
 

 
 

Prey specialization and diet 
of frogs in Borneo 
 
  
 

Kristoffer Ahlm 
 
 
 
 
 
 
 
 
 
 
 
 
 
Student 
Degree Thesis in Ecology 15 ECTS 
Bachelor’s Level 
Report passed: 2015-01-16 
Supervisor: Bent Christensen  



 

Abstract 
 
Earlier studies of the diet of frogs indicate that most adult frogs are mainly insectivorous. 
Overall, frogs are viewed more as generalists than specialists in terms of their diet. However, 
despite earlier studies, there are still gaps in our knowledge regarding what frogs tend to eat 
and the degree of specialization. The aim of this study was to investigate the diet choice of 
frogs in a tropical ecosystem. The present study was conducted in a well-known hotspot for 
frogs with 66 of the 156 known frog species in Borneo found in a protected area comprising of 
primary rainforest.  
 
Frogs were caught in the field and their stomachs were flushed. The stomach content was 
retrieved, sorted to prey categories, and the diet analysed. In addition, the frogs were 
identified to species level. The frogs belonged to five families: Bufonidae, Dicroglossidae, 
Megophryidae, Microhylidae and Ranidae. My results show that the most common food 
source was ants, which constituted 63.7 % of the total food for all studied frog families. 
Termites, beetles and spiders made up 11.7 %, 4.2 % and 2.8 % of the total prey, respectively. 
The results from the analysis of Shannon’s diversity index supported two diet specialist 
families, the Bufonidae and Megophridae, which had a significantly lower mean diversity 
index compared to the generalist Dicroglossidae. To better reveal differences in frog’s diet in 
this ecosystem, further studies using larger sample size are needed. 
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Introduction 

Community structures of ecosystems are altered by competition and the availability of 
resources (Begon et al. 2006). When a species do not have any competitors in the system it 
can exploit its entire niche width, i.e. its fundamental niche. If two species compete for the 
same resources they will be affected by one another. When competition occurs in the system, 
both species are restricted to their realized niche. This will lead to interspecific competition 
and decrease survival and fecundity for the competing species (Hardin 1960). Competitive 
release could lead to an expansion of an ecological niche in the absence of a competitor 
(Grant 1972). 

Interspecific competition is proved to be a powerful influence on the community structure 
even when the level of competition is low. This will have an effect on which species that can 
coexist and how they live (Begon et al. 2006). At low levels of competition, species could 
coexist without changing plastically and evolving (character displacement) (Martin and 
Genner 2009). At high competition levels, it could either exclude a nearby competitor 
(MacArthur and Levins 1967) or undergo ecological character displacement that will, in the 
long run, reduce competition (Grant and Grant 2006). One example of character 
displacement that is driven by competition for food is the diversification of the famous 
Darwin’s finches on Galapagos Islands. The beak size of the birds showed a clear case of 
disruptive selection illustrating an advantage to either have a small beak or a large beak 
(Hendry et al. 2009).  

To reduce interspecific competition, several species are more specialized in their diet i.e. 
eating fewer prey types and from certain groups. Consumers in an ecosystem can be 
classified in two groups depending on what they feed on. Specialists are feeding on a single or 
a few prey types whereas generalists are considered to feed on many types of prey. Frogs are 
viewed more as generalists than specialists because the majority of frogs are opportunistic 
feeders (Wells 2007, Vitt and Zani 1998). Previous studies of the diet of frogs indicate that 
most adult anurans are carnivorous and mainly insectivorous (Da Silva 1989). The literature 
still points out that in tropical rainforests, there are two distinct feeding types among frogs 
(Wells 2007). The first group mainly contain ants and termite specialists and are so called 
active foragers. Such frogs are mainly ground dwellers and belong to families such as 
Bufonidae and Microhylidae that have mostly small gapes (Wells 2007). The second group of 
frogs are mainly generalists, where the members are known to sit and wait for their prey. 
Many species in this group have a larger gape size making predation of larger prey possible 
(Wells 2007). But even for this second group, ants play an important role as food source 
(Emerson et al. 1994).  

