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Abstract:  By forced vomiting of stomach contents, we examined the diet of 
Lithobates catesbeianus inhabiting the city region of Kyoto, central Japan.  
Among various animal taxa consumed, crustaceans, including Asellota and 
Oniscoidea in juveniles and introduced American crayfish Procambarus 
clarkii and native crab Potamon dehaani in adults, occupied the largest pro-
portion in number.  In volume, the crayfish and crab also comprised the larger 
part, and the rest was composed mainly of beetles, bugs, and centipedes.  
Food habits of L. catesbeianus from Kyoto are characterized by the following 
points: (1) the frog tends to take a smaller number of larger prey as its body 
size increases; (2) aquatic prey animals, especially crustaceans, seem to be 
more important than terrestrial ones; (3) feeding intensity seems to be con-
stant throughout the active seasons, including the breeding season; and (4) 
vertebrates comprise only very small proportion of the diet, despite their ap-
parent availability, strongly contrasting to previous studies in other localities.  
Effects of predation on native animals seem to be not very large at present.
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Introduction

The American bullfrog, Lithobates cates-
beianus originally occurring in the eastern 
USA has been artificially introduced into the 
western part of the country (Wright and 
Wright, 1949) and many regions in the world 
(e.g., Central America: Conant and Collins, 
1991; South America: Daza-Vaca and Castro-

Herrera, 1999; Europe: Gasc et al., 1997; 
China: Fei, 1999).  The species, first intro-
duced in 1918 (Iwasawa, 1999), is now wide-
spread in Japan, from southern Hokkaido to 
Okinawa (Maeda and Matsui, 1999).  In 2006, 
the species was designated as an Invasive 
Alien Species by the Japanese Ministry of 
Environment, and its handling is strongly 
restricted.  As a food of this frog, the 
American crayfish, Procambarus clarkii, was 
also introduced into Japan, and is now wide-
spread throughout Japan except for most of 
Hokkaido.  The spread of alien species like 
this frog and this crayfish in water bodies of 
Japan must have caused large problems such 
as disturbance of the riparian ecosystems by 
predation on and competition with native 
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 species, and occupation of habitats by these 
invaders.

There are a lot of studies concerning the 
invasion of L. catesbeianus (e.g., Adams, 
1999, 2000; Corn and Hendricks, 1998; Hayes 
and Jennings, 1986; Hirai, 2004; Kupferberg, 
1997; Li et al., 2011; Silva et al., 2009, 2011), 
and some authors take into account how this 
species interacts with the local ecosystem 
through the food chain (e.g., Werner et al., 
1995; Daza-Vaca and Castro-Herrera, 1999).  
Because one major aspect of influences of a 
certain species on the environment is trophic 
interaction, examination of food habits of 
introduced species would probably be the easi-
est way to assess the degree of their effects on 
domestic species.

However, generalizations made by previous 
authors are based mainly on studies from the 
New World and may be not directly applied 
for Old World regions including Japan where 
different environments would bring about dif-
ferent reactions of native species to this alien 
species.  Thus, we consider it worth studying in 
detail the feeding habits of L. catesbeianus.  
In this article, we report on results obtained in 
the city regions of Kyoto, central Japan, as a 
case of introduced locality, and will compare 
the results with cases in original and other 
introduced localities so as to gain better 
understanding on its impact on native species.

Materials and Methods

Fieldwork was conducted twice a week 
between 1800 and 2200 h from mid-April to 
late October, 2002.  Samples of L. catesbeianus 
were collected mainly in six sites in the city of 
Kyoto: (1) Takaragaike pond and a river flow-
ing nearby; (2) a pool in the Botanical Garden 
of Kyoto University; (3) Tsuriike pond; (4) 
Kamogawa River between Kamo-ohashi 
Bridge and Aoibashi Bridge; (5) Jibuike pond 
in Momoyama, Fushimi; and (6) an unnamed 
pool in Momoyama, Fushimi.  These sites 
included ponds (relatively large water bodies 
with still water and clear water surface), pools 
(relatively small water bodies with still water 

and surface partly occupied by water vegeta-
tion such as water lily, water chestnut, and 
others), rivers, and canals and reservoirs (arti-
ficial water basins with vertical concrete walls 
such as canals for rice fields irrigation, ditches, 
and cement reservoirs).

