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Assessment of Saltwater Crocodiles along Bako River during Three Monsoon Seasons 

Ahmad Azreen bin Azizan 

Aquatic Resource Science and Management 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

 Saltwater crocodile, Crocodylus porosus is a large, cold-blooded, amphibious reptile inhabiting the 

estuarine rivers and coastal areas of Sarawak, including Bako River, north of Kuching. This study aims to (i) 

determine the relative density of C. porosus during the southwest monsoon (SWM), inter-monsoon (IM) and 

northeast monsoon (NEM), and (ii) examine the relationship between C. porosus densities with selected in-

situ water quality parameters and total rainfalls. By using the night spotting technique, surveys on C. porosus 

population were carried out in Bako River during SWM, IM and NEM. The highest relative density was 

recorded during NEM (4.87 non-hatchling/km), followed by SWM (3.60 non-hatchling/km) and IM (1.93 

non-hatchling/km). Seasonal fluctuations on the number of crocodiles according to different cohorts were 

most probably due to several reasons including breeding biology, nesting behaviour, level of wariness, 

moonlight and thermoregulation behaviour. Seasonal rainfall data shows that C. porosus densities had an 

inverse relationship with the total rainfalls. Selected in-situ water quality parameters result suggests that C. 

porosus densities had a subtle relationship with the salinity, temperature and pH.  

Keywords: Saltwater crocodile, relative density, Bako River, rainfall, monsoon. 

 

Penilaian Buaya Katak di Sungai Bako dalam Tiga Musim Monsun 

Ahmad Azreen bin Azizan 

 

ABSTRAK 

 Buaya katak, Crocodylus porosus ialah sejenis reptilia dua alam yang besar, berdarah sejuk yang 

tinggal di kawasan muara sungai dan persisiran pantai negeri Sarawak, termasuklah Sungai Bako, di utara 

Kuching. Kajian ini bertujuan untuk (i) menentukan ketumpatan relatif C. porosus semasa monsun barat 

daya, monsun peralihan dan monsun timur laut, dan (ii) mengkaji hubungan antara ketumpatan C. porosus 

dengan ukuran kualiti air in-situ terpilih dan jumlah taburan hujan. Dengan menggunakan teknik 

pengesanan waktu malam, tinjauan ke atas populasi C. porosus telah dijalankan di Sungai Bako semasa 

monsun barat daya, monsun peralihan dan monsun timur laut. Ketumpatan relatif tertinggi dicatatkan 

semasa monsun timur laut (4.87 bukan-tetasan/km), diikuti oleh monsun barat daya (3.60 bukan-tetasan/km) 

dan monsun peralihan (1.93 bukan-tetasan/km). Naik turun bermusim bilangan buaya mengikut kumpulan 

yang berbeza adalah paling mungkin disebabkan oleh beberapa faktor termasuk biologi pembiakan, tingkah 

laku membuat sarang, tahap kepekaan, cahaya bulan dan kawalan suhu. Data hujan bermusim menunjukkan 

bahawa kepadatan C. porosus mempunyai hubungan songsang dengan jumlah taburan hujan. Hasil 

parameter kualiti air in-situ terpilih mencadangkan bahawa kepadatan C. porosus mempunyai hubungan 

yang kabur dengan kemasinan, suhu dan pH. 

Kata kunci: Buaya, ketumpatan relatif, Sungai Bako, hujan, monsun. 
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1 Introduction  

The saltwater crocodile, Crocodylus porosus locally known as buaya katak or 

buaya tembaga, is a cold-blooded, amphibious reptile in the Order Crocodylia. As the 

largest living Crocodylian, the reported length known is up to 6 meters with weight 

exceeding 1100 kilograms (Whitaker and Whitaker, 2008). The shape of its head is 

triangular with a broad snout.  