Amphibians are declining in numbers around the world and studies of them are important. 
Several frog species in the tropics are threatened due to habitat loss caused by climate change 
and deforestation (Sole et al. 2005, Stuart et al 2004, Sodhi et al. 2008). Moreover, frogs are 
in large numbers caught for the food market (Halliday 2008). Fragmentation and habitat loss 
could lead to changes in the microclimate, which could then affect the amount of various 
insects in the system (Sole et al. 2005). Since insects are an important food source for many 
predators, this could lead to a decline of amphibians. Therefore, good knowledge about frog 
diet and how they are linked in the food web is an important tool for conservation of frogs in 
tropical communities (Sole et al 2009). Studies by Duellman and Lizana (1994) have 
previously provided evidence that anuran diets follow prey availability. Previous studies by 
Wells (2007) and Emerson et al (1994) support that the families Bufonidae and Microhylidae 
are considered specialized on ants and termites.  

I conducted this study in a primary rainforest in Ulu Temburong National Park, in Brunei, 
Borneo. I have studied frogs and their diet. The species investigated belonged to five families: 
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Bufonidae, Dicroglossidae, Megophryidae, Microhylidae, and Ranidae. I have used Shannon 
index to investigate the degree of specialization of all individuals of the five studied families 
based on the stomach contents. 

 
Aims of the study 
My main focus was to generate knowledge of what the frogs in tropical forest are eating and if 
some families or species are more specialized in their diet than others. I studied the frogs’ 
stomach contents and used diversity index to see if the frogs are generalists or specialists.  
Additionally, I aimed to test the hypothesis that gape size correlates to the degree of 
specialization (Emerson et al. 1994).  
 
 
The present study aimed to answer three questions:  

 
• What is the frogs´ main diet in tropical forest, Borneo? 

 
• How specialized are the frogs in the system and are some families or species more 

specialized than others? 
 

• Could gape size explain the degree of specialization?  
 

 

Materials and methods 
 
Study site 
I conducted this study in a primary rainforest in Ulu Temburong National Park, in Brunei, 
Borneo near the border to Sarawak, Malaysia. The area is untouched and has never been 
logged (Grafe pers.com.). Ulu Temburong National Park is located in the eastern part of 
Brunei, Borneo in South East Asia (Figure 1). The park has a protected area of 50 000 
hectares and is a lowland mixed-dipterocarp rainforest. The terrain is very hilly and has steep 
slopes (Das 1995). The annual rainfall varies between 2500 and 4000 mm (Das 1995). The 
area is very isolated from civilization since it is only reachable by boat. The Ulu Temburong 
National park is an important amphibian hot spot with 66 of the 156 known frog species in 
Borneo found in this small protected area (Grafe and Keller 2010). In the park there are two 
major rivers, Temburong and Belalong, and a dense network of small streams, making this a 
suitable habitat for frog communities as most amphibians in Southeast Asia are stream-
associated (Figure 2)(Grafe and Keller 2009). 
 
The Kuala Belalong Field Studies Centre is located in the edge of the national park and the 
Belalong River flows next to the field station. The facilities work as a basecamp for research 
and fieldtrips in the area and they also hold good laboratory facilities with electricity that is 
run by a diesel generator, mainly in morning and in evening. 
 
The frogs were caught during the period February 6th to March 3th, 2014. The average 
temperature during the study period was 25.2 degrees Celsius. The weather was very variable 
with a few days with heavy rain. It could rain up to 83 mm in just 2 hours, Leading to rapid 
changes in stream size and colour. Also, long periods of with almost no rainfall that made the 
water clear and shallow (weather data were obtained from Kuala Belalong Field Studies 
Centre). 
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Figure 1. The study site location in Brunei, Borneo (Source: Google maps). 
 
The study sites were the streams Apan, Mata Ikan, Belalong, and Baki, small to medium-
sized streams that flowed into the major Temburong river (Figure 2a-c). These streams were 
2-3 meters wide and were rocky and clear with a bed of small gravel. The water level in the 
streams could change very rapidly due to heavy rains but most of them had mainly shallow 
water during the study period. One of the study sites Mata Ikan was visited by foot and was 
located just behind the research facility. All the others study sites had to be reached by 
longboat.  
 
 

   
A.                                                                       B. 

 
 
 
 
 
 
 

 
 
 
 

    C. 
 
Figure 2. Study sites at the end of A. Baki stream. B. Mata Ikan stream. C. Study site Apan. 
(Photos by Kristoffer Ahlm) 
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The boat rides up the stream to the study sites were sometimes very challenging due to the 
shallow water and unpredictable nature of the flow this made that some days we were not 
able to go to some of the study sites. 
All the boat rides started just after sunset when there was some light to drive the boat. The 
boat rides back from the field sites were made in total darkness with only headlamps as guide 
to see rocks and logs in the stream making this study potentially risky. We started after 
sunset around 6.30pm and were out until around 10pm. 
 
