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Frogs are common in aquatic habitats such as marshes, edges of water bodies and paddy fields. High
prevalence of deformed frogs as well as reduction in body length, head length, limb size, growth rate
and increase in liver weight are known from various frog species occurring in pesticide contaminated
sites. We hypothesized that snout-vent length, liver, kidney, body weight and growth of Common
Skittering Frog inhabiting areas contaminated by pesticides and fertilizers such as paddy fields of
District Gujranwala, Punjab, Pakistan, do not differ than those from areas with less pesticide and fertilizer
use such as urban wetlands in Rawalpindi-Islamabad Districts. Our results revealed statistically signifi-
cant differences in measurements such as in snout-vent length, inter-orbital width, distance from front
of eyes to the tip of snout, distance between the nostrils, inter-nasal space, distance from front of eyes
to the nostrils, distance from nostrils to the tip of snout, distance from tympanum to the back of eyes,
forelimb length and body weight of frogs from paddy fields and urban wetlands. We found a strong sig-
nificant relationship between snout-vent length and body weight of female frogs collected from paddy
fields and urban wetlands and of male frogs collected from paddy fields only. We found that Common
Skittering Frog had a higher growth in paddy fields, presumably due to abundance of food. Our study doc-
umented first record of a deformity (micromelia) and an abnormality (gas bubble disease) in Common
Skittering Frog from Pakistan. We suggest detailed studies on food availability and consumption by
Common Skittering Frog in the paddy fields and urban wetlands to understand factors influencing the
growth pattern.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

It is estimated that about 30% of the anurans species are threat-
ened globally (Stuart et al., 2004). Studies suggest that more than
500 populations of frogs, toads, and salamanders are declining
(Alford and Richards, 1999). The phenomenon of amphibian
decline and underlying causes are yet not fully understood. How-
ever, it is believed that numerous factors such as climate change,
increased exposure to ultraviolet radiation, pathogens, introduced
species, habitat destruction and modification, acid rain, and chem-
ical stressors such as pesticides and fertilizers are the main threats
to amphibian populations (Blaustein et al., 2003; Boone and
Bridges, 2003).

Frogs are closely linked to well watered areas such as marshes,
edges of water bodies and croplands particularly paddy fields
(Bambaradeniya et al., 2004; Rais et al., 2015). Extensive use of fer-
tilizers and pesticides has greatly altered habitat quality of agricul-
tural sites affecting anuran populations (Manna et al., 2009).
Anuran fauna of Pakistan is represented by 25 species belonging
to four families (Pratihar et al., 2014). Frog species such as Euphlyc-
tis cyanophlyctis and Fejervarya limnocharis are quite abundant in
the plain areas of Pakistan, and are associated with a variety of
wetland habitats such as paddy fields (Khan, 2006).

Reductions in body length, head length, limbs size, growth rate
and increase in liver weight are known from frog species occurring
in pesticide contaminated sites (Crawshaw and Weinkle, 2000;
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Amor et al., 2009; Thammachoti et al., 2012). High prevalence of
deformed frogs is reported from the vicinity of agricultural areas
with extensive pesticide and fertilizer use (Hayes et al., 2002;
Khan and Law, 2005; Taylor et al., 2005). It is believed that toxic
effects of pesticides, fertilizers and heavy metals result in deformi-
ties in anurans (Alford et al., 2001; Story and Cox, 2001; Fort et al.,
2006).

The most recent studies on anurans in Pakistan focus on esti-
mating abundance of frog species. Yousaf et al. (2010) recorded
mean population densities of Bull Frog (Hoplobatrachus tigerinus)
and Common Skittering Frog (Euphlyctis cyanophlyctis) as 25.07
frogs ha�1 from the paddy fields of Gujranwala, Punjab Province.
Tabassum et al. (2011) reported mean population density of Com-
mon Skittering Frog as 0.46 ± 0.11 frogs ha�1 from Rawal Lake,
Islamabad. Shaikh et al. (2012) recorded variations in dorsal body
color, body length and body weight of 23 specimens of Common
Skittering Frog collected from different sites of Province Sindh,
Pakistan.

