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Abstract.- In the present study, the simple regression analysis using the different morphometric measurements
of hares was performed for the estimation of body weight of brown hares (Lepus europaeus) from Anatolia (juveniles
versus adults). There was a strong linear relationship between body weight (BW) and ear length (EL) and
condylobasal length (CBL) in juvenile Anatolian hares. On the other hand, there was a medium linear relationship
between BW and tail length (TL) and CBL in adult Anatolian hares. The prediction models determined explained 94%
and 41% of the variation in BW of juvenile and adult Anatolian hares, respectively. The BW showed the highest
correlation coefficient value with the CBL (r = 0.964; p < 0.01) in the juvenile hares. Similarly, the BW showed the
highest correlation coefficient value with the CBL (r = 0.582; p < 0.01) in the adult hares. Our study revealed that
juvenile Anatolian hares presented a greater variability than did adults Anatolian hares with respect to all traits
measured. The present study may help scientist to get more information about biologic aspect of mammal species such

as Anatolian hare which is at low density in wildlife.
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INTRODUCTION

Body weight is an essential component in

studies of mammalian ecology, taxonomy,
physiology and paleobiology (Talbot and
McCulloch, 1965; Cattet et al., 1997; Damuth and
MacFadden, 1990; Millien and Bovy, 2010; Dyck
and Morin, 2011; Demirbag et al., 2013). Unless
direct weighing is practical (e.g. in many large-
bodied animals or because of incomplete samples
and remote localities), researchers attempt to use
some body measurements to predict body weight of
wild animals (Talbot and McCulloch, 1965;
Donadio et al., 2005; Jansen and Jenks, 2011;
Thiemann et al., 2011). Brown hare (Lepus
europaeus) from Anatolia has an uninterrupted
distribution in Anatolia; however, the number of
them seems to have declined during the last few
decades due most probably to habitat narrowing,
pollution, disease and illegal hunting (Sert, 2006;
Demirbag, 2010). Furthermore, as Anatolian hares
are still commonly being consumed as a food by
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local people and hunters, researchers can probably
get some remaining body parts of hares not eaten
(e.g., head, hind food, tail, ear) or the parts can
easily be reached to the researchers, and so these
body parts may be used to predict body weight.
Body weight estimation has already been practiced
through various measurements (e.g. skeletal, dental
or body measures) using simple or multiple
regression analysis in many extinct and living
mammalian species in wildlife (Fandos et al., 1989;
Cattet and Obbard, 2005; Millspaugh and Brundige,
1996; Egi, 2001; Calzade et al., 2003; Bassano et
al., 2003; Mendoza et al., 2006; Figueirido et al.,
2011).

Donadio et al. (2005) generated a predictive
model to predict body weight from hind foot length
for exotic European hare, Lepus europaeus in the
southern Neotropics. However, those populations
were not native, since the hares were introduced in
the area from Europe in the late 1800s as reported
by Grigera and Rapoport (1983). McCulloch and
Talbot (1965) stated that if there are not significant
differences between populations of the same
species, statistical relationships are valid for body
weight estimation. Sert (2006) and Demirbas et al.
(2013) also recorded that far distances could cause
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significant differentiations in the morphometric
characteristics within the same species of hares.
Such situations might be expected to affect the
accuracy of body weight prediction.

The hypotheses of this study were: (1)
whether the regression models to predict body
weight in Anatolian hares were reliable for both
juveniles and adults; 2) to find out which body part
measurement is having the highest correlation with
the body weight in both juvenile and adult hares.
These hypotheses were tested using body weights
and morphometric measurements taken from 33
adult L. europaeus specimens and 13 juvenile L.
europaeus specimens from central Anatolia.