 
Frog sampling 
Frogs were collected mainly during night-time when frogs were most active. We conducted 
visual surveys with headlamps along trails and streams. Experienced members in the 
research group could locate certain frogs with just acoustical aid. 
 
The place for the captures was rotated between the streams each night to minimize the 
disturbance of frog populations. Each survey night, the temperature and air humidity were 
measured in the 3-5 transects at each study site. Each transect contained traps at 5m, 15m, 
30m, 60m and 120 meters from the stream in a steep upward slope. The traps were buckets, 
and green mesh nets were used as drift fences, to increase the probability to capture frogs. 
These fences were installed previous to my study to investigate the movement patterns of 
frogs within the forest under storey. Visual surveys were conducted around the trap and the 
fence, the surrounding ground and under storey vegetation up to 3 m above ground.  
 
After the survey on each trap, captured frogs were collected by hand and put in small plastic 
vials. After a handful of specimens had been collected, each frog in turn was carefully taken 
out of the vial and held firmly around the waist with one hand, making it possible to measure 
the frog. The parameters taken for each frog was species, gender, age class, snout-vent length 
(SVL) tibia-fibula length (TFL), gape width (GW) and body mass. Small frogs were measured 
using a dial calliper while gently holding the frog between thumb and forefinger from the 
side, preventing overheating and avoiding the risk of putting too much pressure on its 
sensitive body.  
 
In order to be able to flush the stomach of the frogs, each frog was held along the frogs back 
and its forelimbs were fixed with thumb and forefinger (Figure 3a-e). The frogs were really 
sensitive to drying out and if flushing was going on for a long period. It was sometimes 
required to splash some water on those individuals that started to show symptoms of drying 
out. This was made to prevent the risk of overheating the frogs and risk that they eventually 
died.  
 
To determine the diet of frogs in earlier studies, most researchers killed the animals and 
dissected their stomachs. However, research that affect the biodiversity in a larger scale need 
to be done with great caution (Solé et al. 2005). The frogs were stomach flushed in this study 
to gain the food data from the frogs, which is an effective method that can be used in the field 
without being harmful to the animals (Grafe et al. 2011). Flushing of the stomach was done 
following the established protocol without anaesthetizing the animals (Solé et al. 2005).   
 
To avoid flushing the same individuals again in the project, all frogs were generically marked 
by toe clipping the forth toe tip on the right hind leg. This methodology of individual marking 
has been shown to have minimal effects on survival for many anuran species and is 
preferable to other marking methods (Grafe et al. 2011).  
 
To start stomach flushing the frogs, a spatula or a featherweight forceps was used to gently 
open the frogs´ mouth (figure 3d). Thereafter, the mouth of the frog was fixed with a finger 
when inserting a soft, flexible tube attached to a syringe. The tube was introduced through 
the frogs’ oesophagus into the stomach (Figure 3e). The water was put through the tube using 
a flushing syringe of either 50 ml, 20 ml or 10 ml. Which syringe that was used was 
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determined by the size of the frogs. Water was collected from the stream in a bucket that was 
carried with us along the survey.   
 
The frog was hold down on a plastic sieve (figure 3e). The frog will then throw up and the 
stomach content is collected, This method was repeated until only water came out from the 
frog stomach, typically this was made 3-4 times. After the flushing, stomach content was 
collected into marked plastic tubes filled with 70 % ethanol to conserve the stomach content 
for later analysis. The arthropod samples were analysed in the laboratory at the field centre 
into different prey categories. All frogs were released within one hour at their capture site to 
minimize stress for the animals (Grafe pers.com.). 
 
 

 
 
Figure 3. A. Measurements of body length. B. Measurement of gape size. C. Measurement of tibia-fibula length. D. 
Preparing for stomach flushing. E. Stomach flushing in the field. (Photos by Kristoffer Ahlm). 
 
  

A B 

D 

C 

E 
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Data 
In addition to collected data, I had complementary data from previous studies made by Ph.D. 
Hanyrol Ahmadasah to get a bigger sample as the weather conditions during the present 
study limited the amount of hours in the field. Raw data is presented in Tables in appendix. 
 
Study species 
The species investigated belonged to six families: Bufonidae, Dicroglossidae, Megophryidae, 
Microhylidae, and Ranidae. All frogs I found were flushed except the tree frogs 
(Rhacophoridae). Since these frogs mainly lives and feeds differently then the rest of the 
families and this was not the focus for the big project that I was involved in. The frogs caught 
in the study were adults and sub adults. Frogs were identified to species level using the 
database frogsofborneo.org. To make identification more secure, all frogs were checked by 
the experienced Ph.D. candidate Hanyrol Ahmadsah. When I was on my own in the field I 
took photographs of the frogs for later comparison with the aforementioned field guide. 
 