Review of the literature revealed that farmers in areas under
rice cultivation in Pakistan use chemical fertilizers to obtain a good
yield of rice crop. About 81% of farmers used 100–150 Kilograms of
chemical fertilizer per acre (GoP, 2008). Likewise, about 96% of
farmers use pesticides such as fungicides: Topsin-M (thiopenate
methyl); herbicides: Acetachlor (acetachlor), Butachlor (butachlor)
and insecticides such as Cartap (cartap hydrochloride) in the paddy
fields (Asghar, 2010). Further, it is estimated that cotton crop
accounts for about 80% of Pakistan’s pesticide use (NFDC, 2002).
On contrary, croplands of Potohar such as Chakwal, Attock and
Fig. 1. Paddy Fields in Gujranwala, Punjab, Pakistan (A&B); Urban Wetlands: Pond near t
at Rawal Lake, Islamabad.
Rawalpindi-Islamabad receive very less pesticide application
(Hussain et al., 2006). The cotton and rice crops are not grown in
Rawalpindi-Islamabad.

Knowledge on the effect of pesticide and fertilizer on body mea-
surements of frog species, inhabiting areas differing in level of pes-
ticide and fertilizer usage, from Pakistan is lacking and not yet
reported in the literature. We hypothesized that snout-vent length,
liver, kidney and body weight and growth of Common Skittering
Frog inhabiting areas contaminated by pesticides and fertilizers
such as paddy fields of District Gujranwala, Punjab, Pakistan, do
not differ than those from areas with less pesticide and fertilizer
use such as urban wetlands in Rawalpindi-Islamabad Districts.
2. Methods

2.1. Study area

We collected frogs from the paddy fields (42 $, 33#) of District
Gujranwala, Punjab, Pakistan (Fig. 1A, B) and from ponds, referred
to as urban wetlands from here onwards, (41 $, 34#) in Pir Mehr Ali
Shah Arid Agriculture University Rawalpindi (PMAS AAUR) cam-
pus, Rawalpindi, and Rawal Lake, Islamabad (Fig. 2C, D). The dis-
trict is the second largest (over 500,000 tons) rice producer in
Pakistan. Rice crop is sown during April to June and is harvested
from October to December.

The areas of Rawalpindi-Islamabad experience a humid sub-
tropical climate with long and very hot summers, a short monsoon
ube well at PMAS Arid Agriculture University Rawalpindi (C) and irrigation canal (D)



Fig. 2. Regression analysis showing relationship between body weight and snout-vent length of females (A) and males (B) of Common Skittering Frog (Euphlyctis
cyanophlyctis) collected from paddy fields (dotted line) and urban wetlands (bold line).

Fig. 3. Regression analysis showing relationship between body weight and liver weight (A); body weight and kidney weight (B) of females; body weight and liver weight (C)
and body weight and kidney weight (D) of males of Common Skittering Frog (Euphlyctis cyanophlyctis) collected from paddy fields (dotted line) and urban wetlands (bold
line).
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and mild wet winters. The topography of the area is rugged, vary-
ing in elevation from 465 m to 1600 meters comprising mainly of
steep slopes and gullies where the rock structure is basically lime-
stone (Jabeen et al., 2009). The mean annual rain fall is about 1000
mm. Maximum temperature in summer may rise up to 45 �C while
in winter may drop to a minimum of �3 �C (Malik et al., 2012). The
notable wetlands of the area include River Kurrang and Soan with
slow-flowing water during most part of the year; water storage
reservoirs such as the Rawal Dam, Simly Dam and several other
small dams with associated marshes (Ashraf et al., 2007).
2.2. Study design

We used Common Skittering Frog (Euphlyctis cyanophlyctis) as a
model species. The frog prefers shallow water ponds and edges of
other water bodies. It is a highly aquatic frog species, and is the
most common frog species in the plains and sub-mountainous
areas of Pakistan. The species exhibits a wide range of body col-
oration from light gray, light brown to olive-green with irregular
black spots (Khan, 2006). The frog is abundant in district Gujran-
wala (Yousaf et al., 2010) and areas of Rawalpindi-Islamabad
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(Tabassum et al., 2011; Rais et al., 2012). No permit is required to
collect or dissect the frog species since it is not listed in the list of
protected species in Punjab Wildlife Acts and Rule (1974) and
Islamabad Wildlife Protection, Preservation, Conservation and
Management Ordinance (1979).

