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Abstract 

 

The population of Estuarine crocodiles (Crocodylus porosus) in Sarawak has increased over the past 

three decades. This population increase is believed to be associated with the rising number of 

crocodile attacks on human and livestock. However, the ecological factors underlying human-

crocodile conflicts (HCC) remain poorly understood. Studying the gut contents of C. porosus is 

essential to understand their feeding behaviour and ecological role, providing insights that could help 

mitigate this long-standing HCC. Therefore, this study is carried out to assess the type and the amount 

of non-organic and organic items found in the crocodile stomach. Five individuals of adult crocodiles 

were examined for stomach contents following the standard operating procedure.  The analysis 

revealed a total of 44 pieces of non-organic items are found in the crocodile stomachs, with plastic 

debris is the most common, followed by metal, fabric and glass. The organic items mainly consist of 

skeletal remains such as skull, bones, and other remnants of prey items. The findings of this study 

established baseline data on stomach content of adult crocodiles in Sarawak. The heterogenous 

composition of ingested materials indicates a high degree of complexity in the species’ feeding 

behaviour. In future, more in-depth research questions should be emphasized especially pertaining to 

feeding activity and pattern which will be useful for sustainable management of the HCC.  
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1. INTRODUCTION 
 

Estuarine crocodiles or saltwater crocodiles, Crocodylus porosus is commonly found in Sarawak 
(Hassan and Gani, 2013). The mean size at which males mature has been estimated to be 160 cm SVL 
(snout-vent length), whereas the mean size at which females mature has been determined to be 110 cm 
SVL (Webb et al., 1978). This species of crocodile has been assessed with the least concern 
assessment in the IUCN Redlist by the International Union for Conservation of Nature (IUCN) in the 
wild. Moreover, Malaysian population of C. porosus was moved to CITES Appendix II in 2016 which 
encourage the State of Sarawak to execute a wild harvest and ranching programme to manage rising 
levels of Human-Crocodile Conflict (HCC). This crocodile species also has an extensive distribution, 
ranging from southern India and Sri Lanka, through southeast Asia, the Philippines, Micronesia, 
Indonesia, Papua New Guinea, and the Solomon Islands, to northern Australia (Webb et al., 2010). As 
a keystone species, apex predators, indices of ecological health, and agents of nutrient and energy 
transfer between different ecosystems, estuarine crocodiles play a critical role in ecosystem dynamics 
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and maintain ecological balance (Somaweera et al., 2020). Understanding their dietary habits, 
including the consumption of non-organic items, is crucial for effective conservation and management 
efforts. Marine species regularly come into contact with plastics and either consume it or become 
entangled in it (Kühn & van Franeker, 2020). Consumption of marine debris can be observed through 
estuarine crocodiles as their habitat is commonplace to suffer solid waste pollution, for example from 
garbage dumping by nearby local residents. Adult crocodiles may also be spotted close to settlements, 
most likely because food was accessible there since household waste was often dumped into rivers 
(Hassan et al., 2018). Lading and Das (2021) carried out research on the intake of organic materials by 
young estuarine crocodiles. Concerns are raised regarding the possible ecological effects and health 
dangers connected with ingesting these non-organic materials, such as plastic trash, fishing gear, and 
other man-made objects. Crocodiles are capable of ingesting significant amounts of microplastics 
throughout the course of their lifetimes, either mistakenly absorbing plastic components or digesting 
microplastic particles that have accumulated within their food (Gonzalez-Jauregui et al., 2019). This 
implies that the bigger the size the more likely crocodiles are to have plastics or inorganic item inside 
their stomach.  

Non-organic material refers to any item that could not be eliminated by microbial or chemical 
breakdown (Stephens and Calder, 2004). Non-organic item includes plastics, styrofoam, rubber, etc. 
Marine debris (also known as marine litter), which is defined as solid produced or processed waste 
that enters the marine environment, is a remarkably overlooked source of marine pollution (Hofer, 
2008). The ocean, which collects a variety of trash known as marine litter, may be the world's largest 
landfill (Schneider et al., 2018). Metals, glass, pottery, textiles, paper, and wood all fall under marine 
litter. Plastic trash, however, according to Jambeck et al. (2015) makes up the majority of marine litter 
and is likely the most harmful. Approximately 12.7 million tonnes of plastic trash are thought to enter 
the ocean annually from only land-based sources .  

