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APPLICATION OF BHATTACHARYA TECHNIQUE IN SEX
DETERMINATION AND SEX RATIO ESTIMATION
OF TIGERS FROM PUGMARKS

S.A. PARANJPE*, AP. GORE* AND M.G. GOGATE**

Introduction

In a recent paper (Sagar and Singh,
1991) a new criterion has been proposed to
decide whether a tiger pugmark repre-
sents a male or a female. Traditionally
foresters have argued that a male has a
square pugmark while a female has a rect-
angular one. Sagar and Singh have made
this notion more precise. According to
them, if length of the pugmark exceeds
breadth by more then 1.5 em it suggests a
female, otherwise a male. Measurement of
length and breadth by fitting the pugmark
tracing inside a rectangle as described by
them is indeed a rather simple matter.
Hence Sagar and Singh have undoubtedly
provided a precise, quantitative and simple
procedure. However, there are some weak-
nesses in the procedure too. Firstly it has
not been tried and tested on pugmarks of
animals of known sex. In the ultimate
analysis, that is the acid test of any dis-
criminating procedure. Secondly it is not
clear whether their 1.5 ¢m rule can be
directly used elsewhere. Perhapseach popu-
lation may have to be analysed separately.
In that case it is not quite clear how they
arrived at the figure 1.5 em. Further their
calculations reveal an extremely strong
correlation between length and breadth of
a pugmark (r = 0.98 for males and 0.82 for
females). This suggests that given breadth,
length can be virtually treated as known.

In that case discrimination could be based
Jjust on breadth. Thirdly the 1.5 cm rule
leads to an estimated male to female ratio
0f20:49in 69 animals in 1989 and similarly
in 1990. This ratio seems substantially
different from 1 : 1. Is this expected?
Finally there is no indication of errors
likely to be made using this 1.5 em rule.
Would it not have been reasonable to keep
a zone of ambiguity where classification is
difficult? We believe such a zone can be
delineated.

In this paper we shall first propose a
simple intuitive method of classification
similar to the 1.5 cm rule but more directly
data based. We recommend it as a rough
and ready reckoner. Later we describe a
more elaborate graphical technique which
is rather well established in statistical
literature.

A simple intuitive method

Let us assume that length or breadths
or their differences in case of females follow
a normal distribution with a mean u, and
variance o2 The same for males also fol-
lows a normal distribution with the same
variance o but a different mean . Iffora
measurement, the two distributions are
very similar (i.e. u, and u, are close), that
measurement is not useful for discrimi-
nation. On the other hand if the difference
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(4, - u,)/o is large, discrimination is easier.
Inthe former case the frequency histogram
for the combined data should show essen- )
tially a single mode, while in the latter case 5
we expect to see 2 modes clearly separated 20 ;
with a depression in between.
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In view of these considerations, we
recommend the following simple and intui-
tive discrimination procedure. Draw a his-
togrameach for length, breadth and (length-
breadth) for the combined data. Choose the
variable which shows a clear bimodal graph.
The centre of the depression between the
two modes is the cut-off point.

o, 0 B

We have applied this procedure to 75 16
pugmark tracings from Melghat taken in
1985. The histogram (Fig. 1) suggest that
breadth alone could also be used for dis-
crimination. The rule that emerges from
this histogram is “classify a pugmark as
male if the breadth is 12 ¢cm or more;
otherwise classify as female”. Based on this
rule our estimate of ratio of males to
females is 34 : 41.
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This intuitive and simple technique
also has many of the weaknesses attri-
buted earlier to the 1.5 cm rule. It should,
therefore, only be used as a quick and
approximate method.
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Bhattacharya Technique

Frequency

Ry

N

Hish
N
N
N

N
N

This technique (Bhattacharya, 1967)
was developed inthe context of fisheries. In
fisheries, catch at any point in time repre-
sents mixture of fish recruited (born) into
the stock indifferent breeding seasons. Itis  *
of interest to identify the number of differ-
ent age (or equivalent length) classes and
their means, variance and proportions in
the population. The method has become so Histograms for 75 pugmarks
popular worldwide that it is now found in from Melghat (1985)
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standard manuals on statistical analysisin
fisheries (Sparre et al., 1989). The method
is in fact more general than we need. We
know that our population of pugmarks
contains 2 groups with equal variances but
different means. We will use this extra
informationtoslightly modify Bhattacharya
method to suit our purpose.

In its generality the Bhattacharya
method involves the following steps.

(a) Prepare a frequency distribution with
close mean x, and frequenciesf,i =1, 2,...,
k, each class with width w.

