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Abstract—An extensive network of roads and railways cuts across the Indian landscape, resulting in vehicle
collisions with a variety of wildlife. A frequent victim of these collisions is the Mugger Crocodile (Crocodylus
palustris). Of the 38 crocodile-vehicle collisions (CVC) recorded between 2005 and 2018, 24 were on roads and 14
were on railway tracks. Sex was determined for 23 individuals (10 males, 13 females, 15 unknown). Twenty-nine
individuals were found dead at the site of collisions, four individuals died while undergoing medical treatment,
and five were treated successfully and returned to wild. The majority of collisions occurred in Vadodara, central
Gujarat, India. There has been a rise in CVC in the last decade, wherein only four CVC were reported between
2005 and 2010, which rose to 34 in the following 8 y (2011-2018). Length of Mugger Crocodiles involved in collisions
ranged from 60-320 cm total length (TL), with higher number of collisions recorded for juvenile and sub-adult
individuals (n =24, <180 cm TL), compared to adult individuals (n =12,> 180 cm TL). The frequency of collisions
was higher in the monsoon months (July-October; 71%), with very few in the winter (November-February; 21%),

and summer (March-June; 8%). Mitigation measures for the collision situation in Gujarat are discussed.
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INTRODUCTION

Habitat loss due to destruction, fragmentation,
or degradation is the primary threat to the survival
of many species (Fahrig 2003; Laurence et al.
2009). Of the many factors that contribute to habitat
fragmentation, roads and railways have greatly affected
wildlife populations by restricting movement, altering
behavior, and causing injury and death through vehicle
collision (Forman and Alexander 1998; Fahrig 2003;
Fahrig and Rytwinski 2009; Van der Ree et al. 2015).
Crocodilian mortality via vehicle collision has been
documented across the globe. Mortalities include
American Crocodiles (Crocodylus acutus) in southern
Florida, USA (Brien et al. 2008, Kushlan 1988),
American Alligators (Alligator mississippiensis) in
Mississippi (Flynt 2008) and northwestern Florida, USA
(Aresco 2009), Cuvier Dwarf Caiman (Paleosuchus
palpebrosus) and Schneider’s Smooth-fronted Caiman
(Paleoschus trigonatus) in Rondonia, Brazil (Campos et
al. 2012), Spectacled Caiman (Caiman crocodylus) in
Magdalena Valley, Colombia (Ramos and Meza-Joya
2018), Saltwater Crocodiles (Crocodylus porosus) in
South-west Sri Lanka (Amarasinghe et al. 2015), and
Mugger or Marsh Crocodile (Crocodylus palustris;
hereafter referred to as mugger) in Iran (Mobaraki and
Abtin 2007).

The Indian transport network is one of the largest
in the world, comprising over 5,603,293 km of roads
(Transport Research Wing 2016) and 121,000 km of
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railway tracks (Indian Railways 2017). This network
cuts across various natural landscapes, including
protected areas, resulting in large numbers of wildlife-
vehicle collisions each year (Johnsingh and Williams
1999; Rajvanshi et al. 2001; Roy and Sukumar 2017).
These studies indicate that roads and railways are a
direct threat to many species in India (Rajvanshi et al.
2001; Rao and Girish 2007). One such species in India
that has been a frequent victim of vehicle collision is
the mugger. The mugger is one of the most adaptable
and widely distributed crocodilian species in west Asia,
including India, Iran, Pakistan, Bangladesh, Bhutan,
Nepal, Myanmar, and Sri Lanka (Choudhury and de
Silva 2013), and it is legally protected in its entire range.
It is considered Vulnerable under the International
Union for Conservation of Nature (IUCN) Red List
criteria (Choudhury and de Silva 2013).

Besides road and railway mortalities, muggers in the
Gujarat state of India are threatened by water pollution,
habitat encroachment, alteration, fragmentation, habitat
loss, riverbank development, fishing, and the pet trade
(Vijaykumar et al. 1999; Vyas 2010, 2011), but vehicle/
train collisions are emerging as a direct threat (Vyas
2011, 2014; Vyas and Bhavsar 2009). This issue has
received less attention from environmental managers,
ecologists, and the public in general in the past than
other causes of mortality. Here we report on mugger
collisions with vehicles and trains documented in Gujarat
from 2005-2018 with the objectives of understanding
spatiotemporal patterns of crocodile-vehicle collisions
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FiGgure 1. Map of Gujarat state, India, showing locations of Mugger Crocodiles (Crocodylus palustris) involved in a vehicle collision

on either a road or railway.

(CVCQ), identifying problematic areas, and providing
suggestions for reducing the collisions with muggers.

MATERIALS AND METHODS

Study area.—Gujarat (between 22.309425N and
72.136230E) is the westernmost state of India, and
shares an international border with Pakistan on its
northwest side (Fig. 1). It is bounded by the Arabian
Sea in the west, by Rajasthan in the north and northeast,
by Madhya Pradesh in the east and by Maharashtra
in the south and southeast. Gujarat is home to one of
the largest populations of muggers in India, with large
populations in central Gujarat, around Saurashtra
and Kutch, and a smaller population in south Gujarat
(Vijaykumar et al. 1999; Vyas 2010, 2013: Vasava et al.
2015). The intensive study area, Vadodara, is rapidly
developing and is one of the most densely populated
cities in Gujarat (Fig. 1). Over the last three decades,
the increasing population of muggers in Vadodara has
earned the city the name Mugger City (Vyas 2010). The
last census showed more than 250 muggers flourishing
across different water bodies of the city and neighboring
area (Vyas 2018).

