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Post-release growth of captive-reared Gharial
Gavialis gangeticus (Gmelin, 1789) (Reptilia: Crocodilia: Gavialidae)
in Chitwan National Park, Nepal

Bed Bahadur Khadka'@®, Ashish Bashyal>® & Phoebe Griffith3®

! Gharial Conservation and Breeding Center, Chitwan National Park, Kasara, Chitwan, Nepal.
2Biodiversity Conservancy Nepal, House 594, Manigram, Rupandehi-32903, Nepal.
3 Institute of Zoology, Zoological Society of London, London, NW8 7LS, UK.
3 Department of Zoology, University of Oxford, Oxford, OX1 3SZ, UK.
! bed.khadka@gmail.com, ? a.bashyal@bioconnepal.org, * phoebe.griffith@zoo.ox.ac.uk (corresponding author)

Abstract: Supplementation of wild populations of the Critically Endangered Gharial Gavailis gangeticus with individuals reared in captivity
is a widely used conservation management tool in Nepal and India, although its efficacy is uncertain. Measuring post-release growth
in Gharial can provide valuable information on acclimation of captive-reared Gharial to the wild and provide growth rates to inform
population recovery models. We studied post-release growth of Gharial reared in the Gharial Conservation Breeding Centre, Nepal,
following their release into the Chitwan National Park. We used recapture data from known individuals to determine growth and change
of mass for 26 Gharial recaptured 0.5-10 years after release. We found that Gharial recaptured two or more years post-release had
increased in mass and length despite being over six years old at release, however there was a triangular relationship between time since
release and growth: some Gharial had grown very slowly, whilst others had grown much faster. All Gharial recaptured less than two
years since release had lost mass and had negligible growth in total length. This data show that there is considerable variation in post-
release growth rates, which will lead to some individuals being very old before they reach a potentially mature size class, with unknown
implications for reproduction. This variation is important for predicting or modelling recovery in populations where the release of Gharial
from captivity is a management tool. Our results also suggest the two years after release are an acclimation phase—when Gharial lose
mass and do not grow—which should be considered by release strategies in order to give Gharial the best chance of survival after release.

Keywords: Conservation, Crocodylia, growth rate, head starting, rear and release.

Abbreviations: CNP—Chitwan National Park | GCBC—Gharial Conservation and Breeding Centre | OLS—Ordinary least squares regression
| SVL—Snout-vent length | TL—Total length.
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Post-release growth of captive-reared Gharial

INTRODUCTION

The Critically Endangered Gharial Gavialis gangeticus
crocodile was once common in the Narayani River
of southern Nepal, as well as its tributaries including
the Kali Gandaki and Rapti, with hundreds of Gharial
found in the lower Narayani prior to the construction
of the dam on the Indo-Nepal border (Maskey 1989).
However, by the 1970s the population had crashed, and
in response the Government of Nepal instigated the
Gharial Conservation Breeding Centre (GCBC), based at
Kasara, Chitwan National Park (CNP) in 1978 (Maskey
1989). At the GCBC, Gharial eggs laid in captivity or
collected from the wild are reared in captivity until they
reach a size of 1.5-2 m, usually at an age of 5-7 years,
when they are released into rivers within the species’
range in Nepal (Khadka 2012). The goal of the GCBCiis to
reinforce Nepal’s Gharial populations, with a major focus
on Chitwan (Khadka 2010; Acharya et al. 2017).

Before 2004, the vast majority of Gharial were
released in the Narayani River (375 from 1981-2003).
However, the population of Gharial did not recover
(Maskey & Percival 1998; Ballouard et al. 2010), and
the release programme was shifted predominantly to
the Rapti in 2004, with all Gharial released in the Rapti
since 2008. To date (April 2022), 972 Gharial have been
released in the Rapti, with 788 of these released from
2006 onwards (Bed Bahadur Khadka, pers. comm. April
2022). It was estimated that captive-released Gharial
had survival rates of only 7% in the Narayani (Maskey &
Percival 1998), however the rear-and-release programme
has seen greater success since the shift to releasing
the Gharial individuals in Rapti. The overall Gharial
population in Chitwan is estimated to have increased
from 39 in 2005, to a minimum count of over 200 in
2022 (Acharya et al. 2017; Khadka 2022). However, even
if the entirety of this increase is attributed to the head-
start programme, this still accounts for only about 30%
of released the Gharials, which suggests that mortality
and/or loss from the system remains high. Ballouard
et al. (2010) suggested the first two years after release
was a time of particularly low survival (~20% survival) for
released Gharials.

There is currently less data on growth rates of Gharial
reared in captivity followed by release into the wild.
Work on captive and released crocodilians suggests that
released animals may not thrive, especially immediately
after release (Blake & Loveridge 1975; Singh 1978).
Growth rate data for Gharial at different stages post-
release into a natural system such as the Rapti River will
be very informative to understand acclimation of captive-
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reared Gharial to wild conditions, provide growth rates
to inform population recovery models, and also indicate
at which stage there is likely to be high mortality as
limited growth and negative or limited mass changes
may indicate difficulties in adapting to conditions post-
release.

The goal of this study was to investigate post-release
growth rates in recaptured Gharials, in order to:

1. inform GCBC release strategy, by providing a
better understanding of the post-release response of
Gharial to their new environment in terms of change in
mass and growth,

2. inform predictions of population recovery,
by providing a better understanding of the variation in
Gharial growth rates and the time taken for Gharial to
reach a potentially reproductive size class.

MATERIALS AND METHODS

This study evaluated growth rates in length and mass
following release of Gharials raised in captivity into the
wild. We used recapture data from known individuals to
determine growth and change of mass for 26 Gharials
released from the GCBC, 0.5-10 years after release.

