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Abstract:  In the Brumas Plantation, Tawau, eastern Sabah of Borneo Island, 
I examined stomach contents of three frog species that are apparently segre-
gating in microhabitat and morphology; Limnonectes cf. kuhlii is riparian, 
very stocky and always staying near streams or pools; Amnirana niobariensis, 
with slim body and long limbs, is terrestrial, inhabiting bushes near small 
pools, and Polypedates macrotis is arboreal, possessing large digital discs, 
and is found on trees or tall grasses.  These three frog species exhibited food 
partitioning, differing in the amount and size of foods.  Young L. cf. kuhlii 
always had stomach content mass (SCM) up to 3% of body mass (BM), and 
had the largest average number of small food items.  In adult L. cf. kuhlii, 
few individuals lacked stomach contents, and foods were generally larger 
than in young frogs.  Many A. nicobariensis had no stomach contents, and 
those with foods usually possessed SCM <2% of BM.  Most food items were 
small in length.  Polypedates macrotis tended to take large foods, but many 
had empty stomachs.  Limnonectes cf. kuhlii and P. macrotis exhibited the 
mean food length smaller than their mouth width.  When all frogs were com-
bined, ants occupied the largest portion of all the food items, followed by 
crickets or grasshoppers, beetles, and spiders in that order.
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Introduction

Frogs and toads, like lizards and birds, are 
regarded as an eminent natural enemy of 
many kinds of small invertebrate animals, and 
are thought to contribute much in controlling 
the number of insects, possibly including pest 
species (Hocking and Babbitt, 2014).  The 

frogs and toads of Sabah, in the Malaysian 
part of Borneo Island, were investigated ear-
lier than those of other regions of Southeast 
Asia (e.g., Inger, 1966, 1985; Matsui, 1979, 
1982, 1986), and are also intensively studied 
at present (e.g., Matsui et al., 2010, 2013, 
2014a, b).  However, most of the studies are 
largely or strictly confined to their taxonomy 
and systematics (Matsui, 2006): other aspects 
of anuran amphibians of Sabah, as well as of 
the remaining parts of Southeast Asia, have 
been less intensively studied, although previ-
ous studies on the anurans of Borneo include 
a few important ecological investigations 
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(e.g., Inger and Greenberg, 1966; Inger and 
Bacon, 1968; Inger, 1969).  Compared with 
frogs and toads of the neotropical (e.g., Toft, 
1980, 1981) and temperate Asian regions 
(e.g., Hiari and Matsui, 1999, 2000a, b, 2002), 
the tropical Asian species have been poorly 
examined for feeding biology.

The aim of the present investigation is to 
obtain basic data for a better understanding 
of prey/predator relationships between small 
invertebrates and anurans in the cultivated 
tropical rain forest.  To pursue this, I made 
an analysis of stomach contents of three com-
mon frog species from the Brumas plantation 
area in eastern Sabah.

Materials and Methods

I made a survey between 20 and 29 
September 1985 around the Cocoa plantation 
at the Brumas Plantation, Sabah Softwoods 
Sdn. Bhd., Tawau, eastern Sabah of Borneo 
Island (East Malaysia).  Frogs were collected 
in the following five stations during 1830–
2030 h, when light trap collections of forest 
insects were made: 1) Cocoa plantation, 2) 
Albizia plantation, 3) Gmelina plantation, 4) 
Acacia plantation, and 5) secondary forest 
surrounding the plantation area.  Collection 
was made by hand or with a dip net.

Individual frogs were preserved within 1 h 
after capture in 10% commercial formalin, 
and within two months, they were measured, 
dissected for identifying sex and maturity, and 
had their stomach contents studied.  Sex and 
states of maturation were determined by the 
size of oviducts and ovaries, and the presence 
or absence of secondary sex characters.  
Measurements were taken for snout to vent 
length (SVL), mouth width (MW), and tibia 
length (TL) in each of these formalin-
preserved specimens to nearest 0.1 mm with 
dial calipers.  Frogs were wiped with paper 
towel and individual body mass (BM) was 
measured with a balance to the accuracy of 
1 mg.  Stomachs were removed and dissected 
under a stereoscopic binocular microscope.  
The difference in stomach mass before and 

after the removal of contents was taken as 
the mass of stomach content mass (SCM).  
Stomach contents were identified and counted, 
and the length and width of each item were 
measured.  If part of a food item was already 
digested, the original size was estimated with 
reference to the intact specimens of identical 
or related species (cf. Hirai and Matsui, 2001).  
Frogs were later transferred to 70% ethanol 
and stored in the collection of Graduate 
School of Human and Environmental Studies, 
Kyoto University (KUHE).

Since the three frog species, Limnonectes 
cf. kuhlii, Amnirana nicobariensis, and 
Polypedates macrotis, were most common in 
the Brumas plantation area (see results), 
detailed examinations of stomach contents 
were restricted to them.  Also, since the num-
ber of samples was small, data from the five 
types of forests (see above) were combined.  
The three species are regarded as ideal for 
such analyses since they are quite divergent 
in morphology and ecology.  Amnirana nico-
bariensis is a slim-bodied frog with long 
limbs, and is terrestrial, inhabiting bushes 
near small pools.  Limnonectes cf. kuhlii is 
riparian in its habit and always stays near 
streams or pools.  Contrasting to the slim 
body of A. nicobariensis, the body of L. cf. 
kuhlii is very stocky.  Polypedates macrotis is 
an essentially arboreal species and is found on 
trees or tall grasses.  Thus, these three species 
are apparently segregating their microhabitats.

Results

Frog fauna
Fifteen species of frogs and toads belonging 

to five families were recorded during the sur-
vey (Table 1).  Of the five stations surveyed, 
the Acacia plantation was richest in the 
anuran fauna and nine of those 15 species 
(60%) were found there.  This is probably 
because of the presence of a large river near 
the station.  On the contrary, only four of the 
total 15 species (26.7%) were obtained from 
the Gmelina plantation.  The remaining three 
stations were similar to each other in the 
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faunal diversity of frogs and toads.  Amnirana 
nicobariensis and P. macrotis were abundant 
in all places surveyed.  Limnonectes cf. kuhlii 
was also found at all stations except in the 
Gmelina plantation.

Amount of contents in the stomach of three 
species

As a result of dissection, a total of 53 frogs 
proved to consist of 11 young (SVL <38 mm) 
and 10 adult (SVL >42 mm) L. cf. kuhlii, 13 
adult A. nicobariensis, and 19 adult P. mac-
rotis (only one female included).  I used these 
four groups in the later analyses.

All specimens of young L. cf. kuhlii exam-
ined had some food in their stomachs.  In 
most specimens, SCM ranged between 1 and 
1.5% of BM, but the specimens with SCM 
over 2% of BM were also abundant and some 
had SCM even over 3% of BM (Fig. 1A).  In 
adult L. cf. kuhlii, one out of 10 specimens 
examined had no contents in the stomach.  
Over 40% of the specimens had the SCM 
smaller than 0.5% of BM, while some had 
SCM about 2.5 to 3% of BM (Fig. 1B).

Polypedates macrotis included many speci-
mens with empty stomachs (five out of 19 
[26.3%]), but some specimens had SCM 
exceeding 3% of BM (Fig. 1C), although the 
frequency of occurrence of such individuals 
was lower than in young L. cf. kuhlii.

Four out of 13 A. nicobariensis (30.8%) 
also had no stomach contents.  In this species, 
specimens with food in the stomach possessed 
SCM between 0 to 1 or 1 to 1.5% of BM 
and no individual had SCM over 2% of BM 
(Fig. 1D).

Size relationships of frogs and food items
The frequency of occurrence of food items 

in each length-based size class is shown in Fig. 
2.  In young L. cf. kuhlii, foods with the length 
smaller than 5 mm appeared most frequently 
and occupied about 70% of the total number 
of food items.  The largest food did not exceed 
20 mm in these young frogs (Fig. 2A).  In 
adult L. cf. kuhlii, foods of 5 to 10 mm in 
length were most abundant, accounting for 
over 50% of the total number.  The largest 
food taken was much larger than in young 

Table 1.  List of frogs and toads collected in the Brumas area.  St.1=Cocoa plantation; St.2=Albizia 
plantation; St.3=Gmelina plantation; St.4=Acacia plantation; St.5=secondary forest.  “+” indicates the 
presence of the species.