Data collection—We collected data about CVC
with vehicles and trains from 2005-2018 from
various sources, including personal observations, non-

governmental organizations (NGOs), offices of the
Gujarat Forest Department, wildlife rescuers, and print
and electronic media. Moreover, we took photographs
and collected information on some of the accidents by
visiting the collision site to note specifics of the mugger,
including health and circumstances around the collision.
These CVC records include size, sex, date, time of
incident, location, month, season, number of animals
injured or killed. We classified muggers as juveniles
and subadults (< 180 cm total length; TL) or adults
(> 180 cm TL) on the basis of published literature on
mugger growth and sizes (Whitaker and Whitaker 1984;
Mobaraki et al. 2013). We measured total length dorsally
from tip of the snout to the tip of the tail. We recorded in
what season the collision occurred and defined seasons
as winter (November-February), summer (March-
June), and monsoon (July-October), wherein winter and
summer months are dry seasons and monsoon months
are the wet season. These months generally correspond
to detectable changes in temperature, precipitation,
and other climatic variables, as well as the life-history
characteristics of muggers in the region. To better
understand CVC with respect to breeding ecology of
muggers, we also categorized months into the breeding
season (February-August; having various activities like
egg laying, nest guarding, hatching) and non-breeding
season (September-January; Whitaker and Whitaker
1984; Mobaraki et al. 2013).
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Ficure 2. Yearly variation in the number of crocodile-vehicle collisions (CVC) of Mugger Crocodiles (Crocodylus palustris) on roads

and railways from 2005 to 2018 in Gujarat, India.

Data analysis.—We analyzed the CVC from the
compiled records to determine the spatial-temporal
pattern of such events. We used Chi-square analysis
(o = 0.05) to compare CVC between seasons, months
of the year, different size class, and crocodile breeding
seasons. Crocodile-Vehicle Collisions estimates here
represent minimum estimates, because the data have
not been corrected for biases (e.g., carcass persistence,
detection, carcass removal).

RESsuLTS

Between 2005 and 2018, 38 CVC incidents were
recorded in Gujarat (Appendix Table 1), wherein 24
(63%) occurred on roads and 14 (37%) occurred on
railway tracks. The mean number of CVC per year
in Gujarat during this period was estimated to be 2.71
(standard error = 0.69). The number of CVC incidents
gradually increased from 2008 (n = 0) to 2013 (n = 7),
decreased between 2014 (n=6) and 2016 (n= 1), before
increasing sharply again in 2017 (n = 7) and 2018 (n =
6; Fig. 2). Region wise, the highest number of CVC
incidents were recorded in central Gujarat (89%, n = 34)
in the districts of Vadodara (n = 26) and Kheda (n = 6),
whereas few CVC incidents were recorded in Saurashtra
region (n = 3) in the district of Junagadh (n = 1) and
Kutch (n = 1; Fig. 1).

Of all the CVC incidents recorded, 29 individuals
(76%) were found dead, with nine individuals (24%)
found alive and treated for minor to severe injuries;
however, only five could be successfully treated and
returned to the wild, the other four died during the
treatment. For those individuals for which sex could
be determined (n = 23), 13 were females and 10 were
males. Total length of muggers involved in collisions
ranged from 60-320 cm TL, with a significantly (> =

20.89 df = 2, P < 0.05) higher proportion of juveniles
and sub-adult individuals (n = 24) compared to adult
individuals (n = 12).

Monthly occurrence of CVC was significantly
different (y* = 19.78, df = 8, P < 0.05), with higher
numbers recorded in July (n = 6), August (n = 10),
September (n = 4), October (n = 7), and November (n
= 6) compared with December to June (n < 2; Table
1). Higher CVC were recorded during the monsoon
season (71%) compared to winter (21%) and summer
(8%). There was a significant difference in the number
of occurrences of CVC between seasons (x> = 25.31, df
=2, P<0.05). Higher numbers of CVC occurred during
the hatching season (July to September; n = 16) and the
following two months, October and November (n = 17;
Table 1), although these differences were not significant
between the breeding and non-breeding seasons (=
0.520, df =1, P> 0.05).

Discussion

The distribution of CVC in Gujarat positively
corresponds to crocodile abundance, with accidents
being frequent in areas with high animal abundance.
The increase in CVC over the study period is likely
attributable to gradual increase in the mugger population
across Gujarat. In 2001, Vyas and Vyas (2002)
estimated a population of 70 individuals in Vadodara,
which increased to an estimated 250 individuals in the
recent survey in 2017 (Vyas 2018). Similarly, in 2014
Vasava et al. (2015) estimated about 98 individuals in
the ponds of Anand-Kheda Districts, whereas the recent
population counts (Voluntary Nature Conservancy
2018) found 131 individuals in 2018. These data of
the population status and successfully breeding records
of mugger population from various regions of Gujarat
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FiGure 3. (A and B): Minor injuries sustained by Mugger Crocodiles (Crocodylus palustris) involved in vehicle collisions. (C-H):
Various size of Mugger Crocodiles found severely injured from different location of Gujarat state, India. Details of each incident
(estimated size and type of collision); A: 95cm, on road, B: 120 cm, on road, C: 235 cm, on railway, D: 160 cm, on railway, E: 155 cm,
on road, F: 210 cm, on road, G: 195 c¢m, on railway, and H: 102 cm, on road. (A and E photographed by Rakesh Vadhavana, B by Chirag

Pathak, D by Manoj Thaker, and H by Nitin Patel).

point out that there has been a substantial increase of
the mugger population across its distributional range in
Gujarat (Vyas 2013; Vasava et al. 2015).