MATERIALS AND METHODS

Study area and data collection

A total of 46 Anatolian hares (33 adults and
13 juveniles), which were hunted during autumn and
winter hunts (October - December) of 2012 to 2013
in Kirikkale province (N39°50'N, 33°31'E) from
central Anatolia were examined for estimating their
body weight. The body weights and morphometric
measurements (total body length, tail length, hind
foot length and ear length) from each sample were
taken immediately after death. Also, condylobasal
lengths were measured from the skulls cleaned in
laboratory. The climate in the area is continental,
with arid and hot summer, and cold and snowy
winter. According to the climatic data obtained by
Kirikkale meteorological station during the years
1960 to 2012 in the area, the mean annual
temperature was 12.5°C and the precipitation was
373.5 mm; the coldest month was January, with
average -3°C and hottest month was July, with
average 30.8°C. The area covers an area of 4615
km? and has approximately 49.530 ha forest area,
composed of a mixture of oak (Quercus sp.) and
pine (Pinus sp.) forest. Remainder area consists of
mainly farmland and open steppes (grass steppes
and tragacanthic steppes). Quercus scrubs,
Fabaceae, Asteraceae and Poaceae are the dominant
vegetation types in the area (Ddnmez, 2002; inci et
al., 2013). Red fox (Vulpes vulpes), badger (Meles
meles), wolf (Canis lupus), wild boar (Sus scrofa),
least weasel (Mustela nivalis), and beech marten
(Martes foina) are the mammals which occur

sympatrically with the hares.

The sampled hares were divided into 2 age
groups (juvenile and adult) according to the “Stroh
sign” which is located at the tip of the ulna bone
(Stroh, 1931), the pronouncedness of sutures in the
cranial bones (between the frontal and sagittal
bones) and the morphological structure of processus
supraorbitalis (Suchentrunk et al., 2000). Body
measurements (mm), body weight (g), and
condylobasal length (mm) of the specimens were
taken, using a tape measure, a scale of 50 g of
precision, and a dial caliper to an accuracy of 0.05
mm, respectively, according to Harrison and Bates
(1991).

Abbreviations used for characteristics
measured are as follows: BW, body weight; TL, tail
length; HFL, hind foot length; EL, ear length; CBL,
condylobasal length. Differences between age
groups and sexual differences within the age groups
in body weight and morphometric measurements
were investigated using either the Mann-Whitney U
test or the student t-test depending on the normality
(Shapiro-Wilk) and variance homogeneity (Levene)
test results. Measures of both sexes were combined
in subsequent analysis since there was no
statistically significant differences found between
them. On the contrary, there were significant
differences in all traits between age groups.
Therefore, juvenile and adult samples were
evaluated separately.

Data analysis

The TL, HFL, EL and CBL were used as
independent, while the BW was considered as
dependent variable for both juvenile and adult hares.
Linear, quadratic and cubic effects of the
independent variables were analyzed as follows;

Y= B + BiX +B2 X* + Bz X* + e (Neter et al., 1996).

Where Y= BW; f, = the intercept; X = independent
variables such as TL, HFL, EL and CBL; B4, p,and
B 3= regression coefficients; and e = random error.
In order to choose the best or the most suitable
models among all assumed models, the Cp
(Conceptual predictive) and the AIC (Akaike
information criterion) were used as defined in Kaps
and Lamberson (2004).
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Phenotypic correlations among all Table I.- Descriptive statistics for body weight (g) and
measurements were calculated. Statistical analyses g‘orf*}f’meﬁ”c . mealsiurek”l‘(e’l‘ts (,mm)(b (;’f
. « e natolian hares irom Kirikkale province (body
were done using the statlstlcgl package program weight (BW), tail length (TL), hind foot length
SPSS v.15 (SPSS Inc., Chicago, IL) for the (HFL), ear length (EL), condylobasal length
descriptive statistics and phenotypic correlations (CBL), standard deviation (+SD), coefficient of
and the SAS v.8.2 (The SAS Institute Inc., Cary, variation (CV)).
NC) for the regression analysis. Body trait N Range MeansD D)
RESULTS Juvenile
BW 13 550-2600  1512+689.98 45.63
Descriptive statistics for the body weight and TL 13 55-85 73331175 16.02
: . HFL 13 97-130  116.9312.19 10.42
morphomgtrlc measurements of Anatolian hares are EL 13 77120 04812 44 1312
presented in Table I. The BW was found to have the CBL 13 52-78.4 66.25:8.70 13.14
highest variations among the traits measured in both Adult
juvenile anq a.d.ult hares. Also, juyeniles showed a W 33 2300-4200  3292+471.51 14.32
greater variability than adults with respect to all TL 33 75-120 99.85+9.76 9.77
i HFL 33 135-160  145.54+7.24 4.97
traits measured. . . EL 33 95-120 110.056.13 557
Table 11 shows the regression analysis results CBL 33 80-91.7 85.603.02 353
of hare BW on the TL, HFL, EL and CBL using
single observations for both juvenile and adult
Table Il.-  Regressions of the Anatolian hares’ body weight on the morphometric measurements (tail length (TL), hind foot

length (HFL), ear length (EL) and condylobasal length (CBL)) using single observations. Thereby, the coefficient
of determination (R®) gives the proportion of variations in Anatolian hare body weight explained by

morphometric measurements.