Family Species St. 1 St. 2 St. 3 St. 4 St. 5

Bufonidae Phrynoidis asper − − − + −
Ingerophrynus divergens + − − − −
Ansonia spinulifer − − − + −

Microhylidae Kaloula baleata − + − − −

Ranidae Amnirana nicobariensis + + + + +
Chalcorana raniceps − − + + +
Pulchrana signata − − − − +

Dicroglossidae Limnonectes cf. kuhlii + + − + +
Limnonectes finchi − − − + −
Occidozyga laevis + + − − −

Rhacophoridae Polypedatus otilophus − − − − +
Polypedates macrotis + + + + +
Rhacophorus fasciatus − + − − −
Rhacophorus pardalis + − − + −
Kurixalus appendiculatus + + − + −
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frogs and exceeded 20 mm in length (Fig. 2B).
In A. nicobariensis, foods with the length 

of 5 to 10 mm accounted for over 50% of the 
total number of items, and smaller foods less 
than 4 mm in length were also abundant, 
accounting for about 40% of the total.  The 
largest food taken by this species was smaller 
than 15 mm (Fig. 2C).

In P. macrotis, foods of 5 to 10 mm 
occurred most frequently, but they constituted 
less than 40% of the total number, and foods 
of 10 to 15 mm and of over 20 mm were also 
abundant (Fig. 2D).  Minute foods with the 
length smaller than 5 mm were rarely taken by 
this species.

As shown in Fig. 3, adult L. cf. kuhlii and 
P. macrotis (except for one female) are about 
the same size in SVL, and both are slightly 
larger than adult A. nicobariensis.  There was 
a great variation in the size of the food, and 

the comparison of the values between young 
and adult L. cf. kuhlii suggests that the larger 
frogs eat larger foods.  Although A. nico-
bariensis is significantly larger than young 
L. cf. kuhlii in body size, they did not differ in 
the size of the food.  Consequently, foods of 
A. nicobariensis are smaller than those of 
adult L. cf. kuhlii.

Except for one P. macrotis, all frogs had the 
mean food length smaller than their mouth 
width.  The one exceptional individual of P. 
macrotis had a large caterpillar in its stomach 
(Fig. 4).  Young and adult L. cf. kuhlii and A. 
nicobariensis had similar relative values for 
the mean food length, all being about 46% of 
the mouth width.  By contrast, P. macrotis 
had a mean of 78%.  The mean value for this 
species, however, is not different from those of 
three other groups, because the variation 
range was very large in P. macrotis.

Fig. 1.  Variation in the stomach content mass 
(SCM) relative to body mass (BM) in four groups 
of frogs (A: young Limnonectes cf. kuhlii; B: adult 
L. cf. kuhlii; C: Polypedates macrotis; D: Amnirana 
nicobariensis).

Fig. 2.  Variation in the lengths of food items 
eaten by four groups of frogs. (A: young 
Limnonectes cf. kuhlii; B: adult L. cf. kuhlii; 
C: Amnirana nicobariensis; D: Polypedates 
macrotis).
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Composition of foods
The food items of frogs as revealed by the 

analyses of stomach contents are shown in 
Table 2.  A total of 178 items were found in the 
stomachs of 53 frogs of the three species exa­
mined, including those without any content.  
Consequently, about 3.4 items, on an average, 
were present in each frog.  When only frogs 
with foods in the stomach were considered, 
about 4.1 items were present.  The average 
number of items in a stomach was largest in 
young L. cf. kuhlii (6.5 per stomach), and was 
nearly identical in adult L. cf. kuhlii and A. 
nicobariensis (4.7).  On the contrary, only 1.6 
items were present in a specimen of P. macrotis.

For each group, the percentage ratio of the 
number of each food item to the total number 
was calculated (Table 3).  When all frogs were 
combined, ants occupied the largest propor-
tion, accounting for about one-fourth (25.3%) 
of all the food items.  This is largely due to the 
fact that a single particular frog ate a large 
number of ants.  Crickets or grasshoppers, 
beetles, and spiders ranked next to fourth, but 
each of their ratios to the total number was 
smaller than 10%.

Discussion

It is clear from our results that adult frogs, 
compared with young, more frequently have 
either empty stomachs or those with relatively 
light contents.  This may possibly be due to the 
fact that most of adult frogs were in their 
breeding seasons; about a half of A. nico-
bariensis were breeding females with fully 
matured ovaries and leaving little space for 
the stomach in the body cavity.  It is, however, 
not probable that the frequent occurrence of 
empty stomachs in adults is fully attributable 
to their breeding condition, because breeding 
season seems to last too long in the tropics for 
the frogs to endure without taking any food.  
Occurrences of empty stomachs and, if pres-
ent, of small number of food items in many P. 
macrotis seem to suggest that this species has 
a habit of taking foods with a long interval.