Analysis of diet content 
While back in the laboratory the stomach contents were analysed with a stereomicroscope 
with magnification 10x and sorted to different categories of prey.  
 
If the prey sample was in parts and the pieces were not good enough to make a secure 
identification, it was categorized as unknown. The digesting process made identification 
rather difficult, the content in the frog´s stomach could either be so digested that it was just a 
white slime and impossible to see what the frog had eaten. Parts of insects i.e. the hard pieces 
that have not been digested but still making identification difficult because the sample only 
contained certain pieces of the insect, this was called exoskeleton. The exoskeleton group was 
3 %. The two categories exoskeleton and digested food constituted less than 9 % of the 
examined stomach content. Everything what we found in the frogs stomach was noted, so even 
sticks and dirt were included in the protocol.  
 
The initial dataset was based on 156 frogs that were identified, measured and stomach flushed 
in the field. Of these, 46 individuals were excluded because they only had eaten digested 
unknown items and could therefore not be used to assess a diversity index. Thus, the final 
dataset and calculations were based on 110 frogs  
 
Data and statistical analysis 
The program Microsoft Excel version 14.0 was used to sort and arrange the data and to make 
graphs. Before calculating the Shannon index i.e. the diversity of prey species, all unknown 
food items to category level such as digested food, unknown sample, and exoskeleton food 
were excluded. This resulted in some of the animals being excluded from further statistical 
analyses because they lacked food data. This was made to interpret the results of the diversity 
index without letting these unknown factors affect the data in this small data set. Shannon 
index was calculated in Excel. The formula for Shannon diversity index is (Weaver and 
Shannon 1949): 
 

 
 
H’ is the diversity index which is the proportion of prey items of a category to the total 
number of prey items. The letter pi is the relative abundance of each prey category.  
 
Statistical analysis of the Shannon index values was made in IBM SPSS version 21 and with a 
nested two-way ANOVA (mixed model analysis). Diversity H´ was set as a dependent factor 
and species were nested within the family. To calculate the mean value for the diversity index 
and gape size for each family or for each species, the program Microsoft Excel was used. 
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Tukey´s HSD test was used in the program R to judge which of the tested families that had 
similarities and differences between tested families. This method allowed me to detect the 
difference between the families. Linear regression was used to investigate if the gape size was 
correlated to the diversity index. This was done by comparing all individuals in all families. 
Statistical significance was defined as a p-value of <0.05. 
 
 

Results  
 
The diet of 110 individual frogs from five different families was analysed. Microhylidae was 
the most common family in the study, 56 individuals were found and their stomachs flushed.  
The second most common family was Megophridae, 24 individuals. Ranidae had 8	  
individuals; Bufonidae 15 individuals, while the Dicroglossidae was the smallest group in this 
study including 7 individuals. 
 
Overall, ants were the most common food source comprising 63.7 % of the total prey items 
for all examined frogs (Figure 4). The second most common prey item was termites, 11.7 % of 
the total prey items. Beetles and spiders constituted 4.2 % and 2.8 % respectively to the total 
prey number (Figure 4). 

 

 

Figure 4. Contribution of prey categories to the diet of frogs in a Bornean rainforest. The category defined as 
others was based on the rest of the diet species that contained less than 1% each. 

 
Nematodes were only found in the diet of Megophridae and constituted 11 % of the families’ 
total food intake (Appendix Table.1). 
 
Digested food was found in all families but had the highest proportion in Megophryidae, 26 
% of the food content. Ranidae also had a high percentage digested food, 15.8 % of their 
stomach content (Appendix Table.1).  
 
Although the overall percentage of ants in the diet of frogs was high, there was significant 
variation in the proportion of ants within each frog family (Supplementary Table 1). Most 
notably, no ants were found in the stomachs of Megophryidae (Figure 5).  
 

Ants,	  63.7%	  Termites,	  
11.7%	  

Beetles,	  4.2%	  
Spiders,	  2.8%	  

Unknown,	  
1.3%	   Others,	  

16.3%	  
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Figure 5. The proportion of ants as prey in the different frog families.  
 