This study took place on the Rapti River and its
tributaries, the Dhugre Khola and the Budhi Rapti, in and
around Chitwan National Park (CNP), southern Nepal
(Image 1). The Raptiis a tributary of the larger Narayani
River, and Gharials freely move between the two rivers.
The Rapti River forms the northern boundary of the
CNP, whilst the Dhugre Khola and Budhi Rapti fall within
community forest outside the northern park boundary.
Our team was made up of staff from the GCBC and
catchers from the indigenous fisherfolk communities.
We captured the Gharials in daytime using either a throw
net deployed from a dugout canoe, or via gill nets drifted
along basking sand banks, with one end attached to a
float and the other held by a person upstream. Once
basking Gharial was located, long gill nets were set up
under the water adjacent to the bank. The Gharials were
captured by flushing them into water, after which they
became entangled when they dived into the net, or were
captured by traditional throw nets cast from the canoes
offshore. In clear, shallow water Gharials were located
underwater, and captured using throw nets. Following
entanglement, we used hessian sacks to blindfold the
Gharial whilst still in the water, then removed captures
to the nearest shore, where the Gharials were restrained
on ladders to minimise risks during measurements.

For all captured individuals, total length (TL; distance

e,
T
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Image 1. Map of the Study Site in Chitwan National Park. The major rivers (Rapti and Narayani) are labelled, and locations of Gharial capture

are indicated. Inset shows position of Chitwan National Park in Nepal.

from anterior tip of the snout to the posterior tip of
the tail) was measured to the nearest 0.5 cm, and
mass was measured to the nearest 0.5 kg. If captured
Gharial had clipped tail scutes, we matched position of
clipped scutes to the catalogue of previously marked
Gharial maintained at the GCBC. Sex was determined at
recapture by physical examination of the outer genitals
and were designated male, female or indeterminate.
Indeterminate individuals had intermediate sized genital
organs that could not confidently be designated as
either a clitoris or penis. After morphometric and sex
measurements were made, Gharial were released back
into the river at their capture location. The total process
from capture to release took less than one hour. Gharial
were recaptured from 2005-2019 as part of the GCBC
programme for detangling Gharial from fishing nets (n =
7), and from 2018-2019 as part of an ongoing telemetry
study (n = 19). Size classes were designated as adult
(>300 cm TL), sub-adult (200—299 cm TL) and juvenile
(100-199 cm TL).

To determine growth rates, morphometric values
(TL, mass) were compared to the same values recorded

at the time of release, (measured using the same
protocol described above for recaptured Gharial) which
are kept on record in the GCBC database. Morphometric
measurements of all Gharial released from the GCBC
are taken and recorded on the day of release as part of
standard practice at the centre.

A linear regression was carried out to establish
whether time since release significantly predicted
growth (in TL and mass). A Breusch-Pagan test showed
there was heterogenous variance in both the mass
and TL linear regression models. Therefore, a quantile
regression was used to model empirical relationships
between time since release and mass or TL. To identify
which quantile regression predictions fell outside of
the confidence intervals of the ordinary least squares
regression, we used a stepwise approach identify
quantile regressions at 5% intervals from the 5-95 %
guantile.

Total length was used for all analyses rather than
snout-vent length (SVL), as TL and SVL in this study were
highly correlated both at time of release (r = 0.99, p
<0.001, n = 26) and for recaptured Gharials (r = 0.99, p
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<0.001, n = 18). We corrected for missing values (TL or
mass) for some individuals by using a scaling relationship
that predicted the missing values based on the data
we had for recaptured Gharial for which complete
measurements were available. The relationship
was: mass = 1.3602*TL37%7> (R? = 0.9824, n = 18). A
scaling relationship of this form has been shown to be
appropriate for crocodilians (Grigg & Kirshner 2015).
These computed values are designated with asterisks in
Table 2. We only used this method for Gharials in good
condition for which we had a minimum mass estimate
(>80 kg, the maximum of our equipment). For four
Gharials we did not have a mass measure or minimum
mass estimate, and these individuals had poor body
condition. Therefore, the mass of these Gharials was
excluded from the analysis.

Growth rates for Gharials released for two years or
less (mass n = 8; TL n = 10) were calculated by taking the
mean change in mass or TL and dividing it by time since
release (in years) to give as estimated per-year change.
We used a paired t-test to determine whether per-year
change in mass and TL for these Gharials differed from
the change in mass and TL predicted by the ordinary
least squares regression. One Gharial was excluded
from all mass analyses as it was recaptured for welfare
reasons due to extreme emaciation following a long-
term entanglement in a gill-net. Analysis was conducted
in R (R Core Team 2013), with the package ‘quantreg’
(Koenker 2020) used for quantile regressions. Figures
were produced using the package ggplot2 (Wickham
2016).

RESULTS

The 26 Gharialsincluded in this study were recaptured
0.5-10 years after release. Gharial recaptured less than
two years post-release had generally lost mass and
grown negligibly. Gharial released over two years earlier
had all increased in length and mass, but the relationship
was triangular, with some Gharial growing very slowly,
and others much faster. We collected morphometric
measurement from a total of 28 Gharials, however two
were excluded from this study as they had not been
previously scute clipped.

Time since release significantly predicted post-
release change in mass (B = 10.18+2.80, t = 7.86, p
<0.01) and accounted for 74% (adjusted R?) of variability
in mass change, according to the ordinary least squares
linear regression (OLS). However, the relationship was
triangular in shape: all Gharials released within less
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than two years had lost or maintained mass, whereas
Gharials released for after more than two years split into
individuals that had grown considerably, and those that
had grown very little (Figure 1). The quantile regressions
showed that at the lowest and highest quantiles,
the quantile coefficients fall outside the confidence
intervals of the OLS coefficient. Atthe 5%, 10% and 15%
quantiles the coefficient was lower than that of the OLS
(slow growth), and at the 90% and 95% quantiles the
coefficient was higher than that of the OLS (fast growth;
Table 1, Figure 1a).

A very similar pattern was seen in post-release
TL growth. Time since release (predictor variable)
significantly predicted the response variable of growth
in total length (B = 17.94+3.93, t = 9.42, p <0.01) and
accounted for 78% (adjusted R?) of variability in total
length growth. This relationship was also triangular,
with the quantile regression (see Figure 1b and Table
1) showing that at the 15% and 20% quantiles the
coefficient was lower than that of the OLS (slow growth),
and at the 90% and 95% quantiles the coefficient was
higher than that of the OLS (fast growth).

This variation in post-release growth of both mass
and TL can be seen clearly in the data (Table 2), for
example two Gharials released 5.67 and 5.75 years
before capture showed a difference in mass change of
30.5 kg and TL change of 40 cm, when at their release
in the same year their difference in mass was just 2.5
kg and in TL was just 3 cm. As a consequence, Gharials
from the GCBC will reach a size of 300 cm (thought to
be adult size) at very different ages: one slow-growing
Gharial is only 247 cm at 15.5 years old, whilst another is
306 cm at 9.92 years old.

There was no correlation between age and either TL
or mass at release: older Gharials in our sample were

Table 1. Value of regression coefficient (estimated change in growth
(TL or mass) per year post-release) for differing quantiles that fall
outside of the confidence intervals of the ordinary least squares
(OLS) model, with OLS regression as reference.

Value of Regression Coefficient
Quantile Mass Total Length
5% 5193
10% 5.93
15% 5.46 1357
20% 12.91
90% 13.01 22.01
95% 13.01 24.27
OLS Estimate 10.18+2.80 17.94+3.93
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Figure 1. Change in (a) mass, n = 22 or (b) change in total length post-release, n = 26 for Gharial since release from captivity. Predictions
are illustrated with the ordinary least squares (OLS) regression showing the mean growth trajectory, the 95% and 90% quantile regressions
illustrate the estimated fast growth trajectory, with the 10%, 15%, and 25% quantile regressions illustrating the slow growth trajectory. The
grey shaded area illustrates the confidence intervals of the OLS regression. Each data point is an individual Gharial colourised to show size-

class at recapture.

no longer or heavier than younger Gharial upon release
from captivity.

Mass change was positively correlated with time
since release (Pearson’s r = 0.86, n = 21, p = 0.01).
However, all except one of the Gharials released less
than two years ago had lost weight after release. The

paired t-test estimated the mean change in mass for the
two years following release was between -6 and +0.4
kg per year (t(7) = 2.36, p = 0.05, n = 8), considerably
less than the OLS prediction of 10.18+2.80kg increase in
mass per year.

Total length was positively correlated with time
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Table 2. Measurements taken at both release and recapture of 26 captive-reared Gharial released into the Rapti River. Sex is stated as male
(M), female (F) and indeterminate (I). Gharial for which the relationship mass = 1.3602*TL3.7175 was used to calculate mass (n = 4) or length
at release (n = 1) are marked as so*. Four Gharial do not have a mass value and mass couldn’t be estimated due to poor body condition.

Release Recapture
Age
Release Date (ytifs) L:?ltgatlh Mass (kg) Sex Capture Date | Age (years) Diflf::)rse:ce TOta(ICI;:;' gth Mass (kg)
(cm) Release

11-xi-2004 197 31-viii-2005 0.83 0.83 210

02-ii-2013 5.67 172 16.5 25-viii-2013 6.25 0.58 182 15
02-ii-2010 5.67 162 10.5 F 06-x-2013 9.34 3.67 247 26
02-ii-2010 5.67 161 10 F 14-v-2014 9.92 4.25 306 87*
05-iii-2014 7.75 173 125 E 09-v-2017 10.92 3.17 192

07-ii-2017 6.67 205 29 E 08-i-2018 7.58 0.92 203 17.5
10-iii-2018 5.75 173 13 F 26-xi-2018 6.5 0.75 179 11
09-iii-2018 5.75 170 12 E 27-xi-2018 6.5 0.75 174.5 13
14-ii-2018 7.67 200 22 F 27-xi-2018 8.5 0.83 204 21
02-ii-2012 10.67 177 20 F 27-xi-2018 17.5 6.83 313 95%
09-ii-2016 5.67 181 15 | 28-xi-2018 8.5 2.83 218.5 24
08-iii-2018 6.75 181 15.5 F 28-ii-2019 7.67 0.92 190 135
10-iii-2018 5.75 170 135 F 11-xi-2019 7.42 1.67 185 13
05-iv-2016 5.83 184 18 F 11-xi-2019 9.42 3.58 216 25
05-iii-2014 8.75 182 17.5 F 16-xi-2019 14.5 5.75 260 52
10-iii-2018 5.75 176 13 M 17-xi-2019 7.5 1.75 179.5 10
05-iv-2016 5.83 192 18 | 18-xi-2019 €3 3.67 270 56
24-iii-2014 6.83 179 15 [F 18-xi-2019 125 5.67 297 80
20-iv-2013 5.92 184 19 M 19-xi-2019 125 6.58 274 54
19-iv-2012 6.92 151 8.5 [F 19-xi-2019 14.5 7.58 304.5 77
02-ii-2012 7.67 161 115 F 20-xi-2019 15.5 7.83 247 41
02-ii-2010 5.67 171 11 B 25-xi-2019 15.5 9.83 335 122%*
02-ii-2010 5.67 150 6.5 F 26-xi-2019 15.5 9.83 305 86*
07-ii-2017 5.67 176 125 B 27-xi-2019 8.5 2.83 181

09-iii-2018 5.75 181 14.5 E 09-xii-2019 7.5 1.75 188.5

10-ii-2016 5.67 200* 18 B 09-xii-2019 9.5 3.83 209 20

since release (Pearson’s r = 0.91, n = 26, p = 0.01). All DISCUSSION

Gharials released less than years ago had shown only
slight growth in TL, the paired t-test estimated the mean
increase in TL for the two years following release was
between 3.47 and 11.42 cm per year (t(10) = 2.26, p =
0.05, n = 10), less than the OLS prediction of 17.94+3.93
increase in TL per year, indicating that all Gharial grow
slower (if at all) in the two years post-release.