Immediately after catching frogs using a dip 
net and with the aid of a flashlight, we 
extracted the stomach contents by forced 
vomiting and preserved them in 10% buffered 
formalin.  We simultaneously measured snout-
vent length (SVL) of frogs to the nearest 1 mm 
by a ruler and checked sex and maturity (adult 
males, adult females and juveniles).  Adults 
were divided according to their secondary 
sexual characteristics: Males had yellowish 
color on the gular skin and the diameter of the 
tympanum was larger than that of the eye, 
while females lack yellowish gular skin and 
the tympanum diameter was at most equal to 
eye diameter (Maeda and Matsui, 1999).  The 
individuals with SVL less than that of the 
smallest adult male (145 mm) were catego-
rized as juveniles.  After marking the animals 
individually by toe clipping, we released them 
at the site of collection.

In the laboratory, we identified prey items 
to the possible lowest taxonomic level, usually 
at least to the order or suborder.  Also we clas-
sified the prey taxa into two ecological types 
(terrestrial and aquatic).  Unidentifiable prey 
was excluded from the ecological analysis.  We 
measured the main body parts of the prey 
items to the nearest 0.1 mm with an ocular 
micrometer under a binocular microscope.  To 
calculate the volume of a single prey item, we 
mainly used the formula for the volume of an 
ellipsoid: V=4π(L/2)(W/2)2/3, where L is 
the maximum length and W is maximum 
width of the prey.  In order to calculate the 
volume of partly digested prey, we followed 
Hirai and Matsui (2001).  Because the cray-
fish (Procambarus) seemed to have a special 
importance for L. catesbeianus (see results), 
we collected intact samples and estimated the 
correlation between main body parts and 
 volume.  We measured their volumes to the 
nearest 1000 mm3 with a graduated cylinder.  
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Next, their volumes were calculated as the 
sum of the volumes of the body and the two 
claws (chelae), using again the formula for 
volume of an ellipsoid.  The volumes directly 
measured and estimated by calculation did 
not differ (ANOVA, p<0.05), and the second 
method was used to calculate the volume of a 
crab Potamon sp., from which we failed to 
collect intact samples.

To analyze seasonal variations in feeding 
habits, we classified the survey period into (1) 
intensive breeding (April–June), (2) less 
intensive breeding (July–September), and (3) 
non-breeding (October–December) seasons.  
Seasonal variation in the number of prey 
items was compared with the number of frogs 
caught using Chi-Square test, in which the 
adults and the juveniles were compared sepa-
rately, because of the large differences in the 
number of prey found.  Otherwise, three age/
sex groups were basically treated separately 
for all other analyses.  Individuals with empty 
stomachs were excluded from all the analyses.  
In order to examine dietary overlap among 
three age/sex groups, we calculated a simple 
similarity index (Schoener, 1968; Hirai and 
Matsui, 2000), using the formula: Cx,y=1−0.5 
Σ|Ptx−Pty|, where Ptx and Pty are prey num-
bers of certain taxon (t) from the groups com-
pared (x, y=males, females or juveniles).

Results

Frog SVL, prey number, and prey volume
We collected 57 individual frogs, of which 

some were collected more than once, and 
examined 70 stomach samples from them 
(28 from males, 21 from females, and 21 
from juveniles).  The recaptured individuals 
included three males, two females, and three 
juveniles, with one individual caught four 
times.  When mean SVL was used for indi-
vidual frogs captured and measured more 
than once, juveniles had mean (±SD) SVL of 
83.4±23.4 (range=57–124) mm.  Adult males 
(170.2±12.7; range=145–189 mm) and adult 
females (169.7±12.3; range=147–188 mm) did 
not differ in SVL (ANOVA, p>0.05).

There was a negative correlation between 
frog SVL and the number of prey consumed 
(r=−0.405, p<0.01; Fig. 1), whereas the rela-
tion was positive (p<0.01) between SVL and 
both mean (r=0.702) and total (r=0.628) prey 
volumes.  There was no correlation between 
SVL and the volume of the smallest prey 
(r=0.3), whereas the volume of the largest 
prey was correlated with SVL positively (r= 
0.774, p<0.01).

