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Abstract

This study aimed to estimate the number and distribution of crocodiles in Bueng Boraphet, Nakhon Sawan

Province, Thailand. The surveys were conducted between November 2017 and August 2018. The data was

obtained from nighttime spotlight and daylight visual surveys using motorboat along two line transects totaling

38 kilometers and covered an area about 7.6 square kilometers of Bueng Boraphet coastal area. Our results

revealed that the number of crocodiles was at least 17 individuals with density of 2.24 individuals per square

kilometers. The calculated population of crocodiles in the Bueng Boraphet was estimated to be about 17-37

individuals. In this study, most crocodiles were found in the first transect line located in the aquatic sanctuary

area where all fishery is strictly prohibited. It shows that human activities directly affect crocodile encounters and

these small numbers of crocodiles in Bueng Boraphet remain critically endangered. Therefore, the implementation

of protection action is a high-priority project that needs to be done first before further restocking can be

undertaken. Bueng Boraphet can be developed into national natural crocodile conservation, while eco-tourism

activities can be expanded in such area. Furthermore, population surveys should be carried out continuously

to determine population dynamics and develop a crocodile surveillance system. At the same time community

engagement should be initiated to support the system to sustainable conservation.
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Introduction

In Thailand, three species of crocodilians are

historically abundant throughout the country consisting of

the Siamese crocodile (Crocodylus siamensis), saltwater

crocodile (Crocodylus porosus), and false gharial

(Tomistoma schlegelii). However, the Siamese crocodile

is the species normally found in natural freshwater

ecosystems such as rivers, swamps, wetlands in lowland

central and eastern Thailand, particularly in the Yom, Ping,

Chao Phraya, and Pasak River in the past (Smith 1919;

Taylor 1969). Recently, their wild population is

dramatically depleting due to habitat destruction, illegal

fishing, and crocodile poaching (Bezuijen et al., 2012).

In addition, many people believe that crocodiles are

dangerous animals that can harm humans, pets, and

livestock (Aust et al., 2009; Gopi and Pandav 2009). The

population of Siamese crocodiles remaining in the wild is

scattered in different areas and each area has very small

individuals. (Ratanakorn et al., 1994; Platt et al., 2002).

Currently, several small remnant populations of wild

Siamese crocodiles are found scattered in protected areas

including Thung Salaeng Luang National Park, Pang Sida

National Park, Kaeng Krachan National Park, Yod Dome

Wildlife Sanctuary, Khao Yai National Park, Khao Ang Rue

Nai Wildlife Sanctuary, and Bueng Boraphet Non-

Hunting Area (Manolis 2017). Hence, there is a great risk

of the extinction of Siamese crocodiles in the near future.

In the past, Bueng Boraphet was a natural swamp.

Later, a weir was built to store water and become wetlands

permanently. Therefore, Bueng Boraphet is the largest

man-made freshwater reservoir located in central Thailand

surrounded by local communities (Sriwongsitanon et al.,

2007). This is an internationally important wetland

proposed as the Ramsar site due to its high biodiversity

(Office of Environmental Policy Planning 2002). Many

rivers carry silts and nutrients flow into the swamp which

makes this place suitable for the growth of various aquatic

planktons, plants, and is also a proper to be habitat for

numerous important wildlife, including aquatic species,

birds, and the Siamese crocodile (Office of Environmental

Policy Planning 2003; Chaichana and Choowaew 2013).

There are records of crocodile sightings from the past to

present but the precise status of crocodiles over time in

Bueng Boraphet has never been scientifically evaluated.

Moreover, people use the area for a variety of purposes,

including utilizing natural resources for household

consumption or as a source of income, water reservoirs for

agriculture activities, and tourist attractions. The beautiful

scenery of nature in Bueng Boraphet could be the model

and develop sustainable conservation work and promote

eco-tourism (Khundiloknattawasa 2019). Therefore, it is

necessary to understand populations and habitats to

obtain basic information of crocodiles in Bueng Boraphet

because no population surveys have been conducted in

the area before, and it is necessary for resources

management.

The Siamese crocodile is now listed as a critically

endangered species by the IUCN and Office of Natural

Resources and Environmental Policy and Planning,

Thailand. Since 1992, the IUCN/SSC Crocodile Specialist

Group has established the Crocodile Action Plan and

Siamese crocodile has been listed as the highest priority

for action. The basic survey and identification of habitat

and population should be done immediately to prevent

extinction and to build a basis of specified management

and conservation action (Ross 1998). Thailand has

well-organized protected areas so implementation of

protection of habitat and restocking of the population is

the high priority action that should be done (Manolis and

Stevenson 2019). However, there is still inadequate policy
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and financial support, and a lack of proper studies of

population, habitat, and factors affecting the survival

which is necessary for habitat management planning in

the country. Consequently, the crocodile conservation

projects in Thailand are urgently needed. The umbrella

project of crocodile conservation in Thailand consists of

(1) studying the population of crocodiles in the natural

habitat, (2) social studies to initiate a participatory

conservation approach, and (3) restoring the population

of crocodiles in protective areas. Thus, this study was

designed to estimate the number and distribution of

crocodiles in Bueng Boraphet which is a fundamental

first step towards developing a sustainable management

protocol. The data obtained from the surveys was used to

assess factors that influence crocodile habitat use which

will be used to determine the suitability of the area as a

crocodile habitat and develop sustainable management

plans for this vulnerable species.

Materials and Methods

Study area

This study was conducted in Bueng Boraphet

located in Nakhon Sawan Province, central Thailand.

The geographical location is between latitude of 15o40'N

and 15o45'N and longitude of 100o10'E and 100o23'E.

It is a semi-natural swamp covering an area of 212

square kilometers. The area is divided the area into 2 zones.

Zone 1 is an aquatic sanctuary area where all fisheries

are strictly prohibited, and zone 2 is an area where

people are allowed to do the fishery by using permitted

equipment only. Therefore, we designed two transect

lines for the crocodile survey according to the mentioned

zoning. The first line transect was 20 kilometers in zone

1 and the second line transect was 18 kilometers in zone

2 (Figure 1).

Figure 1.  Location of the study area and transect lines for spotlight survey.
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Survey Methods

The surveys were done between November 2017

and August 2018. We conducted 36 nocturnal spotlight

surveys in the first transect line and 28 in the second

transect line. Moreover, we did 33 daytime surveys in the

first transect line and 27 in the second transect line.

A motorboat was used to explore the transect

lines. On the night, spotlight surveys (Bayliss 1987; Fukuda

et al., 2013) were used for collecting data. Crocodiles were

counted along the study routes by observing “Eye-shine”

because their eyes have tapetum lucidum that will reflect

light when exposed to light from our light sources. A

hand-held LED spotlight of at least 100W was used as the

light source. During the survey, spotters will hold light

sources in a horizontal plane at an angle of 180 degrees

to the surface of the water, which makes it possible to

observe eye-shine well. The average speed of the boat was

about 23-26 km/h and this reduced upon each sighting to

approach the crocodile as close as possible and estimate

its size. A crocodile was recorded as a hatchery if their size

was less than 1 meter, a juvenile if their size was between

1 to 1.8 meters, an adult if body length was more than 1.8

meters, unknown when it cannot be identified, and pod

if we found a group of hatcheries. The geographic

coordinates of each sighting spot were logged using GPS.

We recorded time, air and water temperatures and the

relative humidity for all surveys. Moreover, we conducted

walking surveys on a day mainly in the location where

the crocodile had been spotted during previous nocturnal

spotlight surveys for observed footprints, tail marks.

Data analyses

The relative abundance was estimated from

collected data and the population observed in the area

during per transect during the study period was analyzed.

The relative abundance was calculated as the number of

crocodiles observed per kilometer (Bayliss 1987). The

sighting area was calculated by total line transect distance

multiplied by the estimated sighting distance from the

observer and shore (200 meters). The encounter rate of

the total survey was calculated. In addition, the sighting

fraction can be calculated from the formula (King et al.,

1990).

where p  is a percentage of the population observed,   is the

average number of crocodiles spotted, and SD is the

standard deviation. Then, crocodile population size with

95 percent cent confidence limits was calculated from

the following equation (Messel et al., 1981).

Results

From November 2017 to August 2018, the

maximum air temperature was 31.5 Celsius and the

minimum was 18.3 Celsius. Whereas, the maximum air

temperature was 32.1 Celsius and the minimum was 19.2

Celsius. The water temperature was warmer than the air

temperature. The average temperature difference was 1.6

Celsius. There was a 10.8 Celsius difference on a windy

day. The maximum the relative humidity was 91.2 and the

minimum was 60.5. A total of 45 crocodiles were

observed at night time. One crocodile was found in the

daytime (Figure 3). In 38 kilometers of survey distance,

the encounter rate was 1.211 individuals per kilometer

overall range. When comparing the coordinates where

the crocodile was found, time, and characteristics of each

individual from overall surveys, we estimated observed

crocodiles at least 17 individuals in the overall transect

lines which 14 crocodiles were spotted in the first

transect line and three crocodiles were found in the
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second transect line. In addition, two more crocodiles

were found outside the study tracks (Figure 2). From

all the observed data, they were classified to 4 hatchlings

(body length less than 1 meter), 8 juveniles (body length

1 to 1.8 meters), 3 adults (body length over 1.8 meters),

and 4 unknowns. Crocodiles are often found near shore.

99.39% of the habitat where crocodiles were found had

floating wetland vegetation (e.g., water hyacinth, sedges,

reeds, lotus, cattail), and 69.48% of the areas had dense

grasses, shrubs, and trees at the coastline.

The relative abundance was 2.24 crocodiles

per square kilometer. Furthermore, the calculated the

population of crocodiles on the survey line is 7.6 square

kilometers were 5.919±4.343 individuals and a density

of 0.779±0.571 individuals per square kilometer. Bueng

Boraphet covers a total area of 212 square kilometers.

The calculated population of crocodiles in the Bueng

Boraphet area was estimated to be about 5-37. Thus, it was

concluded that the crocodile population in the study

area was 17-37 when comparing the calculated

population with observed coordinates.

Figure 2. Distribution of crocodiles from spotlight surveys.
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Discussion

According to historical records, crocodiles have

been discovered all around Thailand. However, their

population is dramatically declined even Thailand has

more than forty important lowlands and wetlands.

There are a few places where the Siamese crocodiles can

survive in their natural environment. Bueng Boraphet is

one of the sites where still have reports of crocodiles

inhabited since the past to present (Taylor 1969; Smith

1919; Ratanakorn et al., 1994; Platt et al., 2002). Formerly,

up to a hundred individuals were most found in Bueng

Boraphet. However, there was a recent report found 8

adult Siamese crocodiles during the spotlight survey

(Manolis 2017). We found a similar trend from our

results which indicated that the population of crocodiles

in Bueng Boraphet is 17-37 individuals with at least

three adults and three unknowns. However, we could not

confirm their population structure because the crocodiles

were attentive to changing stimulus. Most crocodiles dove

into the water or hid behind floating plants before the

observer could estimate body length. In our study, most

crocodiles were found in the first transect line located in

the aquatic sanctuary area where strict regulations are

implemented to protect fish breeding sites. It shows that

human activities directly affect crocodile encounters.

Fishing regulations in the protected zone can prevent the

killing and unintentional catching of crocodiles in fishing

nets (van Weerd and van der Ploeg 2003). Crocodiles will

have a low incidence of being harmed by fishing gear.

Furthermore, this protected zone has higher biological

resources such as macrophytes and fish compared with a

fishing zone (Chaichana and Choowaew 2013). We mostly

Figure 3. Photographs of the crocodiles found during the surveys.
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found crocodiles in dense wetland vegetation environment.

Similarly, Crocodylus siamensis preferably abundant in

still water in the Sre Ambel River where their habitat is

dominated by sedges, extensive mats of water hyacinth,

floating grasses, and scattered tree cover along the river.

The vegetation is important for a hiding place and

material for nesting (Platt et al., 2006).

There are some limitations of this study. Although,

spotlight surveys are the most common method of

crocodile research because crocodiles are difficult to see

especially during the daytime but they are easily visible at

eye-shine when the light is reflected. The obtained data

can provide precise indices of abundance. However, there

is visibility bias that can lead to inaccurate observations

associated with various factors including animal behavior,

degree of wariness, vegetation covering, and weather

(Bayliss 1987; Fukuda et al., 2013). Since crocodiles can

hardly be seen directly. Therefore, it is necessary to assess

the population using obtained data and calculated using

the sighting fraction (Messel et al. 1981; King et al., 1990).

In Bueng Boraphet, there are many canals with high

sinuosity or densely covered with vegetation which can be

visibility bias of this study. On rainy days, the reflections

from the crocodile’s eyes are obscured by reflections

from water droplets or dew. Hence, our study started after

the rainy season to minimize that error and to avoid

an accident that might occur from strong winds during

traveling by boat in a large open water area. The water

depth of the swamp seasonally changes because it served

as a flood control area in the rainy season and water

resource in the dry season for local communities to rely on

(Haq et al., 2018).  There were slight changes in the survey

route due to lower water levels affecting areas accessible

by boat. Therefore, there are challenges in designing the

survey route to cover the entire area. Interestingly, the most

common area where crocodiles are found is in a small

canal called Khlong Boraphet which has Chao Mae Mon

Thong Shrine. This shrine has a myth related to crocodiles

that are revered by the local people. Therefore, the belief

of the villagers may be another influencing factor that

helps the crocodile survive. This requires further social

studies to understand the social context of wildlife

conservation.

Currently, Bueng Boraphet is the largest

freshwater wetland on the Chao Phraya River Basin.

Around this area, there are 31 villages, with approximately

5,000 households. Bueng Boraphet provides significant

values in various aspects. It has high socio-economic

and ecological values. It is used as a water reservoir for

domestic and agricultural water supply and flood

control. Moreover, it is also an important fishery site

for local communities to harvest natural resources for

food and income. It is facing threats majority from

human activities. Large numbers of aquatic plants,

phytoplankton, zooplankton, fish, and birds were reported

in the swamp. Even Bueng Boraphet has ecologically

important for a wide variety of flora and fauna but

dramatic changes in hydrology and landscapes over the

past decade have had a great impact on wildlife (Haq

et al., 2018). Especially for crocodiles, if an area was

established to conserve waterbirds may not be suitable

for large reptiles such as crocodiles that need appropriate

and careful management of suitable wetland habitat

(Webb and Jenkins 1991). The sediment dredging and

environmental modification for water storage to solve

flooding problems are also significant threats that affect

the suitability of crocodile habitat and nesting site in the

future. Although fishing is prohibited, illegal fishery still

exists. Destructive fishing methods such as electro-fishing

and anesthetic chemical substances are still found, even
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though the penalties are high. The use of illegal fishing

gear will also directly affect the crocodile population

(van der Ploeg and van Weerd 2006).

Crocodilians play an important role in the

structure and function of the ecosystem. These large-

bodied predators are keystone species that contribute to

nutrient and energy translocation across ecosystems

(Ashton 2010). Therefore, they have the potential to be

ecological indicators considering their ecological values

(Somaweera et al., 2020). Conservation of crocodiles is

the great benefits for ecosystem. This estimate of the

population and distribution of crocodiles in Bueng Boraphet

is very important that gives the basic information for

planning crocodile population management. Our results

indicate that these small numbers of crocodiles in Bueng

Boraphet remain critically endangered. However, the area

with highly strict regulations has a huge impact on

helping crocodiles survive in the wild. Therefore, the

implementation of protection action is a high-priority

project that needs to be done first before further restocking

can be undertaken. The crocodile population can recover

if their habitats were intact (Fukuda et al., 2011).

Bueng Boraphet can be developed as a national

natural crocodile conservation site to conserve the genetic

diversity of Siamese crocodiles because it has enough area

and ecological integrity. The advantage of being a Ramsar

Site will have a positive effect on the conservation of

crocodiles in the area. Moreover, the conservation of

crocodiles will have a positive effect on the development

of eco-tourism site because it can attract wildlife

enthusiasts, researchers, and zoologists. Eco-tourism

focuses on protecting the resource base and it is also used

as a tourism tool that can strengthen conservation with

local community participation. They can have additional

income from tourism activities (Ryan and Harvey 2000;

Rafsanjani and Karami 2011; van der Ploeg et al., 2011).

Bueng Boraphet has potential to be a model of sustainable

co-habitation of crocodiles and local people. This place

has a natural potential and beautiful nature. It is located

in the central region. Travelers can visit without having to

travel too far. It does not cost too much and no additional

equipment is required. The boat ride can accommodate

tourists of various ages in a diverse society. This place is

already famous for tourist destination. There are a variety

of activities suitable for various people who want to learn

about nature or the local community lifestyle. At present,

tourists visit this scenic place for the purpose of surfing

nature because they can take a boat trip to bird watching,

see beautiful lotus fields and enjoy traditional food.

Therefore, further population surveys should be carried

out continuously to determine population dynamics and

develop a crocodile surveillance system together with

built community engagement for sustainable conservation.
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