 
The family Microhylidae had the highest proportion of ants, 74.8 % of the food source 
contained ants. Within the family Michoylidae 93% of the food source of the species K. 
pleurostigma was ants. A similar food pattern was found for M. boreensis where 92 % of 
consumed prey items were ants. C. fusca had 71% while M. petrigena had 65 % ants in their 
diet. The nested two-way ANOVA (mixed model) showed significant differences in diet 
between frog families (p=0.044 F=2.564 df=4), and for species within the families (p=0.034 
F=1.922 df=14). 
 
The mean value of diversity indices for each family was calculated. Dicroglossidae had a 
higher diversity index than the other families indicating low specialization (Figure 6). An 
ANOVA showed that there was a significant difference between the families in diversity based 
on all sampled frogs. A post-hoc Tukey´s HSD test (Supplementary table. 2), indicates that 
there were two significantly different pair-wise comparisons between families: Dicroglossidae-
Bufonidae (p=0.043, Figure 6) and Megophryidae-Dicroglossidae (p=0.048, Figure 6).  
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Figure 6. Mean diversity of five studied frog families. Letters a and b are used in the figure to show significant 
differences between the families according to the Tukey´s HSD test Megophryidae and Bufonidae are given the 
letter b.  Dicroglossidae are given the letter a and are significant different from Megophridae and Bufonidae but 
not to the letter ab that are the family Microhylidae and Ranidae. Error bars are based on standard deviation (SD) 
from the mean. 

 

Overall the lowest mean diversity index was seen in the family Microhylidae in the species 
Microhyla Petrigena with H´= 0.22, which would indicate specialization in this species. The 
second and third lowest was seen in the family Bufonidae with the species Phrynoidis 
justaspera, H´= 0.25 and Ingerophrynus divergens, H´=0.26 (Supplementary table 3). The 
highest mean values of the species were found in the family Dicroglossidae in the species 
Limonectes leporinus, H´= 0.94 and Limonectes palavensis, H´=0.78 (Supplementary table. 
3). 
 
To test the hypothesis that gape size was correlated to diet diversity a regression analysis was 
performed. There was no significant relation between gape size and Shannon diversity index 
for all individuals in all families (p=0.074,  df=109 r2= 0.029 F= 3.244).  
  
 

Discussion 
 
In the present study, insects and spiders were commonly found as prey among frogs in 
tropical forest in Borneo. This is in line with previous studies stating that most adult anurans 
are carnivorous and mainly insectivorous (Da Silva 1989). Ants were the most common food 
source comprising roughly two-thirds of the total number of prey for all studied frog families. 
The second most common was termites representing just above one tenth of the total prey 
items followed by beetles and spiders. These results indicate that ants are the most abundant 
group of prey found in the forest understory and thus frogs might simply be capturing prey in 
direct proportion to their availability. Since I did not survey the insect populations in the 
study sites, it is difficult to determine whether frogs simply eat whatever they can find or 
whether they prefer certain prey items. Duellman and Lizana (1994) provide evidence that 
anuran diets follow prey availability and thus we might expect a similar situation with respect 
to Bornean frogs. We could expect that since ants are very abundant in the rainforest leaf 
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litter many would be eaten, which could explain that ants were found in most frog species 
stomachs. Two lines of evidence, however, suggest that frogs in my study did not just feed 
indiscriminately. First, there were no ants found in the stomachs of the Megophryidae 
although they were captured in the same leaf litter habitats as the ant-eating Microhylidae. 
Second, in a recent study investigating the diet of the Bornean toad Phynoidis juxtaspera, 
some ant genera were found significantly more frequently in these toads’ stomachs compared 
to their frequency in baited pitfall traps, suggesting that toads selectively prey on some ants 
(Konopik et al in press). Apparently, toads do not simply ingest ants arbitrarily in proportion 
to their availability (Konopik et al. in press).  

Another aim of this study was to investigate whether there is dietary specialization or not, i.e. 
whether some families and species eat certain prey items. All families tend to eat a lot of ants 
except for Megophryidae in which no ants were found in the diet. In contrast, Microhylidae 
had the highest frequency of ants in their diet (74.8 %). As mentioned earlier, Wells (2007) 
and Emerson et al. (1994) claimed that Microhylidae and Bufonidae are ant and termite 
specialists and that Megophryidae are generalist feeders that are sit-and-wait predators that 
only occasionally eat ants. Studies by Vitt and Zani (1998) stated that frogs in the tropical 
forests are mostly opportunistic and that prey availability drives what the frogs mainly tend 
to eat. We might expect that the assumed generalists eat a lot of ants. This idea is supported 
by a previous study that claims that ants are an important food source also for the generalist 
families (Duellman and Lizana 1994).  