The number of prey was significantly larger 
(ANOVA, p<0.05) in juveniles (mean±SD 
=11.36±7.42, n=15) than in males (5.19±3.47, 
n=21) and females (7.71±6.81, n=14).  The 
mean prey volume significantly differed (p< 
0.001) between adults (mean of mean prey 
volume: males=3828.7±4226.9 mm3, n=21; 
females=3957.8±5322.9 mm3, n=14) and 
juveniles (94.2±178.5 mm3, n=15).  In the 
total volume, prey in adults (mean of total 
prey volume: males=10923.0±10801.0 mm3; 
females=16496.9±20808.6 mm3) was larger 
than that in juveniles (796.7±1406.9 mm3; 
p<0.001).

Seasonal change in food habits
Frogs with empty stomachs were seven out 

of 28 males, seven out of 21 females, and six 
out of 21 juveniles examined.  Proportions of 
the frogs with empty stomachs seemed not dif-

Fig. 1.  Relationship between snout-vent length 
(SVL) and number of prey items for each sample.  
Juveniles, adult males and females were combined.  
Regression equation fitted by the least squares 
method: Y=−0.0056X+16.2496, r=−0.405, p<0.01.
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Table 1.  Diet composition (in %) of Lithobates catesbeianus (109 prey items from 21 males [M], 108 
from 14 females [F], and 159 from 15 juveniles [J]).  Uncalculated volume is shown by “—”.

Taxon

Number Volume Frequency

M F J Total M F J Total M F J Total

Annelida 25.7 12.0 4.4 12.8 <0.1 <0.1 4.0 0.1 38.1 28.6 26.7 32.0

Mollusca 0.0 3.7 3.8 2.7 0.0 1.0 0.5 0.5 0.0 21.4 13.3 13.3

Crustacea 16.5 21.3 38.0 26.9 84.7 88.3 62.2 85.8 52.4 57.1 66.7 58.0

Aranea 9.2 0.0 3.2 4.0 0.1 0.0 0.5 <0.1 19.1 0.0 26.7 26.7

Myriapoda 6.4 5.6 1.9 4.3 3.4 2.4 2.6 2.9 33.3 21.4 13.3 24.0

Apterygota 1.8 3.7 3.2 2.9 <0.1 <0.1 <0.1 <0.1 9.5 7.1 13.3 10.0

Odonata 0.0 1.9 2.5 1.6 0.0 — — — 0.0 7.1 13.3 6.0

Orthoptera 0.9 0.9 2.5 1.6 0.1 <0.1 3.3 0.1 4.8 7.1 26.7 12.0

Hemiptera 2.8 12.0 14.0 10.1 0.7 5.8 11.2 3.5 14.3 28.6 40.0 26.0

Diptera 0.0 0.0 6.3 2.7 0.0 0.0 1.1 <0.1 0.0 0.0 46.7 14.0

Hymenoptera 10.1 13.9 8.8 10.6 <0.1 0.9 8.6 0.7 23.8 57.1 46.7 40.0

Lepidoptera 4.6 3.7 1.9 3.2 1.3 0.3 1.0 0.8 19.1 14.3 20.0 18.0

Trichoptera 0.0 0.0 0.6 0.3 0.0 0.0 0.2 <0.1 0.0 0.0 6.7 2.0

Coleoptera 9.2 12.0 6.9 9.0 5.5 1.3 4.9 3.4 38.1 28.6 33.3 34.0

Other Pterygota 3.7 3.7 1.3 2.7 <0.1 — — <0.1 14.3 28.6 6.7 16.0

Other Arthropoda 7.3 1.9 1.3 3.2 — — — — 23.8 7.1 13.3 16.0

Vertebrata 0.9 0.9 0.0 0.5 4.3 — 0.0 2.0 4.8 7.1 0.0 4.0

Unidentified 0.9 2.8 0.0 1.1 — — 0.0 — 4.8 14.3 0.0 6.0

ferent seasonally in any of the three age/sex 
groups, but comparisons were impossible 
because of small sample size.  There was no 
seasonal difference in the number of prey in 
adults or juveniles (χ2=3.62, df=6, p=0.73 
and χ2=0.60, df=3, p=0.90, respectively).