Age group Variable* Intercept Linear Quadratic Cubic R’
Juvenile TL -1946.45 46.73*** 0.63
14911 -450.86 3.56 0.76
54593 -2163.85 27.86 -0.11 0.78
HFL -2846.25 0.42
4747.42 -97.25 0.58 0.43
317541 -8433.62 74.16 -0.21 0.51
EL -2437.72 41.83** 0.56
-1385.97 0.11 0.57
30147 -967.87 10.29 -0.03 0.58
CBL -3575.68*** 76.41%** 0.92
-169.35 -29.48 0.80 0.93
18009 -879.67 13.93 -0.06 0.93
Adult TL 917.40 23.39** 0.25
3649.82 -32.20 0.24 0.26
-38138 1267.78 -13.06 0.04 0.29
HFL 1407.97 0.03
42809 -550.77 1.91 0.09
-615091 12913 -89.76 0.20 0.12
EL 1072.37 0.06
-478.55 -0.13 0.06
-233213 6525.95 -60.05 0.18 0.08
CBL -4820 94.73*** 0.33
-70735 1642.40 -9.07 0.37
1382807 -49379 587.35 -2.32 0.40

*For abbreviations of variables, see Table I.
**p < 0.01, ***p <0.001
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hares. The R? values indicate that CBL (R® = 0.92 -
0.93) was associated highly with BW followed by
TL (R*= 0.63 - 0.78), EL (R*= 0.56 - 0.58) and
HFL (R*= 0.42 - 0.51) in the juvenile hares. Similar
patterns were observed for the adult hares but R?
values were quite low ranging from 0.03 to 0.40.
The quadratic and cubic terms were not significant
for all measurements in both juvenile and adult
hares. The linear term was significant (p < 0.01) for
all measurements except the HFL in the juvenile
hares and for the TL and CBL in the adult hares.

Table 111 presents the results of 15 different
models for predicting body weights of the juvenile
and adult hares. The Cp value (3.62) determined the
model including EL and CBL to be better than other
models in juveniles while the Cp (2.63) for the
model including TL and CBL was found to be better
than other models in adults. Additionally, R? values
(0.95) for models including HFL, EL, CBL and TL,
HFL, EL, CBL of the juveniles were better
compared to other models. Likewise, R? values
(0.44, 0.45) for models including TL, HFL, CBL
and TL, HFL, EL, CBL of the adults were better
compared to other models including TL and CBL.
The AIC values predicted a preference for the same
models in juveniles and adults like the Cp values.
The model including EL and CBL could explain
body weight best in juveniles while the model
including TL and CBL could explain body weight
best in adults. As a result, the best models in
juvenile and adult hares explained a different
amount of variation shown in Table 1V.

Phenotypic correlations between the BW, TL,
HFL, EL and CBL were computed (Table V). In the
juvenile hares, BW showed the highest correlation
coefficient value with the CBL (r = 0.964; p < 0.01).
In the adult hares, BW similarly showed the highest
correlation coefficient value with the CBL (r =
0.582; p <0.01).

DISCUSSION

Body weight estimation has been practiced
through various measurements (e.g. skeletal, dental
or body measures) using simple or multiple
regression analysis in many extinct and living
mammalian species in wildlife (Fandos et al., 1989;
Cattet and Obbard, 2005; Millspaugh and Brundige,

Table I1l.- Conceptual predictive (Cp), coefficient of
determination (R® and Akaike information
criterion (AIC) of different models predicting
body weights of the Anatolian hares.