We collected adult specimens of Common Skittering Frogs from
March, 2013 to June, 2014 (pre-breeding season). We captured
frogs using dip nets, transferred into plastic buckets and trans-
ported to the laboratory of Wildlife Management, PMAS AAUR.
We euthanized the frogs using Chloroform solution and took mor-
phometric measurements with the help (to the nearest of 0.05
mm) using a non-digital vernier caliper as described in Ohler
(1996) and Kok and Kalamandeen (2008). We measured 24 mor-
phometric measurements: snout-vent length, head length, head
width, width of upper eyelid, inter-orbital width, distance from
back of mandible to the nostrils, distance from back of mandible
to the front of eyes, distance from back of mandible to the back
of eyes, distance between front of eyes, eye length, distance from
front of eyes to the tip of snout, distance between the back of eyes,
distance between the nostrils, inter-nasal space, distance from
front of eyes to the nostrils, distance from nostrils to the tip of
Fig. 4. Specimens of Common Skittering Frog (Euphlyctis cyanophlyct
snout, distance from tympanum to the back of eyes, greatest tym-
panum diameter, forelimb length, hand length, femur length, tibia
length, length of tarsus and foot and foot length . We weighed each
specimen, dissected, took out liver and kidney and weighed them
on a digital weighing balance (Ochaus, PA-214).

We compared means of morphometric and gravimetric mea-
surements of male/female from paddy fields and urban wetlands
using student’s t-test (a = 0.05). We run multivariate generalized
linear model (one-way MANOVA) to examine if there were any dif-
ferences (a= 0.05) between categorical independent variables i.e.
sex (male and female frogs) or site (paddy fields and urban wet-
lands) on continuous dependent variables (24 morphometric and
three gravimetric measurements). We used slope (scaling coeffi-
cient) of regression equation (logBW = b + logSVL⁄a; BW = Body
weight, SVL = Snout-vent length, b = slope and a = intercept) to
compare growth rate of the frogs from paddy fields and urban wet-
lands. We also conducted linear regression to compare relationship
between body weight (log) and liver (log)/kidney weight (log) of
the frogs. We performed all statistical tests in SPSS 22.0. We fol-
lowed Meteyer (2000) to identify and classify deformities and
abnormalities in the specimens.
is) showing limb deformity (A, B) and gas bubble disease (C, D).
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3. Results

The multivariate generalized linear model revealed statistically
significant difference (F (27, 122) = 3.90, P < 0.0005; Wilk’sK = 0.537,
partial g2 = 0.46) in the measurements of male and female frogs.
This difference was attributed to distance between the nostrils
and inter-nasal space. We recorded statistically significant differ-
ence (F (27, 122) = 7.42, P < 0.0005; Wilk’s K = 0.378, partial g2 =
0.62) in the measurements of frogs collected from paddy fields
and urban wetlands. This difference was contributed by snout-
vent length, inter-orbital width, distance from front of eyes to
the tip of snout, distance between the nostrils, inter-nasal space,
distance from front of eyes to the nostrils, distance from nostrils
to the tip of snout, distance from tympanum to the back of eyes,
forelimb length and body weight (Appendix A)

Of all the measurements we taken, four measurements such as
snout-vent length, inter-nasal space, distance from nostrils to the
tip of snout and forelimb length were significantly lower in males
and females from urban wetlands and four measurements such as
inter-orbital width, distance from front of eyes to the tip of snout,
distance from tympanum to the back of eye and body weight were
significantly lower in females from urban wetlands (Appendix A).
We found strong significant relationship between snout-vent
length and body weight of female frogs collected from urban wet-
lands (R2 = 0.96; F = 1111.18(1, 40); P < 0.05) and paddy fields (R2 =
0.97; F = 1469.55(1, 39); P < 0.05) (Fig. 2A) and of male frogs (R2 =
0.84; F = 174.62(1, 32); P < 0.05) collected from paddy fields
(Fig. 2B). However, relationship between snout-vent length and
body weight of male frogs collected from urban wetlands was
weak but significant (R2 = 0.40; F = 21.35(1, 31); P < 0.05) (Fig. 2B).
We found that scaling coefficient (slope of regression equation)
of female (3.325) and male (3.181) frogs collected from paddy
fields was higher than that of recorded from urban wetlands
(2.905 and 2.295, respectively) (Fig. 2A, B) which showed high
growth rate of frogs in paddy fields. On contrary, we obtained
low growth rate in liver and kidney of females (Fig. 3A, B) and in
liver of males (Fig. 3C) collected from paddy fields but higher in
kidney of males (Fig. 3D) collected from paddy fields. However,
Table 1
Morphometric measurements (mm) of deformed and abnormal specimen of Common Ski