Diet composition
From 50 frog samples, 376 prey items were 

recovered, of which 109 were from 21 males, 
108 from 14 females, and 159 from 15 juve-
niles.  The prey items first categorized into 23 
taxa were grouped into 17 taxa as shown in 
Table 1.  A few prey items could not be 
 identified to the taxonomic level lower than 
Pterygota or Arthropoda, and others were not 
identified to any taxonomic level.  Crustacea 
occupied the largest proportion in number 
(26.9%), of which the greater part (15.2%) 
was recovered from juveniles and composed 
mainly of Asellota and Oniscoidea.  The 
remaining proportion of crustaceans was 

composed of two decapod species, the 
American crayfish Procambarus clarkii 
(5.1%) and a native crab Potamon dehaani 
(6.7%).  The second most numerous taxon 
was Annelida (12.8%), and Hymenoptera 
(10.6%, of which Formicoidea occupied 8.2%), 
Hemiptera (10.1%, of which Heteroptera 
occupied 7.7%), and Coleoptera (9.0%) fol-
lowed it in order.

In volume, the crayfish and crab comprised 
85.8% (53.3% for the crayfish and 32.5% for 
the crab), and Hemiptera (3.5%, of which 
Homoptera and Heteroptera occupied 2.5% 
and 1.0%, respectively), Coleoptera (3.4%), 
Myriapoda (2.9% of which Chilopoda occu-
pied 2.1%), and Vertebrata (2.0%) followed 
them.  Annelida and Formicoidea (in 
Hymenoptera) comprised only 0.09% and 
0.04%, respectively.  Vertebrata was repre-
sented by a crucian carp, Carassius sp.  In 
addition, an unidentified frog, whose volume 
we failed to measure, was included.
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The most frequently eaten prey was 
Crustacea (58.0%, of which American cray-
fish and the crab occupied 24.0% and 20.0%, 
respectively), followed by Hymenoptera 
(40.0%, of which Formicoidea occupied 
34.0%), Coleoptera (34.0%), Annelida 
(32.0%), Aranea (26.7%), Hemiptera (26.0% 
of which Heteroptera occupied 20.0%), and 
Myriapoda (24.0%, of which Chilopoda 
occupied 16.0%) in that order (Table 1).

Simple similarity indexes showed slightly 
higher dietary overlap between males and 
females (0.581) than between males and juve-
niles (0.337) or between females and juveniles 
(0.484).  Among different age/sex groups, 
annelids (χ2=10.545, df=2, p=0.005), crabs 
(χ2=10.857, df=2, p=0.004) and bugs 
(χ2=8.496, df=2, p=0.014) differed in pro-
portions.  Adult males consumed more 
annelids than adult females (χ2=3.891, df=1, 
p=0.048) and juveniles (χ2=9.477, df=1, 
p=0.002).  Adult females tended to consume 
more crabs than adult males (χ2=4.675, df=1, 
p=0.03) and juveniles (χ2=7.291, df=1, 
p=0.007), and adult females and juveniles 
took more bugs than adult males (χ2=5.173, 
df=1, p=0.023 and χ2=8.601, df=1, p=0.003, 
respectively)).  However, in the frequency of 
occurrence of prey, the three groups did not 
differ.

Comparisons of diet classified by habitats
The number of terrestrial and aquatic prey 

did not differ significantly either in adults or 
juveniles (ANOVA, p>0.05; Table 2).  In 
adults, sexual difference was not found in 
either the mean or the total prey volumes of 

the two ecological categories (ANOVA, 
p=0.17 for mean and p=0.26 for total prey 
volume), but when the sexes were combined, 
average values for the aquatic prey (mean prey 
volume: mean=6004.8 mm3; total prey vol-
ume: mean=12249.1 mm3) were significantly 
larger than those for the terrestrial prey 
(mean prey volume: mean=580.9 mm3; total 
prey volume: mean=1498.4 mm3; ANOVA, 
p<0.01).  In juveniles, volumes of terrestrial 
and aquatic prey did not differ in either mean 
or total (ANOVA, p>0.05).  Between ecologi-
cal types, the three age/sex groups did not 
differ significantly in either the prey propor-
tion (χ2=2.322, df=2, p=0.313) or in the 
frequency of occurrence of prey (χ2=0.254, 
df=2, p=0.881).

Among the aquatic prey, most numerous 
taxon was Crustacea (23.2%), followed by 
Annelida (11.3%) and Heteroptera (3.7%) in 
order.  Crustacea comprised also the largest 
proportion in volume (85.9%), and the second 
taxon was Vertebrata (2.0%).  Among the ter-
restrial prey, Formicoidea was most numerous 
(8.2%), followed by Coleoptera (8.0%) and 
Heteroptera (4.0%).  The largest volume was 
occupied by Coleoptera (3.4%) followed by 
Homoptera (2.5%).