In Malaysia, Sarawak is home to the majority of crocodiles (Gani et al., 2022). Crocodiles have 
long lived in Sarawak waterways, as evidenced by the presence of "Baya Tanah," effigies of 
crocodiles that can be seen in a number of places around the state, notably in Engkilili, Kanowit, and 
Kapit (Gani et al., 2022). Human-crocodile conflict (HCC) is no strangers to residents of this state. 
According to Gani et al., (2022) the pattern of human activity in Sarawak is related to that of crocodile 
attacks. Culling of crocodiles have been made by the Sarawak Forestry Corporation in respond to 
HCC.  

However, up to December 2024, there has been no publication on type and abundance of non-
organic item found in estuarine crocodiles. Therefore, objective of this study is to determine the type 
and the abundance of non-organic items found in stomach of estuarine crocodiles caught in rivers in 
Sarawak. 

 

2. MATERIALS AND METHODS 
 
This study included 5 river system in Sarawak, namely (i) Sg. Sarawak  at Satok Bridge; (ii) Sg. 

Tabuan at Kg. Tabuan Hilir; (iii) Sg. Sibu Laut at Kg. Telaga Air , (iv)  Btg Salak at Kuching Wetland 
RAMSAR Site and (v) Sg. Padeh, Btg Saribas, Betong, central Sarawak. In collaboration with the 
Sarawak Forestry Corporation (SFC), the crocodile gut contents were obtained from their facility on 
the 30th of March 2023. The cause of the death of all crocodiles are uncertain, while sample number 3 
was from exercise of culling in Sungai Sibu as a response to human-crocodile conflict (HCC). 

The stomachs were thawed and washed using tap water through a 2 mm polyvinyl chloride 
(PVC) net. All non-organic items were washed again and dried under the sun. The non-organic items 
were classified into 4 categories namely plastic, fabric, metal, and glass (Ribic et. al.,1992). Plastics 
were classified into two sub-categories; (i) mesoplastics which is from5 mm to2.5 cm in size, and (ii) 
macroplastics which is more than 2.5 cm (Cheshire et al., 2009) and Blettler et al. (2017). Naked eye 
inspection of the contents of the stomach was implemented (Cliff et al., 2002) followed by sorting the 
gut content. The non-organic items sorted were weighed using a digital balance (Tanita KD-200) (up 
to 0.1 gram) as well as counted manually. Pictures of non-organic samples obtained from the stomach 
of crocodiles was also be taken to provide a clear depiction of the samples procured. In addition, 
pictures of bones, skulls, and others were photographed using a smartphone for record. Number of 
item and weight were recorded and analyzed using descriptive analysis.  
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3. RESULTS AND DISCUSSION 
 

3.1 Results 
 

This study involved 5 adult crocodiles comprised 3 males and 2 females (Table 1). All 
crocodiles were found as carcasses except for individual number 3. 

 
Table 1. Sample of the study 

 
Individual Gender Total Length (m) Location and condition 

1 Male 4.43 Sg. Sarawak  at Satok Bridge; near residential area 
2 Female 2.67 Sg. Tabuan at Kg. Tabuan Hilir, near residential 

area 
3 Male 3.65 Sg Sibu Laut, Kg Telaga Air; crocodile was 

trapped near a seafood restaurant, culling exercise 
due to human-crocodile conflict in the area 

4 Female 2.44 Btg Salak at Kuching Wetland RAMSAR Site 
5 Male 2.48 Sg. Padeh, Btg Saribas, Betong, central Sarawak, 

near residential area 
 
Debris of plastics were found in all 5 crocodiles whereas metal was found in two of the 

crocodiles (Table 2). The total number of plastics (meso- and macro-) found were 39 pieces. 
Individual number 3 had consumed the largest number of plastics (n= 26) whereas individual number 
4 and 5 were found to have the least number of plastics in their stomach. Only one metal was found 
which is in individual number 1 (bundle of wires) and one nail was found in individual number 4. Two 
pieces of fabrics were found in the stomach of individual number 1. One piece of glass sharp was 
found in individual number 5.  
 