Plot 1 f+1
() Plot log L vex

3

In this plot, every sequence of progres-
sively decling points is indicative of one
distinct population. A straightlineisdrawn
through this set. There are as many popu-
lations as there are straight lines. The
mean (1) and variance (0®) of a population
can be estimated from slope {m) and inter-
cept (c) of the corresponding line. The for-
mulas are :

g =|e/ml-w/2

g = (mlw- @12

(¢) Toestimatethe proportionofindividu-
als of a distinct population in the mixture
the procedure is as follows : Suppose X, and
X. are the midpoints of extreme classes
used to fit the above straight line. Then the
total observed frequency in all classes from
itojis say ‘0. If

pop[ Sty &urwd)]
g ' g

is obtained from the table of standard
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normal distribution, then the total number
of individuals belonging to this population
is given by O/p. This number divided by the
total number of observations gives the
proportion in this population.

Application to Melghat (1985) Data

The Bhattacharya technique was
applied to measurement of breadth of a
pugmark. Here the common class width is
0.5 em. The plot of log £+1/£ Vs X (Fig. 2)
shows that as we go down the X-axis there
is a declining trend from the first point to
the fifth point. A straight line fitted through
these points using simple regression has
the intercept 11.34 and slope -1.08. Hence
the estimates of mean and variance for this
population are ;’21 =10.26 and o® = 0.52.

To estimate parameters of the second
population we will have to use strictly
speaking only two points namely seventh
and eighth, which is rather inadequate.
Instead, we shall use the same estimate for
variance as in the first population and for
the mean we shall use the second modal
value in the histogram, namely ;'Iz =12.75,

Figure 2
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Now let us estimate the proportion of
females i.e. pugmark with lower values of
breadth. Here 0, the observed frequency of
all classes used to estimate u, and o? (i.e.
class 1 to class 5) is 37. Midpoint of the first
class interval is 9.25 and that of the fifth
class interval is 11.25. Hence

11.25-10.26+0.25
<Z<—

[ 9.25-10.26-0.25
0.62 N0.52

p=P

which comes out to be 0.92. Thus 37/0.92 or
about 40 is the number of females in the
whole set which gives the estimate of A is
40/75 i.e. 0.53. Hence estimated male to

femaleratiois 35: 40 whichisin agreement -

with the rough estimate obtained earlier.
Classification of individual pugmarks

The Bhattacharya technique does not
attack the problem of classifying individual
observations into one of the two popula-
tions of interest. However it is done
routinely using other statistical methods.

Suppose f, and f, are prob:ability den-
sity functions of two normal distributions
with known means and variances and
observations from these are mixed in the
ratio A : (1-A) where the fraction A is know.
Now suppose we consider one observation
from this mixture. Then the standard sta-
tistical rule for classification (Anderson,
1972) is as follows: ‘

IfMf, (x) - (1-M) £, (x) > 0, the observation
x is declared to have come from population
1, otherwise from population 2.
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In our case we only have estimate of
means, common variance and A which in-
troduces in the above rule a degree of
approximation. Substituting the estimated

values we get the above differences as
0.58 ex-1020%1.04 _ () 477 o-x-12.75)71.04

which iscalculated for every pugmark.
If the difference is positive the pugmark is
classified as that of a female, otherwise a
male. Thus a pugmark with width 13 leads
to the above differences being 0.00039 -
0.44 which is negative. Hence it represent
a male. It is very easy to verify that
pugmarks with width below 11.5 will be
treated as females and other as males.
Thus about 37 pugmarks are classified as
females out of 75.

It may be argued that this rule does
not allow for any ambiguity either. But
that does not mean it is error free. Notice
that mean breadth for males is 12.75 em
with s.d. 0.72. Thus it is impossible to have
a male with pugmark breadth 11.31 (mean
-2s.d.). Also the mean breadth for females
is 10.25 with the same s.d. Hence an upper
limit for breadth in females is 11.70 (mean
+2s.d.). Thus breadth value between 11.30
and 11.70 cm can be treated as an ambigu-
ity zone. About 5 individuals fall in this
group. In any case extraneous information
on individuals should never be ignored in
such classification. There is always a possi-
bility, however rare, of a female having a
very broad pugmark. In Melghat there was
indeed a print with breadth of 13 cm and
accompanied by a print of a cub.
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SUMMARY

Various methods and rules of tiger pugmarks have been used by foresters to
represent male or female tiger. Some of the methods have not been tried and
tested on pugmarks of animals of known sex. The present paper indicated a
simple intuitive method and Bhattacharya method of classification of male and

female tiger pugmarks in a more elaborate graphical technique and their
application in forests.
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