Discussion

From this study, several tendencies in food 
habits are clarified for L. catesbeianus from 
the city region of Kyoto.  First, the frog tends 
to take smaller number of larger prey with 
increase of the body size.  A similar tendency 
for this species has been reported for native 

Table 2.  Prey of Lithobates catesbeianus (109 prey items from 21 males [M], 108 from 14 females [F], 
and 159 from 15 juveniles [J], in %) classified by habitat type.

Habitat

Number Volume Frequency

M F J M F J M F J

Terrestrial 43.1 50.0 35.2 10.3 10.7 24.6 66.7 85.7 80.0
Aquatic 44.0 38.9 58.5 89.7 89.3 71.4 76.2 71.4 86.7
Unidentified 12.8 11.1 6.3 <0.1 <0.1 4.0 38.1 64.3 40.0
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populations from Michigan, USA (Werner et 
al., 1995).  Very small prey such as oribatids 
(Oribatida, Acaromorpha) might have been 
coincidently taken by frogs together with big-
ger prey.

Second, feeding intensity of L. catesbeianus 
seems to be constant throughout the active 
season.  In our research the proportion of 
frogs with empty stomachs found in the breed-
ing (12%) and in non-breeding season (36%) 
did not differ significantly, likely due to small 
sample size.  This result is very different from 
the result of Corse and Metter (1980).  In their 
study bullfrog showed clear seasonal variation 
in feeding activity, with highest number of 
empty stomachs in the breeding season 
(April–June, 37%) and with less number in the 
non-breeding season (July–September, 21%).  
This could be explained with the high number 
of fish in bullfrog’s diet in Corse and Metter’s 
work, or with the relatively small sample size 
in ours.  This problem seems to be worthy of 
further research.

Third, aquatic prey seems to be more 
important for L. catesbeianus than terrestrial 
prey.  In our results, adult bullfrogs took 
aquatic prey in larger volume, although the 
frogs took both types of prey similarly in 
 number.  This result is surely attributed to the 
presence in the menu of crustaceans, such as 
Asellota in juveniles and crayfish and crabs in 
adults.  The importance of crustaceans as 
prey of L. catesbeianus has been reported 
both for native (Missouri: Corse and Metter, 
1980) and introduced (Arizona–California: 
Clarkson and De Vos, 1986) populations.  In 
both works, a high volume of crayfish (P. 
clarkii, same species introduced to Japan) has 
been found in diets of adult frogs.  Clarkson 
and De Vos (1986) reported that the crayfish 
comprised the highest mean relative volume 
(19% of the total stomach volume), although 
it was less frequently found than spiders and 
Oniscoidea.  Corse and Metter (1980) also 
noted a high volume of crayfish, although they 
did not give the actual value.  According to 
these authors, the crayfish was second most 
numerous in number (11%), and was third 

frequently eaten.  These proportions are very 
similar to those we obtained for adults from 
Kyoto (5.1% in number, 53.3% in volume, and 
24.0% in frequency).

In other works, aquatic prey was also 
reported to be important, but the contents 
are different from the reports mentioned 
above.  Daza-Vaca and Castro-Herrera (1999) 
reported in a population of L. catesbeianus 
introduced to Colombia in which fish and 
frogs, though small in number, comprised 
nearly half the total food volume.  The rest of 
the frog’s food was composed mainly of bee-
tles and spiders.  According to Werner et al. 
(1995), natural populations from Michigan 
took a large number or volume of frogs, 
aquatic bugs, and dragonflies.  In both works, 
the crayfish was not present in bullfrog’s diet.

Fourth, vertebrates comprised only small 
proportion of the diet (0.5% in number, 2.0% 
in volume, and 4.0% in frequency), despite 
their apparent availability in all the sites 
studied.  In some ponds or rivers in our study 
sites, L. catesbeianus coexists with several 
other frog species, as well as with other small 
vertebrates including fish and voles.  On the 
other hand, vertebrate prey items have been 
reported in 10 out of 11 diet studies on L. 
catesbeianus (Brooks, 1964; Carpenter and 
Morrison, 1973; Clarkson and DeVos, 1986; 
Cohen and Howard, 1958; