lined up along the start line at
predetermined distances apart. Each person or team of two
has a simple to use prismatic compass, a sketch map, a
counting proforma, a watch, binoculars, a knowledge of the
finish line and the identity of personnel to his left and right.
This part of the operation, like everything else in census
work, should be done quickly and quietly to avoid undue
disturbance; preferably details having been covered the night
before. See Box 4 How to Walk in the Jungle.

At a prearranged time, the line moves off, walking along
a pre- determined and frequently checked bearing; line up a
tree or horizon feature ahead and walk towards that. Each
group tries to remain equi-distant between its neighbours. It
nearly always happens that terrain features move some
groups close together. Be aware of this and try and compen-
sate for it by deciding who is off course and moving back onto
the correct track.

On sighting an animal or group of animals details are
recorded: species, number (composition of group if possible),
time of observation and direction from which and to which
animals were moving. These last two items are important to
avoid double counting, see Box 5 of an actual field example.
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‘Box 4 ]

How to Walk and Observe
Animals in the Jungle

Like everything else in wildlife, training is essen-
tial. Firstly, observers should move as quietly and un-
obtrusively as possible; avoiding perfume, after-shave
and bright clothing. Stopping and listening every 50
or 100 m is a good idea, essential for primates. Walk
slowly and carefully, looking in all directions, includ-
ing behind. If you think you hear or see something,
then stop and look carefully. If necessary kneel and
look from closer to ground level. Your eyes should
focus on areas close by, 15 m or so, and then move
out to 100 m and as far as you can see. Observers
should scan patches of shade, under trees, thickets etc.
Often only an earflick or tailwhisk attracts the ob-
server to a nearby animal! ’

New observers should go with experienced
people. Good sight images should be formed, what
does a chital look like at 50 m in evening light? If one
animal is seen, look for others, of the same size, or for
young ones, perhaps lying in the grass! A single chital
is unusual, there would normally be more. '

Be careful! There may be large cats or bears.
Avoid walking alone.

Single Team Block Census:

The team should include a person knowledgeable about
that particular block (beat officer or watcher). A team of three
is ideal. Before the census, the map of the block should be
examined and a route marked out, which allows the checking
of all areas of the block, paying especial attention to mead-
ows, water holes, stream beds etc. The planned route should
be marked on the map, with bearings and with some estimates
of timing involved. The planned route should be followed as
closely as possible in the field, all major deviations from the
route should be marked on the map during the census. A
typical route map is shown in Fig.1a & 1b.

The team needs the prepared map, compass, watch, bin-
oculars and a census proforma. The proforma should state
start and finish time. It is a good idea to trace the block map
on the rear of the proforma sheet.

On sighting an animal group, the time, species, numbc.r
a_nd composition of animals are noted, and the sighting post-
tion and direction of movement marked on a map.

Correction Factors:

It is obvious that large animals are going to be more
easily seen” than smaller animals; and for smaller and secre-
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tive animals such as barking deer or boar, counts may be
under-estimates. It is not possible to design a single count
which is of optimum efficiency for all species. If lines are
very close together, 0 barking deer can be well counted, the
time, staff and costs of the whole exercise are increased. The
census should be designed for key species, e.g. sambar. This
may adversely affect data for barking deer. A correction

factor can be worked out which compensates for this. A t:ew
blocks should be recounted at a tighter spacing, i.e. using
lines 50 m apart instead of 100 m, or 25 m instead of 50 m for
line drive censuses, or the census route should be mapped at
closer spacing for single group block census. A small number
of blocks should be recounted in this way, say 6 or 7. Details
of calculations are given in Section IIL.

Precensus route planning for a block count in moist deciduous forest

Trac

Z

Stream
0.5 Km

eadl

Path

1 Km

Precensus route planning for a block count in steep terrain

Stream

o~

Block Boundary

Move away from contouring
path to look over ridge
from vantage point

Preplanned
Route



Census Operall.t)ns

Box 5
Example of the Analysis of a Line Drive Data Set

Sambar : Kalighati area, Sariska National Park,Nov. 1987
(Start 7 a.m. Due West from straight road)

R

Seen Per Time Interval Total Total
Eﬁiﬁt SambarSeenber Animals Animals
7.00 7.30 8.00 8.30 9.00 9.30 Seen Accepted
1. 2f 1m 2f 1f 3f* 9 6
2. 2f 2 0
3. 2f 3f 5 3
4, 1m 1 1
5. 1m I 1m 2 1
6. 4f im If 8 8
2y
7. Im 1f 9’ 1
8 2f 3 3
1y
9 1m
3f 3f 1m 1 11
2y ly
10. 1m 2 2
1f
11. 3f 2f 5 5
2z “Total 47 41
|  =animals double counted
2f

* = animals excluded as seen to left on transect, i.e. outside the census area

Census area was 1.8 km?, Density is therefore

41
— =228
1.8
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Block Count Census III : Analysis
Analysis of the Single Block:
a) Line Drive Census:

The census organiser should question each participant
as soon as the field exercise is over. Timings and positions
should be checked. Someone who completes much before or
much after others should be more closely checked. Adjacent
counters should then compare counts, starting from the left
hand person and moving right. If adjacent teams both have
a similar animal sighting at the same time, (i.e. 4 sambar, 1
male 2 females and 1 young, at 07.19 hrs and 07.21 hrs),
and movement directions fit, then it can be assumed the
same animal(s) have been recorded twice. Only the left
hand recorder should keep the sighting, others should delete
it. When all sightings have been checked, then a total count
can be made. e.g.

Species Sambar Chital  etc.
Group 1 6 12

2 0 4

3 1 26

Total 27 72

The actual area of the block should be calculated from
the map. Density can be simply calculated from the area
e.g. 2.4 sq km, and the number of animals, e.g. 27 sambar,
this gives 11.25 per sq km as the density of sambar in that
sample block. An example of an actual count is given in
Box 5, and a full census in Box 6.

b) Single Team Block Census:

The census organiser should check results with the field
team as soon as the field exercise is over. From map loca-
tions and animal group details, it may be possible to detect
double counting. From actual routes walked it may be
possible to detect or see ‘gaps’ which have not been
counted. These can be subtracted from the area of the block
(Ideally the field team leader should spot a gap and try to
cover it during the actual exercise). Check the mechanics of
the operation, add up length of transects walked, and the
time taken. I had an instance of one team which reportedly
walked 17 km in thick sal forest in two and a quarter hours.
Something was wrong!

_ Sightings for each species should be totalled and, know-
ing the area of the block, a density can be computed.
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Correction factor for Smaller Species:

Suppose a total of seven blocks were recounted, at a
greater intensity. Data are as follows:

Ist count 2nd intensive count
Sambar Chital BD | Sambar Chital BD
Block 1 19 24 7 17 27 11
2 36 32 4 39 40 9
etc.
Total 136 = 234 31 134 268 68

(BD = Barking Deer)

The ratios between the second intensive count and the
first count give the correction factors:

e.g. Sambar 132/136 = 097
Chital 268/224 = 12
Barking Deer 68/31 = 22

Note totals for even the largest species are never going
to be the same from day to day as animals can be missed,
or move in and out of small areas. What we are looking for
are significant differences. Perhaps anything greater than a
ratio of 0.8 to 1.2 can be thought of as significantly different
(This can be checked statistically be several simple tests;
comparing means and variances by a ’t’ test may be the
easiest (consult a statistician for details).

If the density from the first count was 0.9 barking deer
per sq km, this will be multiplied by the correction factor of
Ok}

e.g. 0.9 x 2.2 = 2.0 sq km, to give corrected or ’true’
density.

Note that the first count data (of 0.9 barking deer per sq
km) can be used as an index of abundance. There is no need
to attempt correction factor unless an absolute figure of
abundance is necessary. the index can be used to compare
similar areas or different years.
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Box 6
Sample Compartment Count Technique:
Melghat Census Data - January 1988

(Total Area=1597.2 sq km : Core Area=308.2 sq km : Buffer Area 1289 sq km)

In January 1988, 74 compartments were selected randomly from both the core zone (2_5 compartments) and the
buffer zone (49 compartments). Selected compartments were then censused by counting teams walking a line
transect system with lines 100m apart—a form of line abreast census.

Till date the results have been used simply to calculate an estimated total number of animals in Melghat.
However, a slightly more complex statistical analysis can show useful facts. A sample can of course show
estimates of precision (as confidence limits) but also for example, the differences between core and buffer zones.

Results

1) Total Numbers (based on 74 samples):
Species Density/sq km Confidence Total Confidence

limits number Limits
Gaur 0.99 +0.35 1581 + 563
Sambar 0.79 +0.21 1262 +335
Barking Deer 0.40 +0.25 638 + 192
Wild Boar 0.58 +0.37 926 +591
2) Density in Core & Buffer Zones:
Species Core Density Buffer Density Significant Difference
Gaur 1.77 £ 0.36 0.59 +£0.18 Yes (99%)
Sambar 0.93 +0.25 0.72 +0.11 No, but a possible trend to higher

densities in the core
(Other less frequent species not analysed).
3) Density in Compartments With & Without Water Holes
Species Density Density Significant
with Water Without Water Difference
(n = 14) (n = 60)
Gaur 122+050 094 +0.18 No
Sambar 121+£035 0.69+0.11 Yes
Notes

Core/Buffer data are of interest, both gaur and sambar showing higher densities in the corc. The data for gaur
shows a significant difference (95% probability) in density; that for sambar does not. Traditional knowledge of

Melghat suggests that most gaur are in the hills of the core zone in winter. Sambar are less likely to show such
major shifts in home range.

Effects of Water. Gaur do not show a significant diffcrence. bu i i
Sy, _ . , but sambar do show a diff ter
availability, although both species are water dependent. In January however water is not lilm?tri(:,glgcear:‘:ll tLlo"\lliaule

meaning should be attached to these results. This small note is includ i i
. e = ed to show the importance of samplin
design. If the effects of water availability required carcful study, then a different time of y(I:)ar should be chgscng.
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Block Count Census IV : Analysis for the
Total Protected Area

A Total Count:

If the whole protected area is being counted in this
manner, as may be practical for say large herbivores in
Bharatpur of 27 sq km, then the individual block counts are
added to give the total number of animals. This total can be
divided by the overall arca to give the species density for
the whole park. Individual block densities should not be
averaged as this may be weighted in favour of slightly
Jarger or smaller blocks. Note that no population variance
estimate is possible for a total count.

A Sample Count:
a) Without Prior Stratification:

Simply, all separate block densities (corrected if neces-
sary for smaller species), should be summed to give a mean
density and confidence limit. This again may be biased in
favour of different block sizes, for this become more com-
plex. The interested reader should see Norton-Griffith
(1976) in the reference list.

Data may come from 23 separate blocks, as follows, for
sambar:

Block 1 2 23 Mean | Variance

Density |11.2 | 6.9 |4.8 [16.8 64 | 104 [+163

The variance should be transformed to standard devia-
tion S.D., standard error S.E. and confidence limit C.L.
(95%) as follows (but see appendix):

4.03
Variance = 16.3, S.D. = (16.3)»=4.03,S.E.= —=0.84
(23)1/2

Confidence Limits = S.E. x t value =S.E. x 2.07 =+ 1.74

The mean density and confidence limits for the pro-
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tected area is thus 10.4 + 1.74 per sq km. For a protected
arca of 225 sq km this will give an estimated total numbe.r
of animals of 2340 + 390 or between 2730 and 1950 ani-
mals.

b) With Prior Stratification:

Procedures are just the same, except they are done for
each stratum separately, as below (not the same data as
above).

e.g. For chital in three habitats: forest, grassland, woodland.

Density + confidence limits for each stratum, area, and
population size data are:

Forest 38+14, Area=45sqkm,No.= 171 + 63
Grassland 0.9+0.3, Area=67sqkm,No.=60% 20
Woodland  14.9 +2.4, Area= 113 sq km, No. =1684 +271

Total = 1915 + 354
Some Actual Examples:

Variations of these methods have been attempted for
rhino in Kaziranga N.P. (Assam) using single tcams on
elephants counting compartmental blocks. In 1984 a sample
count provided reasonable data. Improvements for future
counts could include a smaller number of highly trained
teams counting sample blocks over several days, plus some
double counting to check on data repeatability. The assump-
tion that all rhinos are in the open burnt areas needs to be
checked.

The method of counting small blocks, was tested in
Dudhwa N.P. (U.P.) in 1985, using teams of four (including
an armed guard). The blocks used were compartments or
half compartments, upto 2 sq km in size. The area was
stratified into predominantly grassland or predominantly
forest blocks. Repeating the count of single blocks three
times gave consistent results for larger species. Barking
Deer were under-counted and data needed correcting.

The method has been used in Panna N.P. and in Bhand-
havgarh N.P. (both in M.P.) and details are given in Box 7
and Box 8.
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Box 7
Block Counts with Correction Factors

This example comes from Panna National Park in Madhya Pradesh, with census operations organised by Mr,
H.S. Pabla. The method has been discussed in the field and in the Institute.

Panna N.P. of 512 sq km was divided into 110 census blocks. These were all counted by groups of 2-3 people
in one day, and the operation repeated the next day. Can one team “count” intensively a 5 sq km area of forested
hilly terrain in one morning? If 8 sambar were to be scen and 2 missed, this is a 20% error! The Park Director
belicved there was a good chance of undercounting, and so some units were recounted using 3 or 4 teams.

There was considerable discussion on how big a recount sample (5 was obviously too small), how the sample

should be chosen, and should there be several teams in one large sample unit or one team in very much smaller
units.

The Correction Factors for common species were calculated as:

Average Number Per Unit on Intensive Count

= CF.
Average Number Per Unit on Initial Count

There was discussion on further treatment of this factor to compensate for double counting. In the original
data set the correction factor was reduced by half. This gave correction factors of:

Sambar 1.36
Nilgai 1.88
Chital 1.16
Gazelle 2.30

Final census figures were:

Uncorrected Corrected Corrected density
per sq km
Sambar 389 529 1.05
Nilgai 1163 - 2187 4.33
Chital 330 383 0.76
Gazelle 716 1647 3.26

Suggestions were:

— Use intensively small sample units for checking.
— Use one team per unit; use trained teams.

— Justify adhoc correction factors such as ‘reduced to half’ to avoid double counting.
— Repeat some counts to show level of internal variation,
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Box
Data Presentation for

Census was by block counts in 93 sampling units,
with a correction factor applied by an intensive sec-

ond count in a sub sample of 11 units.
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2.3.2 Vehicle Based Transects
or Road Counts

Introduction:

Transects, are long thin sample units covered by a single
traverse usually down the centre of the transect. In vehicle
. counts, the road forms a convenient centre line and the count-
ing transect is a strip of land either side of the road, e.g.

l Transect

Width

— — — — — —— — — — S C— — S—

Sample counts give density data; and density “D” (often
referred to as estimate of Density i.e. ﬁ) is calculated as
number per unit area.
eg. D= Number of Animals Seen

Transect Arca

Number of Animals Scen
Transect Length x Transect Width
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In this equation the number of animals seen is known.
This is simple. Care ought to be taken to maximize the
chances of seeing animals:- e.g. census crews should main-
tain silence and avoid disturbance. The transect area should
be traversed slowly and a strict watch maintained. (In some
cases correction factors may be needed; for example missing
fawns or calves in tall grass).

For calculating transect area, the measurement of length
is easy. This can be done from a vehicle milcometer
(check it!) or from the measurement on a map, or counting
paces etc. The calculation of transect -width however is
difficult, and can require both complex mathematics and
making assumptions which may not be met. Two types of
width estimators will be discussed, a fixed or closed width
transect, and an open or non-fixed width transect. Determina-
tion of transect width is one of the most complex topics in
modern census methodology. The interested reader is referred
to the monograph by Burnham, Anderson and Laake in the
bibliography.
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Transect Design:

The use of a vehicle pre-supposes the presence of an
adequate road or track network in the reserve. An earlier
section discussed the problems of roads for census purposes,
where the practice of fire-line or view-line cutting along a
road greatly changes patterns of animal distribution.

If vehicles are to be used there must be a sufficient track
system where roadside conditions are similar to the rest of the
reserve. As a general rule there should be 50 km of motorable
track for every 100 sq km of study area. Why? - this assumes
25 m wide visibility on each side giving a total width of S0 m.
A transect of 50 km and 50 m wide gives 2.5 sq km searched
in a 100 sq km, or a sample intensity of 2.5%. Sample
intensity should not fall below this, and ideally should be
higher. If you assume that animal distribution patterns are
random with respect to road sites, and the roads cover ade-
quately the range of habitats in the sample zone, then the
network could be repeated in the census interval to increase
coverage to 5.0 or 7.5%.

Ideally a transect system should be constructed espe-
cially for a census operation. Transects would then be
straight, systematically placed and running across any habitat
zonations in the stratum. If you have to choose a readymade
track, then choose a variety from each habitat. If you can,
choose straight roads, with little traffic pressure. Roads
should have as little viewline/fireline disturbance as possible.

Each transect can form a sample and if there are 10
transects then there are 10 samples with which to estimate the
mean. Note a single 20 km transect can be split into two 10
km sample units. If each transect is in very different condi-
tions then variances will be high. In this case treat the whole
transect system as one sample and repeat the whole sample
several times each census interval. Stratification into differ-
ent habitat conditions can improve confidence intervals,
Longer transects will give lower confidence intervals than
shorter transects. Census efficiency will also be determined
by the number of sightings along transects. Ten observations
along 5 km, will be better than two along 20 km!

The Determination of Transect Width:
a) Fixed Width Transects:

In open habitats, such as short grassland or semi-arid
woodlands, it may be possible to have adequate lateral visi-
bility for a long distance from the transect. It is useful to
discuss what adequate Iateral visibility is, and how it may
change depending on animal and vegetation types.

If there was no obstruction to visibility, a keen-eyed man
s!lould See a sambar 1 km or more in distance. A graph of
sighting ability would Iook like this:

r~

100% Polnt at Which Humon
Eye Loses Resolving Power
(le. 1s it @ Sambaqr
Probability or Shadow?)
of
Datecting
an Animal

e

0.5 Km 1 Km 1.5 Km

Distance Away From Transect Line

If in these conditions, a transect width of 1 km wide was
pre- selected, then no animals would be missed. But, how far
can one see in a typical situation in the jungle? Vegetation |
and topographic features obscure visibility. A graph of sight-
ing ability would look like this:

/_Af(er 10 or 15 m Some Sambor
Will be Missed Which are

Stonding Behind Bushes

Probabillty

of Detection Some Sembar WIll be
Visible Through Gaps,
Over 100 m Away

100 m

Distance at which
There is 100%
Probability

Distance

This can be called a plateau-slope-tail distribution of
sighting distances, the plateau being the part where there still
is 100% visibility. Obviously this will change; with species of
smaller size, or less active behaviour or as vegetation gets
denser, the extent of plateau will decrease.

A fixed width transect assumes you are able to estimate
and determine what the distance will be at which you get
100% visibility across the transect system. This distance is
then the lateral width for each side of the transect. All animal
sightings made outside this distance are then ignored. The
visibility is fixed at this distance.

Note:  The minimum distance should be taken from the
transect system. But if there is a situation like this:

_____ —
N — —
SAL FOREST
Lateral
Visibility —>Transect
GRASSLAND ——
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then stratify, and census and analyse the grassland sepa-
rately from the sal stratum, using different fixed widths.
Otherwise the sal width would have to be used. Note you
should not use an average, unless you are certain animal
densities are the same in each stratum, which would rarely if
ever, be true.

b) Open Width Transects:

Fixed width transects are inefficient in many cases, as
sightings will be rejected outside the fixed distance. This may
not matter where densities are high; but when dealing with a
rare species it can be very inefficient and annoying, to have
to ignore the sighting of a herd of gaur as they were 22 m not
20 m away. Bias must not be allowed to creep in and make
you include such a sighting.

Open width transects use all observations, and the fre-
quency of distances at which each group of animals is seen is
used to estimate an optimum strip width.

Three techniques may by used: Kelker belts, established
formulae, and computer analysis using Fourier Analysis. The
latter technique is described separately as section (2.3.4). All
techniques use the same trigonometric principles around the
sighting of an animal, i.e.

All sightings are recorded and the perpendicular dis-
tances from the transect to the animal at point of first sight-
ing is determined (see below for ideas on measurement) as
per the diagram:

animal at point X

X

y = perpendicular

angular distance =r distance
r Transect
> >
0 Path
Observer at Sighting P *
point O angle'a’

i) Kelkerbelt

The frequency of different sighting distance classes (Sm
classes are fine) is then plotted below. At least 50 separate
distance measures should be used, but the more data avail-
able, the better the curve that can be drawn.

Frequency

Optimum Distance

I /

] 1
0 5 10 15 20 25 30 35 40
Distance ——m8 >

The point where the class levels begin to drop off is then
selected as the optimum strip width, and all sightings beyond
this point are rejected. Here the width would be 15m. A larger
example is shown in Box 9.

ii) Use of a formula:

(The King Census Technique that follows in the next
section, is another example of these methods).

If the probability of sighting an animal at increasing
distance follows a distinctive mathematical curve, then the
average strip width can be calculated from the formula of that
curve. Two types of curve are frequently encountered. One is
the plateau-slope-tail curve, which resembles the positive-
half of a normal distribution. The other curve resembles that
of a negative exponential.

100

positive half—normal
curve

T

Probability
of

sighting —ve exponential

curve

Distancea —>

The negative exponential type curve results from the
case where animals are usually not seen until they are dis-
turbed: e.g. partridge, hares, etc. An animal like this ‘freezes’
or hides on seeing a person and only moves if the intruder
comes too close, when we say it is ‘flushed’ out of hiding.
This means that for example upto 5 m, most animals will be
so sighted, but very few at 10 m. There will always be the odd
case of some individuals being seen upto say 20 m.

It is important to understand which of these two patterns
the census is dealing with:- larger animals which are easily
seen, or smaller animals which hide until flushed. The for-
mula to use for cach is quite different. Plot a graph of sighting
distances frequencies you obtain so as to check! Use atleast
50 sightings to obtain such a curve.
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For Flushed Animals:

An estimate of strip width or lateral visibility is ap-
proximated by the mean perpendicular sighting distance
each side of the transect.

n
Density then becomes D = ——m —
Lx2xfy

Where n = number of animals seen on the transect
L = transect length
2 -indicates two sides of the transect
f = is a function of y, the mean perpendicular
sighting distance

Note: L and Y have to be in the same units, usually kil-
ometres. The value of ‘f*, which depends on species behavi-
our and visibility, is discussed below.

For Larger Animals which are not Flushed:

Strip' width is approximated by mean angular sighting
distance each side of the transect.

n

D

Density is then
Lx2xr

Where r is mean angular sighting distance.

This is the basic King Census Formula, which is an
efficient and robust estimator; i.e. it can be used for a great
variety of animal species and habitats.

Details are given in the following section for walked
transects.

Note:  “r” cannot equal “y” unless all animals are seen at
right angles. In practice most animals are sighted at an angle
of from 30 degrees to 60 degrees.

X
When
a=30degthenr=2y
I a=60deg thenr=1.2y
y 'f cannot be the same as 'y'l
a
_ > Transect
o P -

Measurements in the field suggest that for African
savanna, large herds of large animals in open conditions
will have an average sighting angle of just over 30°. Smaller
herds of smaller animals in 2 wooded environment will have
a larger angle. This has been the case in Sariska and Rajaji.
When sighting angle is close to 55°, then f=12y.
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Field Procedures:

i) The vehicle must be used in the most efficient manpey o
act as a sighting platform. An open jeep is ideal with 4 Crew
of four: driver and recorder (both of whom shoulq alsg
observe!) and two standing rear observers. In practice, ip
dense vegetation, front seat observers see as much or even
more than those standing as they will look through, not on
top of vegetation! More than 4 becomes uncomfortable,
people talk and lose concentration. Trained observers shoylg
be used.

ii) A speed of 20 km per hour is optimum in terms of vigj.
bility and efficiency. With stops to check and count anq
record observations this means that a maximum of some 1(.
12 km can be covered in one hour. Transect counting is a
slow job! The ideal time is early morning or late afternoon
when animals are more active and hence more will be seen,

iii) Sighting distances have to be measured. Even if a fixed |
width transect of a preset 20 m is chosen, it will be neces-
sary to check animals seen at 16, 17, 18, 19, 20, 21, 22, 23,
24 metres, to see if they are more or less than 20 m. Guess
work leads to errors.

Estimating distances by eye is not easy, people do
improve with practice. Test yourself frequently by estimat-
ing and then measuring. Use a well known distance as a
standard, e.g. a cricket pitch. Distances can be estimated by
range finder, but they are not easy to use. The safest is to
pace out distances. Walk normally and know your average
pace length. Most people have a pace of about 0.7 m.
Remember if you are consistently wrong by 10% in estima-
tion (and distinguishing 45 from 50 m is not easy) then there
will be a 10% error in the final census total!

From a vehicle it is not easy to estimate angular dis-

tance, which is from the point of first sighting to the animal.
Normally a vehicle has gone some 10-20 or even 30 m past
such a point by the time it stops. The observer thinks he sees
an animal, he looks again and confirms it, he shouts to the
driver, who then stops! For this reason it is more practical
to use perpendicular sighting distances than angular sighting
distances when in a vehicle.
Note:  Sighting distances should be to the approximate
centre of the group of animals that have been
sighted. The location of a sighted animal should be
noted immediately in case animals move away.

In many cases there will be dead space between the
observer in the vehicle to the edge of the road surface and
perhaps a ditch or mound or culvert or dust covered “dead”
vegetation. This may be S m and is unlikely to be used by
animals. Distance measurement should be from the end of
such dead space to the animal. Inclusion of this dead space
frequently leads to a strange dip in the first class of a graph
of sighting distance frequencies; e.g.
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Lower number in first one or two classes which suggests that
there is a lower probability of sighting nearby animals, which is

obviously not so, or animals avoid area near the transect line.

Distance
(in 5 m classes)

If such a dip persists even when dead space is not
measured - do not worry. It will not materially affect your
estimates. The dip may be due to non-habituated animals
moving away from a road when they hear a vehicle ap-
proaching.

iv) Data recording. A proper format should be used and
prepared before hand, e.g.: ’

Area: Sariska:
Transect: Main Gate to Kalighati. 21-11-86

Observer P. Sharma. Time Start 0610. Time Finish 0814

Obs. | Km Seg- | Spe- | No.| P. Dist- Notes
No. ment cies ance (m)
1 12 N 2 10 Eat
2 1-2 N 1 6 Ziz.maur.
3 2-3 S 3 12 All males.
4 3-4 C 17 30 Same as
yesterday

The noting of kilometre segment allows a further level
of analysis of animal distribution. It is not essential for
assessing density.

Data Analysis:

For each stratum and each season a single mean value

as an estimate of lateral sighting distance should be used for
each species. Calculate the mean sighting distance from all
observations of that species in that season. A minimum of 50
distance measurements should be aimed at for most species.

Simply, the total transect length and the total number of
animals sighted during that transect coverage aré counted;
then:

n n
Density = or
Lx2xfy Lx2xr

as described earlier

Use a suitable function of ‘y’. In dense bush land or
forest for large herbivores, use 12y

If confidence limits are to be calculated, then a decision
as to which is the sample unit must be made. Each separate
transect, or the whole network? Each unit should be roughly
the same size, otherwise a weighing variance factor will
have to be used (see examples in Norton-Griffiths 1976).

Treat the density from each sample unit as a sample

measurement. Calculate the mean and variance and confi-
dence limits in a normal way.
Note: 1) What has been described is a very simple ana-
lytical procedure. Ideally the variability in mean
sighting distance estimation should be taken into
account, different transect lengths accounted for,
and a covariance factor established etc. If this level
of refinement is needed, consult a statistician.

2) The mathematical basis behind the King census
estimator is obscure. Modern scientific transect
usage involves more complicated sight distance es-
timation procedures using Fourier analysis and
computers (see section 2.3.4.).

3) Time of day is important for efficiency of sight-
ings. Morning and evening drives will yield more
observations per kilometre travelled. This does not
mean that densities will change. Fewer animals
will be seen at shorter sighting distances in the
middle of the day as animals will be at rest and in
shade. As the number of observations affects the
variance of the census estimate, it is important to
choose optimal timings.



Box 9

Sighting Distance Frequency Distributions (%)
(Pendicular Distances) Data from Sariska 1984-86.
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-

49 km? near Jodhpur in Rajasthan.

1.
into 8 sections.

Box10
Example of a Vehicle Based Transect Count: Gazelle

In July 1989 a brief census was undertaken of Indian Gazelle in a relatively homogenous agricultural area of
90 animals were sighted in 29 groups (mean group size of 3.1) along a total of 34.3 km of track, divided
Mean perpendicular sighting distance was 80.4m ( + 20.1 as 95% confidence limit).

Approximate average sighting angle was 45°, giving a coefficient of 1.4 for use in a King Census formula;

Number of Animals

Transect Length x 2 x Mean Perp. Dist. x Coeff.

2.
3.
ie.
Number
Density = =
Area
A 90
D = =
34.3x2x0.0804 x 1.4

4. Sampling proportion was area sampled/total area = 15.8%.
5. In49 sq km there would be 573 gazelie.
6.

Use of the 8 sections allowed an estimate of confidence level around the estimated density; this was 11.7%
or + 4.8/sq km, but further sampling would have reduced this figure substantially.

0 11.7/sq km
77 o

7

2.3.3 The King Census Technique
or “Foot Counts”

Introduction:

The King Census Technique has the advantage of being
a simple, flexible and relatively unbiased method of deter-
mining population density. It is one of a family of transect
methods, in this case using open width transects and a calcu-
lated sighting distance estimator for width. The rationale
behind these methods is discussed in the preceding section,
“Vehicle Based Transects or Road Counts”, which should be
read in conjunction with this technique..

The technique as described here is designed for walking
transects, and so can be used in any form of terrain or
vegetation type (except perhaps mountain areas where great
visibility across valleys precludes measuring lateral dis-
tances), and for determining the density of any animal that
does not rely on hiding to avoid detection. Trees, termite
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mounds, large birds etc. can also be censused by this tech-
nique.

This description presupposes that the reader has com-
pleted the previous section.

Census Design:

A transect network should be designed to cover each
stratum in the protected area. Transects can be placed ran-
domly or systematically within the stratum. For low intensity
coverage, a systematic grid of transects ensures better cover-
age of all areas. When a stratum is large, it may be covered
by two-stage sampling. Choose a random sample of blocks
from all blocks in the stratum, and run transects within these
sample blocks.

A walked transect design needs known start points and
end points where census teams can be dropped and collected
by vehicle, if the design is to be used efficiently! Possible
designs are shown in the diagrams.



C
ensus Opergy; i

The whole area may be covered
systematically. This may be
difficult in terms of getting

to start and finish points.

A selection of blocks are
sampled intensively within

an overall large homogenous
stratum. Note one block

shows an example of a random
grid, others systematic.

<~

77

A transect grid covering A transect grid where
an area between two tracks there is only one track

A star like grid from one start point
to a road network,
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sampling areas are chosen, plan the transect
. Using five transects at a time usually means a total
p énsus crew of ten. Transects should start on an acces-
ﬁpld % s line e.g- 2 road, and preferably cut across minor
sible ohy (streams, valleys, slopes and ridges) rather than
topog;m%lcl to them. Transects should be far enough apart to
n;:vl():nt nterference (0.5 km in forest, 1 km in open areas as

2 minimum).

Once the

km per day is probably a maximum in easy condi-
n difficult terrain or with very dense populations.
Transects should be run in the early morning. Evening
sransects can be dangerous, if people get lost and have to

return in the dark.

Ten
tions, less 1

Each team of two Or three people needs a sketch map
with their route marked, a compass, data clip board and
binoculars. Where essential one person should be armed. The
tcam walks along their transect on a pre-determined compass
bearing looking for animals on both sides. One person counts
the number of paces traversed (an average pace = 0.7 m but
check!) which gives the actual distance covered and allows
the location of each sighting to be noted if so desired. Alter-
natively actual distance covered can come from a large scale
topo-map; but use pacing as a check.

On sighting an animal, the group is counted and their
position noted. The pace number at sighting is recorded. The
distance from the point of first sighting to the centre of the
observed group is estimated or paced (see previous technique
for details). An exercise in trigonometry can help estimate the

angular distance, which is useful when long distances have to
be paced.

P > Transect line

Observer
|~ Sighting angle

r

Angular /

distance

X Animal

The pace number along the transect at Oisnoted, and the
compass used to calculate the bearing to the animal at X
which allows calculation of ‘a’. The census team then walk
on along the transect to the point P perpendicular to the
animal's first position. The pace number along the transect at
P is noted. The distance OP can now be determined. Know-
ing OP and the angle a (the difference between compass
bearings for transect and to animal) the hypotenuse of the

right angled triangle (or ‘r") can now be calculated by trigo-
nometry €.g.
OP
T = s ]
cosine ‘a

As measuring angles and counting paces is within the
abilities of forester level staff, it is recommended that census
staff do this always when ‘r’ is likely to be over 20 m or when
counting paces along ‘T’ disturbs animals further along the

transect.

The value of such observations reinforces the need to
have a specially trained census team rather than all the staff

of a protected area.

Area Block 3, Sariska.
Observer A. Singh Start Time 0

A proforma should be comp

Transect 5, Bearing 090 deg. 22-11-86
620 Finish Time 0929 Finishing Pace 9250

leted by each census team €.g.

Obs. | Pace | Species No. Angular Bearing | Angle 2nd pace O-P Calcula- Notes
No. Dist. Esti- ted Angu-

mate (m) la.r distance

distance

! 624 | Sam 1 16 120 . 640 * * By pool
2 957 | Sam 4 10 145 1010 F
3 2041 | BD 1 10 150 2050 -
4 5960 | Lan 12 | 30 110 6100 &

etc.

e.g. for Observation 1.

* These columns should be completed by the census organiser after the transect proformas

have been handed in.
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Difference between Transect Bearing and Ani-

Angle =
’ mal Bearing = 30 deg
. OP = Difference between Pace and 2nd Pace
| = 16 paces.
OP 16
Calculated = = 18.5 paces

Angular Distance  Cosine 30  0.866

With a pace equal to 0.8 m, tl\le calculated distance is thus
14.8 m.

It is always useful to estimate ‘r’ as well as calculate ‘r’
from trigonometry. Measurements can go wrong. When ‘a’ is
very large (close to 90°) then big errors can creep into deter-
mination of “r”.

On completion of the transect the census organiser
should interview each census team to discuss routes and
sightings. Proformas should be checked.

Data Analysis:

Data on sighting distances for each species should be
compiled from all transects within each stratum and a single
mean angular sight distance for each species calculated - “¢”,

For simple calculations, all transect data should be
summed, giving an overall transect length (L) and total
number of animals of each species sighted.

Density is then calculated as:

_ n
" Lxrx2
Where n = total number of animals sighted and the
figure 2 is for each side of the transect.

Calculation of confidence intervals requires a decision as
to what constitutes a sample unit - each Separate transect or a
number of nearby transects in one block. The sampling prob-
lem is that for short transects with low densities of many
species, there will be great variation between transects. By
combining adjacent transects into one sample, some of this
variation will be reduced, but so will sample size.

The preceding discussion and the suggested proforma
may look daunting for a forest officer wishing to use a team
of wildlife subordinate staff,

This may not be as difficult as first thought, because:

1) Distances covered may be determined from maps,
2) Angular sight distances for a species in a habitat type
may be determined from a number of observations by the

officer and his average value used for the censys by
Jjunior staff,

This means that field staff only have to walk from A 1o
B and count animals seen!
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Box 11

Exarﬁple of a King Census Foot
Transect: Nilgai in Sariskg

Nilgai Census: Sariska Valley Scrubland, Nov: ’86.

Walked Transects, King Census Technique, using Radig
(Angular) Distance Measurements from Line of Trave],

9 Transects, averaging 3.4 km in length, East Wes
across valley using Tarmac central road as a base line,
The whole area is some 10.5 sq km

DATA SET
\
No. [ Len- |No. |No. | Mean Estm.
gth  [Gro- [Ani- | Angular | of Grp. Overnall
up |[mals | Dist. Density
(km) (m) per sq km
1 35 |5 10 78 13.64 42 groups scen on a
total of 30.2 km at
2 28 14 6 70 13.66 an average of 52.3m
3 25 |7 7 59 1 26.76 n
D=
L x 2 x mean
4 |44 |2 2 32 4.35 distance
5 |34 |8 20 52 22.49
42
6 (38 |5 7 28 1258 |D= —mM8M8M8 —
30.2x 2 x 0.0523
7 125 |3 5 65 11.47
- D=13.30sq km
8 36 |3 6 32 7.97
9 37 |5 15 27 12.92
302 (42 78 Mean 13.52 | Mean group size is
kms. 78/42 = 1.86
(weighted from Animal density
all data =25.15 per km?

1. The individual transect densities have been calcu-
lated using the overall mean sight distance of 52.3m.
Individual transect data allow the calculation of. a
confidence interval around the overall mean density
=25.15+8.5(95% limits) of animals/km?2.

2. 1985 data for the same area had an average of 50.3m
sight distances and 47 animals were sighted over a
23 km transect grid. This gives a density of 23.3
nilgai per sq km, not significantly different from
1986.

3. In 1986 a total area of 29.7 x 2 x 0.0523 = 3.1 sq km
Wwas searched = 29.6% sample intensity. Note that a
high intensity but few actual samples (9) gives a
large confidence interval. A better confidence limit
would neced 20 transects.

4. 25.1 nilgai per sq km in a 10.5 sq km arca = 264

nilgai.
|
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2.3.4 The Fourier Series Estimator

This is the method of choice for unbiased statistically
robust analysis of data which have good measurements of
perpendicula'r distance “y”. Fourier is the name given to a

mathematical method which analyses sine waves:

The pattern of distribution of perpendicular distances
approximates part of a sine wave. The technique was devel-
oped by Burnham, Anderson & Lake (see reference section)
and their 1980 monograph is still the standard text for census
analysis.

The method involves complicated mathematics, and
lengthy calculations, and is very tedious. However, if a stan-
dard IBM compatible PC computer is available, then analysis
can be undertaken simply by using the Programme
‘TRANSECT” or derivatives. (These are available at WII,
Centre for Ecological Sciences at Indian Institute of Science,
Bangalore; BNHS in Bombay; School of Ecology at Pondich-
erry etc. or from Burnham in USA). Even though analysis is
simplified by computerisation, the interested user should seek
statistical advice as to the suitability of data for analysis and
the interpretation of results. Sometimes different analyses
may be more appropriate, such as a “polynomial” technique;
which is also available on some “Transect” programmes, or
on standard computer statistical packages.

Fourier Analysis Input:

All species have to be analysed separately; but combine
all the transects from any one census period.

The following data inputs are required:

1. A list of all observations of perpendicular distances.

2. Number of such distance measurements. This is “n”.

3. Total distance travelled from all transects used in the
g analysis. This is “L”.

Choice of the last perpendicular distance to be included,
“truncated distance”. This will usually be the farthest
distance recorded, but if there are one or more outlier
data points, these can be excluded. For example if most
sightings are below 50m, and there is one sighting at 75m
and one at 95m, exclude these two. Truncated distance
would be 50m. This is “w”.
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Fourier Analysis and Output:

Note the symbol A indicates an estimated value. Esti-
mated Density D is calculated from:

A A A
n f (0) where f(0) is 1/a

2L

A
D=

A

a” can be explained as the proportion of animals seen out of
the total animals present in the area, upto the maximum
distance from the transect. This maximum distance is “w”
and is input parameter 4 described above.

A
The computer calculates f (o) as
1 m
J— 4 ak
w Z
k=1

2

2n

)

i-1

and ak = cos (k )(x,dw).

nw

Where n is number of data points.

x, is the ith distance measure

k is a constant 1,2,3 etc.

m is the number of such constant terms used up to
a stopping rule, where

2 05
<n+l>

Typically 2 or 3 terms would be used: i.e.

1

w

a,, a, and a,. These arc summed to give the estimated value
f(0).

The computer also calculates the variance of f(0).

Given f(0), n and L, it is simple to calculate the estimatcd
Density D.

The variance of the density estimate:

A
1 var (f(0))

A
Var D= D2 +

A
(fl0))?

n

Computerised Print out

(This obviously depends on which programme is used!).
A common version uses this form:
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Parameter Point  Std. Err. % Coeff. 95% conf.
Estimate variation internal

A

f(o) 0.04348 0 0 0

D 3382 0904 267 1.610-5.153

The estimate of density is 3.382, in this case birds per hectare.

Some programmes may give values for al, a2, etc. terms
used in the programme.

A useful discussion on the Fourier technique and a
worked example is given in Brockelman and Ali (1987), see
reference list.

2.4 MISCELLANEOUS

This section outlines four methods not easily categorised
above. One has already been referred to, the “total count” of
an entire area. Two are similar in that they are based on
proportions. One, the “ratio method” compares an unknown
to a known population, and the other compares proportions
from two time periods. Both methods can sometimes be used
in wildlife areas. The fourth is aerial survey.

The section also describes techniques of value for survey
and reconnaissance, and techniques of use in special situ-

ations such as the Himalayas and in Tropical Evergreen

Forest. Techniques for use with the crocodilians, primates,
birds and livestock are also included here.

2.4.1 Census of Large Mammals
Using a Ratio Method

Introduction:

The objective of this method is to calculate a population
size for one species, where accurate data exist for a second
species of similar size and ecology. It frequently happens that
wildlife managers have relatively accurate data on the popu-
lation size of one particular species using a specific area. An
example may be numbers of permitted cattle in a forest block.
Knowing this population size, it is possible to estimate popu-
lation size for other similar sized animals in the same area,
e.g. nilgai. Other examples would be a known population of
a diurnal species e.g. chital, where regular censuses take
place, and a nocturnal species such as wild boar which is less
well censused; or a common species e.g. barking deer, and a

less common species e.g. four horned antelope, which is more
difficult to census.

Methods:

The area is crossed by vehicle or foot and all animals of
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both the target and the known species are counted. Ideqy, ?
representative areas of all habitats in the block woulq be |
visited, giving a coverage of at least 10% of the area, or More |
if populations are very small.

Assume there is a population of 600 cattle in the block,
and the survey shows 100 cattle and 25 nilgai. Nilgai popya.
tion size would be:

Total Sample No.
ilgai ilgai N- 25 .
No. Nilgai _ of Nilgai o o B aN=150
Total No. Sample No. 600 100
Cattle of Cattle

Note the method would not be valid for animals such as
sambar as the assumption of similar habitat preference would
not hold true. The method would not be valid for animals such
as chital as the sightability of the smaller chital will be much
less than for the larger cattle.

Cattle should be dispersed in the block, not concentrated
in one huge herd !

Another example would be:

An area has a population of 1500 chital as shown by
frequent census data. A months records of traversing forest
roads at night with a spot light show 250 chital and 200 wild
boar.

200

1200 wild boar

1500 250

2.4.2 Sight and Resight Methods
Introduction:

An enormous scientific literaturc has dcveloped over the
methodologies of population analysis based on the capture,
marking and recapture of animals, usually smaller mammals.

For large mammals this has been adapted to a sight, recognise
and resight methodology.

The method works on simple proportions. If out of 2
population of animals you trap, mark and release 20, and then
collect another sample of 20 and find 5 marked, you can
calculate the total population size as:

Number Initially Number Found Marked
Marked in Second Sample
Total Population Total Number of

Size Second Sample
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20

20

——

X
and x=80

Similarly, if you initially see and recognise 20 animals
(photo identify, stripe patterns, tusk/ear shape) and then go
out again and see another sample of 20 out of which 5 you
have previously recognised, you can make the same calcula-
tion. For details of such capture techniques the reader is
referred to books by Seber and Caughley in the bibliography,

section 4.
The Method in Practice:

There are obviously a large number of assumptions that
have to be made. These concern the sampling operation, i.e.,
if you retrap in exactly the same locations will you bias
results?, and the time frame, if you do the census over a long
time period, then what about births, deaths and loss of marks
or recognition features?

In Indian wildlife science we will be concerned with
methods based on sight and resighting of larger mammals,
rarely with actual trapping. Examples of procedures for the
former are given in more detail.

1) For some animals it is possible to recognise individuals by
facial or coat markings etc. Examples include lions by
whisker dots on upper lips, tigers by stripe pattemns, rhinoc-
eros by horn, ear and scar patterns, elephant by ear notches
etc. Sketches, photographs and descriptions in an identity file
are essential for accurate recognition of individuals.

This method can be used to identify, and so count, all
animals in a population. This can be done for large easily
found animals in a relatively small area. Example could
include rhino in Chitwan N.P., Nepal, tiger in Ranthambhore
N.P., Rajasthan, and elcphant in smaller isolated populations.

2) With larger populations, or those scattered over a larger
area, then samples may be used.

For example: in Gir, suppose over a 1 month period,
traversing all road systems several times, a total of 75 lions
were seen and identified. In a second 1 month period a total
of 80 lions were seen and identified which included 40 lions
previously recorded and 40 which were new.

75 40

- x = 150 lions population estimate.

What assumptions are made?

Firstly, over the 2 month period births and deaths are
negligible. ~ Secondly, no mistake is made in recognition.
Thirdly, sampling effort is not biased.
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c.g., i_f during the first month a remote area was visited once,
but in the second month, it was visited four times, one would
expect a greater proportion of unknowns. We know that most
lions are fairly sedentary, .. remain within fixed home
raniges; they do not disperse randomly over the whole area.
Therefore sampling inputs must be large enough to achieve a
random coverage on each occasion, or be exactly the same in
each case.

2.4.3 Total Counts
Introduction:

Section 2.2.3 discussed the total counting of small sam-
pling units or blocks. The total count of a large area is similar
except that problems are greatly magnified. When planning a
census operation the decision must be taken about whether to
do sample or total counts. It was suggested that sample
counting may be preferable, except in cases where the animal
to be censused is large and easily visible, and the total area
relatively small. The longer the time period taken to do the
count, the greater the chances of under counting or double
counting. The more people that are used the greater will be
the level of disturbance and the probabilities of overlapping,
double counting or missing areas. It was stressed that total
counts do not have the advantage of sample statistics to give
measures of precision of the estimate.

If, after carefully considering all drawbacks, it is still
thought that a total count is valuable, in what way should itbe
performed?

Procedures:

The operation must be planned so as to cause least
disturbance and to ensure that there is the minimum of over-
lap problems. The census must be completed in the shortest
time period possible. It is important therefore that all partici-
pants be thoroughly briefed, provided with maps, and prefera-
bly given prior training including familiarisation of the area.

Key species for the census should be chosen and the
census routes and inter-observer distances fixed for these
species in the prevailing conditions.

Fieid procedures will be the same as those described
under block count censuses, although blocks will be contigu-
ous. Prior planning might be able to divide up large areas into
homogenous parts to be counted in one day - e.g. using bar-
riers such as rivers or watershed ridges to demarcate zones.

Debriefing observers is of importance. This can give
ideas on areas missed or of double counting.

The Result:

How much reliability can you attach to the result? It is
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not possible to tell as it is a function of census design,
observer ability and conscientiousness, terrain difficulty and
animal shyness.

One clue as to reliability is to repeat the census, or a
major part of it, immediately. An immediate recount means
there is no chance of conditions changing - birth season,
movement, increased mortality etc., before the next census.

If the two counts are similar then the result will certainly
have value as an index of population size. If they are not
similar, (i.e. not within 20% of each other) then the result is
of no value. ‘

But, there is no easy way of knowing how accurate the
result is!

Note: Once that you have eliminated double counting, if you
then repeat a total count three times or part of the

whole is counted three times you accept the largest,
not the mean, as the best estimate.

When all individual blocks are counted more than
once, it is the largest overall daily total that-is
accepted, not the tntal of the separate largest estimate
for each block

A bounded count estimator may be of value in sug-
gesting a best estimate of total numbers, using the
differences between at least four counts to suggest the
real total. This is discussed in Appendix 5.2.

2.4.4. Aerial Survey and Census
Introduction:

Aerial survey and population monitoring is the census
technique of choice of many parts of the world including east,
south and west Africa, Arabia, Australia and many regions of
the Americas. Techniques have now achieved considerable
sophistication and allow the objective quantitative recording
of data on habitats, animals and socio-economic factors.
These data not only give abundance but also spatial and tem-
poral patterns of abundance, with statistical confidence lim-
its. In India there has been no determined attempt to show if
the techniques can be used efficiently. Many people believe
that the denser vegetation cover precludes useful aerial obser-
vation. Stracey however advocated experimentation in India
in the 1960s, as did Dharmakumarsinhji! Such experimenta-
tion has not been done.

Aerial Survey Possibility in India:

Much of western India does not have a dense tree cover,
e.g. Kutch and Rajasthan. The flood plains of the Ganges and
Brahmaputra valleys have wildlife populations in open grass-
lands which are visible after grass burning. The trans-Hima-
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layas allow relatively easy aerial observation of medium anq
large sized animals. Dugongs can be censused in coasta]
waters. Much of drier Peninsula India can be surveyed in (he
drier months when many trees are leafless. So claims that (he
technique is of limited value are not really true.

Survey to be done properly requires considerable pre.-
flight training of both pilot and observers. Careful attention
must be paid to sampling design and survey objectives,

Equipment:

A high-wing single engined monoplane is ideal e.g. a
Cessna 172, 180, 182 etc. Most censuses are conducted be-
tween 200 and 600 ft. above ground level, and speeds be-
tween 70 and 120 m.p.h.. Safety is an important factor and
flying should not be too low or slow.

The pilot should fly and navigate, NOT observe. There-
fore, for maximum efficiency there should be two or three
observers, to cover both sides of the aircraft flight path,
However, ultra light or light aircraft with pilot only or only
one observer, can often use spiral search patterns within
blocks rather than flying long transects, to equal advantage.

All wildlifers should take any opportunity they can to
view their areas from the air. However, if anybody wishes to
attempt aerial survey, census, or low level photography, we
strongly recommend that they contact people with expertise
for definite advice, and consult the text books by Clarke and
Norton-Griffiths’ listed in section 4.

2.4.5 Reconnaissance and Survey
Introduction:

For many of the remoter areas and smaller wildlife spe-
cies of India we do not have even rudimentary ideas of animal
population abundance, nor do we have established techniques
for determination of such abundance. The Himalayas and the
closed evergreen forest systems are immediate examples.
There is no data set which suggests the order of magnitude of
densities for ibex, bharal, tahr, Tibetan Ass, takin, brown
bear, wolf, snowcock, etc. in the mountains, or clouded leop-
ard, binturong, pheasants, gibbon, or even sambar in the
evergreen forests of North Eastern India. The denser forests
of the Western Ghats provide equal problems, for example
how to census tiger in Periyar.

What is required is a period of rapid survey to establish
base-line knowledge on distribution and coarse scales of
abundance for specific locations. How to do such survey is
the object of this section.

Survey and Maps:

Survey must be location precise, i.e. this ridge, this
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ah, this forest patch. This requires the use of good topo-
aphic maps: of sufficient accuracy from which areas can be

Field Work Capability:

Survey of remote & difficult areas requires adequate
Jogistical support:

Mountain equipment and suitable clothing; perhaps
armed escort in the forest, local guides, much prior planning
and organisation, provision of food supplies, line of commu-
nication are all essential. Such arduous work requires interest
and motivation. It also needs the input of senior officer/staff.

Distribution Survey:

This is the simplest level of operation, but even so we
have very inadequate data for many species. It consists of
establishing presence/ absence of a species in a particular
area. The areas can be administrative districts or tehsils,
forest divisions, ranges or blocks, degree squares or quarter
degree squares (i.e. the area of a 1:50,000 map sheet), 10 km
grids, 1 km grids, etc. (Grid squares are discussed in section
2.1.1.).

Information on presence-absence in the grid square can
come from many sources, the surveyor should clearly distin-
guish between past information “it used to be here” and
present information, «it is here now”. The surveyor should
start by interviewing knowledgeable people and noting prob-
able localities. These, or a proportion of these, should then be
checked in person or using trusted staff.

A grid map for species prese could then be like this :

A A 0

A

~ W
Absent %//////

No information available
Old record now absent
Reported but not confirmed.
Confirmed

R

?

oo

Ax"O~»

Abundance Survey:

Several possibilities exist for including measures of
abundance in a preliminary survey.

Firstly, a qualitative or subjective estimate of abundance
in each grid (section 2.1.1); this is based on cxpericnce of
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the species and the area.

Sec'ondly, choosing a number of sample grids and under-
taku}g block counts or transect counts as described in
_secnons 2.3.1 and 2.3.3. This is based on actual sight-
ings.

Thirdly, using an index as to presence, dung, track, calls
etc.

2.4.6 Census Operations in the Himalayas

In some cases the nature of the terrain, and the ecology
and behaviour of the species, mean that efficient census by
the methods discussed in this manual is not possible. Much of
the higher Himalayas would fall into this category where
extremely steep and rugged terrain and generally very low
densities of large mammals, makes census very difficult. This
section puts forward some ideas on how simple estimates of
abundance may be obtained.

Recording Presence: Absence Data:

The use of 1 : 50,000 topo-sheets or other large scale
maps can allow accurate recording of species presence based
on actual sightings, dung identification, or reports/records
from local people, forest staff etc.. Records can be for grid
squares; use 2km x2km for detailed survey, Skm x Skm for a
coarse rapid survey. Note that smaller and smaller grids can
be used as data accumulates over a number of years. Records
could also be for administrative units - blocks, compartments;
or for natural units such as drainage basins, hill systems,
grazing areas etc. See sections 2.1.1and 2.4.5.

Distribution maps allow the stratification of a large
mountainous protected area into areas which could later be
sampled more intensively. Blocks with much positive infor-
mation could be sampled more intensively than those with
only sporadic sightings. Maps help in planning extrapolation,
for calculating population totals. If for example, you know
that serow have been recorded for 20% of the blocks in
Kedarnath W.L.S, and that you know from more detailed
research that typical serow density is 1-2 sq km then you can
make meaningful guesses at serow population size.

Obtaining Information on Species Presence:

Local knowledge provides a useful starting point. If a
past shikari says tahr are found at a certain site, then this
should be checked, maybe initially by a guard, later by a
senior staff member.

High hills and ridges allow the scanning of adjacent
visible areas for wildlife. Topographic maps allow the exact
plotting of areas so searched. You may need to scan a hill
slope with a spotting telescope for a full day or for the
favoured part of the day, i.e. early morning for feeding, or
afternoon for basking. Nilgiri tahr in many protected areas in
Kerala were successfully sampled in this way in 1987.
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Evidences such as dung or tracks can indicate the pres-
ence of a species in a particular area, ar}d can be rr_la;.)pe(.i as
positive cvidence, especially where signs are distinctive,
such as musk deer.

Detailed census of small areas:
Several techniques could be tried, for example:

i) Drive or block counts. This should be done as silently
as possible; use edge observers who are placed at vantage
points to observe animals moving out of the census block.
Blocks will usually be small, and many may be needed.
Note that the direction of movement should be chosen to
drive animals towards the edge observers. This method was
used extensively for musk deer in Kedarnath WLS, by M.
Green.

ii) Recognition of herds. On any one cliff face there is
likely to be only one group of tahr or ibex for example,
which may be recognisable by sex and age composition or
individual peculiarities. Similarly individual bear or argali
or other larger distinctive animals may be recognised and
mapped in particular locations.

iii) Relative abundance indices could come from dung
counts, or number of calls or sightings per hour searched
etc. See the relevant sections of this manual for details.

iv) Appendix 5.4 gives detailed census methodology sec-
tions from published studies of Himalayan wildlife, and a
summary of recorded density data.

2.4.7 Census Operations
in Tropical Evergreen Forest

Evergreen forest communities present especial prob-
lems for census operations. Virtually all terrestrial animals
have very low densities (arboreal mammals can have high
densities and biomass); visibility is often low, and in very
thick ‘secondary’ undergrowth both visibility and move-
ment can be close to nil. The forest environment can be
very hostile (cane, leeches, mosquitoes, stinging nettles,
heat and humidity, steep topography).

Animals may be specialists of poorly known habits (c.g.
serow, takin, mouse deer, barking deer, binturong, linsang,
Malabar civet, clouded leopard and other carnivores) neces-
sitating effort into gaining basic knowledge of the species
before the proper development of census methodologies.

What do we need to know ?

Nearly glw?ys we need t0 know much more about
paucn.ls of distribution. Even for large visible species such
as takin we know little about broad distribution.

There are several species considered to be rare apg
endangered, e.g. Malabar Civet, and yet there is no informg
tion as to where in the Western Ghats the species can Slili
be found.

For larger species, elephant, gaur, sambar etc., there jg
a need to know rough pattemns of density, especially With
regard to differential use of evergreen forest and more Open
adjacent deciduous forests.

There is still a need to know methodologies. How can
one census tigers in the several hundred square kilometreg
of closed evergreen forest in Periyar N.P. in Kerala?

Suggested Census Operation

1) Comments on general reconnaissance survey in section
2.4.5 are relevant. Map presence and absence at a coarse
scale, refine this as more information becomes available,
Use information from local people. Employ knowledgeable
locals (tribals) to help you question other people and check
such information in the field.

2) Check key sites (water, salt licks, valley bottoms, fig

" trees or other preferred fruit localities). Use a machan or
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camera traps. Consider tape recorder play backs of calls.
Look for spoor, dung etc. to show distribution.

3) Line transects can work in evergreen forest. Low den-
sities can however make formal transects either ineffective
or very expensive in that many are needed. Nocturnal, or
shy hiding species cannot be assessed in this way.

4) There is still a need for experimentation, trial and error
with census operations and the publication of results and
methods. For tigers in Periyar there is a need to develop
greater mobility and field work capability before better
census can be attempted. Temporary camps need to opened
and a network of patrol trails established. Then cleaning
some parts of trails from litter and placing pugmark impres-
sion pads may help.

2.4.8 Census Operations for Crocodilians

India has considerable experience in both the manage-
ment and ecological investigation of crocodile populations
of the three indigenous species:

Ganges gharial
Mugger or Marsh crocodile
Saltwater crocodile

Whilst many investigations have commented on popu-
lation abundance, there has been no review of pertinent
methodology. This section provides an introduction to suit-
able methods of census.
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pirect and Indirect counts

Crocodilians being amphibious in nature can be counted
directly both on land and water. Crocodiles basking on land
during day time are easier to count and their size can be
estimated. At night crocodiles floating on water or resting
on land can be counted by using a hand held spot light and
catching the reflected ‘ruby red’ glow from their eyes. Only
a proportion of crocodiles will be visible at any one time.
Others will be submerged. This proportion dependent on
many factors such as ambient temperature and disturbance
is highly variable.

Presence, absence and relative abundance of crocodiles
in a given area can also be assessed from indirect evidences
such as footprints and faecal droppings on the shoreline. An
estimation of number of breeding females can be made by
counting the number of nests laid each year.

In some cases it may be possible to attract nesting and
nest guarding females to emerge from water by playing
recorded ‘grunting’ calls of newly emerging hatchlings.
This technique, however, is risky as nest guarding females
may consider this as an intrusion in their territory, and at-
tack.

Factors affecting count

Air temperature, day length and availability of sunlight
for basking greatly influence the amount of time crocodiles
can bask on the shoreline. Winter months, therefore, are a
good time to count crocodiles during the day. During sum-
mer months, crocodiles avoid the high temperature of sun-
light and spend much of their time submerged. During
night, however, they surface or rest on land. Night spotlight
counts during summer, therefore, are ideal. An additional
advantage of a summer count is the low waterspread, re-
stricting crocodiles into smaller areas. Low water depth
during summer, however, makes it difficult for navigation
by boat.

In coastal waterbodies influenced by tidal fluctuations,

conditions at low tide are easier for the viewer to spot
basking crocodiles. At high tide, the shoreline vegetation
screens from viewers crocodiles floating or basking. The
same problem is faced during night spotlight counts. Counts
are usually restricted to the period of tide when 50 cm or
more of exposed banks are visible from the base of vegeta-
tion lining the river.

These methods can only be undertaken in accessible
habitats with a distinct water-land interface.

Census Operations

Planning a crocodile census operation begins with pre-
paring maps of the survey arca from topographic survey

sheets. An unit length of 10 km or multiples is advisable
(Fig.1). Depending on the season of survey and the amount
of time crocodiles bask during the day, the unit length can
vary; except in winter nights when crocodiles prefer to
remain submerged in water to avoid low surface water
temperature.

Daytime and night spotlight counts can be conducted
from a flat bottom (stable) boat, moving downstream. A
crew of three members is ideal. One to spot crocodiles, one
to navigate the boat and the third to record data.

The locations of each crocodile spotted are determined
and plotted on the map. When possible, each crocodile is
approached closely to estimate its size. With experience it
becomes easier to estimate the size from a distance. A
simple practice is to estimate the size of fallen log or debris
on the bank and cross check its actual size to correct the
pattern of size estimation error of each crew member.

With practice, the size of a crocodile can also be esti-
mated at night from the distance between two reflected
eyes.

On the basis of these observations crocodiles sighted
and counted are assigned to general size/age classes. Size
estimates are more of a guide to the population size struc-
ture than a precise measure of structure.

e.g.

H - Hatchlings ( < 50 cm)

Y - Yearlings/Juveniles ( > 50 < 120 cm)
S.A - Sub Adults ( > 120 < 180 cm)

A - Adults (> 180 cm)”

E.O. - Eyes only

Individuals that can not be approached close enough to
enable a size estimation to be made are recorded as eyes
only (EO) crocodiles !

Other parameters such as time and location of sighting,
activity of the sighted animal, weather conditions, moon
stage, habitat condition, water level etc. are recorded along
with crocodile data. These data will help in analysing popu-
lation density fluctuations in different areas and suggest
reasons for change in densities from time to time.

Recording census data

A separate data sheet for each day/night survey or a
total river length unit should be kept. By compiling data
from all these sheets, the population density for each river
system can be calculated. Usually data are expressed as
numbers per km of river. A suggested proforma sheet for
this is as follows:
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Table I Crocodile Census Data Sheet

River Day/Night count Date:
River unit (other) length to cover.

Size Class Number Location Feeding

seen

OL IVIM SWOE MS

Hatchling
< 60 cm

Yearlings
>60 < 120 cm.

S.Adults
> 120 < 180 cm.

Adults
> 180 cn.

EO (Eyes only)

Total

OL - On Land; IVIM - In vegetation in water;
SWOE - Shallow water on edge; MS: - Mid stream.

Name of Observer:

Data Analysis

After the census of all such units of a river system or
lake system are completed, the data can be compiled into a
master sheet.

Table II - The data below are the actual census data
of saltwater crocodile in Blyth-cadel river in Australia
(Source: Messel et al. 1984).

System Size class numbers Total km  Density*

surve- per km
H Y SA A EO yed

Blyth-Cadel river

Feb 1987 82 167 67 6 26 348 9.0 29

Feb 1988 105 177 68 4 32 386 90.5 3.1

Feb 1989 155 129 82 6 17 389 90.5 2.6

Feb 1990 72 137 68 7 31 315 899 2.7

*  The hatchling size classes are excluded from calculation of density.

Reference

Messel H, Vorlicek, G.C. Green, W.J. and Onley, 1.C.1984.
Survey of tidal river systems in Northern Territory of Aus-
tralia and their crocodile populations. Monograph No.18.
Population dynamics of Crocodylus porosus and status,
management and recovery. Update 1979-1983. Paragon
Press: Sydney.
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The density of crocodiles in a river or lake system is
calculated by dividing the total number of non-hatchling
crocodiles seen by the number of mid stream kilometres of
river and tributaries surveyed.

Although a mean day or night count density can be calgy,.
lated for a river system surveyed each year, it is biased by
mix of high and low density locations in each river system
surveyed. The result of a count can vary greatly with physi.
cal conditions (water level, weather, moon stage etc.) anq
disturbance factors operating in the habitat as well as the
experience of the counting personnel.

Since there are many interacting independent variables (as
explained above), whose independent contribution to the
density of crocodiles in any given area is not known, a
linear regression analysis is unlikely to be an estimator of
density.

Therefore, the usefulness of the spotting count is not in
determination of an exact population figure but it is a
method that can yield an index of the number of crocodiles
present at any given time. Sustained regular surveys and
census can thus provide information on both the status and
the trend of the population.

Note that the method outlined here does not allow the
determination of the proportion of animals visible at any
one time. There may be half or more of the population
under water during the operation, and this proportion is
variable. However, repeated censuses and data on environ-
mental variables can allow statistical computation of such a
proportion, and so estimate a total population.

Presenting the data

Relative density of crocodiles in different parts of the habi-
tat can be represented from data gathered in a graphical
form.
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of 40
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River / Habitat Segments Km length of river

Such graphical presentations can help management to
emphasize protection/management efforts in specific areas
depending on crocodile densities rather than diluting effort
all over the habitat, and can also show features of habitat
importance, limiting features etc.
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Graphical presentation of densities for each year gives
informaﬁo“ not only{ on the populz}uon trend, but also on the
changes in distribution of crocodiles in different areas.

Graphical presentation of number of crocodiles sighted
during each successive census in a given area will also
indicate the survivorship of each size class as also recruit-

ment of sub-adult size classes into adult size class.
Notes on Censusing Indian Crocodilians

Three species of crocodilians occur in India. The long-
snouted gharial (Gavialis gangeticus) is a resident of
Ganges, Brahmaputra, Indus and Mahanadi river systems. It
does not occur in other river systems of the Indian sub-

continent.

Gharial is by far the most gregarious in nature. At any
time of the year one may find congregations of all size-

classes on a preferred mid river sand bar. This can make it

difficult to classify them into different size categories. It is
also difficult to approach them very close, being shy they
slide into water at the slightest provocation.

The Estuarine or saltwater crocodile (Crocodylus poro-
sus) is restricted to the mangrove swamps of the east-coast
of India and the bay Islands of Andaman and Nicobar. The
main rivers and creeks within mangrove aréas— all support
C. porosus.

The freshwater Indian mugger crocodile Crocodylus
palustris is by far the most widely distributed in the Indian
sub-continent and could be found in many freshwater habi-
tats ranging from small village ponds to fast flowing deep
rivers. However, wherever mugger crocodiles share the
habitat with Gharial, their numbers are very 1ow.

The mugger crocodile is also gregarious but large con-
gregations are rare to find in the wild. During the winter
months, the adult size classes are mostly solitary. Muggers
do not like very deep waters nor do they tolerate big waves,
hence one may always find them closer to the shore rather
than on mid stream in a big lake or river. Mugger prefer t0
bask on rocky outcrops or islands, rather than on mid river
sand bars.

Summer nights are the ideal time for census of mugger
crocodiles.

2.4.9 Census Operations for Primates

There is a considerable literature in India on studying
the urban and agricultural populations of macaques and
li}ngg;s (see for example references to Southwick and Sid-
diqui, and Seth and Seth).

However, this section comments On techniques suitable
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for fully wild populations in natural forest situations. Two
publications are of importance for detailed study of primate
abundance, these are: Brockelman & Ali’s “Methods of
Surveying and Sampling Forest Primate Populations™; and
National Science Foundation’s booklet on “Techniques for
the Sn'ldy of Primate Population Ecology”. Both are listed in
th.e l.)lbliography. Both should be consulted by persons
wishing to census primates in evergreen forest situations.

' Bl:ockelman and Ali stress the need to determine the
objective of the abundance survey as this will affect broad
methods to be used :

e.g.

F.or conservation planning Use a relative abundance
(i.e. where should we protect ~mapping grid over whole
Phayre’s leaf monkey?) distribution area.

Use block counts or transect
lines. Determine number

of groups per area and later
correct for mean group size.

For protected area monitoring
(i.e. how many animals in this
protected area?)

Intensive transect lines and
recognition of groups.

For ecological study of a
population

Primates present three especial problems for the generalised
wildlife census, in which all species (terrestrial and arbo-
real) are to be censused together.

1) Primates are highly diurnal (apart from lorises).
Transect counts before 8 am or even later in winter may not
be effective as groups will not be active and will be re-
stricted to sleeping trees. For many ungulates transect tim-
ings may be most effective from first light to 8 am!

2) Group sizes are large. Common langur groups may
often exceed 50 animals and counting such groups may
require a long time period and so affect overall transect
efficiency. Infants may be held by the mother and easily
missed. Binoculars are essential. Better to count groups
during the actual census operation. Later more detailed
enumeration of a sample of groups will allow the correction
of group density or group numbers to animal density or
animal numbers.

e.g
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'20 groups X 325 animals
(no. of animals)

(no. of groups) (mean group size)
(based on counting a sample of say 10 groups)

3) Intall evergreen forest the census search will have to be
three dimensional. Observers should scan the canopy for
movement as well as the ground. Often primates in the
canopy are heard before they are seen; branches moving,
twigs snapping. Some observers stop and listen for 20 sec-
onds or more every S0m. If primate populations are greatly
disturbed, then animals may “freeze” on hearing humans
approach and detection will be very difficult.
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4) For generalised survey use can be made of the loud
territorial 'display calls, typical of langurs and leaf monkeys
in the early morning. Such calls can give clues to the pres-
ence of the species, and allow them to be followed up.

5) Detailed studies should involve the use of a systematic
grid of transects; e.g.

_r—r}

N / I

p

North—South Transect

/‘4———Study Area

B SN

Primate sightings should be mapped as to position
along such transects. Analysis of map plots can help you to
identify groups, group home range sizes and so calculate
density. If mean home range size is 2 per sq km, and home
ranges do not overlap, then there will be 0.5 groups per sq
km If average groups size is 20 animals, then there will be
a density of 10 animals per sq km

2.4.10. Census Operations for Birds

Birds rarely corae into the “accounts” of wildlife pro-
tected areas in India. Managers seldom count bird species,
except those of immediate importance such as Siberian
cranes or bustards. Many protected areas do not even have
a check-list of bird species. Hopefully, this situation will be
rectified as the importance of birds comes to be recognised,
not only as part of the biodiversity of an area, but also as
useful indicators for habitat status and efficacy of manage-
ment measures.

This lengthy section introduces several possible tech-
niques for counting birds. These are:

Total Counting - useful mainly for waterfowl;

Sample Counting - covering four methods:
mist-nets
foot transects
point samples

territory mapping.
The interested reader is advised to consult the detailed
references listed in Section 4 of this manual and to seck
specialist advice before undertaking detailed census work.,

Total Counts: Mainly Waterfowl

It is not possible to attempt total counts of birds, except
in case of larger more visible species restricted to specific

Located Primate Group
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limited areas, such as waterfowl in wetlands. Sych tota]
counts of wetland birds can be conducted by walking o
boating through or around the area, or observing from 5
vantage point such as a tower. Such counts too have not
been part of the wildlife manager’s routine work even i,
large wetlands. Three years ago, a notable effort was initj.
ated by the Bombay Natural History Society in India, imple.
menting the annual Asian Waterfowl Count; this hag the
objective of assessing population figures and trends of mqg
waterfowl species in as many wetlands as possible, Thig
seeks to involve hundreds of individual birdwatchers and
agencies in collecting and collating census information,
This may seem similar to the annual tiger census in Indial
All possible wetlands are visited by the census operators
(volunteers) during a specific period in January, and ]
individuals of every species are sought to be recorded,
Results of the first three annual counts (1987 - 1989) are
summarised in the Wetlands and Waterfowl Newsletter,
published by the Bombay Natural History Society. Wildlife
officials incharge of wetlands can usefully become part of
these counts, thus further strengthening the network, as also
increasing the data. Further information on these counts -
prescribed methods, data collection formats, timing, etc. can
be obtained through Shri S. A. Hussain of the Bombay
Natural History Society, coordinator of these counts, and
editor of the newsletter.

Total numbers become important in conservation cases
of extreme rarity, for species like the Siberian or Black-
necked cranes, which may be on the verge of extinction, or
occur in very low numbers. Total counts may be possible
for large, conspicuous species such as bustards and flori-
cans, and maybe some pheasants, using techniques similar
to those described for mammals. But for the bulk of the
terrestrial species, this is not feasible, nor is it necessary.

Sample Counts:

The utility of bird counts for a manager would lie
mostly as indicators - for monitoring habitat status, assess-
ing the effects of management inputs or as part of an envi-
ronmental impact assessment of “development” projects.

For these purposes, the parameters of importance are:

a) The number of species (species richness); note, this
changes seasonally, with summer and winter migrants.

b) The relative abundance of species in a community. (€-8-
species A is more common than species B). It is not neces-
sary to obtain the absolute abundance of every species.

¢) The number of a particular “target” species; this t00
need not be absolute, since target species counts are most
useful for comparative purposes (e.g. species A is more

common in habitat (or area) X, than in habitat Y; species A’

was more common in 1988 than 1990, or before a fire than
after).

e R ————
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These parameters can be most easily measured through
samplc countS.

The basic concept of a sample count for birds is the
ame that for mammqls - counting in a representative
e of @ particular habitat. Such sample counts can be
conducted in various ways - by capturing birds, counting
singing males, sightings _along foot transects or “point
counts” from fixed locations. The basic steps, such as
sample design to ensure adequate, proportionate representa-
tion of different habitat types, are the same for all purposes.
Sample counts for birds requires a reasonably good acquain-
tance with the bird species of the area. It is essential that the
person conducting the count be able to correctly identify
most species encountered, or at least those target species.
Ideally, the census operator should also be familiar with the
songs and calls of target species. This is because most bird
detections (and some identifications) are likely to be based
on calls. In practice this would require spending time in the
area before the census, merely becoming familiar with the
birds, learning their calls and songs. This also helps in
getting a feel of how they are distributed among the vertical
strata of the habitat. One should know where to look for a
given species - €.g. in the top canopy, on the ground, or
among fruiting lianas.

1. Mistnet Sampling:

Thin, practically invisible nylon nets, called “mist-nets”
are routinely used for capturing birds in forests. This tech-
nique (illustrated in the Wildlife Techniques Manual Eds.,
1B. Sale and Klaus Berkmuller, WII) is particularly useful
for birds of the understory - up to about 3 m above ground
is the normal range. Captured birds may be ringed, or
colour-banded, by putting plastic colour-coded rings around
their legs. This is useful in the capture-mark-recapture
method (see Section 2) where the ratio of marked to un-
marked birds in subsequent counts can yield estimates of the
population size. Alternatively, mistnet capture can provide
simple indices of abundance, such as capture rate which is
the number of birds caught/mistnet/hour.

_ Mistnetting is, however, of limited utility since it re-
quires skill and experience, both in using the nets as well as
in the handling and care of captured birds. It is also expen-
sive in terms of effort, since only a limited number of
species, of a particular vegetation -stratum are sampled. It
glay be most useful in identifying and counting cryptic or

skulking” species, such as wren-babblers, chats or ground
warblers,

2. Foot Transects:

Counts along transect lines, esscntially as described for
mammals, are useful for estimating relative abundances, as
well as for estimating densities.

Relative abundance: The actual number of birds en-
countered (seen or heard) on a transect €an act as a simple
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gldex of abundance (numbers per km walked) for compara-
Ve purposes, e.g. monitoring bird populations from year to
year in a given area, or comparing before and after some
management measure. Care must, however, be taken to
ensure that the visibility in the habitat is similar during all
the counts being compared. A decrease in visibility may
lead to fewer birds being encountered, even though the ac-
tual number may be the same. Since visibility often changes
§easona11y as a function of the amount of foliage, counting
in lhe same season is an effective way of controlling for
visibility. The conspicuousness of a bird also depends on its
behaviour; birds, especially males, are highly visible during
the breeding season when they are singing and advertising
their territories. The best season for counts is thus the breed-
ing season, when birds are most conspicuous.

Transects for relative abundance may be along roads or
tracks through a habitat. The important criterion for com-
parison is to have similar conditions during each count, i.c.
ensure repeatability. Take care that roadside edges are rep-
resentative of the habitat to be sampled. Road going through
dense forest often have edges of open sun-flower rich pio-
neer shrubbery, a very different habitat then dark forest
interiors.

Density: The procedures for estimating densities from
fransect counts are similar to those used for mammals, (See
Section 2.3.3), and the detailed references of Section 4).

Transect length should be such as to ensure adequate
coverage within a specific time period. In practice, walking
a bird transect of 1 km length requires about two hours, on
reasonably level terrain in a forest habitat.

3. Point Count:

A variation of the transect count is the “point count”.
Here the observer stands at a fixed point for a specific
period and counts all birds, either within a specified circle
(of say radius 15 m), or as far as birds can be seen ("open”
radius). This is actually like a transect count of length zero.
Analysis is similar to that of transect counts, except that
perpendicular distance is replaced by radius, and area be-
comes )( 12 instead of Lx W.

Point counts are particularly useful in areas of difficult
terrain such as hills or swamps, where one cannot easily lay
a straight, continuous transect.

4. Territory Mapping:

This is a standard method of counting birds in most
ornithological studies, and widely regarded as the most
reliable. The technique is based on locating singing males in
an arca on a map. This is done repeatedly (3 - 4 times)
within a limited period (maybe a week, or the breeding
season). A composite map is then prepared by overlaying
the locations of each separate count. One can then find
clusters of locations indicating territories of individual
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males. The number of such clusters is thus the number of
territorial males in the arca, and assuming all of these are
monogamous, one can then estimate the breeding popula-
tion.

An obvious limitation of this technique is its being
restricted only to the breeding season. It is not applicable to
winter populations of migrants, a major component of the
avifauna for most of peninsular India. Further, non-breeding
members are left out. The technique also requires skill in
identifying territories correctly frem clusters (correct map-
ping) or it can lead to interpretational errors. This would
require a degree of familiarity with the general ecology of
the species, which would require extra effort. Hence this is
of more limited use for a manager, than the generalised
transect or point counts.

General Precautions:

1. All observers should be adequately trained in the meth-
odology of bird census and should reach a comparable level

of competence. This is particularly important in order to
avoid observer bias in comparisons.

2. Counts should be conducted during the period of maxi-
mum activity. This is usually the hours just preceding and

after sunrise. Counts should also be limited to this specific

period, and not spread over the whole day.

3. Counts should be conducted during periods of clear
weather, since clouds and rain can depress bird activity.

4. In comparative censuses, each count must be conducted
at a similar time of day and under similar weather condi-
tions.

5. Care must be taken to ensure that visibility in habitats
being compared (or the same habitat at different times) is
similar. Where this is not possible, existing conditions dur-
ing the count should be adequately described. This will help
in correct interpretation of census results.

6. Transect counts for birds must be conducted separately,
and not combined with mammal transects. Bird counts re-
quire skills different from mammal counts : one has to walk
very slowly and scan the habitat horizontally as well as
vertically; onc also has to listen carefully for calls and
songs.

Finally, one might state that bird census is a more
specialised aspect of general wildlife censusing, requiring
more specific effort than large mammal census. It is most
useful for specific purposes of management, such as assess-
ing the usefulness or otherwise of management actions (e.g.
impact of fire or sclective logging), or for managing particu-
lar endangered or threatened bird specics. As such, it can
form a useful tool of the manager’s repertory. But it is not
nccessary to undertake large-scale bird census in a routine
fashion, as is done for large mammals.

2.4.11 Census Operations for Livestock

Traditionally, wildlife managers have not included liye.
stock (cows, buffalo, sheep, goats, camels, horses) in thej;
routine census operations. There may be several reasons for
this: not considered important, most cattle are illegal anq gq
this enumeration would be an admission of management
inefficiency; different techniques may be needed etc.

Livestock are extremely important components of the
ecology of most protected areas and should be censuseq
accurately, frequently, and with regard to time and space,
Livestock compete directly with wild herbivores for scarce
fodder; they form a prey base for carnivores, they are 3
management problem, but also a major socio-economic
support to rural pcople in and around the protected area.
They should not be ignored! Livestock densitics in Indian
forests can be very high, over 150 per sq km, and densities
are still rising. Densities are supposedly well in excess of
forest carrying capacity.

What do we need to know ?
Several facts are of interest to managers:

- Total number and types of livestock using the
protected area.

- Seasonal change in livestock use (dry, wet)

- Spatial pattern of livestock use (core/buffer, habi-
tats etc.)

- Ownership of livestock and distance away from
protected area.

How can management get these facts ?

- Managers could rely on revenue department animal
husbandry department, statistics but these may not be
accurate in forested regions, and may not reflect use of
protected areas.

- Managers could rely on numbers entering the protected
area via manned chowkies, but many more may enter
away from chowkies, or not be fully recorded at gates.

- A special effort should be made to collect information:

Villages within - count in the village
the protected arca before release from
night stockades.
Villages peripheral - 1) count in the villages.
to the protected area ii) count as they enter
(local informants will - forestfleave the forest
explain how far from the
protected area cattle are drawn)
Activitics in the protected - include cattle in all census
area proformas.
- compartment
inventory.

Protected arcas with a veterinary office should utilise
his services in carrying out this livestock survey.
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Census Analysis
and Interpretation

3.1 THE USE OF CENSUS DATA
IN WILDLIFE MANAGEMENT

Introduction

Census data should not be thought of as an end in them-
selves, or something to be sent off to higher authority and
then filed away. A great deal of interesting information can
come from an analysis of the data. Ideas can be grouped under
three headings, e.g.:

Relationships between numbers and time.

Relationships between numbers and space.

Relationships between different species.
Number & Time

“Are populaitons increasing or decreasing ?” is the single
most important output of a census. This topic is treated in
more detail in section 3.3, where the determination of popu-
lation trends and rates of population increase are discussed.

Number & Space

The abundance of a particular species is controlled by a
combination of factors related to past and present habitats e.g.
food, water, cover, predation, disturbance etc.. Plotting cen-
sus data on maps or grids allows an immediate visual appre-

ciation of abundance information (see section 3.4 and box
12).

However, this data can be analysed more precisely to
show cause and effect between environmental variables and
abundance. Exaples could be :

a) Comparison of species densities in areas of high and low
water abundance, or steepness of terrain, or core and buffer
areas. [See example core and buffer zones densities in
Melghat, Box 3, section 2.3.1 (iii)].

Give each compartment or grid square a ranking,
¢.g. 0 1 2 for no, some and much water, or flat, gentle &
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steep for terrain.

Calculate the mean density for each group of compart-
ments or squares, and see if they differ.

A data set for chital in Sariska showed the following
pattern:

- Flatto gentle slopes 30 + animals per sq km
- Steepslopes 2 animals per sq km
- Very steep rocky slopes 0 animals per sq km

b) The same can be done for management practices - give
compartments or grid squares a subjective score (0,1,2,3 etc.)
for intensity of fire, or grazing, or timber working, or village
presence etc.. )

¢) The same can be done for vegetaion types. Give each
compartment/grid square a single category, €.g. sal, miscella-
neous, riverine, hillslope pine, plantation etc. and again look
at mean density values within each vegetation type.

Note that for all these categorisations there will always
be some problems - what if a compartment is only half burnt
or if a square is half sal and half sissoo ? Two solutions can
be used, either create extra categories, €.g. Sal-Sissoo mixture
or partially burnt; or make a decision that if more than 50 of
one type is present then only that type is used, or if a block is
more than 20% burnt, then it counts as a burnt block. Too
many categories can create problems for later analysis !

Relationships between Species

A simple example is the rclationship between prey and
predator populations. The 1979 Gir Wildlife Sanctuary cen-
sus data, for example, shows a significant relationship be-
tween lion population size and total prey base when analysed
over all six ranges of the part (r = 0.64); however, lion
population size shows no significant relationship with chital
population size (r = 0.21) suggesting chital numbers are not
the main determinant of lion abundance and distribution.
Greater refinement could be obtained with inclusion of cattle
figures into the prey base, stressing the need for wildlife
managers to include livestock in their census!
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3.2 ASSESSING CENSUS RESULTS —
HOW ACCURATE ARE THE DATA®

Box 12
Example of a Graphical Output of Census Data

Introduction:

Cuinx

More and more census data from Indian wildlife arcas are
becoming available. Some censuses are based on carefully
collected actual count data, others tend to be little more thap
the summation of estimates or guesses by junior field staff, ¢
is important therefore to know how much reliability you cap
place on census results. Some ideas on how to assess reliabj]-
ity are disscussed in this brief section.

Comparision of Results from Two Techniques:

Atintervals it is useful to undertake the census operation
using two different techniques at one time. The techniques
should differ in concept, not just sample design. For example
a census with random transects and one with systematic
transects would not be different techniques. A block count
and a king census count would be different. If the two results
are similar, then results can be thought to be accurate - it is
unlikely that both methods have the same built-in level of |
bias (but see below). What is similar? Within the range of
confidence limits, or within 20% of each other if there are no
confidence limits.

SLUEBULL

If results are different, then something is wrong, and one !
estimate will be non-reliable. Which one? - is a difficult |
question, checking assumptions inherent in each technique
may suggest which is at fault, or repeat the census operations
and see if differences persist.

CAhltes

Do Results from Several Years Follow a Logical Trend

If you have results for four consecutive years and they are %
similar to each other then they may be considered repeatable. l
If one more census is undertaken in the same conditions, then !
another similar result would be expected; a different result
would suggest a real change in population size.

If the results show a general trend to increase or decrease

(e.g. 701, 760, 755, 782, 806) then it is probable that the
results do indicate areal trend in the population.

If the results follow no logical pattern and vary widely
(e.g.701, 894, 553, 829) then no reliance can be placed on the
figures and no trend can be suggested. It is just feasible that
species with high natality and mortality rates in a very vari-
able environment could have population data with such an-
N nual change.

-

Remember that whilst these figures may be taken to show

a trend, there is still no knowledge of how accurate they

_ 1.Chinkara 2. Bluebull 3. Chital 4. Lion are! Instead of 701, 760 etc., there may be 1,402 and 1520.
Density distribution maps for 4 species in Gir NPand WL S ’

(Data in density per sq km per block).
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Repeat a Census:

If a census operation is repeated in a short time interval
and results are similar, the method can be thought of as
repeatable (see above).

Assessing the Census Operation:

Two things can be considered here - how good and how
appropriate is the technique for the particular situation, and
how well has it been carried out.

i) Rethink the assumptions. If for example you have a
waterhole census operation, present methods use an assump-
tion that animals drink once per 24 hours. Is this realistic?
Can one assume that chital and nilgai have identical water
requirement? The answer must be no, and so less reliability
can be placed on the results.

Or, in a rhino census from elephant back, it is assumed
that all rhino will be in short grass or burnt areas and hence
will be readily seen. Is this so? How big a proportioin may be
in unburnt areas, because that is their home range, because it
is a hot day, or because a female has a very young calf etc?
Note that some unknowns can be tested. For example a
detailed survey of a small burnt/unburnt mosaic can be made,
where unburnt areas are thoroughly searched and a correction
factor applied to the total survey.

In a well protected forest area, the number of chital seen
along permanent transect lines may decrease. Is this a real
population decline or a function of reduced visibility in
thicker cover following protection?

i) Examine the operations. How good are the field staff
doing the counting? (It is not possible to use 100 people and
find them all equally keen and motivated!). Can staff levels
be improved by using trained teams of selected people?

How adequate is the sampling design? This can often
lead to major problems in overall results. For example ifa
road transect system is used and road side verges are attract-
ing deer, than grossly exaggerated results may be obtained,.
A walked transect system which avoids steep terrain or only
sparsely covers inaccessible areas may lead to biased results.

Final Caution:

There is no such thing as a perfect census technique. All
have advantages and disadvantages compared to others. All
are based on assumptions which sometimes may not be met.
It is the task of the census organiser to select the best tech-
nique, check the assumptions, and try to ensure that as many
as possible are either met, or can be compensated for by cor-
rection factors (See 3.4 below on presentation of results).

3.3 ASSESSING POPULATION
INCREASE INFORMATION

Introduction:

Wildlife census operations are not an end in themselves.
The results of a census, be it an index or an absolute number
are only of value when used to interpret the past behaviour of
a population, or predict future changes. One means of inter-
pretation is determining rates of increase (which may be
positive, or negative - indicating a decrease in numbers).

Note that one way of judging conservation success is by
the presence of a stable ecosystem; a system where numbers
of component parts are relatively constant. Population sizes
may fluctuate, but within limits, giving what can be termed a
steady state. Populations cannot go on increasing for ever, re-

sources are finite. Most populations in Indian protected areas

have shown increases since the major conservation efforts of
the 1970s and 1980s. As the numbers rise and reach a new
level of compatibility with the environment, we would expect
to see a levelling off in population size. How can this be
analysed?

Methods:

1) Analysis requires compatible sequential data. By com-
patible is meant collected in the same manner, or by tech-
niques known to give similar results. For example, in 1980
there were 1200 chital from a vehicle road count, and in 1982
1500 chital from a series of foot transects. Is the difference
real, or due to different techniques? If you wish to change
census techniques, e.g. you did vehicle counts from 1978-
1981 but wanted to do foot counts in later years, then do both
in one year, at the same time, to get a correction factor.

2) Portray census data graphically, with the year on the
bottom or “x” axis, and numbers on the vertical or “y” axis,

see fig 1.

1500 -
Chital Census Data
1400 -
Year No.
1300 + 1978 | 1000
o6 1979 | 1100
1 1980 1230
1100 4 1981 1400
1984 | 1560

1000 T T T T 1 1
1978 7 80 81 82 83 84

Fig 1 Arithmetic Plot of Census Data
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7.4 -

7.3 -

7.2 -

7.1 1

7.0 4

6.9 :
1978 79

80 81 8 8 84

Fig 2 Log (natural) Plot of Data

Note the absence of some years data is not a major
problem but less understanding of processes is possible. Plot

the data as a logarthmic (natural or base e logs) graph, see fig.
2. In this case, straight lines indicate the population increases
at the same rate each year.

3) Rate calculation. One simple method is to determine the
finite rate of increase.

If: Year 1 = 1000; Year 2 = 1100
No. in year 2 1100
= = 1.1 Proportional increase
No. in Year 1 1000 over the period
) 1000
Herearate of 1.0 indicatesnochangee.g. —— =1.0
1000
800
arate below 1.0 indicates a decrease e.g. — =08
1000
1100
arate above 1.0 indicates an increase e.g. — =1.1
1000

The difference between the rate and 1.0 is the actual
change. Each 0.1 corresponds to 10% in the time period : 1.1
is 10% increase; 0.8 is 20% decrease, 2.1 is a 110% increase
etc..

4) For longer periods  Year 1(1978) = 1000
Year 7(1984) = 1560

1560

—— =1.56i Z
1000 in 7 years

For the average annual rate divide 0.56 by 7 = 0.08. The
population has increased by an average of 8% per year.

5) An easier statistic for population change is “r”, the expo-
nential rate of increase, but this requires the use of natural

logarithms or an electronic calculator with exponentials, The
easiest way of calculation is

Log, No. att, - log No.att
Where t is the number of years betvyeen times t; and t,

For the previous example from 1978 to 1984, number at t,is
1000, and 1560 at t, .

1t = log, 1560 - log, 1000 (t=7)
nt=735-691

=044
r=044/t=044/7

r = 0.063

How to use this statistic? If this rate continues until 1990
what will the population be? This is 6 more years.

rt=log_ Nt, -log, Nt, Another way of expressin this is:

0.063 x,=log_t, - log, 1560 N,=N,e"*
0.378 + 7.35=log, t, N, = 1560 x g%083x6
N, = 2271

7.728 = log, t, Using anti-logs Nt, = 2271
There will be 2771 animals in 1990.

6) A useful expression is the time taken for the population
to double (or halve). Divide log, 2 by r. For the above

~ example
log, 2 0.693
= = 11 yrs. The population will
0.063 0.063 double every eleven
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years.

Use these formulae on humans as well! Surma village
adjoining Dudhwa N.P. has 635 people and r is 0.034. In 10
years there will be 892 people.

3.4 PRESENTATION OF DATA
Introduction:

The objective of a census is to produce information of
value to the wildlife mangaer or biologist. It is important
therefore that this data is presented in the most useful way.
When I am told of the number of animals in an area, I am
immediately interested in two things. How precise is this
estimate, i.e. what are the confidence limits to the estimate?
How accurate is the census, i.e. what were the methods?
Sufficient information should be given to allow the reader t0
evaluate both these very important conditions.
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with a little care and preparation much more useful data
canbe given than just population size. Where the animals are
gistributed is also important to know.

This section is written to try and improve the manner in
which census data are presented.

Census details:

Sufficient information should be given to allow the
reader to repeat the census if he so wished. The reader may be
the next manager who has to redo the same sort of census. List
in adequate detail the following information

Specific objective of census operation
Key species for the census operation
Date of census and times

Total area which was considered
Methodologies used:

Give broad description of method

Give details of any stratification

Give sampling intensities, numbers and sizes of samples
within each stratum.

Describe numbers and experience of staff undertaking
census.

Give a map showing locality of strata and sampling units.
Detailed results:

If separate strata are used then data should be presented
for each stratum separately, with a later total. Results should
either be given with estimates of variability, or with sufficient
information for the interested reader to calculate his own
estimates. Give always the number of sample units and the
variance or standard deviation. This will allow readers to
calculate standard errors, coefficients of variation, confi-
dence limits and to use data in statistical “t” tests for compari-
sons with other areas or times.

Not all the data need be given in the main report. Some,
such as numbers counted per individual sample unit could be
put in an appendix. Biologists find density a more useful
statistic than numbers alone. Be sure to include sample unit
sizes and stratum areas so readers can calculate densities.

Tables or diagrams?
Data is nearly always best given in tables if other people

are going to use the numbers for their own calculations.

Diagrams are useful to help readers see relationships between
variables.

For example: Which is more usetul :

Number |

um

per 81 Sambar 4.95persqkm

sqkm. ¢ or Chital 8.21persqkm
4 Nilgai 3.83persqkm
2
0

Species Sambar Chital Nilgai

Use the table, it is a nuisance and inaccurate to have to
read off numbers from a graph axis. But:

10 |
. 8 4 6.9
hital
Density 61 3.0 43 3.1
per 4
sq km 2]
0 I 1 1 1
Year 1981 1982 1983 1984

In this case use both! The graph gives an immediate and

~ strong visual impression of continued decline. The figures

66

allow the reader to calculate rates of decrease etc.
Relate census data to the environment:

This is partially achieved by using densities. But as
protected areas usually have many environmental types, it is

useful to show density for each type separately. This is often
best done diagramatically, e.g.

praxs

T

NI

CORE

10 14

BUFFER

Total wildlife density by compartment
in core and buffer zones. Data are numbers
per sq km.

This diagram integrates numbers and area as density, and
shows the spatial pattern of this density with respect to core
and buffer zones. The text can add to this by giving overall

means, €.8.

Mean density (unweighted) for core = 11.2 per sq km
Mean density (unweighted) for buffer = 2.4 per sq km

A real life example is given in Box 12. Data is taken from
the 1979 Gir Census (dry season waterhole census) for 4

AS
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species, and plotted and mapped on a plock basis. The differ-
ence between chital values (preferring denser forest) and
chinkara/nilgai values (preferring the open East) is obvious.
Note almost total absence of animals from edge blocks in the
north & far north east.

Remember to use estimates of precision:

If you have census estimates for three years running, you
can portray them graphically : e.g.

T
1 2 3
Year

This suggests an increase, but using the confidence limits
around the estimates of density shows there is actually NO
significantincrease.

(Note with large data sets, more detailed statistical tests
around such serial data may be able to show significance).
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Final caution:

Remember census totals are almost never absoluteg
They are estimates of the real total. Such estimates may be
good, i.e. close to the true value; or poor, i.e. not close tq the
true value. A single figure for a population estimate from, a
protected area is almost useless as a reader has no way to
evaluate that estimate. Give the reader the methodology,

Chital Density
+/- 95%
Confidence Limits
N T
’ T ®
- [ ]
T T T
1 2 3
Year

give him estimated precision, and relate the number of
animals to the area and the environment as ecological den-
sities.
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Literature on
Census Methodology

Literature on Wildlife Census Techniques and
Applications

In the 1950s the Indian Board for Wildlife recognised
the need for accurate wildlife statistics and recommended
the preparation of a guide to cénsus techniques. A booklet
«A Field Guide to Big Game Census in India”, was prepared
by the late Shri K.S. Dharmakumarsinhji in 1959. The book
is now perhaps of historical interest, but it did lay great
stress on the need for experimentation, trial and error, and
the dissemination of ideas and results. The need is just as
great today. Interestingly the book mentions the probable
value of light aircraft, long before such techniques were

routinely used in Africa.

The development of Project Tiger in India in the 1970s
has led to a standardised technique for large carnivore
census, and this manual incorporates and discusses these
techniques in the text (Section 2.2.1). No such standardised
procedure or set of procedures has been produced for other
species. A methodology suggested for the monitoring of
animals for Project Tiger Areas in 1977 has not proved
practical to implement. States, protected areas, and individ-
ual managers have, over the years, developed their own
favourite methodologies. Rarely however, have such tech-
niques entered the literature, but two notable exceptions are:

Cheetal 13(1)pp 15-26 of1970
Cheetal 14(4)  14-19 of 1972
Cheetal 15(3)  43-47 of 1972

a) The Palamau Track Census:
(Discussed as section 2.1.6)

b) The Uttar Pradesh Elephant 1.B.N.H.S. 66(2)pp 239-2500£1969

Census: (of V.B. Singh) ~ JB.N.HS. 75(1) 71-83 of 1978
Cheetal  27(4) 39-45 of 1986

The papers are of value in that they discuss methods
AND the results. Both techniques do have problems how-
ever, and ideas on the broad methodologies should be con-
sulted in this manual.

At the Kanha Workshop on Wildlife Techniques in
1981 there was some discussion on census methodology.
Presented papers dealt largely with theoretical and statistical
aspects of census. The Proceedings Will be available from
the Wildlife Institute of India in late 1991. The FAO/Wild-

life Institute of India “Manual on wildlife Management
Techniques” summarises a variety of the procedures de-
scribed here.

Many wildlifers in India use the Wildlife Society of
Americas’s Wildlife Techniques Manual which has a large
chapter on census methodology. The Third Edition, 1971,
Ed. R.H. Giles, is available in India; printed by Natraj
Booksellers. But the Fourth Edition, 1980, Ed. D.S. Schem-
nitz, is available in USA and can be ordered.

The major journals on wildlife in India carry papers
dealing with census aspects from time to time. Examples
are:

- Indian Forester

- Cheetal

. Journal of Bombay Natural History Society

. some publications of the Zoological Survey of India.

These papers tend to concentrate on results, methods
are rarely discussed in detail. Some papers review Census
methodology from North America, usually in inadequate
detail for proper understanding !

Recent text books dealing with census methodologies in-
clude:

a) Seber, G.AF. 1980 : Estimate of Animal Abundance
and Related Parameters. London. Charles Griffin & Co.

This is very mathematical and much is concerned with trap/
retrap techniques for small mammals. It is expensive and
not recommended.

b) Caughley, G. 1979 : Analysis of Vertebrate Populations,
J.Wiley. One chapter on census, but a good discussion
of problems of sampling. Also useful treatment of na-
tality, mortality etc.

c) Clarke, R. (Ed.) 1986 : The Handbook of Ecological
Monitoring. GEMS/UNEP. Clarendon press, Oxford.

A good introduction to census and habitat studies, but much
of the book is concerned with aerial techniques.
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d) Davis, D.E. 1982 : CRC Handbook of Census Methods
for Terrestrial Vertebrates. CRC Press, Boca Raton,
Florida, USA. Expensive!

The literature on line transects is voluminous. Those
interested should try and consult:

Robinette et al. 1974. Field tests of strip census methods,
J.Wildl.Mgmt. 38(1), 81-96.

Eberhardt, L.L. 1978. Transect methods for population
studies. J.Wildl.Mgmt. 42, 1-31.

Burnham, Anderson and Laake, 1980. Estimation of density
from line transect sampling of biological populations.
Wildlife Monograph 72, 202 pages.

This again is very mathematical but is the key text on all
aspects of transects. Anybody considering Fourier analysis
must use this monograph.

The American journal, Journal of Wildlife Management
is a good source reference to the recent literature on census
for birds, waterfowl, small and larger mammals.

Those interested in the applications of aerial census
should consult:

Norton-Griffiths, M. 1982. Counting Animals, African
Wildlife Foundation, Nairobi; and:

ILCA, 1981. Low level aerial survey techniques. ILCA
Monograph No.4. International Livestock Centre for
Africa Addis - Ababa. Ethiopia.

Some detailed work on census in forest situations is in
progress in West Africa (e.g. Bamnes on elephant) but only
preliminary results are available. Sale and Dawson are
producing techniques using dung for elephant census in

India. The Asian Elephant Specialist Group of TUCN should
be consulted.

Census for Particular Species:

There is a large specialist literature on primate census

(for forest and non-forest species). Two useful introductions
are:

Brockelman W, and Ali, R. 1987. Methods of surveying and
sampling forest primate populations. PP. 23-62. In: Marsh, C.
and Mittermeir, R.A. (Eds). Primate Conservation in Tropical
Rain Forest. New York. A.R. Liss. Publishers.

Techniques for the study of Primate Population Ecology, National
Academy Press, Washington, D.C., USA.

A specific reference for non forest species in India is :

Southwick, C.H. and Siddiqui M.F. 1959-1965. Population
Changes of Rhesus Monkeys in India. In: Else, J.G. and Lee
P.C. (Eds.) Primate Ecology and Conservation. Cambridge
University Press, Cambridge, UK.

Bird census is covered in great detail by:
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og

Ralph, C.J & Scott J. (Eds.) 1981. Estimating Numbers of Teryg
trial Birds. Studies in Avian Biology No.6. Cooper Omiths-
logical Society, USA. g 0-

Vemer, J. 1986. Assessment of Counting Techniques, I, &4
R.F. Johnston. Current Advances in Omithology, Plenurz
Press, New York. Vol. 2 i

Taylor, K., Fuller R., and Lack, P.C. (Eds.) 1985. Bird Census gnq
Adlas Studies. British Trust for Omitholgy Tring, Herts, Ug_

Crocodilians

LU.C.N. 1971-1990. Proceedings of the Working meeting of the
Crocodile Specialist Group of the [UCN/SSC. IUCN Publica-
tions New Series. Available from—The World Conservation
Union. Avenue du Monte Blanc. CH-1196 Gland, Switzer-

land.

Singh, L.A K. 1985. Gharial population trend in National Chamba]
Sanctuary with notes on radio-telemetry. Study Report
(Mimeo). Crocodile Research Centre of Wildlife Institute of
India, Dehra Dun. India.

FAO 1974. A preliminary survey of the prospects for crocodile
farming (Based on the work of H.R. Bustard) FO:IND/71/033
FAO, Rome, pp.1-66.

Choudhury, B.C. & Chowdhury, S. 1986. Lessons from Crocodile
reintroduction projects in India. Indian Forester, 112:881-
890.

Messel, H. et al. 1974-1984. Survey of tidal river systems in
Northern Territory of Australia and their crocodile popula-
tions. Published by Pergamon Press, Oxford, Sydney, New
York, Toronto, Paris, Frankfurt.

Tiger Pugmark Census :

Champion F.W. 1930. Tiger tracks JBNHS 33(2): 284-287.

Chaudhary, S.R. 1970. Let us count our tigers. Cheetal 14(2);
41-51.

Chaudhary, S.R. 1971. The Tiger stride, Cheetal 14 : 62-65.

Chaudhary, S.R. 1972. Tiger census in India. Part I & II, Cheetal
15 (1), 67-84.

Dunbar Brander A.D. 1930. Tiger Tracks. JBNHS 33(4): 972.

Harish Chandra 1969. Pugmarks of a Tiger. A study in movement,
Cheetal 12(1): 73-77.

Jayarajan, O. 1983. Pugmark census. Cheetal, 25 (2-3): 44-51
25 (4): 3-6.

Karanth, U. 1988. Tiger in India : A critical review of the ficld
censuses, pp. 118-132. In: Tigers of the World. Tilson RL. &
Seal U.S. (Eds.) Noyes Publications, New Jersey.

McDougal, C. 1977. The Face of the Tiger. Clarion and Rivington,
pp.- 180.

Panwar, H.S. 1980. A note on tiger census techniques based on
pugmark tracings. Cheetal 22(1&2): 40-41.

Sankhala, K.S. 1978. Tiger: The Story of Indian Tiger. Collins,
London 220.

Shaikh, K.A. & Sawarkar, V.B. 1979. Study of some aspects of
maintenance of spatjal relationship in tigers and leopards in the
Melghat Tiger Reserve, NDLS, p.74.

International Symposium on Tiger, New Delhi.

Sawarkar, V.B. 1987. Some More on tiger tracks. Cheetal 28
(4): 1-8.

Sawarkar, V.B. 1990. Tiger Census Reconsidered. Cheetal. (in
press): 18.
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Appendices

5.1 CENSUS TECHNIQUES,
SAMPLE TECHNIQUES
AND STATISTICS

This appendix is an introduction to basic terminology
and concepts in statistics and sampling.

A) Some Definitions and Concepts

Censusing is counting or measuring abundance of
items—wild animals in our case.

target

Sampling is the placing of counts in space and time.

Census Techniques try to obtain the best estimate of the
number of animals in every sampling unit.

Sampling Techniques try to distribute the counting units so
they are representative of the population.

CENSUS TECHNIQUES

A Count is a measure of one parameter of the sampled
population — the abundance.

Measurement Error affects all counts:

A count possesses three principal properties which influence
error
Precision - how repeatableare the results.
Accuracy - levelofbiasor wrongness.
Efficiency - ratiobetween precision and cost.

Precision Successive censuses of the same sample unit
should give the same result if there has been no change in the
System; the method thus has high Repeatability. Variability
is the complement of Repeatability.

Variability of results can be measured by the Variance.

Precision affects Sensitivity, which is the power 10 detect
small differences. If you want to pick up a change in density
of 10% in onc time period you will need a more sensitive
Survey, j.c. a survey with greater precision, than if just the

capability to detect changes of 25% Was acceptable.
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B.ias i§ departure from the true value, and can be random or
directional, i.e. Positive Bias gives a higher than the true
value and Negative Bias gives a lower value.

SAMPLE TECHNIQUES

Sample Technique possess three essential properties:

Intensity - Sample effort, or proportion
sampled to the total.

Representativeness - the range of variation in the popula-
tion is covered proportionately.

Efficiency - using prior knowledge of the pat-

tern of variation to get greater pre-
cision with reduced cost.

Finally, the census technique uses an sgstimator”’ to con-
vert observed measurements in the field to estimates of the
real population value. An estimator is a function of the
sample data that describes a parameter of the population.

For example the King Census Estimator (for foot

transects, see section 2.3 3.
uses n/2Lr as the estimate of ﬁ or animal density.
(wheren= Number of animals, L = Transect
length, and r = Mean radial sight distance).

Estimates should have three major properties:

When variance and bias reduce as sample

Convergence
size increases.

Lack of Bias Mathematical expectancy equals the popu-
]ation parameter.

Efficiency One estimate is more efficient than another

when variance is smaller.

The relationship between these components of the process of
estimating density from sample counts is shown in the

diagram below.

Error : The properties of census techniques, sampling-tech-
niques and estimators affect both:

i) Random Error and hence range of confidence valuc of
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the estimate Random Errorscan Repc?tition of census.
ii) Systematic Error (or bias) and hence the exactitude of ~ be decreased by: Ch_mce of efficient techniques &
the estimate estimators.
Choice of convergent estimator
Random Error is dependent on: Increasing sample size.
Precision }of census techniques Systematic Error Accuracy of census technique,
Efficiency is dependent on: Representativeness of sample
technique.
Intensity }of sampling techniques Lack of bias in estimator.
Efficiency . _
Systematic Errorcan  Calculation and correction factors,
Convergence | of estimators be decreased by: Prior knowlede of population
Efficiency variation.

Larger sample size.

CENSUS
TECHNIQUES

ESTIMATING —— SAMPLING

DENSITY TECHNIQUES
ESTIMATOR

Diagram to illustrate relationships between components of an estimate of density.

— REPEATABILTY
PRECISION=—____
SENSITIVITY
ACCURACY BIAS,CONSTANCY
OFBIAS
EFFICIENCY PRECISION
COST
SIZEOF SAMPLE n
INTENSI'I'Y< i
EXHAUSTIVENESS 1= —
N
BY RANDOM SAMPLING
————— REPRESENTATIVENESS <
NOTBY - HAPHAZARD
CHOICE
- CONSCIOUS
SELECTIONFOR
ACCESS,
IMPORTANCE
EFFICIENCY PRECISION
COST
CONVERGENCE VARIANCE and BIAS DECREASE
WITH ‘n’
LACKOFBIAS EQUALS POPULATION VALUE
EFFICIENCY LOW VARIANCE
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S of Random Sampling Techniques

Type . .
Six techniques are briefly described.

gimple Random Sampling (SRS)
Every unit of the statistical population has an equal
of being selected. The method has the advantage of
he use of many statistical tests.

gratified Sampling

This is the subdivision of a heterogenous population into
several homogenous subpopulations and then random sam-
jing within each. This technique gives greater efficiency

than SRS, but statistical tests are more complex.

Systematic Sampling

Random choice of first sample followed by a regular
pattern of subsequent samples. This allows a more even
coverage and permits mapping. The statistics may be more

complex.

Unequal Probability Sampling

This is the selection of units with a probability propor-
tional to their size.

Multi-Stage Sampling

This may be the choice of say 3 ranges out of 7 in the
protected arca and then within those 3 ranges a second stage
sampling takes place as above.

Double Sampling

T_his could be the choice of 20 census units for extensive
counting and then the subsequent choice of 5 of those initial
units to be counted in more detail.

5.2 VARIATION AND
STATISTICAL TESTS

Note: This section does not pretend to replace statistics

text book, nor to reduce the need for the serious census

Operator to discuss their sampling activities with a statisti-

;‘::l-(Reading this section may help anovice understand atext
or prepare for a meeting with a statistician.

About Samples

wou'll;lh; purpose of a sample is t0 estinfate the resultbthar:

measy ave been obtained had every unit of the ared e;r;

sam red or counted. This leads to the assumption that the
ple must be representative of the whole population.

starw-e sample a population of items in order to estimatc
istical parameters of variable quantities, ¢-&- density of

anj . ' -
lerlsm als in an area, We are interested in tW0 sorts of parame

T2

i
i?x) ?l:: a\;‘er age vqlug of the variable—the arithmetic mean.
b characterisation of variability among the values of
variate, measure of dispersion—the variance.

Sampling Areas and Sampling Units

0 The samphr}g area, often called the “sampling universe” is
e area fm: which a population estimate is to be made. It is
often identical with the protected area or a sub section of it.
Such sub-sections can be defined as habitat types or land
forms (grass-land, riverine forest, wooded valley, grassy
plateau), but may also be management units (compartments,
l.)locks, buffer zone). These subsections may be the strata used
in stratified sampling.

_ Sampling units are the individual portions of the sam-
pling area which may be counted. In theory all of the sample
area could be counted, but in practice only 2 fraction of the
potential units will actually be counted. These units should be
chosen at random and are usually scattered throughout the
sampling area.

Assumption

The basic assumption in sampling is that the samples
should be representative of the entire sampling area. Obvi-
ously, selecting sample areas from only the core zone or
along cut road-sides will not give a representative sample for
the whole area.

Sampling

There is considerable variation in all attributes of natural
populations. For example, the weights of chital males are not
exactly the same; the ages of male sexual maturity vary from
place to place. The density of chital from place to place will
also vary. In a particular location density will also vary in
time and in space. If we have a 10 sq km sanctuary with
exactly 100 chital there will be an average density of 10 chital
per sq km. This does not mean every sq km has 10 chital -
some will have none, some may have 50! An area with no
chital today may have 50 tomorrow, SO notice that density
distributions continuously vary in space and time. It is this
variation which makes sampling 2 little complex to under-
stand and implement.

In order t0 understand the basic principles of sample
counts and some of the mathematics involved, consider the

example in Box 13. The sampling area is a rectangular area
d it has achital population of 100 animals

of 2 km by 5 km, an ! i ) .
and a sambar population of 20 animals. This sampling area 1s
the sample units. One

divided into 10 units, each of 1 sq km,
or more strips may be selected and counted, and the total

population estimated from this sample count.

However, taking oné sample only would give plenty of
opportunity for a large sampling error in the.populz.nion esti-
mate. If for chital it happens to be sampling umit 9, total
population would be estimated as 10x16= 169 Chlta],.in cHse
of sampling unit 1 it would bec10x4= 49 chital. This error
wauld be reduced dramatically by counting more than one
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unit, and using the mean of all counts to estimat.e the total
population size. Examples of this are worked out in Box }3.
We can see that there is inherent variation in the population
jtself and there is also variation due to our level of sampling.
A small sample will give more variable results than a large
sample, no matter how the animals are distributed. In case of
a non-random distribution you need a much larger sampl.e to
get a better estimate. From these examples several questions
arise:

Can I gain knowledge about the level of variation?

How can this help me in making the estimated results
more reliable?

How many sampling units do I need to count so as to get
an acceptable amount of possible error in my final esti-
mation?

To answer these questions we will have to discuss some
statistical methods and terminology.

Note : The sambar population is more evenly distributed and
has a lower level of variance.

The Variance and Standard Deviation

Every population can be described by two things, the
mean and a measure of variation around that mean. We
estimate these by sampling, hence we have an estimated
mean and estimated so-called variance. The variance is a
measure of how far the individual counts are from the mean.
Obviously they are much farther apart in the chital example.
For the sample, the Variance is calculated as the cumulative
sum of the mean minus the value for each count. Finally this
sum is divided by the number of sampling units minus 1.
Some sampling units are bigger and some are smaller than the
mean, so to prevent negative values from cancelling out
positive values, we use the squared values of the measur-
ments for the variance. The square root of the variance is
called the Standard Deviation of the distribution around the
mean, and is often referred to as “s”. This is the beginning of
many statistical calculations. Box 13 gives an example of
how to calulate the standard deviation, but many pocket cal-
culators give this value directly.

The Standard Error

We now have to combine the variability in the population
with the variability due to our sampling effort*. As we saw
earlier, the population estimate varies greatly due to changes
in sample intensity, i.e. the number of units counted.

Combining these two variabilities into one value of vari-
ability for our estimated mean gives the Standard Error. This
is simply the standard deviation divided by the square-root of
the sample size (n = number of samples counted) or sAm, The
standard error around a mean tells you how close the esti-
mated mean comes to the real value in the population. Obvi-
ously the standard error will get smaller as your sample size
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gets bigger. See Box 13 for examples of standard erroy Silen
lations. )
*  Note that the population has an inherent variance i Biiny
animals are distributed with respect to the meap, The
chital example has a greater inherent variability thap the
sambar. But our sample size will also greatly affec o,
estimate of this variation.

Confidence Limits

The standard error gives a statistical assessment of the
probable range of values for the real mean. How confident are
we that it is correct? Remember we are taking samples; there
is always a chance that our samples fall in maiunly high or low
values and so the estimate could still be much worse than
expected. We get over this by setting ourselves “limits of
confidence”. In biology, the lowest level of confidence that is
in wide use is the “95% confidence limit”, which means that “T
am confident that in 95 out of 100 occasions the true mean
lies between so much....of the estimated mean”. There is still
a 5% chance left that the true mean lies outside the given
range! A 99% confidence limit would therefore have a larger
range, as we are confident it could be wrong only 1 in 100
times. The calculations of confidence limits uses three things:

— The standard error around the estimated mean.

— The sample size (as again we have more confidence in
bigger samples).

— Thelevel of confidence required, e.g. 95,99, 99.9%.

Confidence limits are expressed as: Estimated Mean
Value + Confidence Limit. They are calculated as the Stan-
dard Error (SE) multiplied by a constant (Z), which is depend-
ent on the sample size. For large samples (>30 units counted)
the constants are:

95% Probability
Z=196

99.9%
Z=3.29

99%
Z=2.58

For sample sizes smaller than 30, the sample size hgs
much more influence. For these cases a different factor 18
needed, which is taken from “t” tables in statistical handbooks.
The relevant t-values are given in Appendix 5.3. Select the
one that comes closest to your sample size and use that as
value for Z.

Why Do We Need Confidence Limits?

Confidence limits give a measure of precision (se¢ bo%
14) to the sample estimate and are essential to the interpreta-
tion of census data. If a density of 10 chital per sq km is fo,un.d
in year 1 and 14 in year 2, is this then an increase, or is it
merely due to sample variation? If the confidence llf“lls
around the respective means do not overlap, you have a gl_v.cn
measure of certainty (95, 99%) that the estimated densitics
indicated a real difference.

s/Jm. The

i
H
{
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Box 13
An Illustration of Sample Statistics

Ten equal sized (1 sq km) census blocks were randomly selected within a 50 km2 protected area, chital and sambar were counted in cach.

Results are as follows:

Block Chital —
1 4 5
2 12 1
3 16 5
s 8 3 Map of blocks
5 0 3
6 10 1 1 5 3 . p
7 5 1
8 9 2 6 7 . 5 "
9 17 5
10 19 3

Total 100 20

The first stage is to calculate the mean number per block.

100/10
10 per block

20/10
2 per block

Mean

nu
i n

The second stage is to calculate the variance. This is easily done on a cheap statistical or scientific calculator, such as Casio, available
in India. Put the calculator on to statistics mode, and enter the data separately, eg. 4, 12, 16 etc. for chital. On the key board press:

“n” sample size = 10
“%" mean value = 10.0

‘o standard deviation = 6.11

Without a calculator, the work is tedious but straight forward.

Sum of (each value-mean value)?

Variance =
n-1

Use a table for easier working: Using the chital example:

Block Value Value—Mean (Value—Mean)*
1 4 -6 36
2 12 2 4
3 16 6 36
4 8 -2 4
5 0 -10 100
6 10 ] 0
7 5 -5 25
8 9 -1 1
9 17 +17 49
10 19 +9 81
Total 100 336 (This is known as sum of squares)
Mean = 10.0

Sum of Squares /(n-1) = 336/9 = 37.33
Variance = 37.33
Standard Deviation = Variance = 6.11

Which is the same result from the calculator.
(Box 13 Contd..)
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(Box 13 Contd...)

We express the two results together as Mean plus or minus Standard Deviation 10.0 + 6.11

This is a measure of how the sample values are dispersed around the mean value, eg,

Frequency Frequency
Mean Mean
Wide Dispersion Low Dispersion
High Standard Deviation Low standard Deviation

Some statisticians express this as a “coefficient of variation - C", where

Standard Deviation 100 6.11 100
C% = — x = x = 6l1%
) Mean 10

From the standard deviation we go to the standard error of the mean. This combines the variance due to the pattern of dispersal about
the mean with the variance dye to the level of sampling. eg.

Standard Error = Standard Deviation
o

= 611 =1.932
N

This again is expressed with the mean, eg. Estimated Mean + Standard Error = 10.0 +1.932.
This is a measure of how far from the true value of the mean whole population our estimated value of the mean will be.
We use this value to make predictions from our sample. For example we can estimate the total number in the whole 50 sq km area.

Total no. of Chital
500

Estimated Density x Total Area
10 x 50

But, our estimate of density could be wrong by a value of 1.932 either way. The density could be 11.932, when there would be 596.6
chital or 8.068, when there would be 403.4 chital.

But how confident are we that our sample was sufficient, by chance we could have chosen all high or all low values. Obviously,
the bigger the sample, the greater the level of confidence. We can calculate confidence limits for our estimate.

Confidence limits are based on sample sizes, obviously we have more confidence in big samples.

Confidence limit = Standard Error x v,

Where ‘v’ is the value from the table of values of '’ for the sample size “n”, for the desired level of confidence: typically 95%.
‘t’ for a sample size of 10, is 2.23.

SoCL. 1932x2.23
= +4.295
Puing this together, Estimated Mean Deasity is
100+ 4.295 a1 95% confidence interval.

or 14295 =upperCL.
5.705 =lower C.L.

Note : for sambar the variability is much less. Coefficient of variation is 40.8%. Mean sambar density is

2.0+ 0.58 (confidence limits 95%)
ie. 142102.58 persqkm.

75



niques for Wildlife Census in India : A Field Manual

Tech

presentina sampling unit, a negative bias of 50%.

Real population size

Example:

Estimated population size

Box 14
Accuracy and Precision

Anestimate of population size is characterised by two attributes: accuracy and precision

Accuracy depends mostly on minimising human errors. For example: counting ani ; .
i . . . : g animals in tall grass means young will
be missed, hence a negative bias (of unknown magnitude); a careless census team sights onlygrSO out of 1(})’0 anzi;mals

Precisior} {nea_ns minimising the co_nﬁdence limits around the estimated mean population size. It is thus a measure of
repeatability: if 1 repeat the census in the same way and I geta similar figure, then the results are precise.

2300 animals.

1400 + 70 animals.

This result has a bias of -40%, hence is inaccurate, but it has a high precision, with confidence limits of only 5%.

A high accuracy may -be needed for estimating total population size. Accuracy can be improved through training of
census staff, by choosing the l?est method for the particular purpose of the census, and by applying correction factors
obtained through careful testing, to allow for known, constant levels of bias. A high precision is needed when

monitoring the trend of a population, as I want to be sure to detect changes. Precision will improve by increasing the
sample size, and consistently repeating the same technique, and by improving sample design, eg. stratification.

Bounded Counts or Jacknife Techniques

These techniques were developed in North America and
have been described in the Wildlife Society’s Manual of
Wildlife Management Techniques (see references). They
have been rarely used, all over the world, including India,

- although R. Chaudhary does discuss the method as it applies

to waterhole counts (see Box 3 on page 17).

The method requires a number of repeated counts (the
more the better, atleast 5) in a way in which theoretically
there is the probability of counting all the animals in the area
at one time. Note right at the start, there is a need for a total
count and repeated total counts! The method works on the
differences between the counts.

@) Ifin 5 “total” counts, the result was 100, 100, 100, 100,
100 the best estimate would be 100.

(ii) If in 5 “total” counts, the result was 70, 80, 100, 60, 90
then as the count frequently missed many animals, there
is a good chance that some animals were missed even
when the highest value of 100 were counted, SO the best
estimate would be over 100.

(iii)) If in 5 “total” counts, the results was 98, 97, 100, 99, 98
then the best estimate would be just alittle bit over 100.

The method uses the difference between the highest
countn__ and second highest countn_,, t0 calculate N, the
cstimated total number:

N=2n_,—n

max-1

In case (ii) above this would be:
N=200—90=110

In case (iii) above this would be:
N=200—99=101

Applying confidence limits shows up the major flaws in
this technique as it applies in India. The lower confidence
limit is always n__, i.. 100. The upper confidence limit is
(fora95% level of confidence)

N“Wer =n__,+(1 _-_925_)_ M —0.)
0.05

For case (ii) this is 100 + (19) (10) =100 + 190 = 290! Very
high!

The fallacy is obvious, in accepting the n__, as the lower
confidence limit, the method makes the assumption ’that no
animal will be counted more than once’. This is obviously not
true for waterhole counts and for total counts based on com-
plete coverage of an area; there is a high probability of double

counting.

The falsity of this assumption means the method has little
application in Indian census.
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5.3 SELECTED STATISTICAL
TABLES

Table 1 : Student’s “t”. Values exceeded with probability p

df. P=01 005 002 001 0002 0.001
1 6314 12706 31.821 63.657 31831 636.62
2 2920 4303 6965 9925 22327 31.598
3 2353 3.182 4541 5841 10214 12.941
4 2132 2776 3747 4604 7173 8610
5 2015 2571 3365 4032 5893  6.859
6 1943 2447 3143 3707 5208  5.959
7 1895 2365 2998 3499 4785 5405
8 1860 2306 2896 3355 4501  5.041
9 1833 2262 2821 3250 4297 4781
10 1812 2228 2764 3169 4144 4587
11 1796 2201 2718 3106  4.025 4437
12 1782 2179 2681 3.055 3930 4318
13 1771 2160 2650 3.012 3852 4221
14 1761 2145 2624 2977 3787 4140
15 1753 2131 2602 2947 3733 4073
16 1746 2.120 2583 2921  3.686  4.015
17 1740 2110 2567 2898 3646 3965
18 1734 2101 2552 2878 3610 3922
19 1729 2093 2539 2861 3579  3.883
20 1725 2086 2528 2845 3552  3.850
21 1721 2080 2518 23831 3527 3819
22 1717 2074 2508 2819 3505 3.792
23 1714 2069 2500 2807 3485  3.767
24 1711 2064 2492 2797 3467 3.745
25 1708 2060 2485 2787 3450 3.725
26 1706 2056 2479 2779 3435  3.707
27 1703 2052 2473 2771 3421  3.690
28 1701 2048 2467 2763 3408 3.674
29 1699 2045 2462 2756 3396  3.659
30 1.697 2042 2457 2750 3385  3.646
40 1.684 2021 2423 2704 3307 3.551
60 1671 2000 2390, 2660 3232 3.460
120 1.658 1980 2358 2617  3.160 3373
V 1645 1960 2326 2576  3.090 3291

The last row of the table (V) gives values of d, the ‘standar-
dised normal deviate’.

df., the first column, is the degree of freedom, usually one less
than the sample size “n-1”.

Random Numbers

Random numbers are frequently used in planning sample
census surveys, where a random or part random design is
needed.

For example if you have a total of 84 census units and you
need to select 21 units for actual counting and this selection

should be random:

Go to Table 2 and take each pair of adjacent digits (or the first

pair of each five digit group). Any number over'84 woulq be
ignored. Here you would take units

48,46,11,49, 52,72,61, (ignore 97), 36, (ignore 89), 05, 59,
70, (ignore 86, etc.) 60, 08,67, 04,47, 39,76, 53, 43, 81

Note numbers 52 and 05 were repeated and ignored the
second time.

Table 2 : Random Numbers

A table of Random Numbers in 5 digit groups

48461 14952 72619 73689 52059
37086 60050 86192 67049 64739
76534 38149 49692 31366 52093
15422 20498 33901 10319 43397
70437 25861 38504 14752 23757
59660 67844 78815 23758 86814
59584 03370 42800 11393 71722
93804 09095 07856 55589 46020
04285 58554 16085 51555 27501
73883 33427 33343 45507 90069
68085 75447 30235 08190 42944
10980 35960 87461 79630 12952

5.4 CENSUS IN THE HIMALAYAS -
SUMMARY OF PUBLISHED
TECHNIQUES AND DENSITIES

A : Summaries of Published Methodologies for
Estimating Wildlife Abundance in the Himalayas

The Himalayas offer one of the greatest challenges to
the wildlifer in all aspects of ecology and management.
Estimating abundance of relatively rare species in very
difficult terrain is a difficult task. This appendix provides
additional material for the wildlifer to plan, undertake, and
evaluate census operations.

Copies of “methodology” sections are given from several
published accounts of animal abundance in the Himalayas.
Readers will note three things:

a) Methods consist of much hard physical field work by a
single team led by an interested and competent wild-
lifer. There are no easy or short cut methods!

b) Methods are usually based on scanning and traversing
suitable habitat in a series of block (valley/nallas)
counts following a preliminary survey.

c¢) Confidence in count results is increased by repetition of
each block immediately, comparison with past work, or
using a different method as well. This again means
more hard work.
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p. Mallon, 1983. Status of Ladakh Urial
Biol. Cons. 27:373-381

Methods and Study Area

1 divided this study area into seven sections : (1) The
qalley of the Gya stream from the village of that name to
Upshi: (2) the right bank of the Indus from Upshi to the
ndus - 7anskar confluence; (3) the right bank of the Indus
from Indus-ZanSkaf confluence to Khalsi; (4) the left bank
of the Indus from Upshi to a point opposite Leh; (5) from
this latter point to the Zanskar confluence, and the right

ank of the Zanskar below the Markha river; (6) the left
pank of the Indus from the Indus-Zanskar confluence to
Khalsi and the left bank of the Zanskar river below its
confluence with the Markha; (7) between Khalsi and the

western slopes of the Fotu La (Fig.1).

I visited each section in turn, at first briefly, to assess
its suitability for urial. There are several places, notably the
right bank between Upshi and Leh, where steep, rocky
ground providing little urial habitat occurs at low altitude. I
then made intensive foot surveys with the objects of visiting
as much as possible of all the suitable habitat in order to
check for the presence of animals and to assess their num-
bers (Fig.2). For this I used the evidence of sighting, tracks
and droppings, as well as a feature unique to regions where
Tibetan Buddhism is practised. This involves the utilisation
of the horns of wild and domestic animals as votive offer-
ings, placed on cairns at significant places along major
routes. The piles of horns may number several hundred and
by their condition many clearly date back at least several
decades, and they may provide additional evidence on the
past and present occurrence of a particular species in the
vicinity. In addition I interviewed a total 87 local people in
27 villages lying within or adjacent to urial range to obtain
information on past and present number.

The field work was carried out during three visits to
Ladakh. Some of the original reconnaissance work on the
habitat was done during the summer of 1980; the rest, and
the detailed surveys, were carried out from January to May
1981, and from October 1981 to February 1982. In all 138
d'f“fs were spent in the field, plus a further 25 days on two
visits to Zanskar. 1 chose winter for the bulk of the
ficldwork since at that season animals concentrale in
Sm‘aller arcas and tracks are more obvious in snow. Young
animals are clearly distinguishable from adults.

George B. Schaller et al., 1987. Large Mammals in
China Biol. Cons. 42 : 53-71

Methods

Two kinds of survey were conducted: transects, often

along valleys, during which we checked on the status of

wildlife by looking for spoor and interviewing local people;
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and copms of wild ungulates and quantification of carnivore
spoor in selected mountain blocks. In the latter, an attempt
was made to obtain a total count of animals by surveying all
drainages and scanning all slopes within areas that varicd
from 75 to 850 sq km in size. Survey blocks were not s¢-
lected at random. All areas that might harbour Marco Polo
sheep were checked (Areas 1-3 in Fig. 1), and one ‘block in
each of 4 major drainages (Areas 4-7) was selected.

On spotting an ungulate herd, we counted the number
of individuals and attempted to determine age and sex, the
latter often unsuccessful because Marco Polo sheep, blue
sheep, and ibex were often found, especially around camps
of pastoralists. Annual growth segments were measured and
age at death was accurate for males but not females (Geist,

1966).

Camnivore tracks are often difficult to detect without
snow cover, but some spoor is conspicuous. Brown bear
excavate burrows in pursuit of marmots Marmota caudata.
Snow leopard make characteristic scrapes - by raking hind-
paws on the ground - at conspicous locations such as on
mountain passes and at the base of cliffs. To ascertain rela-
tive snow leopard abundance, we counted all scrapes and
quantified.valley bottoms with a width of about 25 m or less
to permit easy search of both sides. Travel distances on
ridges and in valleys were estimated.

Paul Wilson, 1981. Habitat Utilisation by Blue Sheep
Biol. Cons. 21 : 55-74

Methods

The observation methods used were essentially the
same as Schaller (1973, 1977) and Wegge (1976). The
census method consisted of searching south-facing alpine
slopes with 8 x 30 binoculars and a 15-60 x zoom spotting
scope. The animals were approached on foot, but due to
disturbances by trophy hunters, and domestic livestock,
observation distance varied from 200 m to 2 km.

P. Wegge, 1979. Population of Blue Sheep in Nepal
J. Asian Ecology 1 : 10-20

Materials & Methods

The field work consisted of a major four-month foot
expedition from March through June 1975 and shorter field
trips in November 1974, October/November 1975 and in
April 1976, totalling roughly 24 weeks.

All potential wild blue sheep habitats were sampled for
total animal number and population composition. This was
accomplished by systematically searching opposing moun-
tain slopes from a distance with 8 x 30 binoculars and a 15-
40X variable spotting ScOpe. When sighted, a group was
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normally stalked within shorter viewing distance for more
precise observations. Camp was moved every 3-5 days to
visit all sub-valleys possibly inhabited by sheep. Animals
were classified as lambs, yearlings, adult ewes and three
classes of males; “trophy age rams” (fully grown males with
an estimated horn length of at least 45-50 cm, horns curving
noticeably backwards, animals believed to be 7 years of 30-
35 cm but curving only slightly backwards, presumably
comprising the age classes of 4, 5 and 6 year old), and
“young rams” (2-3 years old smaller males with horn size
between an estimated 15 and 35 cm). The horn length cri-
terion related to age was established on the basis of a few
sample specimen collected in the field and measured and
aged according to Geist (1966) and Hemming (1967). When
estimating population composition, only groups where all
members could be classified were used.

G.B. Schaller, 1973. Observations on Himalayan Tahr
JBNHS, 70: 1-24

Population Dynamics

Tahr were difficult to census because they were often
out of sight in thickets. Although I often scanned the slopes
of the Kang Chu Rongshar, and upper Bhota Kosi valleys,
tahr were seldom seen, suggesting that they were scarce
there. But there was one cliff along the Bhota Kosi, a huge
pyramid-shaped one, over 1 km long at the base and some
1000 m high, on whose face I readily found tahr. At least 45
tahr frequented this cliff, and, assuming a few were over-
looked, the total was probably around 50.

Michael J.B. Green, 1987. Ecological Separation in
Himalayan Ungulates. J. Zool. 1.1 693-719
(Musk Deer Mainly)

Population Size

Censuses were conducted in spring and autumn, sum-
mer and winter being unsuitable seasons for such work
because of adverse climatic conditions. The study area was
subdivided into several blocks using topographical features,
such as ridges and streams, as boundaries. Blocks were
surveyed sequentially and within a two-day period by up to
12 men, in line abreast and spaced at intervals of 30-50m.
Also, several men were positioned strategically above the
tree-line in order to co-ordinate the census and to spot any
animals which otherwise might have been flushed unde-
tected from the block. Drives were relatively silent, rather
than noisy, so as to maximise the chance of an animal being
seen before it was flushed. Duplicate records, arising from
the same animal being seen in several blocks, were mini-
mised by conducting drives in directions which tended to
flush animals out of the study area rather than into adjacent
blocks.

A rcgister‘ of known individuals provided an alternative
means of estimating population size. Individual recognition
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was based on a knowledge of the sex and stage of Maturjt
of an animal within the same locality. There was little cayg,
for confusion as species occurred at low densities and, apar(
from sambar, appeared to have small ranges.

B: Estimates of Density for Himalayan Larger
Mammals: A Preliminary Compilation

Introduction

One of the problems of working with Himalayan wild-
life is the lack of information on their patterns of abun-
dance. How common is “common”? How rare is “rare” ? The
j & K Wildlife Department in one of the very few publica-
tions on Himalayan wildife numbers tells us that in 1979
Brown Bear were “common” and Ibex were “abundant” in the
200 sq km Rangdum Wildlife Reserve in Kargil. I do not
know how to interpret this. If someone said to me “There are
0.5 brown bear per sq km in this reserve”, I would not know
if this was high, normal or low. Should I cheer or worry for
its survival ? There are no other data by which I can make
comparisons. If a wildlife warden actively conserves an area
for 10 years and at the end of it he has only 2 bharal per
sq km what should he think? Is this normal maximum den-
sity or is it still very low and he must redouble his
efforts ? I hardly know !

In this appendix I bring together what published mate-
rial I can find to illustrate the pattern of abundances of
Himalayan large herbivores. This may help our manage-
ment efforts in that we know what we could expect!

The Data Set

Density estimates for Himalayan animals are subject to
a great many potential errors:

1. Methodologies are often crude, based on rapid survey,
not on detailed study.

2. Maps may be poor or unavailable, which means that
area estimates may be faulty. Flat projections of area for
mountainous regions may give overestimates of real density.

3. Himalayan species may have definite habitat prefer-
ences, and these usually vary seasonally. Crude density
estimates (population total size divided by total area) may
greatly distort the true situation. For an example; if a 100
sq km area has 50 bharal, the crude density is 0.5/sq km.
But if 50 sq km is rock and ice, then the potential habitat or
ecological density is 1.0/sq km. If bharal use only north
facing slopes then real density on optimum habitat may be
2.0/sq km. If they descend to valleys below 3,500 m in
winter, then density there could be 10/sq km or more ! Most
data in this report are necessarily crude data.

When a wildlife density figure looks low, it may be du¢
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{0 a shortage of suitable habitat, over-hunting or massive
competition from domestic stock. Abundance data therefore

eed considerable qualification as to what they really are,
and what they indicate about population status.

Data Sources

Very little information on numerical status or scales of
abundance is available from the management agencies (J &
K Wildlife Department is an honourable exception !). Most
data comes from either long term biological study e.g.
Michael Green in Kedarnath; detailed surveys e.g. George
Schaller in Nepal and Pakistan in the 1970s, and again in
China in the 1980s, or reconpaissance & compilation, e.g.
Mallon on the urial, Green on goral and serow.

Conclusions

What conclusions can we draw from this set of data ?

- Densities are low compared with tropical communities.

- Maximum values of 12-15 animals per sq. km. for some
species may be achieved in intensively managed well
protected sites with presumably a low proportion of
barren ground e.g. Ibex in Europe. Note the high figure
for urial in a well protected princely estate in Pakistan.

) ¥

- Typical values from the Himalayan studies are 0.2 to 3
per sq km for most species. These are from protected
areas.

- Values from reserved forests will be very much lower
than that for protected areas.

- Low density populations give especial problems for
conservation. Protected Areas have to be large to in-
clude populations big enough to maintain long term
viability. Five hundred bharal may require over
250 sq km of protected area at typical densities!

Species Area Density/sq km Notes
Chamois Rupicapra Spain 14 Best Habitats
Italy 7 Full Protection
Ibex Capra Terstei, USSR 3 Optimum Habitats
Pamirs, Afghanistan 4-11
Caucasus, USSR 11-15
Spain 2-13
Italy 4 Full Protection
Swiss Alps 49 Hunted
Chitral, Pakistan 0.2-2 Hunted
Kanji, J&K. 2.2
Bood Kharbu, J&K. 1.3
Himalayan Tahr Hemitragus New Zealand 4.5-6.8 Introduced.
Musk Deer Moschus Gulmarg <04
Kedarnath 32 Best area studied !
Hangul Cervus elaphus Dachigam 6-7 Overall range.
20-25 Winter range.
Shou Cervus elaphus Extinct in India?
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Species Area bensity/sq kam Notes
- Cervus Kedarnath - 11 Below 3000m.
unicolor

Blue Sheep Pseudois Shang, J&K 3

Hemis, J&K 2-3

West China 0.2-2.2

North China <1

Nepal 0.8-1.3

Nepal 1.9-2.7

Near Indus, J&K 3.1 1979
Urial Ovis orientalis - Hemis Rumbak }

Hemis Markha } <0.2

Baluchistan 0.8

Ladakh 0.7-1.2

Kalabagh, Pakistan 10-12 Optimum habitat.
Argali Ovis ammon North China - 27

West China 0.2
Tibetan Wild Ass Equus hemionus North China “1.5? - Population in East Ladakh

& N. Sikkim

Tibetan Pantholops North China 3-47 Seasonal immigrants
Antelope to Indian territory
Tibetan Procapra North China * & 1.7 :
Gazelle ’
Goral Nemorhaedus Kedarnath 2.6

Banog Mussoorie 5?
Serow Capricornis Japan 1.5-10.0

Kedarnath 1.6

Lower Dachigam 0.6
Takin Budorcas China 5+ Herds of up to 300

in A;unacha!.
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55 PATTERNS OF UNGULATE

DENSITY IN PENINSULAR INDIA

Density Data for Ungulates in Peninsuiar India

species / Area Sizekm. Density/
sq km

Elephant

Mudumalai Bandipur Complex 2200 0.6

Kaziranga Total (seasonal) 378 22

Rajaji Total 850 0.4

Corbett Total 521 0.3
Gaur

*parambikulam (Deciduous 100 5.0

Forest) '

Kanha Total 940 0.56

Tadoba Total 117 1.9

*Melghat Total 1597 0.99

*Bori (Churna Area) 100 6.00
Nilgai

*Sariska (Haripur scrubland) 11 25.0

Panna Total 501 44

Ranthambore Total 414 1.2

Gir Total 1412 1.2
Blackbuck

Velavadar, Gujarat c30 50+
Chinkara

*Bishnoi areas, Jodhpur c60 173

*Gir East 400 2.8

*Panna Total 501 33

Ranthambore Total 414 0.7
Chousingha

*Gir Total 1412 1.1

Panna Total 501 0.4

Species / Area Sizo km.  Density/
sgkm
Swamp Deer
West Kanha Meadows c20 25
*Dudhwa Grassland (East) 19 16
Kaziranga Total 378 1.9
Hog Deer
Kaziranga Total 378 183
Dudhwa Grasslands Total c60 20
Corbett Total 521 1.1
Spotted Deer
Bandhavgarh Total 448 19.7
*Gir Total 1412 55.62
*Sariska Valley c20 30
Kanha West ¢500 30
Tadoba Total 117 10.6
Corbett Total 521 28.3
Barking Deer
*Melghat Total 1597 0.79
Corbett Total 521 14
Sambar
*Gir Total 1412 2.1
Kanha Total 940 2.0
Corbett Total 521 5.1
Tadoba 117 1.1
*Sariska Core Zone 1 c200 9.0
*Bandhavgarh Total 4438 4.1
Ranthambore Total 414 5.1
*Melghat Total 1597 0.79
Wild Boar
Ranthambore Total 414 1.4
Melghat Total 1597 0.6
Tadoba Total 117 3.6
Corbett Total 621 4.7
Gir Total 1412 0.9
Bandhavgarh Total 448 3.6

Note With few exceptions (marked *) data are tak
with no estimates of accuracy Or confide

nce

should be used with caution and serve
Those marked (¥) are censuses with a

cision.

details of methodolo

en from traditional Forest Department census operations. Figures come
limits, and often with no

ly to show the possible level
detailed methodology and ability to ca

gy. These density levels
of animal abundance that could be expected.
lculate estimates of accuracy and pre-