The family Dicroglossidae appears to be a typical generalist, which is supported by the results 
of Wells (2007) and Emerson et al. (1994). These results are in contrast to diet of the families 
Bufonidae and Megophryidae when comparing mean diversity index, which suggests them 
being specialists with a low diversity index. The results of the present study indicate that 
Bufonidae are specialists, which is supported by earlier studies by Wells (2007) and Emerson 
et al. (1994). The family Megophridae showed no real distinct specialist pattern but was still 
significantly different from the generalist Dicroglossidae. The small dataset may have 
affected the outcome since over a fourth of the diet of Megophridae was digested food and 
impossible to sort into any species category (thereby excluded from the study).  
 
I have shown that the family Microhylidae are not specialists. However, when analysing the 
mean diversity index on species level the ant-eating species Kalouphrynus pleurostigma of 
the same family had the lowest mean diversity index of all. Specialization is more complex 
and cannot just be explained on family level (Wells 2007). 
 
Studying trophic interactions among sympatric species is important to get knowledge about 
interspecific interactions (Duré and Kehr 2001). There are many overlaps in the diet 
composition between the frog-families. Ants were most common and were eaten by all frog 
families except Megophridae. The second most common food sources were termites that were 
found mainly in the family Bufonidae but also in the family Microhylidae. The third most 
common food sources were beetles and spiders that were found in all families. One could 
argue that the families may compete for the same resources since no resource is endless. The 
differences in food selection of frogs in my study could be due to interspecific competition of 
the food source in the tropics. Frogs are restricted to their realized niche, and the competition 
leads to decreased survival and fecundity for the species (Hardin 1960, Begon et al. 2006). 
However, it is difficult to say if competition occurs since no data over the abundance of the 
various prey items were collected.  
 
In my study, I have shown that frog families tend to eat the same prey type as other frog 
families. My results show that the Bufonidae are predators and specialists, mainly eating ants 
and termites. The family Bufonidae differs significantly from the family Dicroglossidae that 
had the highest diversity index, which indicate a generalist. These data support the theory 
that frogs could be viewed as having two distinct feeding types (Wells 2007, Emerson et al. 



11 

1994). In contrast, the species Megophrys nasuta belonging to the family Megophridae 
seems to have a diet specialization that differs from all other families. The family 
Megophridae is also called the leaf litter frogs and the large frog M. nasuta is a well-
camouflaged hunter waiting for larger prey (frogsofborneo.org).  
 
The linear regression did not show significant correlations between gape size and diversity 
index between all individuals of frogs. The dataset is too small to make statistical analysis for 
each species. The specialization of frogs diet is more complex and cannot be easily explained 
by just comparing the gape size with diversity index. This contradicts previous statements 
that narrow-mouthed species should be more specialised on ants (Emerson et al. 1994). But 
since the sample size in the present study was rather small, it is difficult to judge whether the 
findings could challenge the theory or not.   
 
Limitations in the study 
There were several limitations in this study. In the present study the aim was to investigate 
the diversity of prey and I did not assess the volume or mass of stomach content. In other 
studies, measuring and weighing the collected preys obtain the mass of the prey, which gives 
a more precise value than just counting the species that they have been eating (Caldwell 
1996).  
 
 
An ant can be very small or big even if size did not matter. However, if only the number of 
ants is recorded, we cannot explain how important each prey taxa is in contributing to 
amount of energy and survival for each individual since the volumetric and energetic data for 
prey is lacking (Vignoli and Luoselli 2012). 
 
Due to shifting weather much work time in the field was lost and therefore a smaller data set 
than expected was obtained. Since the samples sizes varied between families there is a risk of 
bias with respect to the total contribution of prey items to the diet of frogs depending on how 
many individuals of each family that were sampled (in particularly Bufonidae as these are 
mostly ant specialists).  
 