Measurements

Snout-vent length
Head width
Head length
Width of upper eyelid
Inter-orbital width
Distance from back of mandible to the nostril
Distance from back of mandible to the front of eye
Distance from back of mandible to the back of eye
Distance between front of the eyes
Eye length
Distance from the front of the eyes to the tip of the snout
Distance between the back of the eyes
Distance between nostrils
Inter-nasal space
Distance from the front of eye to the nostrils
Distance from the nostril to the tip of snout
Greatest tympanum diameter
Distance from tympanum to the back of eye
Forelimb length
Hand length
Length of tarsus and foot
Foot length
Femur length
Tibia length
Deformity/abnormality
the difference in the liver and kidney weight of males and females
frogs collected from paddy fields and urban wetlands was non-
significant (P > 0.05) (Appendix A).

We did not find malformation or abnormality in any specimen
of Common Skittering Frog from the paddy fields. However, we
recorded micromelic individual (Fig. 4A, B; Table 1) and an abnor-
mal specimen with the gas bubble disease (Fig. 4C, D) from the
pond of PMAS AAUR Campus. The pond had a high algal growth
(Fig. 1C), but had no connection with any other source of contam-
ination such as pesticides and municipal waste.
4. Discussion

Reduction in body length, head length, limbs size, growth rate
and increase in liver weight are known from frog species occurring
in pesticide contaminated sites (Crawshaw and Weinkle, 2000;
Amor et al., 2009; Thammachoti et al., 2012). Morphometric differ-
ences exist between different sexes of frogs (Shine, 1979). Our
study reported two such measurements (distance between the
nostrils and inter-nasal space) which caused the difference in male
and female frogs. Based on statistical analysis, we rejected our
hypothesis and concluded that morphometric measurements, body
weight and growth of the frog species collected from paddy fields
differed from frogs of urban wetlands. Our results showed that
snout-vent length of specimens collected from paddy fields and
urban wetlands differ significantly. Both female and male frogs col-
lected from paddy fields were larger in size compared to those
recorded from urban wetlands. However, only females from urban
wetlands had significantly lower body weight. The liver and kidney
weight of males and females frogs collected from paddy fields and
urban wetlands did not differ.

We recorded higher mean values of measurements such as head
length, head width, tympanic diameter, snout-vent length, femur
length and foot length but lower mean value of inter-orbital width
of Common Skittering Frog (Euphlyctis cyanophlyctis) than reported
by Ramakrishna et al. (2013) for 10 specimens of the same species.
We attributed this difference to twomain reasons. First, our sample
ttering Frog (Euphlyctis cyanophlyctis) collected from urban wetlands.

ID: J-1401
(Fig. 4A&B)

ID: J-1402
(Fig. 4C&D)

29.2 26.5
10.8 10
12.5 10.4
2 1.5
2.4 2.7
10.9 8.8
8.4 6.9
6.3 5.2
5.7 5.7
3.7 2.5
5.3 4.3
8 8
2.5 2.2
1.9 1.1
2.4 2.3
2.9 2
2.2 Not measurable
1 Not measurable
5.6 4.2
8.4 5.7
17.8 17.2
14 13
Not measurable 12.6
Not measurable 9.4
Reduced hind limbs Gas bubble disease
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size was high and second we took separate measurements for male
and female. We recorded lower mean body weight, tympanum
diameter and forelimb length but higher mean snout-vent length
than reported by Shaikh et al. (2012) for only 12male and 11 female
specimens of the same species. Our findings provided relatively
better estimates of 24 morphometric and three gravimetric mea-
surements for male and female of Common Skittering Frog.

Our results showed higher growth rate of Common Skittering
Frog at paddy fields whereas Thammachoti et al. (2012) recorded
lower growth rate in Cricket Frog (Fejervarya limnocahris) from
paddy fields. We believed that different anuran species might
respond differently in the same habitat and that population of Com-
mon Skittering Frogwe recorded from paddy fields was healthy.We
did not find any significant difference between liver and kidney
weight of frogs collected from paddy fields and urban wetlands.
Studies by Thammachoti et al., (2012) and Crawshaw and
Weinkle (2000) showed that the liver of frogs from sites contami-
nated with pesticides such as croplands weighed more. However,
our study showed that the difference in liver and kidney weight
in frogs from paddy fields and urban wetlands was non-significant.