Previous work (Singh 2018) found that TL growth in
Gharial drops very suddenly around the 6™ or 7% year,
however we found that Gharials released from the GCBC
continue growing post-release, despite their age (5.67—
10.67 years old at release). This suggest there are factors
limiting growth in captivity before release. The lack of
correlation between age and TL or mass at the point
of release suggests individuals are small for their age
at release, especially the older Gharials. Singh (2018)
found that when the TL growth rate dropped at the 6% or
7™ year, the Gharial in his study had attained a near-adult
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length, and most facilities have found fast growth rates
for captive Gharials, with them reaching over 200 cm
in 3—4 years (Singh 1978, 2018; De Vos 1982). Growth
rates at the GCBC in Nepal are slower, with Gharial
reaching sizes of ~150 cm within four years of hatching
(Khadka & Bashyal 2019). Gharials are therefore already
5+ years old when they are released from the GCBC, but
a long way off mature size (300 cm for females, 400 cm
for males). After release in suitable riverine habitat, the
Gharials in this study resumed varying rates of growth,
with some individuals reaching adult size at the time of
recapture. The impact of this delayed maturity on the
head started Gharial is unknown. The similar values
for TL growth post-release of adult-sized Gharial at
recapture, regardless of time since release, suggests that
growth in length slows once Gharials reach adult size,
likely indicating a shift in energy allocation from somatic
growth to reproduction (Czarnote‘ski & Koztowski 1998).

We found a large amount of variation in the
growth rates of Gharials that had been released longer
than two years. This variation is substantial — in the
5% quantile, mass change is estimated at a 5.93kg
increase per year, whereas at the 95% quantile mass
change estimate is as double this — at 13.01 kg per
year. Most Gharials followed either a ‘fast growth’ or
‘slow growth’ trajectory. The underlying cause of this
variation is not known, but it suggests there are key
factors impacting post-release growth that we have not
yet been measured. These differing growth rates will
lead to some individuals reaching maturity much later
than others — slow growing individuals could be close
to 20 years old before reaching an adult size, which
could have implications for reproduction. The differing
lengths of time taken for Gharials to be recruited into
the potentially reproductively active adult size class
is also important for predicting population recovery,
and should be incorporated into population models
for Gharial management in Chitwan. Slow growing
individuals will also spend a longer time in the smaller
size classes, when they appear to be more vulnerable
to threats such as net entanglement. Substantial
variation in growth rates between individuals have also
been found in captive studies of Gharials (Singh 1978;
Khadka & Bashyal 2019), but the reasons underlying this
variation are unclear.

Our results showed that Gharial lose mass in their
first year or two after release, and gain mass after a 1-2
year acclimation phase, especially once they reach >300
cm. Gharial also appear to only increase TL very slowly
in this acclimation phase. Singh (2018) also reported
that Gharial growth rate will slow following a ‘shift’,

Krhadka et al.

such as to a new habitat or pen, for at least a year. This
was suspected to be due to the shock of a shift to a new
habitat, with time required to enable crocodilians to
adjust and resume normal feeding.

One potential cause of the loss in mass and reduced
growth rate is the new environment (Blake & Loveridge
1975; Singh 2018). This shift may lead to a difficulty
or time-lag in shifting from eating dead fish to hunting
live prey, increased activity related to adapting to
riverine flow, and the need to find a suitable habitat to
settle in and avoid new threats such as predators and
entanglement in illegal fishing gear. The direct impact
of these challenges, may cause chronic stress for the
Gharials, and stress is thought to be a major cause of
high mortality rates in reintroductions (Teixeira et al.
2007). Studies on crocodilians in captivity show a strong
negative relationship between levels of corticosterone
(stress hormone) and increase in body mass (Elsey
et al. 1990; Morici et al. 1997; Turton et al. 1997),
suggesting that crocodilians that lose weight are likely
to also be physiologically stressed. Physiologically
stressed crocodilians show elevated mortality rates
(Morici et al. 1997), which could contribute to high
mortality in the immediate two-years post-release that
has been recorded by Ballouard et al. (2010). Gharials
are currently released with a ‘soft-release’ approach:
they are placed in in-situ grass enclosures at the river
to acclimate to flow, and after some time break out
themselves. The post-release loss of mass in Gharials
from the GCBC suggests that this soft release programme
could be further supported by supplemental feeding in
the in situ release enclosure, ensuring Gharials do not
deplete their resources during this period.

Another potential cause of this acclimation phase
is that this is the lag-time required to overcome the
impacts of chronic stress in captivity. High stress in
captive crocodilians has been documented and is
known to effect growth (Elsey et al. 1990), and can have
a number of causes, including high stocking density,
limited availability of a sufficient thermogradient, and
fear due to high visitor numbers, or an inability to seek
cover (Huchzermeyer 2003). Research into stress of
Gharials at GCBC under different housing and husbandry
conditions could help inform the programme.

It is also possible that Gharials have an elevated
mass in the GCBC compared to wild Gharials of the same
TL, due to the captive feeding regime and conditions,
as this elevated mass of captive crocodilians is seen in
many captive settings (Blake & Loveridge 1975; Elsey et
al. 1992). Initial post-release declines may reflect a shift
to a more ‘natural’ mass of Gharial. However, since the
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Gharials were recaptured in this study less than two years
post-release also showed poor conditions (thin body and
tail) compared to observed Gharials of the same size in
either captive collections or wild populations regardless
of TL, we suspect that losses in mass reflected a decline
of Gharial post-release to condition below the natural
‘wild’” state. Gharials recaptured after more than two
years post release had more convex bodies and tails,
suggesting a healthier condition.

The pre-monsoon and monsoon seasons are thought
to be the best season for Gharials to hunt fish, due
to murky water caused by high sediment load in the
river. These seasons are also the time at which Gharials
increase the most in both length and mass in captivity,
due to high temperatures (Singh 2018; Khadka & Bashyal
2019). Warmer temperatures also lead to higher body
temperatures in crocodilians, and these are therefore
the seasons with the highest energetic costs (Lang
1987). The release of Gharials pre-monsoon, when
energetic costs are high but they are attempting to catch
live prey for the first time, could lead to the observed
loss of mass. This may be compounded with high levels
of corticosterone which is known to depress crocodilian
growth regardless of resources (Elsey et al. 1990; Morici
et al. 1997). This may lead to a ‘missed’ season of
growth for released Gharials immediately after release,
and they may enter their first winter without sufficient
Release of Gharials in the post-monsoon or
early winter, may enable them to adapt to the habitat
earlier, and maximise opportunity for growth when the
warmer season starts.

reserves.

REFERENCES

Acharya, K.P.,, B.K. Khadka, S.R. Jnawali, S. Malla, S. Bhattarai,
E. Wikramanayake & M. Kohl (2017). Conservation and
Population Recovery of Gharials (Gavialis gangeticus) in Nepal.
Herpetologica 73(2): 129-135. https://doi.org/10.1655/
herpetologica-d-16-00048.1

Ballouard, J.M., P. Priol, J. Oison, A. Ciliberti & A. Cadi (2010). Does
reintroduction stabilize the population of the critically endangered
gharial (Gavialis gangeticus, Gavialidae) in Chitwan National Park,
Nepal? Aquatic Conservation: Marine and Freshwater Ecosystems
20(7): 756-761. https://doi.org/10.1002/aqc.1151

Blake, D.K. & J.P. Loveridge (1975). The role of commercial crocodile
farming in crocodile conservation. Biological Conservation 8(4):
261-272. https://doi.org/10.1016/0006-3207(75)90004-X

Czarnote ‘ski, M. & J. Koztowski (1998). Do Bertalanffy’s growth curves
result from optimal resource allocation? Ecology Letters 1(1): 5-7.
https://doi.org/10.1046/j.1461-0248.1998.0007b.x

De Vos, A. (1982). A Manual on Crocodile Conservation and
Management in India. Food and Agriculture Organisation of the
United Nations. Dehra Dun India, 69pp.

Khadka et al.

Elsey, R.M., T. Joanen, L. McNease & N. Kinler (1992). Growth
rates and body condition factors of Alligator mississippiensis
in coastal Louisiana wetlands: a comparison of wild and farm-
released juveniles. Comparative Biochemistry and Physiology Part
A: Physiology 103(4): 667-672. https://doi.org/10.1016/0300-
9629(92)90164-L

Elsey, R.M., T. Joanen, L. McNease & V. Lance (1990). Growth rate
and plasma corticosterone levels in juvenile alligators maintained at
different stocking densities. Journal of Experimental Zoology 255(1):
30-36. https://doi.org/10.1002/jez.1402550106

Grigg, G. & D. Kirshner (2015). Biology and Evolution of Crocodylians.
pp. 34-35. In: Biology and Evolution of Crocodylians. Cornell
University Press, New York, 648pp.

Huchzermeyer, FW. (2003). Crocodiles: Biology, Husbandry and
Diseases. CABI, Wallingford, 352pp.

Khadka, B.B. (2010). Gharial hatching status in 2010, Chitwan National
Park, Nepal. Crocodile Specialist Group Newsletter 3(29): 16-17.
Khadka, B.B. (2012). Gharial Released into Chitwan National Park,
Nepal, January-April 2012. Crocodile Specialist Group Newsletter

31(2): 14-16.

Khadka, B.B. (2022). Habitat Assessment of the Rapti and Narayani
Rivers and their Tributaries in Chitwan National Park. WWF Nepal.
Kathmandu, Nepal, 19pp.

Khadka, B.B. & A. Bashyal (2019). Growth rate of captive Gharials
Gavialis gangeticus (Gmelin, 1789)(Reptilia: Crocodylia: Gavialidae)
in Chitwan National Park, Nepal. Journal of Threatened Taxa 11(15):
14998-15003. https://doi.org/10.11609/jott.5491.11.15.14998-
15003

Koenker, R. (2020). quantreg: Quantile Regression. R package version
5.61.

Lang, J.W. (1987). Crocodilian thermal selection pp. 307-317. In:
Webb, G., C. Manoli & P. Whitehead (eds.). Wildlife management:
crocodiles and alligators. Surrey Beatty and Sons Pty Ltd, Chipping
Norton, New South Wales, Australia, 552pp.

Maskey, T.M. (1989). Movement and Survival of Captive-Reared
Gharial Gavialis gangeticus in the Narayani River, Nepal. PhD Thesis.
University of Florida, xiii+187pp.

Maskey, T.M. & H.F. Percival (1998). Status and Conservation of
Gharial in Nepal. pp. 77-83. In: Xllth Working Meeting of the
Crocodile Specialist Group Pattaya, Thailand, 309pp.

Morici, L.A., R.M. Elsey & V.A. Lance (1997). Effects of long-term
corticosterone implants on growth and immune function in juvenile
alligators, Alligator mississippiensis. Journal of Experimental
Zoology 279(2): 156-162. https://doi.org/10.1002/(SICI)1097-
010X(19971001)279:2<156::AID-JEZ6>3.0.CO;2-N

R Core Team (2013). R: A language and environment for statistical
computing. R Foundation for Statistical Computing. Vienna, Austria.

Singh, L.A.K. (1978). Ecological Studies on Indian Gharial, Gavialis
gangeticus (Gmelin)(Reptilia, Crocodilia). PhD Thesis. Utkal
University, India, 324pp.

Singh, L.A.K. (2018). Gharial is a Fish-Eating Crocodile, it’s Ecology,
Behaviour and Conservation 1st ed. Lambert Academic Publishing,
Beau Bassin, Mauritius, 268pp.

Teixeira, C.P., C.S. De Azevedo, M. MendlI, C.F. Cipreste & R.J. Young
(2007). Revisiting translocation and reintroduction programmes:
the importance of considering stress. Animal Behaviour 73(1): 1-13.
https://doi.org/10.1016/j.anbehav.2006.06.002

Turton, J.A.,, PW. Ladds, S.C. Manolis & G.J.W. Webb (1997).
Relationship of blood corticosterone, immunoglobulin and
haematological values in young crocodiles (Crocodylus porosus)
to water temperature, clutch of origin and body weight.
Australian  Veterinary Journal 75(2): 114-119. https://doi.
org/10.1111/j.1751-0813.1997.tb14170.x

Wickham, H. (2016). ggplot2: Elegant Graphics for Data Analysis.

Springer-Verlag, New York, 276pp. WI%@

OGREACH

Threatened Taxa

P

3

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2022 | 14(5): 21002-21009 21009


https://doi.org/10.1655/herpetologica-d-16-00048.1
https://doi.org/10.1111/j.1751-0813.1997.tb14170.x
https://doi.org/10.1002/(SICI)1097-010X(19971001)279:2<156::AID-JEZ6>3.0.CO;2-N
https://doi.org/10.11609/jott.5491.11.15.14998-15003
https://doi.org/10.1016/0300-9629(92)90164-L

Dr. John Noyes, Natural History Museum, London, UK Birds
Dr. Albert G. Orr, Griffith University, Nathan, Australia

Dr. Sameer Padhye, Katholieke Universiteit Leuven, Belgium Dr. Hem Sagar Baral, Charles Sturt University, NSW Australia
Dr. Nancy van der Poorten, Toronto, Canada Mr. H. Byju, Coimbatore, Tamil Nadu, India
Dr. Kareen Schnabel, NIWA, Wellington, New Zealand Dr. Chris Bowden, Royal Society for the Protection of Birds, Sandy, UK
Dr. R.M. Sharma, (Retd.) Scientist, Zoological Survey of India, Pune, India Dr. Priya Davidar, Pondicherry University, Kalapet, Puducherry, India
Dr. Manju Siliwal, WILD, Coimbatore, Tamil Nadu, India Dr. J.W. Duckworth, IUCN SSC, Bath, UK
Dr. G.P. Sinha, Botanical Survey of India, Allahabad, India Dr. Rajah Jayapal, SACON, Coimbatore, Tamil Nadu, India
Dr. K.A. Subramanian, Zoological Survey of India, New Alipore, Kolkata, India Dr. Rajiv S. Kalsi, M.L.N. College, Yamuna Nagar, Haryana, India
Dr. P.M. Sureshan, Zoological Survey of India, Kozhikode, Kerala, India Dr. V. Santharam, Rishi Valley Education Centre, Chittoor Dt., Andhra Pradesh, India
Dr. R. Varatharajan, Manipur University, Imphal, Manipur, India Dr. S. Balachandran, Bombay Natural History Society, Mumbai, India
Dr. Eduard Vives, Museu de Ciencies Naturals de Barcelona, Terrassa, Spain Mr. J. Praveen, Bengaluru, India
Dr. James Young, Hong Kong Lepidopterists’ Society, Hong Kong Dr. C. Srinivasulu, Osmania University, Hyderabad, India
Dr. R. Sundararaj, Institute of Wood Science & Technology, Bengaluru, India Dr. K.S. Gopi Sundar, International Crane Foundation, Baraboo, USA
Dr. M. Nithyanandan, Environmental Department, La Ala Al Kuwait Real Estate. Co. K.S.C., Dr. Gombobaatar Sundev, Professor of Ornithology, Ulaanbaatar, Mongolia
Kuwait Prof. Reuven Yosef, International Birding & Research Centre, Eilat, Israel
Dr. Himender Bharti, Punjabi University, Punjab, India Dr. Taej Mundkur, Wetlands International, Wageningen, The Netherlands
Mr. Purnendu Roy, London, UK Dr. Carol Inskipp, Bishop Auckland Co., Durham, UK
Dr. Saito Motoki, The Butterfly Society of Japan, Tokyo, Japan Dr. Tim Inskipp, Bishop Auckland Co., Durham, UK
Dr. Sanjay Sondhi, TITLI TRUST, Kalpavriksh, Dehradun, India Dr. V. Gokula, National College, Tiruchirappalli, Tamil Nadu, India
Dr. Nguyen Thi Phuong Lien, Vietnam Academy of Science and Technology, Hanoi, Vietnam Dr. Arkady Lelej, Russian Academy of Sciences, Vladivostok, Russia
Dr. Nitin Kulkarni, Tropical Research Institute, Jabalpur, India Dr. Simon Dowell, Science Director, Chester Zoo, UK
Dr. Robin Wen Jiang Ngiam, National Parks Board, Singapore Dr. Mério Gabriel Santiago dos Santos, Universidade de Tras-os-Montes e Alto Douro,
Dr. Lional Monod, Natural History Museum of Geneva, Genéve, Switzerland. Quinta de Prados, Vila Real, Portugal
Dr. Asheesh Shivam, Nehru Gram Bharti University, Allahabad, India Dr. Grant Connette, Smithsonian Institution, Royal, VA, USA
Dr. Rosana Moreira da Rocha, Universidade Federal do Parana, Curitiba, Brasil Dr. M. Zafar-ul Islam, Prince Saud Al Faisal Wildlife Research Center, Taif, Saudi Arabia
Dr. Kurt R. Arnold, North Dakota State University, Saxony, Germany
Dr. James M. Carpenter, American Museum of Natural History, New York, USA Mammals
Dr. David M. Claborn, Missouri State University, Springfield, USA
Dr. Kareen Schnabel, Marine Biologist, Wellington, New Zealand Dr. Giovanni Amori, CNR - Institute of Ecosystem Studies, Rome, Italy
Dr. Amazonas Chagas Junior, Universidade Federal de Mato Grosso, Cuiaba, Brasil Dr. Anwaruddin Chowdhury, Guwahati, India
Mr. Monsoon Jyoti Gogoi, Assam University, Silchar, Assam, India Dr. David Mallon, Zoological Society of London, UK
Dr. Heo Chong Chin, Universiti Teknologi MARA (UiTM), Selangor, Malaysia Dr. Shomita Mukherjee, SACON, Coimbatore, Tamil Nadu, India
Dr. R.J. Shiel, University of Adelaide, SA 5005, Australia Dr. Angie Appel, Wild Cat Network, Germany
Dr. Siddharth Kulkarni, The George Washington University, Washington, USA Dr. P.O. Nameer, Kerala Agricultural University, Thrissur, Kerala, India
Dr. Priyadarsanan Dharma Rajan, ATREE, Bengaluru, India Dr. lan Redmond, UNEP Convention on Migratory Species, Lansdown, UK
Dr. Phil Alderslade, CSIRO Marine And Atmospheric Research, Hobart, Australia Dr. Heidi S. Riddle, Riddle’s Elephant and Wildlife Sanctuary, Arkansas, USA
Dr. John E.N. Veron, Coral Reef Research, Townsville, Australia Dr. Karin Schwartz, George Mason University, Fairfax, Virginia.
Dr. Daniel Whitmore, State Museum of Natural History Stuttgart, Rosenstein, Germany. Dr. Lala A.K. Singh, Bhubaneswar, Orissa, India
Dr. Yu-Feng Hsu, National Taiwan Normal University, Taipei City, Taiwan Dr. Mewa Singh, Mysore University, Mysore, India
Dr. Keith V. Wolfe, Antioch, California, USA Dr. Paul Racey, University of Exeter, Devon, UK
Dr. Siddharth Kulkarni, The Hormiga Lab, The George Washington University, Washington, Dr. Honnavalli N. Kumara, SACON, Anaikatty P.O., Coimbatore, Tamil Nadu, India
D.C., USA Dr. Nishith Dharaiya, HNG University, Patan, Gujarat, India
Dr. Tomas Ditrich, Faculty of Education, University of South Bohemia in Ceske Dr. Spartaco Gippoliti, Socio Onorario Societa Italiana per la Storia della Fauna “Giuseppe
Budejovice, Czech Republic Altobello”, Rome, Italy
Dr. Mihaly Foldvari, Natural History Museum, University of Oslo, Norway Dr. Justus Joshua, Green Future Foundation, Tiruchirapalli, Tamil Nadu, India
Dr. V.P. Uniyal, Wildlife Institute of India, Dehradun, Uttarakhand 248001, India Dr. H. Raghuram, The American College, Madurai, Tamil Nadu, India
Dr. John T.D. Caleb, Zoological Survey of India, Kolkata, West Bengal, India Dr. Paul Bates, Harison Institute, Kent, UK
Dr. Priyadarsanan Dharma Rajan, Ashoka Trust for Research in Ecology and the Environment Dr. Jim Sanderson, Small Wild Cat Conservation Foundation, Hartford, USA
(ATREE), Royal Enclave, Bangalore, Karnataka, India Dr. Dan Challender, University of Kent, Canterbury, UK
Dr. David Mallon, Manchester Metropolitan University, Derbyshire, UK
Fishes Dr. Brian L. Cypher, California State University-Stanislaus, Bakersfield, CA
Dr. S.S. Talmale, Zoological Survey of India, Pune, Maharashtra, India
Dr. Neelesh Dahanukar, IISER, Pune, Maharashtra, India Prof. Karan Bahadur Shah, Budhanilakantha Municipality, Kathmandu, Nepal
Dr. Topiltzin Contreras MacBeath, Universidad Auténoma del estado de Morelos, México Dr. Susan Cheyne, Borneo Nature Foundation International, Palangkaraja, Indonesia
Dr. Heok Hee Ng, National University of Singapore, Science Drive, Singapore Dr. Hemanta Kafley, Wildlife Sciences, Tarleton State University, Texas, USA
Dr. Rajeev Raghavan, St. Albert’s College, Kochi, Kerala, India
Dr. Robert D. Sluka, Chiltern Gateway Project, A Rocha UK, Southall, Middlesex, UK Other Disciplines
Dr. E. Vivekanandan, Central Marine Fisheries Research Institute, Chennai, India
Dr. Davor Zanella, University of Zagreb, Zagreb, Croatia Dr. Aniruddha Belsare, Columbia MO 65203, USA (Veterinary)
Dr. A. Biju Kumar, University of Kerala, Thiruvananthapuram, Kerala, India Dr. Mandar S. Paingankar, University of Pune, Pune, Maharashtra, India (Molecular)
Dr. Akhilesh K.V., ICAR-Central Marine Fisheries Research Institute, Mumbai Research Dr. Jack Tordoff, Critical Ecosystem Partnership Fund, Arlington, USA (Communities)
Centre, Mumbai, Maharashtra, India Dr. Ulrike Streicher, University of Oregon, Eugene, USA (Veterinary)
Dr. J.A. Johnson, Wildlife Institute of India, Dehradun, Uttarakhand, India Dr. Hari Balasubramanian, EcoAdvisors, Nova Scotia, Canada (Communities)
Dr. Rayanna Hellem Santos Bezerra, Universidade Federal de Sergipe, Sdo Cristévao, Brazil
Amphibians Dr. Jamie R. Wood, Landcare Research, Canterbury, New Zealand
Dr. Wendy Collinson-Jonker, Endangered Wildlife Trust, Gauteng, South Africa
Dr. Sushil K. Dutta, Indian Institute of Science, Bengaluru, Karnataka, India Dr. Rajeshkumar G. Jani, Anand Agricultural University, Anand, Gujarat, India
Dr. Annemarie Ohler, Muséum national d’Histoire naturelle, Paris, France Dr. O.N. Tiwari, Senior Scientist, ICAR-Indian Agricultural Research Institute (IARI), New
Delhi, India
Reptiles Dr. L.D. Singla, Guru Angad Dev Veterinary and Animal Sciences University, Ludhiana, India
Dr. Rupika S. Rajakaruna, University of Peradeniya, Peradeniya, Sri Lanka
Dr. Gernot Vogel, Heidelberg, Germany Dr. Bahar Baviskar, Wild-CER, Nagpur, Maharashtra 440013, India

