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Abstract The gharial Gavialis gangeticus is a Critically
Endangered crocodilian currently known from only  dis-
junct locations in Nepal and India. The protected stretch of
the Babai River in Bardia National Park, Nepal, is home to
one of the six subpopulations of gharials that have exhibited
recent evidence of reproduction. However, there is limited
information available on the gharial population in this re-
gion. We conducted surveys during the breeding, nesting
and hatching seasons of gharials during – to
study the gharial population in the Babai River in Bardia
National Park. We located one breeding group of gharials
in Soth Khola (– individuals) and one in Dhanuse (– in-
dividuals), and we observed pre-mating or mating beha-
viours in all  years. We identified potential nesting areas
on sand banks of –m in length. During nesting seasons
we found abundant signs of nesting only in Dhanuse, in-
cluding entry and exit trails of female gharials to and from
the water and trial nests. In  and  we did not find
any signs of hatching, probably because of flooding. In 

we recorded two gharial nests, producing c.  hatchlings, in
Dhanuse. Our findings indicate that the gharial population
in the Babai River is probably nesting annually. We recom-
mend various conservation actions for this gharial
population.
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The gharial Gavialis gangeticus is a Critically
Endangered crocodilian that is now extinct throughout

most of its historical range and is currently known from
only  disjunct locations in Nepal and India (Lang et al.,
). In Nepal, gharials occur in the Narayani and Rapti
rivers in Chitwan National Park and in the Babai and
Karnali rivers in Bardia National Park (Lang et al., ).

Knowledge of the gharial population in Bardia National
Park is limited compared to that in Chitwan National Park,

where the population has been relatively well studied (Lang
et al., ). Preliminary information is available on gharial
reproduction in Bardia National Park (Acharya et al., ;
Bashyal et al., , ), where the Babai River is home to
one of the six subpopulations of gharials that have exhibited
recent evidence of reproduction (Bashyal et al., ; Lang
et al., ). Our goal was to investigate the breeding, nesting
and reproduction of the gharial population in the Babai
River by conducting multiple surveys during –.

The  km Bardia National Park lies in south-west
Nepal (Fig. ). It has a subtropical climate and vegetation,
with floodplain vegetation along the riverbanks. The Babai
River originates in the Churia Range in the Dang Valley and
is a warm-water river system (Yadav, ).

We conducted surveys in the Babai River during
February –July  during the breeding season
(from the second to the last week of February in  and
; – days each season), nesting season (third week of
March to the first week of April in ,  and ; –
days each season) and hatching season (second week of June
to the last week of July in ,  and ; – days
each season) of gharials. The survey team, led by AB and
occasionally accompanied by NS and MS, comprised
– people, including field assistants and park rangers.

For the breeding season surveys we divided a  km pro-
tected stretch of the Babai River into  -km lengths (Fig. )
and surveyed by walking downstream along riverbanks dur-
ing .–.. We searched both banks for gharials and
noted size (by visual observation following the classification
scheme described by Lang & Kumar, ) and sex (based
on absence/presence of ghara and estimated total length)
using binoculars. We also collected information on the
size, composition and location of any breeding groups
(two or more adult gharials of mixed sexes that gather
together for mating). We made observations on the
pre-mating and mating behaviours exhibited by breeding
groups (Lang & Kumar, ).

In the nesting season we searched for gharial nests (Lang
& Kumar, ; Khadka et al., ), focusing on locations
where groups were present during the breeding season sur-
veys as well as locations containing potential or known nest-
ing areas (which were also identified andmapped during the
breeding season). We followed adult female gharials and
scanned the riverbanks, noting any signs of nesting activities
such as the presence of trial nests (gravid female gharials are
known to dig trial nests before digging the nest in which
they lay their eggs), body prints and trails to and from the
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water (Plate ; Khadka et al., ). We did not excavate
gharial nests as this would render them vulnerable to preda-
tion. During the hatching season we surveyed nesting areas
where trial nests were found during the nesting season sur-
veys, looking for any signs of successful hatching (nests ex-
cavated by gharials, remnant eggshells or live hatchlings).

We located two breeding groups, one each in Soth Khola
and Dhanuse, in February ,  and  (Table ,
Fig. ). Both groups comprised one adult male and –
adult females (Table ). In Raini Dhunga and Parewa
Odar we observed two adult females in each location but
did not see any males. During all  years in Soth Khola

and Dhanuse we observed signs of breeding behaviours
such as males and females swimming together, body rub-
bing and females staying submerged whilst a male swam
towards them, accompanied by large splashes in the water.
We also heard pop sounds being made by adult males
(these sounds are used for communicating with other
males and during courtship with females). Such behaviours
have also been observed during the gharial breeding season
in other parts of their range (Lang & Kumar, ).

We identified seven potential nesting areas in , four
in  and three in  (Table ). We were not able to
examine some stretches of the river during our surveys

FIG. 1 Bardia National Park, Nepal,
showing localities of breeding groups
and/or nesting sites of the gharial
Gavialis gangeticus observed in surveys
along the protected stretch of the Babai
River during February–July –.

