HTTPS://JOURNALS.KU.EDU/REPTILESANDAMPHIBIANS

REPTILES & AMPHIBIANS e 29: 329-334 « 2022

AEPTILED & AMPRIBIANS

e

he Mugger or Marsh Crocodile (Crocodylus palustris),
A which can be found in forests as well as human-dom-
inated areas, is India’s most widely distributed and adapt-
able crocodilian species (Da Silva and Lenin 2010). This
species is a vulnerable reptile in India, and it is legally pro-
tected under Schedule I of the Indian Wildlife (Protection)
Act 1972; it is also classified as “Vulnerable’ according to the
IUCN’s threat assessment criteria (Choudhury and De Silva
2013). According to a state-wide survey done in 1995-1996,
the Mugger population in Gujarat State, India, is estimated
to be around 1,650 individuals (Vijaykumar 1997; Vyas
2010a, 2010b). Since then, no state-wide survey has been
conducted, and the current situation of Muggers in Gujarat
is unknown. Prior to 1995, surveys were primarily limited
to a few protected areas, and only a few were conducted on
a regular basis. As a result, there is no current information
on crocodile populations in other parts of Gujarat, with the
exception of the Vadodara region (Vyas 2010a, 2010b, 2012,
2013) and recent surveys in Anand, Kheda, and Junagadh
Districts (Vyas 2013; Upadhyay and Sahu 2013; Vasava
2016a, 2016b, 2017, 2018, 2019, 2020, 2021; Vaghashiya
ecal. 2018, 2020).

This species is often encountered and appears to be flour-
ishing in numerous bodies of water throughout Gujarat,

owing largely to legislative protection and conservation initia-
tives implemented by the State Forest Department and NGOs
(Vyas 2018), but detailed assessments of their populations are
still needed. This study reports the status of Crocodylus palustris
and various negative (attacks) and neutral human-crocodile
interactions in Surat, Gujarat, India. It was designed to moni-
tor the urban population of Mugger Crocodiles with the help
of interviews (February 2019-December 2021) and direct
sightings, in addition to secondary data based on available data
from the rescue of Mugger Crocodiles from Surat collected by
various NGOs and the State Forest Department. The available
records show that crocodile populations, while generally small
and isolated, are widespread across Surat (Fig. 1).

Methods
Study Area.—The Tapti River originates in the Satpura
Ranges of Madhya Pradesh and merges with the Arabian Sea
in Surat, India. The river flows through Surat, Gujarat (Fig.
2), from east to west and is divided into two parts by the
Weir-cum-Causeway near the Rander area of Surat. The river
becomes an open sewage system carrying enormous amounts
of pollution. The study area was a 47-km long section of the
river that ranges in width from 300-1,100 m (from Dumas to
the Kamrej area of Surat). The secondary data suggested that

Fig. 1. Mugger Crocodile sighted in Tapti River in 2014. Photograph by Rakesh Patel.
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Fig. 2. Map showing the location of the study area in Gujarat, India.

several water bodies such as canal networks, lakes, ponds, and
wetlands also had crocodiles present. Therefore, these bodies
of water were also surveyed during the study.

Data Collection.—This research is primarily qualitative
as we focused largely on people’s opinions and experiences.
We collected our data using various research methods that
included interviews, participant observations, and crocodile
rescue data. The primary data (interviews) was collected from
a total of 60 respondents who interacted with crocodiles in
Surat. A structured interview schedule was chosen because
equitable comparisons across applicants may be done by gen-
erating a standardized list of questions and evaluation meth-
odologies, thus reducing interviewer biases. It can be carried
out by several collaborators while controlling for consistency
since the questions are asked of the respondents in a systematic
manner and with the same wording defined beforehand. The
secondary data were collected from the crocodile rescue data
of NGOs and the Forest Department of Surat. Respondents
and communities in which human-crocodile interactions had
already occurred were chosen. Seasonality has an influence
on animal activity and behavior. Hence, to determine the
frequency of human-crocodile interaction in various seasons
using the secondary data, the seasons were divided into three
categories as per the seasonal patterns in Gujarat: (i) winter
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(November—February), (ii) monsoon (July—October), and
(iii) summer (March—June).

For locating and counting crocodilians, most crocodilian
biologists prefer “eye-shine” or “spotlight” approaches (e.g.,
Magnusson 1982; Woodward and Moore 1993), but in this
study, due to the extensive width of the river (= 1,300 meters),
locating crocodiles along the entire river stretch was not pos-
sible, hence only daytime survey methods were used for direct
sighting of crocodiles. Based on primary and secondary data,
survey teams were deployed to conduct daytime surveys at all
potential sites. The surveys were carried out on foot along the
rivers and other bodies of water. Some parts of the river were
inaccessible on foot, so they were surveyed by boat. The teams
recorded direct sightings and indirect signs of crocodiles dur-
ing the surveys. The locations of direct and indirect signs (scat,
tracks, and basking sites) of Muggers were recorded with a GPS
device (Garmin eTrex 10x). Individuals were observed with
Olympus binoculars (10 x 50) and photographs of Muggers
and their habitat were captured using a digital camera.

Survey Method.—The current research was conducted
utilizing an ex-post-facto method. With an ex-post-facto
approach, research is done with a systematic empirical
approach in which in which the independent variables are
not explicitly addressed because they have already occurred or
are innately unmanageable (Robinson 1976).

Surat Municipal Geographic Information System digital
data from 2018 were obtained for the Surat City boundary
and water bodies from Survey of India toposheets at 1:50000
scale. Using these data, a base map of the study area was pre-
pared. The spatial database was developed in the Polyconic
projection system (Lillesand and Keifer 1987). After the
survey, we generated a spatial grid of 1x1 km? for the entire
study area (Buckland and Elston 1993) to get accurate infor-
mation about human-crocodile interactions. All the map lay-
outs were created using QGIS and Google Earth tools. We
developed grids with human-crocodile interactions, where an
‘interaction’ was defined as when we encountered a crocodile
during surveys or when a respondent to the surveys (second-
ary data) reported they had come into contact with a croco-
dile. The grids with human-crocodile interactions were then
divided into three categories: (i) low interaction zone (1-2
interactions), (ii) medium interaction zone (3—4 interactions),
and (iii) high interaction zone (5 or more interactions). This
methodology was chosen to conduct zonation of the water
bodies into low, medium, and high interaction zones, so wild-
life management practices can be applied in areas of need.

Data Analysis—A regression analysis was used for exam-
ining and modelling the relationship (Montgomery et al.
2012) between humans and crocodiles. Chi-Square tests were
used to understand whether or not differences between the
various segments or categories that the respondents acknowl-

edged (Singhal and Rana, 2015) differed significantly (o =
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Fig. 3. Direct and indirect sightings of Mugger Crocodile observed during the study along the Tapti River, Surat, Gujarat, India.

0.05). The data obtained on seasonality was analyzed using ~ Table 1. Distribution of frequency of human-crocodile interactions

simple averages and percentages. in Surat, Gujarat, India (n = 60).

Results Frequency of HCI Frequency Percentage
We recorded a total of 10 direct sightings of Muggers and 9 Occasionally 35 58.33
sites with indirect signs during the survey (Fig. 3). Crocodiles Rarely 51 35.00
observed during direct sightings included 3 adults (=1.5 Daily 4 67

meters total length), 2 sub-adults (1.0-1.5 meters total

length), and 5 without any size estimate due to sightings of Toal 60 100

submerged crocodiles in water at long distances. During the

entire study period, no crocodile conflict (negative interac-  crocodile interactions between 2005 and 2020 in Surat have

tions; e.g., attacks on humans) was observed. increased over time based on the primary data (i.e., data
Frequency of Human-Crocodile Interactions in Surat—  obtained from interviews; y = 0.72x — 1447.01, R = 0.5848,

The regression analysis revealed no significant change in the  p = 0.0003; Fig. 5). The majority of the survey respondents
number of crocodile rescues between 2005 and 2020 in Surat  experienced human-crocodile interactions (58.33%) occa-
(R*=0.0095, p = 0.71). (Fig. 4). We found that human-  sionally (i.e., once or twice a year). However, 35% of the

2.5 20

10 y = 0.7206x - 1447.01
R2=0.5848

y =0.0196x - 38.647
R2=0.0095

Number of Crocodile Rescues
n

Number of Human-Crocodile Interactions
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Year-wise Distribution of Crocodile Rescues in Surat

Fig. 4. Timeline showing no pattern in Mugger Crocodile rescues in Surat, Fig. 5. Timeline showing an increase in the rate of human-crocodile inter-
Gujarat, India. actions in Surat, Gujarat, India.
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Table 2. Areas assigned to various human-crocodile interaction zones in Surat, Gujarat, India.

Low Medium High
Number interaction zone interaction zone interaction zone
Categories of Grids  No. of grids % Area  No.ofgrids % Area  No.ofgrids % Area
Human-crocodile interaction 36 22 61.11 6 16.67 8 22.22
0 5 10 km

m DAILY = RARELY = OCCASIONALLY

6.67

Fig. 6. Pie-chart showing the frequency of human-crocodile interactions in
Surat, Gujarat, India. Numbers in the pie chart are percentages (%).

human-crocodile interactions occurred rarely i.e., once or
twice a month and the fewest human-crocodile interactions
(6.67%) took place daily (Table 1; Fig. 6). This difference
was statistically significant (x* = 24.1, df = 2, p = 0.0001).

Avreas Frequently Visited by Crocodiles in Surat.—Around
61.11 % of the grids reported low human-crocodile interac-
tion. Grids categorized in medium and high human-croco-
dile interactions were 16.67 and 22.22%, respectively (Table
2; Fig. 7). This difference was statistically significant (x* =
12.667, df = 2, p = 0.0001).

Seasonality of Human-Crocodile Interactions in Surat.—
The majority (n= 46; 76.67%) of the human-crocodile inter-
actions occurred in monsoon season (July—October), about
23.33% (n= 14) in the summer season (March—June), and
none took place in the winter season (November—February;

x* =55.6, df = 2, p < 0.0001; Table 3; Fig. 8). The results

Table 3. Distribution of human-crocodile interactions in Surat,
Gujarat, India, by season (n = 60).

Season Frequency Percentage
Monsoon 46 76.67
Summer 14 23.33
Winter 0 0.00
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Fig. 7. Spatial distribution of human-crocodile interactions in Surat,
Gujarat, India.

of the study suggested an increase of interactions during the
monsoon season, which was similar to the results of surveys
conducted in the Bhitarkanika and Sundarbans (Das and
Jana, 2018; Khan et al., 2020).

Discussion
Human encroachment is one of the main threats to crocodile
habitat. The number of interactions between crocodiles and
humans is increasing as habitat is reduced and the crocodile

m Monsoon ® Summer = Winter
0

Fig. 8. Pie-chart showing the seasonal frequency of human-crocodile inter-
actions in Surat, Gujarat, India. Note that in winter the frequency is zero.
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population grows (Vyas 2005; Whitaker 2008; Vyas and
Stevenson 2017; Porras Murillo and Cambronero 2020).
That might be because this is crocodile mating season, and so
there is an increase in movements in search of food and mates
(Khan et al. 2020). In coastal areas, the monsoon is the main
fishing season for the fishing community. During this season,
fishermen enter bodies of water, increasing their chances of
encountering crocodiles (Das and Jana 2018). The results of
this study indicate a substantial increase in human-crocodile
interactions in the bodies of water of Surat. Environmental
factors, water temperature, habitat type, observer ability and
experience, type of equipment, and familiarity with the sur-
roundings may all have a negative impact on Mugger sight-
ings, resulting in fewer individuals being reported throughout
the survey. Thorough systematic surveys should detect more
populations across the Tapti River ecosystem and provide
more information on population levels, as well as how this
could affect human-crocodile interactions. A systematic mul-
tiscale study of Muggers, associated species, and their habitat
along the entire stretch of river will yield valuable information
regarding the population dynamics and ecology of the spe-
cies in the Tapti River. The majority of the river stretch was
subjected to unregulated fishing and sand mining. Although
no major human-crocodile conflict (negative interactions
between humans and crocodiles) has been recorded in the
area, there is a need to have local awareness campaigns focus-
ing on the vulnerability and ecological value of crocodiles
to avoid any negative interactions like attacks by crocodiles
on locals, fishermen, and sand mining communities in the
future.
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