Dr. Raju Vyas, Vadodara, Gujarat, India

Dr. Pritpal S. Soorae, Environment Agency, Abu Dubai, UAE.

Prof. Dr. Wayne J. Fuller, Near East University, Mersin, Turkey Reviewers 2019-2021

Prof. Chandrashekher U. Rivonker, Goa University, Taleigao Plateau, Goa. India Due to pausity of space, the list of reviewers for 2018-2020 is available online.
Dr. S.R. Ganesh, Chennai Snake Park, Chennai, Tamil Nadu, India

Dr. Himansu Sekhar Das, Terrestrial & Marine Biodiversity, Abu Dhabi, UAE

The opinions expressed by the authors do not reflect the views of the

Journal of Threatened Taxa, Wildlife Information Liaison Development Society,
Zoo Outreach Organization, or any of the partners. The journal, the publisher,
the host, and the partners are not responsible for the accuracy of the political

o o boundaries shown in the maps by the authors.
Journal of Threatened Taxa is indexed/abstracted in Bibliography of Sys-

tematic Mycology, Biological Abstracts, BIOSIS Previews, CAB Abstracts,
EBSCO, Google Scholar, Index Copernicus, Index Fungorum, JournalSeek,
National Academy of Agricultural Sciences, NewJour, OCLC WorldCat,
SCOPUS, Stanford University Libraries, Virtual Library of Biology, Zoologi-
cal Records.