 It is widely distributed in eastern India, throughout the coastal areas of most 

Southeast Asia, to northern Australia and as far as Vanuatu. As its name suggested, it often 

swims around coastlines and it is the only Crocodylian known to be roaming out to the sea 

water. Isolated individuals have been recorded around offshore islands over 1000 km from 

the nearest population. Its habitation comprises more than a single habitat including 

brackish tidal rivers, estuaries, lakes, deltas, coastal mangrove forest and swamps. Ironic to 

its name, it also thrives well in freshwater environments (Webb et al., 2010).  

 This species is carnivorous and opportunistic. Juveniles select appropriately small 

prey such as aquatic insects, fish, and small amphibians, whereas larger adults take a wide 

range of prey from crustaceans, fish, and amphibians to lizards, birds, and mammals. C. 

porosus frequently cannibalize smaller crocodiles, and have a well-known reputation to 

prey on human. 

In Sarawak, C. porosus is a protected animal under the Wild Life Protection 

Ordinance 1998 and is listed under the Wildlife Conservation Act 2010 (Act 716) as a 

protected species in Peninsular Malaysia. In the state of Sabah, the species is protected by 

the Wildlife Conservation Enactment 1997. 
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Surveys conducted from the year 2003 to 2008 shows a decrease in the average 

relative density in Bako River. This is due to extensive culling in the search of the killer 

crocodile that killed a boy in 2006 (Tisen and Ahmad, 2010). Based on recent surveys 

conducted in 2011 (Hassan and Gani, 2013) and May 2014 (Zaini et al., 2014), the relative 

density is 1.8 non-hatchling per km and 1.3 non-hatchling per km, respectively. Although 

that the relative density of non-hatchling shows an increase and also a slight decrease, but 

the number of hatchlings and yearlings were highly recorded which is an indication of 

recovery populations. 

Despite frequent surveys and the recent population data in Bako River are 

available, none of the surveys focused on seasonal monsoon trends of the population. The 

relative density of crocodiles according to seasonal monsoons in Sarawak is unknown. 

Hence, this study is designed to assess the seasonal relative density of C. porosus in Bako 

River. The population status of C. porosus is crucial for its sustainable management as well 

as to reduce crocodile-human conflict. The objectives of this study were to: (i) determine 

the relative density of C. porosus in Bako River during the three different monsoon 

seasons namely southwest monsoon (SWM), inter-monsoon (IM) and northeast monsoon 

(NEM), and (ii) examine the relationship between C. porosus densities with selected in-situ 

water quality parameters and total rainfalls. 
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2  Literature Review  

2.1  The Saltwater Crocodile 

 This section comprises three subsections namely classification, habitat preference 

and movement pattern and seasonal rainfall influences on crocodile activities. 

2.1.1  Classification 

The scientific name of the saltwater crocodile is Crocodylus porosus. 

Etymologically, the term Crocodylus is derived from the combination of Greek words, 

‘kroko’ and ‘deilos’. The words literally mean pebble and worm due to the crocodile 

external appearance. The species name porosus also derived from Greek word, ‘poros’ 

which means callosity and Latin word ‘osus’ which means ‘full of’. Hence, the term 

porosus means ‘full of callosities’. This refers to the corrugated and bumpy upper surface 

of the snout in large adults of the species (Cooper and Jenkins, 1993). The local name of C. 

porosus is “buaya katak” or “buaya tembaga” (Hassan and Gani, 2013) while its English 

name is saltwater crocodile. 

Kingdom: Animalia  

  Phylum: Chordata  

    Class: Reptilia Laurenti, 1768 

      Order: Crocodylia  

        Family: Crocodylidae  

          Genus: Crocodylus Laurenti, 1768 

            Species: Crocodylus porosus Schneider, 1801 

 
Figure 2.1: Taxonomic hierarchy of C. porosus (adapted from IUCN Red List of Threatened Species, 
2014). 
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2.1.2  Habitat Preference and Movement Pattern 

Having adapted to high tolerance for salinity, C. porosus can be found in brackish 

water nearby coastal areas, river mouths, mangroves and estuaries. However, it is also 

present in freshwater rivers, oxbow lakes and swamps (Webb et al., 2010).  