The results also show that L. cf. kuhlii feeds 
on larger foods with advancing age.  Amnirana 
nicobariensis seems to choose smaller foods, 
while P. macrotis tends to take larger foods 
than L. cf. kuhlii.  The mouth width is sup-
posed to have a great meaning in the frog’s 

Fig. 3.  Relationship of the mean food length to 
the snout-vent length (SVL) in four groups of frogs.  
Closed squares: young Limnonectes cf. kuhlii; 
closed circles=adult Limnonectes cf. kuhlii; open 
squares: Amnirana nicobariensis; open triangles 
=Polypedates macrotis.

Fig. 4.  Variation in the mean food length rela-
tive to the mouth width (MW) in four groups of 
frogs.  A: young Limnonectes cf. kuhlii; B: adult 
L. cf. kuhlii; C: Amnirana nicobariensis; D: 
Polypedates macrotis.  Range, 1SD, and 1SE are 
given.
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capacity in size of foods (e.g., Toft, 1980).  
Adult L. cf. kuhlii has a head larger than 
other species, except adult female P. macrotis.  
Amnirana nicobariensis has a narrow head 
and the mouth widths of this species were 
almost completely within the variation range 
of young L. cf. kuhlii (Matsui, unpublished 
data; Inger, 1966).

Tibia length might be reflecting the ability 
of jumping both for escaping from enemies 
and catching prey animals.  Amnirana nico-
bariensis had the tibia significantly longer 
than that of young L. cf. kuhlii (Matsui, 
unpublished data; Inger, 1966), but the mean 
size of foods taken by them was almost identi-
cal.  This suggests that the length of the frog’s 
tibia does not necessarily directly correlate to 
the food length, and that the ability of jump-
ing in relation to nature of foods should be 
examined not from a quantitative, but from a 
qualitative point of view.

There were variations in the proportion of 
each food item among four groups of frogs.  
In young L. cf. kuhlii, ants constituted the 
largest portion (26.4%) and adult beetles 
ranked next (12.5%).  Adult L. cf. kuhlii also 
took ants even in much larger proportions 
(45.2%), and the second most frequent food 
was crickets (14.3%).  Contrasting to adult 
and young L. cf. kuhlii, the proportion of ants 

was small (7.1%) and instead, that of bees and 
wasps was the largest in A. nicobariensis, 
although the latter value was not very large 
(19.0%).  This species was also characterized 
by the frequent occurrence of plant materials 
in the stomach.  Spiders were the second most 
frequent food, and crickets and grasshoppers 
ranked third in this species.  In P. macrotis, 
no particular kind of food occupied high per-
centages, and each of caterpillars, ants and 
beetles occupied the same ratio (18.2%).

The food items in the stomachs of all 
four groups of frogs belonged to Blattaria, 
Orthoptera, Formicidae, adult Coleoptera, 
and Araneae.  Formicidae was found in the 
stomachs of more than one-third of frogs 
examined, and each of Orthoptera, adult 
Coleoptera, and Araneae was also found in 
about one-fourth of frogs.  It should be noted, 
however, that some other food items, although 
appearing in relatively high frequencies in 
some form of frogs, were not found in other 
forms (Table 2).  Hymenoptera other than 
Formicidae was found in about one-fifth of 
young L. cf. kuhlii and one-third of A. nico-
bariensis, but was not found at all in adult L. 
cf. kuhlii and P. macrotis.  Hemiptera was 
found in about one-third of young L. cf. kuhlii 
and in about one-fifth of adult L. cf. kuhlii 
and of A. nicobariensis, but was absent in 

Table 3.  Partitioning of foods (in %) among three frog species.

Food item
Limnonectes  

cf. kuhlii
Amnirana  

nicobariensis
Polypedates  

macrotis

Collembola 100 0 0
Ephemeroptera 100 0 0
Blatteria 50.0 25.0 25.0
Orthoptera 56.3 31.3 12.5
Hemiptera 63.6 36.4 0
Lepidoptera 9.1 36.4 54.5
Diptera 87.5 12.5 0
Hymenoptera 72.7 20.0 7.3
Coleoptera 73.7 5.3 21.1
Araneae 56.3 37.5 6.3
Myriapoda 85.7 14.3 0
Crustacea 90.9 0 9.1
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P. macrotis.  In contrast, larval Lepidoptera 
was limited to one-tenth of P. macrotis.