The phenomenon of malformations in frogs was first reported in
1995 from Minnesota, USA (Meteyer et al., 2000). Since then, a
substantial body of research has been conducted on understating
factors affecting amphibian populations across the world with
almost no contribution from Pakistan. Up until now, no report on
deformity and abnormality in any frog species of Pakistan is
documented. We collected a deformed and an abnormal specimen
from a highly eutrophic pond (Fig. 1C). Studies by Alford et al
(2001), Story and Cox (2001) and Fort et al., (2006) have suggested
that the toxic effects of pesticides, fertilizers and heavy metals
result in malformations and abnormalities in anurans. Taylor
et al. (2005) and Khan and Law (2005) reported high frequency
of anurans malformations in areas in the proximity of agricultura
land. Our study recorded healthy population of Common Skittering
Frog from paddy fields. We assumed that excess nutrients might
have resulted in the malformations and abnormalities in Common
Skittering Frog.

We concluded that the studied morphometric and gravimetric
measurements of Common Skittering Frog differed significantly
in male and female frogs and from paddy fields and urban wet-
lands. We found that Common Skittering Frog had a higher growth
in paddy fields presumably due to abundance of food. Our study
documented first record of a deformity (micromelia) and an abnor-
mality (gas bubble disease) in Common Skittering Frog from urban
wetlands. However, we believed that these incidences were not
sufficient enough to draw a meaningful conclusion on the malfor-
mations and abnormalities in the frogs of the country. We suggest
detailed studies on food availability and consumption by Common
Skittering Frog in the paddy fields and urban wetlands to under-
stand factors influencing growth pattern. We also recommend field
and lab based studies on anuran populations in Pakistan particu-
larly in eutrophic wetlands.
Appendix A

Morphometric (mm) and gravimetric (gm) measurements (mean ± SE) of female ($) and male (#) Common Skittering Frog (Euphlyctis
cyanophlyctis) collected from paddy fields and urban wetlands
Urban wetlands $
 Paddy fields $
 Urban wetlands #
 Paddy fields #

Sample size
 42
 41
 33
 34
Measurements

Body length
 SVL
 40.21⁄⁄ ± 1.28
 44.34⁄⁄ ± 1.84
 39.67⁄ ± 0.98
 41.49⁄ ± 1.00
 ⁄t = 2.83; df = 32; P < 0.05⁄⁄t =

2.18; df = 40; P = 0.03yF (1,
148) = 4.90; P = 0.02; Partial
g2 = 0.032
Head structures
 HW
 14.82 ± 0.44
 15.51 ± 0.63
 14.74 ± 0.36
 14.7 ± 0.39

HL
 16.44 ± 0.41
 17.16 ± 0.60
 16.21 ± 0.30
 15.73 ± 0.32
Orbital structures
 WUE
 2.86 ± 0.09
 2.95 ± 0.10
 3.03 ± 0.10
 2.96 ± 0.10

IW
 2.52⁄ ± 0.05
 2.84⁄ ± 0.13
 2.65 ± 0.11
 2.98 ± 0.16
 ⁄t = 2.21; df = 40; P = 0.03yF (1,

148) = 6.78; P = 0.01; Partial
g2 = 0.04
Mandible structures
 MN
 13.64 ± 0.35
 13.96 ± 0.50
 13.01 ± 0.33
 13.34 ± 0.33

MFE
 10.53 ± 0.29
 11.04 ± 0.45
 10.06 ± 0.25
 10.32 ± 0.24

MBE
 7.19 ± 0.22
 7.51 ± 0.37
 7 ± 0.19
 6.78 ± 0.17
Eye structures
 IFE
 7.08 ± 0.15
 7.45 ± 0.24
 7.08 ± 0.16
 6.97 ± 0.18

EL
 4.10 ± 0.10
 4.26 ± 0.12
 4.20 ± 0.11
 4.25 ± 0.14

SL
 6.68⁄ ± 0.16
 7.25⁄ ± 0.23
 6.45 ± 0.17
 7.14 ± 0.20
 ⁄t = 2.66; df = 40; P = 0.01yF (1,

148) = 9.60; P = 0.002; Partial
g2 = 0.061
IBE
 9.60 ± 0.20
 10.16 ± 0.30
 9.59 ± 0.24
 9.52 ± 0.20