Print copies of the Journal are available at cost. Write to:

The Managing Editor, JoTT,

c/o Wildlife Information Liaison Development Society,

No. 12, Thiruvannamalai Nagar, Saravanampatti - Kalapatti Road,
Saravanampatti, Coimbatore, Tamil Nadu 641035, India
ravi@threatenedtaxa.org

NAAS rating (India) 5.64



www.threatenedtaxa.org

Communications

Drought may severely reduce the ability of wild Asian Elephants
Elephas maximus (Mammalia: Proboscidea: Elephantidae) to resist
opportunistic infections

— B.M. Chandranaik, Vardhaman Patil, D. Rathnamma, G.S. Mamatha,
K.S. Umashankar, D.N. Nagaraju & S.M. Byregowda, Pp. 20951-20963

Cases of fatal electrocution of the endangered Javan Gibbons (Mammalia:
Primates: Hylobatidae) by power lines

—Yoonjung Yi, Soojung Ham, Rahayu Oktaviani, Mia Clarissa Dewi, Muhammad
Nur, Ani Mardiastuti & Jae. C. Choe, Pp. 20964-20969

Nesting habits of the Baya Weaver Ploceus philippinus (Linnaeus, 1766) in the
agricultural landscape of Tindivanam, Tamil Nadu, India
— M. Pandian, Pp. 20970-20987

A checklist of avifauna from different habitats of semi-arid landscape in western
parts (Mandsaur and Ratlam districts) of Madhya Pradesh, India
— Koushik Bhattacharjee & Shuvadip Adhikari, Pp. 20988-21001

Post-release growth of captive-reared Gharial Gavialis gangeticus
(Gmelin, 1789) (Reptilia: Crocodilia: Gavialidae) in Chitwan National Park, Nepal
— Bed Bahadur Khadka, Ashish Bashyal & Phoebe Griffith, Pp. 21002-21009

Occurrence patterns of herpetofauna in different habitat types of western
Terai Arc Landscape, India

— Gajendra Singh Mehra, Nakulananda Mohanty & Sushil Kumar Dutta,
Pp.21010-21018

Ichthyo-parasitological studies in northeastern India
— Arup Kumar Hazarika & Bobita Bordoloi, Pp. 21019-21024

Serosurvey of viral pathogens in free-ranging dog populations in the high
altitude Trans-Himalayan region

— Chandrima Home, Ajay Bijoor, Yash Veer Bhatnagar & Abi Tamim Vanak, Pp.
21025-21031

Diversity and distribution of mantis shrimps (Arthropoda: Crustacea:
Stomatopoda) in the Gulf of Kachchh, Gujarat, India
— Piyush Vadher, Hitesh Kardani & Imtiyaz Beleem, Pp. 21032-21042

Bionomics study of Mansonia (Diptera: Culicidae) in a filariasis-endemic area of
Sedang Village, Banyuasin Regency, South Sumatra, Indonesia
— Rini Pratiwi, Chairil Anwar, Ahmad Ghiffari & Adri Huda, Pp. 21043-21054

Plant species diversity in a tropical semi-evergreen forest in Mizoram
(northeastern India): assessing the effectiveness of community conservation
—S.T. Lalzarzovi & Lalnuntluanga, Pp. 21055-21067

The Journal of Threatened Taxa (JoTT) is dedicated to building evidence for conservation globally by
OPEN ACCESS publishing peer-reviewed articles online every month at a reasonably rapid rate at www.threatenedtaxa.org.

® All articles published in JoTT are registered under Creative Commons Attribution 4.0 International License
@ unless otherwise mentioned. JoTT allows allows unrestricted use, reproduction, and distribution of articles in
-l any medium by providing adequate credit to the author(s) and the source of publication.
ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)
May 2022 | Vol. 14 | No. 5 | Pages: 20951-21126

Date of Publication: 26 May 2022 (Online & Print)
DOI: 10.11609/jott.2022.14.5.20951-21126

Floristic studies on mangrove vegetation of Kanika Island, Bhadrak District,
Odisha, India
—P. Poornima, Pp. 21068-21075

Two new varieties of Russula Pers. (Basidiomycota: Russulaceae) from
Sal forests of Shiwaliks, India
— Jitender Kumar & Narender Singh Atri, Pp. 21076-21083

New additions to the lichen biota of Assam from Dhubri district, northeastern
India

— Suparna Biswas, Rebecca Daimari, Pungbili Islary, Sanjeeva Nayaka,

Siljo Joseph, Dalip Kumar Upreti & Pranjit Kumar Sarma, Pp. 21084-21090

Genus Gymnopilus (Agaricales: Strophariaceae): addditions to the agarics of
India
—N.A. Wani, M. Kaur & N.A. Malik, Pp. 21091-21101

Review

Environmental DNA as a tool for biodiversity monitoring in aquatic
ecosystems — a review
— Manisha Ray & Govindhaswamy Umapathy, Pp. 21102-21116

Short Communications

New record and update on the geographic distribution of the Egyptian Tomb
Bat Taphozous perforatus (E. Geoffroy, 1818) in Cameroon

— Eric Moise Bakwo Fils, Kingha Zebaze Jasmine Flora, Manfothang Dongmo
Ervis, Manga Mongombe Aaron & Jan Decher, Pp. 21117-21121

First definite record of Collared Pratincole Glareola pratincola Linnaeus, 1766
(Aves: Charadriiformes: Glareolidae) from Goa, India
— Rupali Pandit, Mangirish Dharwadkar & Justino Rebello, Pp. 21122-21124

Notes

Nectar robbing by sunbirds on the flowers of Morinda pubescens J.E. Smith
(Rubiaceae)

—A.J. Solomon Raju, S. Sravan Kumar, G. Nagaraju, C. Venkateswara Reddy,

Tebesi Peter Raliengoane, L. Kala Grace, K. Punny, K. Prathyusha & P. Srikanth,
Pp.21125-21126

Publisher & Host

“UZO0REACH

Threatened Taxa



https://www.threatenedtaxa.org/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://zooreach.org/?page_id=2
http://zooreach.org