In this way, groups of frogs showed some 
tendencies in food items consumed.  In both 
young and adults, three-fifths of L. cf. kuhlii 
had ants in their stomachs.  Beetles and spi-
ders were also found in nearly half of young 
L. cf. kuhlii, but in adults, these foods were 
found only in one-fifth.  The majority of bee-
tles eaten by this species were harpalid ground 
beetles and other terrestrial species.  Half of 
adult L. cf. kuhlii had crickets in the stomach, 
but less than one-third of young did so.  
Unlike other forms, more than one-third of 
young L. cf. kuhlii contained Hemiptera or 
Diplopoda in their stomachs.  In A. nico-
bariensis, nearly 50% individuals had eaten 
spiders, and one-third had Orthoptera or 
Hymenoptera other than Formicidae.  
Polypedates macrotis showed simpler food 
selection; contrasting to 18 kinds of items 
found in young L. cf. kuhlii, only nine kinds 
of foods were found in this species.  Stomachs 
of about one-fifth of P. macrotis contained 
larval Lepidoptera or adult Coleoptera and 
about one-sixth had ants, but other foods 
were taken only sporadically by this species.  
Of coleopterous insects eaten by P. macrotis, 
one-fourth was Elateridae and the remaining 
three-fourths were Scarabaeidae.

The above tendencies in the relative fre-
quencies of food items in the four groups of 
frogs seem to reflect differences in morphol-
ogy and ecology of each form.  Thus, young 
L. cf. kuhlii tends to feed on many kinds of 
small terrestrial invertebrates just at the bank 
of the stream.  Many insects, especially ants, 
visit the bank for seeking water and would be 
easily caught by this species.  Because adults, 
especially males, of L. cf. kuhlii have a broad 
head, they can feed on larger prey such as 
grasshoppers.  On the contrary, narrow-
mouthed and long-limbed A. nicobariensis 
seems to hunt small crickets, bees and wasps, 
and spiders among grasses.  Arboreal P. mac-
rotis is thought to find large caterpillars and 
beetles on trees.  It may feed on ants moving 
on the tree, but not in great quantities, and 

after succeeding in catching a small number 
of foods, this species seems to rest before 
hunting again.

It is also to be noted that termites were never 
found in the stomachs of frogs here examined.  
Because some specialized termite feeding 
microhylid frogs, such as Kaloula baleata 
(Inger, 1966), were also present in the area 
surveyed, there may probably be a segregation 
in food selection between these specialized 
forms and the more generalized species 
including the three species examined.

In conclusion, there exist too many complex 
ecological factors between prey and predator, 
and, of course, a simple examination of lim-
ited data should be made with great care.  It 
may, however, be postulated that some tree-
eating insects, such as lepidopteran caterpil-
lars, and scarabaeid and elaterid beetles, 
could be regarded as harmful to plants, but 
that some non-insect animals, such as spiders 
and myriapodes, could be regarded as useful 
in that they consume insects including pest 
species.  Both of these two kinds of small 
animals were found to be frequently eaten by 
frogs.  Although the present data suggest that 
the proportion of harmful invertebrates was 
larger than that of useful invertebrate preda-
tors, further analyses are needed to confirm 
such dietary pattern in those frogs.

Thus, the data obtained here are too meager 
to draw general conclusions about prey/
predator relationships of tropical inverte-
brates and frogs, and it is as yet not clear to 
which degree frogs contribute in controlling 
the number of forest insects.  It is, however, 
obvious from the results of the present investi-
gation that frogs act as an effective natural 
enemy for many invertebrates including pos-
sible forest pests, such as Lepidoptera and 
Coleoptera.  Presently unimportant insect 
species could become important pests in the 
course of reforestation (e.g., Nang’ayo et al., 
1993), and this type of investigation, when 
made in greater extent with exact identifica-
tion of prey items at the species level, will 
undoubtedly provide us with important knowl-
edge about the balance of predator/prey rela-
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tionships in the tropical rain forest that is 
ultimately useful in conducting forest pest 
control.
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