Nasal structures
 IN
 1.85⁄⁄ ± 0.06
 3.09⁄⁄ ± 0.11
 2.76⁄ ± 0.08
 2.89⁄ ± 0.10
 ⁄t = -2.91; df = 32; P < 0.05⁄⁄

t = 2.39; df = 40; P = 0.02�F (1,
122) = 35.03; P < 0.05; Partial
g2 = 0.191yF (1, 148) = 8.65;
P = 0.004; Partial g2 = 0.05
DBN
 2.88 ± 0.08
 2.09 ± 0.09
 1.74 ± 0.07
 2.03 ± 0.07
 � F (1, 122) = 8.86; P = 0.003;
partial g2 = 0.057yF (1, 148) =
46.11; P = 0.00; Partial
g2 = 0.23
EN
 3.55 ± 0.09
 3.76 ± 0.12
 3.41 ± 0.08
 3.66 ± 0.12
 yF (1, 148) = 4.11; P = 0.04;
Partial g2 = 0.027
(continued on next page)
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independent variable
s.
Appendix A (continued)
Urban wetlands $
 Paddy fields $
 Urban wetlands #
 Paddy fields #

Sample size
 42
 41
 33
 34
SN
 3.12⁄⁄ ± 0.10
 3.49⁄⁄ ± 0.13
 3.06⁄ ± 0.09
 3.47⁄ ± 0.09
 ⁄t = 3.21; df = 32; P < 0.05⁄⁄t =
3.15; df = 40; P < 0.05yF (1,
148) = 11.98; P = 0.001;
Partial g2 = 0.075
Tympanum
 TYD
 3.14 ± 0.09
 3.28 ± 0.14
 2.99 ± 0.08
 3.28 ± 0.11

TYE
 1.65⁄ ± 0.06
 2.04⁄ ± 0.10
 1.74 ± 0.10
 1.84 ± 0.10
 ⁄t = 3.38; df = 40; P < 0.05yF (1,

148) = 7.15; P = 0.008; Partial
g2 = 0.046
Forelimb
 FLL
 8.23⁄⁄ ± 0.26
 9.18⁄⁄ ± 0.39
 8.02⁄ ± 0.21
 8.70⁄ ± 0.27
 ⁄t = 2.36; df = 32; P = 0.02⁄⁄t =
2.31; df = 40; P = 0.02yF (1,
148) = 7.18; P = 0.008; Partial
g2 = 0.046
HAL
 10.68 ± 0.27
 11.25 ± 0.41
 10.06 ± 0.18
 10.62 ± 0.26

Hind limb
 FL
 19.94 ± 0.58
 20.91 ± 0.81
 20.15 ± 0.55
 20.13 ± 0.51
TL
 16.93 ± 0.53
 17.64 ± 0.68
 17.69 ± 0.43
 16.87 ± 0.37

TFOL
 30.14 ± 0.80
 30.69 ± 1.12
 29.51 ± 0.54
 29 ± 0.70

FOL
 21.91 ± 0.61
 22.92 ± 0.88
 21.21 ± 0.45
 21.82 ± 0.56

BW
 8.63⁄ ± 1.06
 12.45⁄ ± 1.56
 8.05 ± 0.61
 8.38 ± 0.73
 ⁄t = 2.51; df = 40; P = 0.01yF (1,

148) = 4.10; P = 0.04; Partial
g2 = 0.027
Liver
 WL
 0.26 ± 0.03
 0.31 ± 0.04
 0.22 ± 0.02
 0.18 ± 0.02

Kidney
 KW
 0.05 ± 0.007
 0.06 ± 0.008
 0.05 ± 0.004
 0.05 ± 0.005
SVL: snout-vent length; HW: head width; HL: head length;, WUE: width of upper eyelid;, IW: inter-orbital width; MN: distance from back of
mandible to the nostrils; MFE: distance from back of mandible to the front of eyes; MBE: distance from back of mandible to the back of eyes;
IFE: distance between front of eyes; EL: eye length; SL: distance from front of eyes to the tip of snout; IBE: distance between the back of eyes;
DBN: distance between the nostrils; IN: inter-nasal space; EN: distance from front of eyes to the nostrils; SN: distance from nostrils to the tip
of snout; TYD: greatest tympanum diameter; TYE: distance from tympanum to the back of eyes; FLL: forelimb length; HAL: hand length; FL:
femur length; TL: tibia length; TFOL: length of tarsus and foot; FOL: foot length; BW: body weight; WL: liver weight and KW: kidney weight.

⁄ & ⁄⁄ show significant difference (a = 0.05); y multivariate generalized linear model (one-way MANOVA) shows significant difference
(a = 0.05) using sites as independent variables, � multivariate generalized linear model shows significant difference (a = 0.05) using sex
as
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