There were a relatively high percentage of unknown prey items in my sample and therefore 
almost 25 % of the frogs were excluded in the following analyses of diet preferences. Many of 
the collected frogs, especially the smaller frogs, only had 1 or 2 items in their stomachs. If 
those prey items were already partly digested and identification impossible, they were 
categorized as unknown and the frogs were excluded from the dataset. This limitation could 
have been circumvented if more time was allocated for the project and also if unknown prey 
items could have been identified to a larger extent by other methods e.g. DNA barcoding 
(Saccone et al. 1999). The relatively small sample size may also affect the results. Just by 
chance many of the collected frogs could have eaten and already processed the food to the 
extent that it made identification difficult. Collecting a larger sample size for longer periods 
of time would result in more reliable data. The rainforest fauna is still not completely 
documented and many species are not known, which makes these sorts of studies very 
challenging. With more highly trained personnel, more of the collected data would have been 
able to be identified, but due to the project time limits everything had to be identified in the 
laboratory during the research period. 
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Conclusion 
I have shown that the studied frogs of Borneo mainly eats ants but also tend to eat from many 
other prey types. Overall, my data support the theory by Wells (2007) that frogs tend to eat 
from several prey groups, i.e. are generalists. Two specialist families, the Bufonidae and 
Megophridae, were identified. Microhylidae, previously stated to be a specialist were not 
significantly different compared to Dicroglossidae in terms of diversity index. I believe that 
further studies with a larger sample size focused on the frog’s diet, how they feed and the 
volume of each prey could be able to describe these differences better. 
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Appendix 
 
Supplementary Table 1. Number of individuals of each prey category and the percentage contribution of each 
prey categories to the diet of each frog family. 

 

 

 

 
 
 
 
 

	  
	  

Bufonidae	  
(	  n=15)	   %	  

Dicroglossidae	  
(n=20)	   %	  

Megophryidae	  
(n=42)	   %	  

Microhylidae	  
(n=67)	   %	  

Ranidae	  
(n=12)	   %	  

ants 334	   62.2%	   24	   34.8%	   0	   0.0%	   477	   74.8%	   21	   55.3%	  
termits 154	   28.7%	   0	   0.0%	   0	   0.0%	   5	   0.8%	   0	   0.0%	  
beetle 11	   2.0%	   10	   14.5%	   3	   3.6%	   30	   4.7%	   3	   7.9%	  
spider 3	   0.6%	   4	   5.8%	   5	   6.0%	   24	   3.8%	   2	   5.3%	  
mites 11	   2.0%	   2	   2.9%	   1	   1.2%	   8	   1.3%	   0	   0.0%	  
snail 2	   0.4%	   0	   0.0%	   1	   1.2%	   2	   0.3%	   0	   0.0%	  
diptera 2	   0.4%	   0	   0.0%	   0	   0.0%	   4	   0.6%	   0	   0.0%	  
lepidopteralarvue 1	   0.2%	   0	   0.0%	   0	   0.0%	   1	   0.2%	   1	   2.6%	  
Beetle larvue 1	   0.2%	   0	   0.0%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
unknownlarvue 1	   0.2%	   3	   4.3%	   4	   4.8%	   9	   1.4%	   0	   0.0%	  
pillmillipeed 0	   0.0%	   0	   0.0%	   1	   1.2%	   0	   0.0%	   0	   0.0%	  
millipeed 2	   0.4%	   0	   0.0%	   4	   4.8%	   0	   0.0%	   0	   0.0%	  
centipeed 0	   0.0%	   1	   1.4%	   0	   0.0%	   10	   1.6%	   0	   0.0%	  
Embioptera 1	   0.2%	   0	   0.0%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
grasshopper 1	   0.2%	   0	   0.0%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
heteroptera 0	   0.0%	   1	   1.4%	   2	   2.4%	   0	   0.0%	   0	   0.0%	  
homoptera 0	   0.0%	   1	   1.4%	   2	   2.4%	   0	   0.0%	   0	   0.0%	  
crab 0	   0.0%	   1	   1.4%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
cricket 0	   0.0%	   2	   2.9%	   5	   6.0%	   1	   0.2%	   2	   5.3%	  
shrimps 0	   0.0%	   1	   1.4%	   4	   4.8%	   0	   0.0%	   0	   0.0%	  
homptera 0	   0.0%	   0	   0.0%	   2	   2.4%	   0	   0.0%	   0	   0.0%	  
frogs 0	   0.0%	   2	   2.9%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
springtail 0	   0.0%	   0	   0.0%	   7	   8.3%	   6	   0.9%	   0	   0.0%	  
Nematodes 0	   0.0%	   0	   0.0%	   10	   11.9%	   0	   0.0%	   0	   0.0%	  
mosquito 4	   0.7%	   1	   1.4%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
scorpion 0	   0.0%	   0	   0.0%	   1	   1.2%	   1	   0.2%	   0	   0.0%	  
Cockroach 0	   0.0%	   0	   0.0%	   1	   1.2%	   0	   0.0%	   0	   0.0%	  
Gecko 0	   0.0%	   0	   0.0%	   1	   1.2%	   0	   0.0%	   0	   0.0%	  
webspinner 0	   0.0%	   0	   0.0%	   0	   0.0%	   1	   0.2%	   0	   0.0%	  
wasp 0	   0.0%	   0	   0.0%	   0	   0.0%	   2	   0.3%	   0	   0.0%	  
harmvestman 0	   0.0%	   0	   0.0%	   0	   0.0%	   1	   0.2%	   0	   0.0%	  
psephenidae 0	   0.0%	   0	   0.0%	   0	   0.0%	   3	   0.5%	   0	   0.0%	  
blattaria 0	   0.0%	   0	   0.0%	   1	   1.2%	   0	   0.0%	   0	   0.0%	  
exoskeleton 1	   0.2%	   0	   0.0%	   0	   0.0%	   0	   0.0%	   0	   0.0%	  
unknown 3	   0.6%	   1	   1.4%	   0	   0.0%	   6	   0.9%	   0	   0.0%	  
Digestive food 4	   0.7%	   4	   5.8%	   22	   26.2%	   15	   2.4%	   6	   15.8%	  
exoskeleton 0	   0.0%	   5	   7.2%	   5	   6.0%	   25	   3.9%	   3	   7.9%	  
stick 0	   0.0%	   1	   1.4%	   1	   1.2%	   4	   0.6%	   0	   0.0%	  
plant 1	   0.2%	   3	   4.3%	   0	   0.0%	   2	   0.3%	   0	   0.0%	  
mucus 0	   0.0%	   2	   2.9%	   0	   0.0%	   1	   0.2%	   0	   0.0%	  
dirt 0	   0.0%	   0	   0.0%	   1	   1.2%	   0	   0.0%	   0	   0.0%	  
sum 537	   100.0%	   69	   100.0%	   84	   100.0%	   638	   100.0%	   38	   100.0%	  
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Supplementary Table 2. Results from Tukey HSD Test, showing the significant differences between the 
groups. 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Family	   diff	   lwr	   upr	   p	  adj	  
Dicroglossidae-‐
Bufonidae	   0.50098635	   0.00969569	   0.992277009	   0.0433177	  
Megophryidae-‐
Bufonidae	   0.03742685	  

-‐
0.31583999	   0.390693686	   0.9983439	  

Microhylidae-‐
Bufonidae	   0.13160254	  

-‐
0.18043824	   0.443643312	   0.7680067	  

Ranidae-‐Bufonidae	   0.01967338	  
-‐
0.45021544	   0.489562195	   0.9999582	  

Megophryidae-‐
Dicroglossidae	  

-‐
0.46355950	  

-‐
0.92460950	   -‐0.002509504	   0.0480741	  

Microhylidae-‐
Dicroglossidae	  

-‐
0.36938381	  

-‐
0.79966173	   0.060894105	   0.1281304	  

Ranidae-‐Dicroglossidae	  
-‐
0.48131297	  

-‐
1.03679938	   0.074173428	   0.1220177	  

Microhylidae-‐
Megophryidae	   0.09417569	  

-‐
0.16768311	   0.356034490	   0.8555879	  

Ranidae-‐Megophryidae	  
-‐
0.01775347	  

-‐
0.45592706	   0.420420110	   0.9999633	  

Ranidae-‐Microhylidae	  
-‐
0.11192916	  

-‐
0.51759907	   0.293740749	   0.9397888	  
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Supplementary Table 3. Mean diversity index for all species, including standard deviation and standard error. 
(Species with less than 3 specimens were excluded from this table). 

 
  Diversity index (mean) SD SE 
Microhylidae       
Chaperina fusca n =15  0.77 0.25 0.07 
Microhyla boreensis n=12 0.35 0.32 0.09 
Kalouphrynus pleurostigma n=15 0.22 0.34 0.09 
Microhyla petrigena n=13  0.64 0.42 0.12 
Megophryidae        
Leptolalax gracilis n=6 0.30 0.35 0.12 
Leptobrachella parva n=7 0.39 0.52 0.20 
Leptobrachella mjobergi n=3 0.73 0.63 0.37 
Megophrys nasuta n=3 0.33 0.35 0.20 
Ranidae       
Hylarana signata n=5 0.32 0.35 0.25 
Dicroglossidae       
Limnonectes leporinus n=3 0.94 0.58 0.41 
Limnonectes palavanensis n=4  0.78 0.18 0.13 
Bufonidae       
Ansonia albomaculata n=5 0.54 0.18 0.13 
Ingerophrynus divergens n=4  0.26 0.28 0.20 
Phrynoidis juxtaspera n=6 0.25 0.29 0.21 
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