The movement pattern of crocodiles between different habitats depends upon 

seasonal changes and social status. Crocodiles move from certain habitat to different 

habitat usually between the dry and wet season. In freshwater areas, adult individuals use 

this area as a breeding ground. These areas are also the nursery ground for the juveniles 

which are usually raised here. Eventually, as the juveniles grow up becoming sub-adults, 

they are considered as a threat and competitor to the more dominant, territorial adults. As a 

result of social status, they are usually forced out of these areas into more marginal and 

saline areas. Subordinate individuals that are unable to establish a territory in a tidal river 

system are either killed or forced out into the sea where they roam around the coast in 

search of another river system (Campbell et al., 2013). 

Using satellite tracking system, the movement pattern of crocodiles can be tracked 

down and provides new understanding of the animal movement capability. They showed 

the pattern of moving out to the coast from the extensive river system, voyaging via the 

coastline into another river system and moving between tidal and non-tidal habitats. There 

is also a remarkable display of navigational and homing abilities by relocated individuals. 

These individuals, relocated to more than hundreds of kilometre from their original capture 

site, was able to return home after a long journey of 411km in 20 days (Read et al., 2007). 

To decrease active swimming and save more energy during a long-distance travel via the 

open sea, crocodiles are known to utilize the surface current by riding it to facilitate their 

journey (Campbell et al., 2010).  
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2.1.3  Seasonal Rainfall Influences on Crocodile Activities 

 In the western coast of Sarawak where Bako River is situated, the climate can be 

categorized into three main monsoon seasons namely the southwest monsoon, northeast 

monsoon and inter-monsoon.  The southwest monsoon is the dry season which happens 

from May to September. The minimum rainfall occurs in June or July during this season. 

The northeast monsoon is the wet season which happens from November to March. It is 

during this season that heavy rainfall occurs and the maximum rainfall received is during 

the month of January. Inter-monsoon is the transition period between the two monsoons 

and is relatively short which occurs around April and also around October. During inter-

monsoon, the winds are light and inconsistent. The skies are often clear in the morning and 

this contributes to thunderstorm occurrence in the afternoon (Malaysian Meteorological 

Department, 2014). 

 During the early dry season, the movement of crocodiles are generally restricted as 

they spend most of their time basking on the river banks or in shallow water, completely 

exposed to the sun. Towards the end of dry season, when the temperature peaks, they 

usually avoid direct exposure to the sun. They either seek shaded river banks or remain in 

the water (Haynes et al., 1991). 

Crocodile starts building its nest during wet season. About four to six weeks before 

nesting, courtship occurs and continues through the nesting period. The laying of eggs also 

starts in wet season especially at time of high flooding probability. Although that flooding 

due to heavy rainfall is one of the main causes of egg mortality, the rainfall of wet season 

plays a critical role in cooling the crocodile eggs within nests as high temperature is lethal 

to the eggs (Shine and Brown, 2008).  
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2.2  Survey Methodologies 

2.2.1  Night Spotting Survey Method 

Due to the nocturnal nature of the crocodiles, night spotting surveys are the 

preferred method of crocodilian survey (Magnusson, 1982) because of their versatility in 

habitat. Normally, night spotting is accomplished by using a watercraft although that it can 

also be done on land from a vehicle or on foot. When shone with a flashlight, the crocodile 

eyes will reflect brightly with hues of red and orange colour, enable the researcher to see 

the crocodile from far distances and in circumstances where the crocodile might not have 

been otherwise seen (OBrien, 1990). However, this method requires the crocodile’s eyes to 

be above water and submersed crocodiles cannot be observed. Additionally, differences in 

type of boat or light used, environmental conditions and human error often cause 

inconsistent data (Pacheco, 1996). Though that it may be the most costly ground effort, yet 

this method yield the most reliable population data. Night spotting also allows for 

collecting ecological data and specific details of the species and its condition. 

2.2.2  Daytime Aerial Survey Method 

With vast ground coverage in a limited time, aerial survey is widely accepted as 

cost effective method to survey crocodilian habitat (OBrien, 1990). Flying can be 

especially convenient in habitats where boats are incapable to travel or come across 

difficulties. Aerial surveys are most effective in open swamp and lake habitats to detect 

distribution and abundance of crocodilians or nests. However, it is the least effective in 

areas where canopy closure blocks visibility (Magnusson, 1982). By using aircraft such as 

helicopters and fixed-wing planes, aerial survey is conducted by flying within 50 to 80 

meters of the ground to get an adequate count. There have been successful counts done in 
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previous surveys with helicopters traveling at 80 to 100 km per hour and fixed-wing 

aircraft flying at 120 km per hour (Kushlan and Mazzotti, 1989). 

2.2.3  Daylight Ground Count Method 

This method is the most easily arranged and requires the least equipment. It can be 

done either on foot, from a ground vehicle, or from the air, occasionally reducing logistical 

and transportation costs (Magnusson, 1982). However, this method has been related with 

many zero-counts due to crocodilians refraining from basking with cloudy weather or 

when it has reached the optimal body temperature (OBrien, 1990). Furthermore, many of 

the species diurnal activity decreases and nocturnal activity increases during the seasonal 

changes making night surveys more suitable. 

2.3  Cohort Class (Cox and Gombek) Versus Size Class (Bayliss) 

 In crocodile population surveys, dividing the population into different groups is one 

of the methods of population sampling. Cohort classes of grouping adapted from Cox and 

Gombek (1985) is the grouping of crocodiles sample into several different groups namely 

‘hatchling’, ‘yearling’, ‘sub-adult’, ‘adult’ and ‘eyes only’ (Table 1). The hatchling is less 

than 0.6 m, yearling is between 0.6 m to 1.2 m, sub-adult is between 1.2 m to 1.8 m, adult 

is more than 1.8 m, and eyes only is when the size cannot be estimated and only the eyes 

can be seen. On the other hand, size classes adapted from Bayliss (1987) is the grouping of 

crocodile samples into several classes with 0.5 m class interval (Table 2). 
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2.4  Crocodiles in Sarawak 

2.4.1  Management Strategy 

 Currently, the state of Sarawak is planning the strategy to manage the population of 

crocodiles efficiently. Many steps and activities related to crocodile have been organized in 

recent years. Surveys and monitoring, regional meeting and information sharing with 

neighbouring countries, training and capacity building, formation of Swift Wildlife Action 

Team (SWAT), establishment of crocodile protection area, 3M Crocodile Awareness 

programme, establishment of Crocodile-Free Zones (CFZ) and many other activities had 

been done in order to strategically manage the population and decrease human-crocodile 

conflicts. Sarawak is currently working towards the downlisting of C. porosus from CITES 

Appendix I to Appendix II to help the local people utilize the crocodiles in term of trades 

and economy and also helps in controlling the population (Tisen and Gombek, 2014). 

2.4.2  Human-Crocodile Conflicts 

For countless years, human and crocodiles have live together peacefully in 

Sarawak. They shared the same place of living and environment. Although feared, 

generally the crocodiles are respected by the local people, and in some culture, the 

harassing of crocodiles is considered as taboo (Cox and Gombek, 1985). Even the state 

football team of Sarawak had adopted the infamous crocodile, ‘Bujang Senang’ as the 

mascot of the team. However, few humans have fallen victim to crocodiles in the past. To 

make things worse, the number of crocodile attacks on human in Sarawak had increased 

intensely in recent years (Lading, 2013). 
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Since 1941 until end of March 2013, a total of 118 attacks have been recorded. 

From this statistic, 64 attacks were fatal while another 54 cases were reported to have 

caused certain degrees of injuries ranging from minor scratches to severe injuries. This 

increase of recent crocodile attacks was due to dramatic increase in the population of 

estuarine crocodiles throughout Sarawak (Lading, 2013). Ordinarily, the culling and 

removal of problematic crocodiles are conducted after an incident of attack on human or 

after numerous complaints from the local communities (Tisen and Ahmad, 2010). 

2.4.3  Conservation 

At the international level, the saltwater crocodile have been listed in Appendix I in 

the Convention on International Trade in Endangered Species of Wild Fauna and Flora 

(CITES) except for the populations of Indonesia, Papua New Guinea and Australia, which 

are included in Appendix II. Being listed in Appendix I means that it is an endangered 

species that is susceptible to extinction and is or may be affected by trade, while being 

listed in Appendix II means that it is not certainly threatened with extinction, but may 

become so unless trade in its derivative products is subject to strict rules. In the IUCN Red 

List, its status is listed as lower risk and least concern which means that its population had 

been evaluated and is sufficiently high for a long term survival (Webb et al., 2010). 

In Malaysia, the species is protected under three different laws. In Peninsular 

Malaysia, it is a totally protected wildlife under the Wildlife Conservation Act 2010 (Act 

716). Under this Act, the hunting or keeping of crocodiles, taking any part or derivative of 

the animal, without a special permit is an offence and the offender shall, on conviction, be 

liable to a fine not exceeding one hundred thousand ringgit or to imprisonment for a term 

not exceeding three years or to both. 
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In the state of Sabah, the species is protected by the Wildlife Conservation 

Enactment 1997. According to the Enactment, possession of the protected animal or its 

product can be fined to thirty thousand ringgit or to imprisonment for three years or to 

both. Illegal hunting and possession of crocodiles, their eggs, or any of their products, are 

separate offenses of which carries a maximum penalty of fifty thousand ringgit or five 

years imprisonment, or both. 

In Sarawak, it is listed as a protected animal under the Wild Life Protection 

Ordinance 1998. Under this Ordinance, any person who is found guilty of hunting, killing, 

capturing, selling, offering for sale or claiming to be offering for sale, importing, 

exporting, or possessing of any protected animal or any recognizable part or derivative 

thereof, or any nest thereof, except under and in accordance with the terms and conditions 

of a licence issued, shall be liable to imprisonment for one year and a fine of ten thousand 

ringgit. 
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3  Materials and Methods 

3.1  Study Area 

The study was conducted in Bako River off the Sarawak River Basin, north of 

Kuching (Figure 3.1). The topography of this area is generally flat with peat swamp and 

very close to the coast. The river is under tidal influence, lined with mangroves and 

meanders through a distance of more than 20 kilometers before it inosculates with the 

Santubong River at the southern part of the area. There are two main tributaries of Bako 

River which are the Tabo tributary (Station 2, Figure 3.1) and also the Selesung tributary. 

The river mouth is where the Bako Jetty (Station 3, Figure 3.1) is situated and it is the main 

gateway to enter Bako National Park. Human settlements occur only at the river mouth 

area (Bako Village) and also at the end of the river where Demak Laut Industrial Park is 

situated (Station 1, Figure 3.1). There was no human settlement at the middle of the river 

(Station 2, Figure 3.1). The location of Bako River is shown in Figure 3.1. 
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Figure 3.1: Locations of study areas in Bako River, Kuching - adapted from Google Map (not to 

scale). Density survey started at Station 1 and ends at Station 3. Selected water quality parameters 
were measured at Stations 1, 2 and 3.  
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3.2  Field Sampling 

The density survey was conducted once in three different periods of monsoon 

(southwest monsoon, inter-monsoon and northeast monsoon) between June 2014 and 

March 2015. Each survey was conducted at night during ebbing tide. A total distance of 15 

kilometers was covered starting from Station 1 and ended at Station 3 (Bako Jetty). 

3.2.1 Night Spotting Survey 

The standard night spotting survey method was conducted based on Bayliss (1987) 

involving the scanning of river banks and water surface with a spotlight on a boat (Cox and 

Gombek, 1985). When the crocodiles were spotted, they were approached to within 6 

meters (Messel and Vorlicek, 1989) to estimate their size. From the visual size estimation, 

they were classified into two sets of size classes, which were the standard cohort groups 

based on the Cox and Gombek method (1985) and the modified version of size classes 

adapted from Bayliss method (1987). 

  