Table 2: Non-organic items found in the gut of crocodiles 
 

Individual Plastic (meso) Plastics (macro) Metal Glass Fabric 

1 0 7 1 0 2 

2 2 2 0 0 0 

3 1 25 0 0 0 

4 1 0 1 0 0 

5 1 0 0 1 0 

TOTAL 5 34 2 1 2 

 
The weight of plastic items found in 5 crocodiles were 489.7 g which is the highest out of the 

four categories, 37.5 g for metals, 36.2 g for fabrics, and 0.4 g for glasses (Figure 1). The total weight 
of all non-organic items found in all 5 crocodile stomachs is 563.8 g. Individual 3 consumed the most 
plastics by weight (238.6 g), whereas individual 5 consumed the least plastics by weight (0.1 g). Other 
than that, individual 4 consumed the most metal by weight (26.4 g) compared to individual 1 (11.1 g). 
Figure 2 describes number of plastic debris in each crocodile. Individual 3 has the highest number of 
plastic items consumed (n=26), while individual 1 has the second highest number of plastic items 
consumed (n= 7). Both individual number 3 and 1 were male crocodiles. Individual number 5 is also a 
male but smaller in size (TL=2.84m). Individual 1 has the largest size (TL= 4.43 m) while individual 3 
has the second largest size recorded (TL= 3.65 m). As all crocodiles had plastics in the stomach, 
Figure 2 shows that the highest number of plastics was found in an adult male. 
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Figure 1: Distribution (in percentage) according to categories (plastics, glasses, fabrics and metals) 

found in the stomach of five adult crocodiles. 
 

 

Figure 2: Number of plastic debris in each crocodile. 
 
In this study, only four stomachs contained skull, bones, and other organic items. The bones that 

are attached were counted as one. Individual number 1 had a monitor lizard (TL~1m) in its stomach 
(Figure 3). Individual number 4 was found to have a carcass of a horseshoe crab (Figure 4) that was in 
a crushed state, including a piece of bone inside its stomach. Approximately 10 pieces of bones and 22 
pieces of claw-bones were found inside individual number 5 (Figure 5). 
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Figure 3. Individual number 1 had a monitor lizard Varanus salvator (TL ~ 1m) in its stomach. 

 

Figure 4. Individual number 4 had a carcass of a horseshoe crab Carcinorcorpius rotundicauda in its 

stomach. 
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Figure 5. Approximately 10 pieces of bones and 22 pieces of claw-bones were found inside individual 

number 5, most likely belonging to small Primates and Order Rodentia (rats, squirrels). 

3.2 Discussion 

The samples in this study (n =5, mean TL 3.21 m) were considered as adult crocodiles (Webb et 
al., 2010).Plastic items were found to be the most abundant type of non-organic item consumed by 
crocodiles, where macroplastics were found to be more than mesoplastics. In contrast, Lading and Das 
(2021) reported that juvenile’s gut did not contain any piece of marine litter or non-organic item. It is 
possible that while crocodiles attack the preys, they accidently swallow the plastics.  Between 60 and 
80% of the world's marine garbage is made of plastic components (Derraik, 2002). A key source of 
ocean plastics is rivers that carry waste through communities before dumping it at sea (Lebreton et al., 
2012, Cózar et al., 2015). Individual number 3 was found to have the highest amount of plastic in its 
stomach (n=26). This crocodile had eaten one big plastic bag which contained many pieces of smaller 
size plastics of various kinds.  

It was a challenge in determining the weight of items found in the stomach of crocodiles because 
of a layer of oil coating present on almost all gut contents. On the other hand, the metal that was found 
in individual number 1 (11.1 g) was a bundle of wires that clumped up together. The metal that was 
found in individual number 4 (26.4 g) was a piece of a large broken nail, this explains the difference in 
weight although each of the crocodile scored one item of metal in the stomach. The weight of plastics 
can also show the differences in these two types of data. For example, although the amount of plastic 
found were 7 and 26 in individual number 1 and 3, respectively; the weight recorded were 224.3 g and 
238.6 g. Therefore, one may say the weight is not reliable metric for estimating the feeding behaviour. 
In this study, the non-organic item comprised drinking straws, plastic bags, plastic ropes, food 
packages, water bottles, and such which most are daily necessities (Awasthi et al., 2017). A few pieces 
of debris from fish nets were also found inside the stomach of the crocodiles.  