PLATE 1 (a) Gharial Gavialis gangeticus
trial nest, (b) trails of female gharials to
and from the water, (c) nest excavated by
a gharial, with remnant eggshells, and
(d) gharial hatchlings in the Dhanuse
nesting area in the Babai River in Bardia
National Park, Nepal, during –.
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because of inaccessibility as a result of thick vegetation or
the presence of wildlife. Sand banks in potential nesting
areas were – m in length and . ± SD . m above
the water, with a mean slope of . ± SD .° (Table ).
Sand banks in Soth Khola, Dhanuse (east and west, the
opposite banks of the same location) and Ghopte Aap
were in the same sites in each of the  years, although the
length of the sandbanks varied between years. During nest-
ing seasons we found abundant signs of nesting only in
Dhanuse, including trails of female gharials to and from
the water, and trial nests (Plate ).

We did not observe any signs of hatching in  or .
In both of these years all nesting areas were flooded by the
first week of June, submerging the sandbanks. It is likely that
the nests flooded before hatching, destroying the eggs. In

 we recorded two gharial nests and c.  hatchlings in
the Dhanuse nesting area (Plate d). One nest hatched on 

June and one on  June (Plate ). Hatchlings from both
nests associated together to form a single crèche and were
guarded by female gharials. We did not find any signs of
gharial reproduction in Soth Khola, Parewa Odar, Raini
Dhunga, Ghopte Aap or in five other, unnamed sites.

Regular reproduction and recruitment are critical for the
long-term survival of the small population of gharials in the
Babai River. However, there was no known evidence of
recent gharial reproduction in the protected stretch of the
Babai River until , when the first record of gharial
reproduction in  years was documented (Bashyal et al.,
). Our  years of data indicate that the gharial popu-
lation in the Babai River is probably nesting annually.

TABLE 1 Size class and sex of breeding groups of gharials Gavialis gangeticus observed in the Babai River in Bardia National Park, Nepal
(Fig. ), during surveys in March–April –.

Year Location Total count

Size class Sex

Adult Subadult Juvenile Male Female

2020 Dhanuse 5 5 0 0 1 4
Soth Khola 2 2 0 0 1 1

2021 Dhanuse 6 6 0 0 1 5
Soth Khola 3 3 0 0 1 2

2022 Dhanuse 6 6 0 0 1 5
Soth Khola 3 3 0 0 1 2

TABLE 2 Characteristics of potential and observed nesting areas of gharials in the  km protected stretch of the Babai River in Bardia
National Park (Fig. ) during March–April –.

Nesting/potential nesting
area (by year)

Length of
sandbank (m)

Aspect of
sandbank (°)

Height of sandbank
above water ± SD (m)

Mean slope of
sandbank ± SD (°)

2020
1 59 182 (S) 1.46 ± 0.05 14.33 ± 1.15
2 25 298 (NW) 3.00 2.00
Ghopte Aap 91 310 (NW) 1.69 ± 0.23 5.33 ± 0.58
3 95 220 (SW) 0.68 ± 0.20 4.50 ± 0.58
Dhanuse (east) 168 180 (S) 1.48 ± 0.37 13.83 ± 3.97
Dhanuse (west) 26 60 (NE) 1.20 ± 0.18 9.50 ± 0.71
Soth Khola 40 310 (NW) 1.48 ± 0.16 12.33 ± 2.08
Mean ± SD 72.00 ± 51.02 1.60 ± 0.78 11.69 ± 5.99
2021
4 51 312 (NW) 1.07 ± 0.15 12.75 ± 5.68
5 86 218 (SW) 0.69 ± 0.15 4.50 ± 0.58
Dhanuse (west) 19 20 (N) 1.09 ± 0.34 21.00 ± 5.57
Dhanuse (east) 175 188 (S) 1.76 ± 0.71 24.00 ± 6.99
Mean ± SD 82.50 ± 67.30 1.12 ± 0.38 15.90 ± 8.71
2022
Soth Khola 14 291 (W) 1.69 ± 0.06 17.00 ± 2.00
Dhanuse (east) 48 130 (SE) 1.92 ± 0.22 14.75 ± 5.50
Dhanuse (west) 29 34 (NE) 1.12 ± 0.18 9.00 ± 2.00
Mean ± SD 30.30 ± 17.04 1.58 ± 0.34 13.58 ± 4.12
Overall mean ± SD 66.07 ± 51.85 1.46 ± 0.62 13.22 ± 2.32
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Comparing our results with those of previous studies
(Bashyal et al., , ), it appears that the number of
breeding groups of gharials has decreased from four in
 to just two in . The decline in adult males from
four in  (Bashyal et al., ) to only two in  could
have resulted in the observed decline in breeding groups.