Age Independent Cp R2 AlIC

group variable*

Juvenile

EL CBL 3.62 094 136.91
HFL EL CBL 4.15 095 136.96
TL HFL EL CBL 5.00 095 137.21
TL CBL 5.00 0.93  138.49
CBL 5.04 0.92 13853
TL HFL CBL 5.48 0.94 138.73
TL EL CBL 5.55 0.94 138.82
HFL CBL 7.01 0.92 140.50
TLEL 60.06 0.66  160.85
TL HFL EL 60.11 0.67 16247
TL 63.41 0.63  159.85
TL HFL 64.87 0.63  161.75
EL 76.13 0.56  161.96
HFL EL 76.31 0.57  163.67
HFL 104.03 0.42 165.64
Adult
TL CBL 2.63 0.41  358.67
TL HFL CBL 3.43 0.44  359.29
HFL CBL 3.51 0.39  359.65
CBL 4.04 0.33  360.29
TL EL CBL 4.60 0.41  360.65
TL HFL EL CBL 5.00 0.45 360.78
HFL EL CBL 5.35 0.39 36147
EL CBL 5.90 0.34  362.15
TL 7.93 0.25 363.94
TL HFL 9.61 0.26  365.66
TLEL 9.74 0.25 365.77
TL HFL EL 11.55 0.26  367.60
EL 16.46 0.06  370.67
HFL 17.64  0.03 37149
HFL EL 17.96 0.07 37231

*For abbreviations of variables, see Table I.

1996; Egi, 2001; Calzada et al., 2003; Bassano et
al., 2003; Mendoza et al., 2006; Figueirido et al.,
2011). Fandos et al. (1989) stated that the best
predictors of body weight were horn length for male
Spanish ibex (Capra pyreninaica), body length for
female Spanish ibex, and chest girth for both sexes
in the chamois (Rupicapra rupicapra) from Iberian
peninsula. Jansen and Jenks (2011) identified a
strong linear relationship between body weight and
body length, head and chest circumferences in
pumas (Puma concolar) from the Black Hills, USA.
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Table IV.-  The best models developed to predict body weight from predictor variables in juvenile and adult hares.
Age group  Model p values
Intercept By B, R’
Juvenile (BW;) =-3867.64 + 9.97 (EL) + 66.66 (CBL) <0.001 0.1035 <0.001 0.94
Adult (BW,) = - 4364.48 + 14.19 (TL) + 72.72 (CBL) 0.0435 0.0740 <0.01 0.41
Table V.- Phenotypic correlation coefficients between the among Anatolian hare populations were due to the
ﬁ%‘gure"n‘f]‘:r?tzt (mn(g) o gﬂgtoligorzg'r‘g“:rt&'g polymorphism related to the local adaptations and
Kirikkale province (body weight (BW), tail high level of admixture of gene pools in .Anatolia.
length (TL), hind foot length (HFL), ear length Our study revealed that juvenile Anatolian hares
(EL), condylobasal length (CBL)). showed a greater variability than did adult Anatolian
hares with respect to all traits measured.
Ag(fu T HFL EL CBL Additionally, the body weight showed the highest
qrop correlation coefficient value with CBL in both
Juvenile juvenile and adult hares. On the other hand, Jansen
BW  0.796**  0.654**  0.755**  0.964** and Jenks (2011) stated that chest circumference is
TL 0.856* 0834 0.757" an important measurement that helps explain body
EEL 0.789 8'25& weight in pumas.
' Such and similar studies may help scientist to
Adult get more information about biologic aspect of wild
BwW  0.503**  0.200 0.257 0.582** animals such as Anatolian hare which is at low
LII_:L 0.236 8-23‘11: (_)(-)45"55 density in wildlife. Despite shortcomings of the hare
EL ' 0353 samples, an attempt was made to predict the body

*p <0.05, **p < 0.01

Their predictive equation accounted for 89% of the
variation in body weight of pumas. Donadio et al.
(2005) found a similarly good linear relationship
between log-transformed weight and hind foot
length from exotic lagomorphs in the southern
Neotropics and their models explained 58.4% and
71.6% of the variation in body weight of hares
(Lepus europaeus) and rabbits (Oryctolagus
cuniculus), respectively. There was a strong linear
relationship between body weight and ear length
and condylobasal length in juvenile Anatolian hares
in the present study. On the other hand, there was a
medium linear relationship between body weight
and tail length and condylobasal length in adult
Anatolian hares. The linear models found in the
present study explained 94% and 41% of the
variation in body weight of juvenile Anatolian hares
and adult Anatolian hares, respectively.

Demirbas et al. (2013) suggested that the
phenotypic and some morphometric variations

weight from morphometric measurements of the
Anatolian hares. The predictive equation of body
weight for juvenile hares found in the present study
could be helpful for more reliable estimation, but
the model found for adult hares could only be
helpful for an approximate estimation of body
weight with caution since R? values was at medium
level. This low degrees of accuracy in estimations
for adult Anatolian hares may result from not strong
correlations between all traits measured.
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