The highest amount of plastic consumed was by individual number 3 (26 pieces) followed by 
individual number 1 (7 pieces) where the size of the crocodile were 3.65 m and 4.43 m, and both were 
male crocodiles. In general, larger size crocodiles tend to have a higher chance of consuming trash. 
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Many animals mistook garbage for food, and once they have ingested anything, they are unable to 
vomit it (Sheavly and Register, 2007). Hassan et al. (2018) also reported that large crocodiles were 
found near human settlements, where they were found to be foraging in leftover rubbish.  

The mean values that were calculated in this study are not able to determine any significance 
such as the mean for non-organic item consumed (8.8) and the mean size of crocodiles (3.21m) as the 
sample size utilized in this study is too small. Due to the small number of samples used, there is also 
no evidence that gender and size influence the amount of plastic consumed by crocodiles. In addition, 
C. porosus are considered to be opportunistic feeders (Caldicott et al., 2005; Erickson et al., 2012), but 
limited knowledge was published on their nocturnal hunting tendencies (Evans et al., 2017). Many 
cryptic species, like crocodilians, have complicated behaviors that are not well understood, and little is 
known about their wild hunting behavior.   

The importance of knowing the location could help in identifying the possible reason for non-
organic item consumption by the crocodiles. Individual number 3 which is the crocodile with the 
highest non-organic item consumption was obtained in an area perpendicular to restaurants in Sungai 
Sibu, Sarawak. In an area where human settlements are present, trash and garbage alike are common 
and often end up in rivers. According to several studies, both home and non-domestic waste 
contaminated the majority of urban drainage systems (Olabode and Lawrence, 2014; Oktiawan and 
Amalia, 2012). Similarly, individual number 1 and 2 were also obtained near residential areas which 
may explain the presence of non-organic items in their digestive systems. However, individual number 
4 was found dead in an area inside the Kuching Wetlands which is a National Park, an area that is 
protected from harmful human activities. It is possible that this individual consumed garbage from 
outside Kuching Wetlands area as their nature of roaming the waterways for food and mating. Female 
crocodiles stay in a region of the river less than one kilometer long for breeding, but they moved up to 
54 km in distance from the breeding area to build their nests (Campbell et al., 2013). During the 
mating and nesting season, male C. porosus may migrate at high rates (6.49±0.9 km per day) 
(Campbell et al., 2013). Since many crocodile habitats are located near fishing communities and 
tourist areas, motorboat traffic, oil, noise, rubbish, polythene, and used fishing nets and equipment 
may have an adverse effect on the animals living there (Amarasinghe et al., 2015).  

Sarawak rivers are known for its abundance in natural resources, especially food sources such as 
fish and aquatic vegetation. However, crocodiles are also drawn to garbage dumps by the stench of 
trash or by the smell of other prey animals like rats, birds, and dogs, who are drawn to food that has 
been placed there. Approximately 28 prey items that was found inside the crocodile stomachs 
indicated that they had been feeding on reptiles (monitor lizards), small mammals (rodents), and even 
crustacean (horseshoe crab). According to Lading and Das (2021), these are the common food items 
for C. porosus in Sarawak. The claws that were obtained from individual number 5 are highly 
suspected to originated from a reptile, probably monitor lizard, similar to those found in individual 
number 1. The diversity of prey items found in 4 out of the 5 crocodiles indicated that estuarine 
crocodiles are opportunistic feeders which are able to adapt to whatever food is available at the 
habitat. 

 

4. CONCLUSIONS AND RECOMMENDATIONS 

A total of 44 pieces of non-organic items were found in the crocodile stomachs including 
plastics, fabrics, metals, and glass whereby  the plastic debris were the most common item that was 
found. Due to limited number of samples involved in this study, there is no clear evidence whether the 
size and gender influence the abundance and types of trash consumed by crocodiles in Sarawak. This 
study also recorded that 80% of the samples contained organic remains which include skulls, bones, 
and other remnants of prey items which shows the diverse diet of crocodiles. The data from this study 
could be used as a baseline for future research on crocodiles in Sarawak. A small number of samples 
were involved in this study, therefore, more samples representing different cohorts (size) should be 
used in future studies.  
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