The sharp decline of the CVC in the years 2015 and
in 2016 could be attributed to heavy rainfall. These
rains created the flood-like situation in central and

south Gujarat region, including the Vadodara Region,
which was the worst affected area due to flooding (Kaur
and Purohit 2014; Gujarat State Disaster Management
Authority 2017). This flooding likely led to most of
the waterbodies expanding in size, which might have
provided good habitat for juveniles and sub-adult
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TasLE 1. Monthly and seasonal variation in crocodile-vehicle collisions (CVC) of Mugger Crocodiles (Crocodylus palustris) killed or
injured on road and railway networks in Gujarat state, India. For size categories, M = Male, F = Female, U = Unknown sex.

Months Seasons Small size (< 1 m)  Medium size (I-2 m) Large size (>2 m) Unknown size Total
November 1(M) 3 (2F, 1U) 2 (U) — 6
December Winter — — — — 0
Winter
January Winter — — — 1(U) 1
February Winter — 1(U) — — 1
March — — 2 (1F, 10) — 2
April Summer — — 1 (M) — 1
Summer
May Summer T - - — 0
June Summer — — — — 0
July 3 (1M, 2U) 3 (1F, 20) — — 6
August Monsoon 1 (F) 7 (3M, 1F, 3U) 1 (M) 1(U) 10
S b Monsoon 2(F,U 2(M 4
eptember Monsoon (FU) (M) T o
October Monsoon 3 (1M, 1F, 1U) 2(M,F) 2(M,F) — 7
Total 10 18 8 2 38

and might have reduced their movement from one
waterbody to another, and thus, the chances of colliding
with a vehicle or train.

Crocodile-vehicle collisions occurred on roads and
railway tracks that were near a waterbody or divided
water bodies. Accidents were more frequent along road
and railway segments with pooled water alongside than
along segments where such pools were absent. Mobaraki
and Abtin (2007) also identified similar movement of
juvenile muggers between habitats as a factor associated
with CVCin Iran. Similar situations have been observed
with American Crocodiles in Florida (Brien et al. 2008).

Studies have reported that the season of the year
is one of the strongest predictors of wildlife-vehicle
collisions and knowledge about seasonal patterns of
wildlife-vehicle collisions is important to improve
suitable mitigation measures (Main and Allen 2002).
Crocodile-vehicle collision in Gujarat mostly occurred
between the months of July and November, with a
peak in the month of August, which also is the peak of
monsoons in the Indian subcontinent. The abundant
rainfall may flood burrows of muggers, compromising
their thermal regulation and forcing them to seek new
refuge and favorable areas (Vyas 2013; Vasava et al.
2015). This seasonal movement may be responsible for
the high frequency of CVC in Gujarat.

Moreover, reports from other states of India including
Chhatisgarh, Rajasthan, and Uttar Pradesh clearly
point out that the mugger mortality due to collisions
with various vehicles is emerging as a possible threat
(Appendix Table 2). This threat has been noted for
all seven notable mugger populations in four states in
India, including Gujarat, Rajasthan, Chhattisgarh, and
Uttarakhand. Available studies and reports from Iran
and Sri Lanka indicate that it is prevalent throughout

the range of the species (Appendix Table 2). Moreover,
globally, crocodile mortality due to collisions with
vehicle has been noted in 10 of 27 species of crocodiles
across the world (Grigg and Kirshner 2015). This
indicates that the situation is widespread and may rise
exponentially with loss of habitats, growing crocodile
populations, and developing transport corridors.

Management implications.—We offer several
recommendations for the mitigation of CVC in Gujarat.
Fencing, underpasses, and/or culverts at risky road and
railway segments or a combination of these methods
for reducing wildlife road collisions may help reduce
CVC (Hedlund et al. 2004; Bissonette and Rosa 2012).
Fences may also obstruct natural dispersal, however,
and may potentially simply relocate the collisions sites
to near the ends of fencing. Also, it is not uncommon
that muggers break through or jump over fences if
they do not find a safer passage across the road (pers.
obs.). American Alligators have been observed to use
highway underpasses in Florida (Foster and Humphrey
1995), indicating that such passes could act as efficient
roadkill mitigation measures in India as well. Barriers
near the underpasses need to be built to direct animal
movements towards the underpass. Widely accepted,
underpass/culverts in combination with well-designed
and maintained fences could be more effective in
reducing vehicle collisions with various wildlife species
(Hedlund et al. 2004; Bissonette and Rosa 2012;
Clevenger and Waltho 2000; Rytwinski et al. 2016).
A drawback, though, is that considerable expense is
incurred in building underpasses.

Speed restrictions should be enforced on stretches
of roads with high incidents of CVC during the months
when muggers disperse locally (March-September),
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especially at dusk and dawn when muggers are active.
Limiting train speed is difficult due to operational
constraints (Roy and Sukumar 2017). Indisputably,
lower speed limits would reduce CVC. Warning signs
have been suggested by several studies (Hedlund et al.
2004; Sullivan et al. 2009, Found and Boyce 2011), and
can targeted for use in problematic areas. In conjunction
with these measures, a long-term program should
be implemented to maintain and repair fences and
underpasses damaged by vehicle collisions, degraded
through weathering and damaged locally. Implementing
these initiatives would require active participation and
a joint approach between a number of stakeholders,
including the Transportation Department of Gujarat, the
Ministry of Road Transport and Highways (India), Indian
Railways, the Ministry of Environment, Forest and
Climate Change (India), the Gujarat Forest Department,
NGOs, scientists, conservationists, and technologists,
with a possible association of local community members
living adjacent to transport structures.

Conclusion—The population of muggers in Gujarat
has recovered to the extent that the status has been
considered safe; however, the population of muggers in
Gujarat is still vulnerable to human induced threats and
chance events. Because there is an expected expansion
of the road and railway network in response to
government of Gujarat proposed transportation projects,
this emergent threat is very likely to increase with time,
along with the steadily growing mugger population
within the state. It is essential to focus on undertaking
further research aimed at better understanding the status
of muggers and their distribution in relation to CVC.

Acknowledgments.—We acknowledge the support
extended by all the wildlife enthusiast and the staff of
Gujarat Forest Department for helping us in gathering
data and conducting this study. Special thanks to
Manoj Thaker, Kartik Upadhyay, Nitin Patel, Rakesh
Vadhavana, Chirag Pathak, Pranav Vaghashiya
(Vasundhara Nature Club, Junagadh), Raj Bhavsar,
Vishal Mistry, Mehul Patel, Dhaval Patel (Managing
Trustee, Voluntary Nature Conservancy) and friends
who shared valuable information and evidential images.
We acknowledge the support of Niyati Patel who
prepared the study area maps. We also thank Principal
Chief Conservator of Forest, Gujarat State, Conservator
of Forest and Deputy Conservator Forest, Social
Forestry, Vadodara Division, for their valuable support
for this study.

LITERATURE CITED

Amarasinghe, A.A.T., M.B. Madawala, D.M.S.S.
Karunarathna, S.C. Manolis, A. de Silva and R.

Sommerlad. 2015. Human-crocodile conflict and
conservation implications of Saltwater Crocodiles
Crocodylus  porosus  (Reptilia:  Crocodylia:
Crocodylidae) in Sri Lanka. Journal of Threatened
Taxa 7:7111-7130.

Aresco, M.J. 2009. Mitigation measures to reduce
highway mortality of turtles and other herpetofauna
at a North Florida lake. Journal of Wildlife
Management 69:549-560.

Bhupathy, S., G. Srinivas, N.S. Kumar, T. Karthik, and
A. Madhivanan. 2011. Herpetofaunal mortality due
to vehicular traffic in the Western Ghats, India: a case
study. Herpetotropicos 5:119—-126.

Bissonette, J.A., and S. Rosa. 2012. An evaluation of
a mitigation strategy for deer-vehicle collisions.
Wildlife Biology 18:414—423.

Brien, M.L., M.S. Cherkiss, and F.J. Mazzotti. 2008.
American Crocodile, Crocodylus acutus, mortalities
in southern Florida. Florida Field Naturalist 36:55—
82.

Campos, Z., F. Muniz, and W. Magnusson. 2012. Dead
Paleosuchus on roads in Brazil. Crocodile Specialist
Group Newsletter 31:12—13.

Choudhury, B.C., and A. de Silva. 2013. Crocodylus
palustris. The [IUCN Red List of Threatened Species
2013. International Union for Conservation of
Nature. www.IUCN.org.

Clevenger, A.P., and N. Waltho. 2000. Factors influencing
the effectiveness of wildlife underpasses in Banff
National Park, Alberta, Canada. Conservation
Biology 14:47-56.

Fahrig, L. 2003. Effects of habitat fragmentation on
biodiversity. Annual Review of Ecology, Evolution,
and Systematics 34:487-515.

Fahrig, L., and T. Rytwinski. 2009. Effects of roads
on animal abundance: an empirical review and
synthesis. Ecology and Society 14:21. http://www.
ecologyandsociety.org/voll4/iss1/art21/

Fischer W., R.F. Godoi, and A.C.P. Filho. 2018. Roadkill
records of reptiles and birds in Cerrado and Pantanal
landscapes. Check List 14:845-876.

Flynt, R. 2008. Movement of alligators in Mississippi.
Crocodile Specialist Group Newsletter 27:19.

Forman, R.T.T., and L.E. Alexander. 1998. Roads and
their major ecological effects. Annual Review of
Ecology and Systematics 29:207-231.

Foster, M.L., and S.R. Humphrey. 1995. Use of highway
underpasses by Florida Panthers and other wildlife.
Wildlife Society Bulletin 23:95-100.

Found, R., and M.S. Boyce. 2011. Warning signs
mitigate deer-vehicle collisions in an urban area.
Wildlife Society Bulletin 35:291-295.

Grigg, G., and D. Kirshner. 2015. Biology and Evolution
of Crocodylians. CSIRO Publishing, Clayton South,
Victoria, Australia.

620



Herpetological Conservation and Biology

Gujarat State Disaster Management Authority. 2017.
Gujarat State Disaster Management Plan, Volume
1, 2016-17. Gujarat State Disaster Management
Authority, Gandhinagar, India. 81 p.

Hedlund, J. H., P.D. Curtis, G. Curtis, and A.F. Williams.
2004. Methods to reduce traffic crashes involving
deer: what works and what does not. Traffic Injury
Prevention 5:122—131.

Indian Railways. 2017. Indian Railways Year Book
2016—-17. Ministry of Railway, Government of India,
New Delhi, India. 160 p.

Johnsingh, A.J.T., and A.C. Williams. 1999. Elephant
corridors in India: lessons for other elephant range
countries. Oryx 33:210-214.

Kaur, S. and M. K. Purohit. 2014. Rainfall statistics
of India - 2014. India Meteorological Department,
Ministry of Earth Sciences, New Delhi, India. 103 p.

Kushlan, J.A. 1988. Conservation and management of
the American Crocodile. Environmental Management
12:777-790.

Laurance, W.F.,, M. Goosem, and S.G.W. Laurance.
2009. Impacts of roads and linear clearings on
tropical forests. Trends in Ecology & Evolution
24:659-669.

Main, M.B., and G.M. Allen. 2002. Landscape and
seasonal influences on roadkill of wildlife in
southwest Florida. Florida Scientist 65:149-158.

Mobaraki, A., and E. Abtin. 2007. Movement behaviour
of Muggers: a potential threat. Crocodile Specialist
Group Newsletter 26:4-5.

Mobaraki, A., E. Abtin, H. Kami, and B.H. Kiabi.
2013. Reproductive biology of the Mugger
Crocodile, Crocodylus palustris, in Iran (Reptilia:
Crocodylidae). Zoology in the Middle East 59:207—
213.

Rajvanshi, A., V.B. Mathur, G.C. Teleki, and S.K.
Mukherjee. 2001. Roads, sensitive habitats and
wildlife: environmental guidelines for India
and South Asia. Dehradun: Wildlife Institute of
India, Dehradun and Canadian Environmental
Collaborative Ltd., Toronto, Canada. 215 p.

Ramos, E., and F.L. Meza-Joya. 2018. Reptile road
mortality in a fragmented landscape of the middle
Magdalena Valley, Colombia. Herpetology Notes
11:81-91.

Rao, R.S.P., and M.K.S. Girish. 2007. Road Kkills:
assessing insect casualties using flagship taxon.
Current Science 92:830-837.

Roy, M., and R. Sukumar. 2017. Railways and Wildlife:
a case study of train-elephant collisions in Northern
West Bengal, India. Pp. 157-177 In Railway Ecology.
Borda-de-Agua, L., R. Barrientos, P. Beja, and H.M.
Pereira (Eds.). Springer International Publishing,
Gewerbestrasse, Switzerland.

Rytwinski, T., K. Soanes, J.A.G. Jaeger, L. Fahrig, C.S.

Findlay, J. Houlahan, R. van der Ree, and E.A. Rvan
der Grift. 2016. How effective is road mitigation
at reducing road-kill? A meta-analysis. PLoS ONE
11(11), e0166941. https://doi.org/10.1371/journal.
pone.0166941.

Souza, A.M., R.C. Pires, V.S. Borges and P. C. Eterovick.
2015. Road mortality of the herpetofauna in a
Cerrado ecosystem, central Brazil. Herpetological
Journal 25:141-148.

Sullivan, T.L., A.F. Williams, T.A. Messmer, L.A.
Hellinga, and S.Y. Kyrychenko. 2009. Effectiveness
of temporary warning signs in reducing deer-vehicle
collisions during Mule Deer migrations. Wildlife
Society Bulletin 32:907-915.

Transport Research Wing. 2016. Basic road statistics
of India 2015-16. Ministry of Road Transport and
Highways, Government of India, New Delhi, India.
68 p.

Van der Ree, R., D.J. Smith, and C. Grilo. (Ed.). 2015.
Handbook of Road Ecology. Wiley Blackwell,
Oxford, UK.

Vasava, A., D. Patel, R. Vyas, V. Mistry, and M. Patel.
2015. Crocs of Charotar: status, distribution and
conservation of Mugger Crocodiles in Charotar
region, Gujarat, India. Voluntary Nature Conservancy,
Vallabh Vidyanagar, India. 52 p.

Vijaykumar, V., R. Vyas, and B.C. Choudhury. 1999.
Status of Mugger and its conservation problems in
Gujarat. Pp. 69—76 In ENVIS Bulletin: Wildlife &
Protected Areas. Choudhury, B.C. (Ed.). Wildlife
Institute of India, Dehradun, India.

Voluntary Nature Conservancy. 2018. 5th Charotar
crocodile count - 2018. Voluntary Nature
Conservancy, VallabhVidyanagar, Gujarat, India. 30
p.

Vyas, R. 2010. Mugger (Crocodylus palustris)
population in and around Vadodara city, Gujarat state,
India. Russian Journal of Herpetology 17:43-50.

Vyas, R. 2011. New threat on Mugger (Crocodylus
palustris) population of Vadodara city, Gujarat, India.
Crocodile Specialist Group Newsletter 30:15-16.

Vyas, R. 2013. Recent scenario of Mugger (Crocodylus
palustris) population in three districts of Gujarat
state, India. Pp. 220-226 In Proceedings of
the 22nd Working Meeting of the IUCN-SSC
Crocodile Specialist Group. International Union for
Conservation of Nature, Gland, Switzerland.

Vyas, R. 2014. Roads and railway: cause for mortality of
Muggers (Crocodylus palustris), Gujarat state, India.
Russian Journal of Herpetology 21:237-240.

Vyas, R. 2018. Results of the 2015 Mugger Crocodile.
IRCF Reptiles and Amphibians 25:20-25.

Vyas, R., and S.R. Bhavsar. 2009. Movement of an in-
dividual Mugger into urban areas of Vadodara city,
Gujarat State, India. Crocodile Specialist Group

621



Vyas and Vasava.—Crocodile-vehicle collisions in Gujarat, India.

Newsletter 28:5-7.

Whitaker, R., and Z. Whitaker. 1984. Reproductive

Vyas R., and R. Vyas. 2002. Mugger survey in the biology of Mugger. Journal of Bombay Natural
Vishwamitri River of Gujarat, India. Crocodile History Society 81:119-127.
Specialist Group Newsletter 21:9-110.

RaJU Vyas is now retired after more than 30 y of service as a Zoo Inspector at the Sayaji Baug
Zoo, Vadodara, India. Prior to this, in the early 1980s, he worked as Assistant Curator with the
private zoo of H. H. Jamsaheb of Nawanager and The Peter Scott Trust, Jamanagar, India. Raju
earned his Ph.D. on systematics of snakes from Bhavnagar University, India, in 1995. Since
then he has been actively conducting research on various fields of herpetology from systematics
to ecology to conservation. Based in Vadodara, India, his long-term research has focused on
monitoring Mugger Crocodiles and their habitat as well as issues of human-crocodile conflicts for
more than 25 y. He has authored over 150 scientific publications on various aspects of herpetology,
including systematics, biogeography, taxonomy, and behavior, and is widely recognized for his
contributions to herpetology in India. Raju is the Regional Vice Chair of the [UCN/SSC Crocodile
Specialist Group (South Asia and Iran), and also a member of the South Asian Amphibian and
Reptile Specialist Group, Conservation Breeding Specialist Group, and Reintroduction Specialist
Group of the IUCN/SSC. (Photographed by Cassidix Media Works).

ANIRUDH Vasava currently works as Research Coordinator at the Voluntary Nature Conservancy,
where he implements and manages wildlife research and conservation projects. He began his
career as a Research Biologist for the Wildlife Institute of India, where he worked on population
ecology of large carnivores. He received his Bachelor of Science in Environmental Science from
the Sardar Patel University, India, and Master’s of Science from Veer Narmad South Gujarat
University, India. His research interests, although varied taxonomically, all fall within the fields
of population ecology, spatial ecology and human-wildlife interactions. He has been conducting
research on Mugger Crocodiles in central Gujarat since 2013 on various aspects of crocodile
ecology, human-crocodile interaction and involvement of local communities in crocodile
conservation. He is a member of IUCN-SSC Crocodile Specialist Group. (Photographed by
Niyati Patel).

622



Herpetological Conservation and Biology

pamfuy S[EJN  UOOSUON LOE VIELT'EL  €800T°CT Kemrey BIEPOPEA ‘BUIBUIBA -BANQUIEL S10T 1090100 T ST
pead - UOOSUOA SL 89L81°€L 8ILOETT peoy A)D eIBPOPEA ‘eyneyqUIBINYSIE] S10T Ar 91 T
peaq S[EJN  UOOSUON szl T8S91°€L  TS89T'TT peoy A1D erepopep ‘re[ey] ‘oadsuer], ¥10T 1090100 07 €
pamfug S[EJN  UOOSUOIN ov1 9S6L1'EL  98€6T'TT Aemrey e1epopeA ‘[ood o)nz ‘ejoyy v10C Joquaydes 97 7T
peaq oeWwo,  UOOSUOJ 011 16€L1°EL  6660T°TT Kemrey BIEPOPEA ‘BUIBUIEA ¥10z 3sn3ny Og 1T
pead S[EJN  UOOSUOIN (1743 YOSLI'EL  LO9ITTT Kemrey ©IEPOPEA ‘B[OUBA] O} BUIBUIEA ¥10z 3sn3ny Og 0T
peaq o[ewo,{  UOOSUO 201 98G81°€L  8LSOETT peoy A1) erepopea ‘yreuwyg ¥107 Isn3ny g| 61
pamfuy  oewd  UOOSUOIA 6 19180°€L  €EVTI'TT peoy vIEPOPEA ‘eIepedIN ‘eindosey ¥10z snsny § 81
peaq - Toyurp - 60vLIEL  611TCT Kemrey ypeseun( ‘eunjeH-eAIeN ¥10¢ Arenuef g LT
peadg - ToyuIpm 09¢ LTYLU'EL  660T°CT Aemrey ©IEPOPEA ‘BUIBUIEA €107 1oqUIDAON 6 91
peaq - Toyurp 0ST TEOT'EL  $9991°CC Kemrey BIEPOPEA ‘BWIBUIEA-E[O}] €10 J19qUIdAON 1 SI
peadg - UOOSUOJA 061 TSILTEL  1TLYS'TT peoy erepopeA ‘eindioyg ‘reAes €107 ¥sn3ny 91 1
peaq o[ewo,{  UOOSUO o€l €69VL'CL  TISTYTT peoy epoyy| ‘o3e[[IA BA(Q €10TIsn3ny 0] €l
pamfuy - UOOSUOJA] 0TI 9€061°€L  €LOSH'TT peoy eIepopeA ‘esnfuejy €10T Isndny g 4!
peaq o[ewo,{  UOOSUON - 98TIE0L ILLLEIT peoy ypeSeun( ‘ueAlo( €10T Isndny g 11
peag o[ewd,f  UOOSUON (144 800L1'€L  €SS81°CT Kemrey LIEPOPEA ‘BUIBUIEA T10T 1990100 9 01
peaQ - UOOSUOJA] 08 9L9€1°69  660SE €T peoy qony ‘eAIeN ‘euenyyeN T10T 1290100 | 6
peag o[ewd,f  UOOSUON 06 €S86TEL  £SPIETT peoy A1 eIBPOPEA ‘IqUUIL, 210 Joquiaydes 7z 8
peaq o[eN  Jowung 01¢ SPS80'€L  YTLTTTT peoy eiped ‘1ledeyn 210z 11dy 61 L
peaqg ofewio,  IOJUIM S61 989L1°€L  TI9ST'TT Kemirey A1) erepopep ‘emdiesey 10T JoqUIdAON § 9
pamlug S[E]N  UOOSUOA SS1 €SE0T'EL  £E0VETT peoy A1D erepopep ‘ewres 110T 3sndny 4 S
pead o[ewd,f  UOOSUON 091 89SLI'E€L LS9sTTr  Aemey A1) erepopep ‘emdresey 010T 1990100 T v
pomfuy  oewd  Jowwng geT 9I9LI €L  TLSYPTTT Kemirey A1) erepopep ‘emdresen 600C YOIRIN LT €
pead - Towwng 0ST 8ILYL'TL  SE€8T9'TT peoy epoyy ‘0Fe[[IA BA( $00T dunf 67 z
pead - ToyuIpm S0T 6LS61EL  +E8TTT peoy A1) erepopep ‘Sneqpe] $00T 1oquIAON] I
amwg pely uoseas (wo) opmiSuo|  spmne] od£7, yr0M¥ON 9)IS/UONEI0] Q0udpIOUT JO 9 ‘ON
[ewuy
Jo azig S91eUIPIO0)) SID

“eIpu] 9eIe(nn Ul 707 03 SOOT WolJ sAem[Iel pue Speol uo painfur 10 pay[y punoj (stsnpd snjdpo20.4)) s9[Ipod01) IFINIA *[ 414V ], XIANTddY

623



Vyas and Vasava.—Crocodile-vehicle collisions in Gujarat, India.

peaQ - UOOSUOI 0TI LTT60EL  906€£1°TT peoy peoy uelrey-eiped 810z Isndny | 8¢
peaq S[EJN  UOOSUOIN $9 18981°€L  1¥91T'TT peoy eIEPOpEA “9Te[[IA BANqUEL 810C AInf €T LE
paanfug - UOOSUOIA 011 8T0T'EL  90LTETT Aemqrey Ay15 eIRPOPEA ““Sneqrarey] 810T AInf 1 9¢
peaq - UOOSUOJA] (1743 I8TH'EL  £95€9°TT peoy urepy %Ehﬂmmwo Sp— 810T YoIeN 11 ¢
peaq - ToyuIp 881 €0SST'EL  €LYPITT Kemirey BIEPOPEA ‘B[O)] 810T A1eniqa 9g e
pamfup  opewd UM 0TI L866¥'0L  T8SES'IT peoy Ay1o ypeSeun( ‘yreuseyg LT0T J0QUIDAON ST €€
peaq S[BWd  UOOSUOIA 06 [Y6SLTL  9€6€9°TT peoy ePOY ‘[eUED OSBA ‘UMY LT0T 199000 1 43
peaq S[EJN  UOOSUOIN 29 1TTSTEL  8SH80°€T peoy ePOYY| ‘OSBAIN ‘ME[E] NPEA LT0T 1990100 | I€
peaq S[EN  UOOSUON 081 [TPETEL  SSO'ET peoy epayy ‘BA( L10T JPquaydes [z 0¢
pead - UOOSUOJA] 6 169YL°CL  LT8T9TT peoy epoyy ‘eAd( L10T Jquaydes 07 6T
peaQ - UOOSUOIA S 19LVL'TL  6L08STT peoy pueuy ‘feyefen LT0T AInf ST 8¢
pead o[ewd,f  UOOSUOIN L¥1 vI96TEL  66LY'TT Kemrey eIEpOpeA ‘pore[-eAe[uwes L10T AIf T LT
pamlug o[eN ToyuIp S8 ¥S$S80°€L  €1LTTTT peoy eIEPOpPEA ‘eIpEd IN ‘feAen 9[0T JQUIAON 0T 9T
dJe1s pelN uoseag (wo) opmiSuo]  opmneq od£7, yr0M¥ON 9)IS/U0NBI0] dudpIoU]f Jo e "ON
[ewuy
Jo azig S9)RUIPIO0)) SdD

“BIpU] ‘Jerelnn) ur 107 03 SOOT WOLJ sAem[Iel pue SpeOI uo painfur 10 pay[y punoj (stisnypd snjdpos0o.4)) sa[1pod01)) 133NN

*(QINNIINOD) | AT4V ], XIANTdAY

624



Herpetological Conservation and Biology

AppENDIX TABLE 2. Crocodilian species that have been killed because of collisions with vehicles and trains on road
and railway networks across the globe.

No

Species Name

Network

Country

Location/ Area

Sources

1

American Crocodile
Crocodylus acutus

American Alligator
Alligator mississippiensis

Mugger Crocodile
Crocodylus palustris

Road

Road

Road
Road

Railway

Road and
Railway

Railway

Railway

Railway

Road

Road

USA

USA

India

Iran

India
India

Sri Lanka

India

India

India

India

Southern Florida

Mississippi

Bhuj, Gujarat

Sistan and Baluchistan
Province

Vadodara, Gujarat
Vadodara, Gujarat

Matara,

Kotmi-Sonar,
Chhatisghar

Jawai Dam, Rajasthan

Kushmauri, Kheri,
Uttar Pradesh

Nighasan area,
Shahjahanpur, Uttar
Pradesh

Brien et al. 2008, Kushlan 1988

Flynt 2008

Vijaykumar 1999
Mobaraki and Abtin 2007

Vyas and Bhavsar 2009
Vyas 2011 and Vyas 2014

Crocodile hit by Rajarata Rajini.
Flash News, 31 March 2011;
http://www.flashlk.com/2011/03/
crocodile-hit-by-rajarata-rajini.
html.

Crocodiles fall victim to railway
tracks in Chhattisgarh. Catch News,
14 February 2017.
http://www.catchnews.com/
social-sector/crocodiles-fall-
victim-to-railway-tracks-in-
chhattisgarh-1455353124.html.

Train runs over crocodile. The
Times of India, March 27, 2017.
https://timesofindia.indiatimes.
com/city/jaipur/train-runs-over-
crocodile/articleshow/57845189.
cms.

Crocodile mowed down by four-
wheeler in Kheri. The Times of
India, August 19, 2018. https:/
timesofindia.indiatimes.com/
city/bareilly/crocodile-mowed-
down-by-four-wheeler-in-kheri/
articleshowprint/65378833.cms
Croc run over, killed in Lakhimpur
Kheri; second such death in a
fortnight. The times of India,
August 24, 2018. https:/
timesofindia.indiatimes.com/
city/bareilly/croc-run-over-
killed-in-lakhimpur-kheri-
second-such-death-in-a-fortnight/
articleshow/65534379.cms

Third crocodile run over in Kheri
district in 40 days. The Times of
India, September 20, 2018. https://
timesofindia.indiatimes.com/
city/bareilly/third-crocodile-run-
over-in-kheri-dist-in-40-days/
articleshow/65877841.cms
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APpPENDIX TABLE 2 (conTINUED). Crocodilian species that have been killed because of collisions with vehicles and
trains on road and railway networks across the globe.

No Species Name Network Country Location/ Area Sources
4 Australian Freshwater Road Australia Darwin, Australia https://www.abc.net.au/news/2016-
Crocodile Northern territory 12-19/crocodile-hit-by-car-busy-
Crocodylus johnstoni darwin-road-nt-police/8131770
Railway Australia North West Queensland ~ Wilson K. 2011. Croc run
over by road train. in: Blog
at ABC Radio, North West
Queensland. http:_blogs.abc.net.
au_queensland 2011 04 croc-run-
over-by-road rain.html?
site=northwest&program=north_
west_qld_breakfast
5 Cuvier Dwarf Caiman Road Brazil Porto Velho City, Campos et al. 2012
Paleosuchus palpebrosus Amazonia
Road Brazil Tocantins Souza et al 2015
6 Schneider Smooth-snouted Road Brazil Porto Velho City, Campos et al. 2012
Caiman Paleosuchus Amazonia
trigonatus
7 Saltwater Crocodile Road and Sri Lanka  South-west Sri Lanka Amarasinghe et al. 2015
Crocodylus porosus Railway
Road Australia
8 African Dwarf Crocodile Road Nigeria Benin City Kelvin, J. 2016. 22nd November
Osteolaemus cf. tetraspis 2016. https://www.youtube.com/
watch?v=fbD2qBcY3m0
9 Spectacled Caiman Road Colombia  Magdalena Valley Ramos and Meza-Joya 2018
Caiman crocodilus Road Brazil Tocantins Souza et al 2015
10 Yacare Caiman Road Brazil Cerrado—Pantanal Fischer et al 2018

Caiman yacare

landscapes
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