We did not observe gharials in our – surveys
that would correspond to the size class of the  hatch-
lings. Khadka () reported survival rates of .–.%
for gharial hatchlings in Rapti and Narayani rivers and sug-
gested that survival rates were lower in years with extreme
monsoon flooding. However, it is also possible that we did
not detect smaller gharials because daytime surveys are
biased towards observing larger individuals (we surveyed
river stretches from a distance of .  m, using binoculars,
to avoid causing gharials to flee; at this distance hatchlings
and yearlings, which are,  cm in total length, are difficult
to observe).

Based on our results we recommend the following ac-
tions for the protected stretch of the Babai River in Bardia
National Park: () regular monitoring during the breeding,
nesting and hatching seasons of gharials; () monitoring of
recruitment success, including the survival and growth of
hatchlings and yearlings; () prohibition of recreational fish-
ing and camping at or near nesting sites used by gharials;
and () creation of thermal profiles of nesting and basking
areas of gharials by recording air, water and soil tempera-
tures along the Babai River.

Author contributions Study design: AB, RT, SS, LDD, BK; field-
work: AB, NS, MS; data analysis: AB, NS, RT, SS, BK; writing: AB,
LDD; revision: all authors.

Acknowledgements We thank the Department of National Parks
and Wildlife Conservation and Bardia National Park for facilitating
and permitting the surveys; Ashok Bhadrari, Bishnu Prasad Shrestha,
Ananath Baral, Asim Thapa and Ashish Neupane of Bardia National
Park; Haribhadra Acharya and Hem Raj Acharya of the Department of
National Parks and Wildlife Conservation; Bibek Rana, Chotram
Chaudhary, Rangilal Tharu and Roshan Gywali for field assistance;
Mr B’s Place for logistical support; and the anonymous reviewers
and the editor for their critiques. This study was funded by the
EDGE of Existence Programme, Zoological Society of London, Zoo

Heidelberg, Zoological Society for the Conservation of Species and
Populations, Brevard Zoo, and Idea Wild to AB and Biodiversity
Conservancy Nepal.

Conflicts of interest None.

Ethical standards This research was conducted with permission
from the Department of National Parks and Wildlife Conservation
(Permit: 1232-077/078 Eco) and Bardia National Park (Permit:
1242-077/078), and abided by theOryx guidelines on ethical standards.

Data availability All of the data supporting the findings of this
study are available within the article.

References

ACHARYA, K.P., KHADKA, B.K., JNAWALI, S.R., MALLA, S.,
BHATTARAI, S., WIKRAMANAYAKA, E. & KÖHL, M. ()
Conservation and population recovery of gharials (Gavialis
gangeticus) in Nepal. Herpetologica, , –.

BASHYAL, A., GUMBS, R., BHANDARI, A. & KHADKA, B. ()
Confirmed record of gharial (Gavialis gangeticus) nests and
hatchlings in the Babai River, Bardia National Park, Nepal.
Crocodile Specialist Group Newsletter, , –.

BASHYAL, A., SHRESTHA, S., LUITEL, K.P., YADAV, B.P., KHADKA, B.,
LANG, J.W. &DENSMORE, L.D. () Gharials (Gavialis gangeticus)
in Bardiya National Park, Nepal: population, habitat and threats.
Aquatic Conservation: Marine and Freshwater Ecosystems, , –
.

KHADKA, B. () Survival of wild gharials (Gavialis gangeticus)
hatchlings in the Rapti and Narayani rivers, Chitwan National Park,
Nepal. Crocodile Specialist Group Newsletter, , –.

KHADKA, B., BASHYAL, A., LUITEL, K.P. & KANDEL, R.C. ()
Nesting ecology of gharials (Gavialis gangeticus): implications from
in situ and ex situ conservation programs in Chitwan National Park,
Nepal. Herpetologica, , .

LANG, J.W. & KUMAR, P. () Chambal gharial ecology project –
 update. In Crocodiles. Proceedings of the th Working Meeting
of the Crocodile Specialist Group. Skukuza, South Africa, –May
, pp. –. IUCN, Gland, Switzerland.

LANG, J.W., CHOWFIN, S. & ROSS, J.P. () Gavialis gangeticus. In
The IUCN Red List of Threatened Species . dx.doi.org/./
IUCN.UK.-.RLTS.TA.en.

YADAV, S.K. () Hydrological analysis for Bheri-Babai hydropower
project – Nepal. MSc thesis. Norwegian University of Science and
Technology, Trondheim, Norway.

Gharial nesting in Bardia National Park 343

Oryx, 2024, 58(3), 340–343 © The Author(s), 2024. Published by Cambridge University Press on behalf of Fauna & Flora International doi:10.1017/S0030605324000103

https://doi.org/10.1017/S0030605324000103 Published online by Cambridge University Press

https://dx.doi.org/10.2305/IUCN.UK.2019-1.RLTS.T8966A149227430.en
https://dx.doi.org/10.2305/IUCN.UK.2019-1.RLTS.T8966A149227430.en
https://doi.org/10.1017/S0030605324000103

	Nesting of the Critically Endangered gharial Gavialis gangeticus in Bardia National Park, Nepal
	Abstract
	Acknowledgements
	References


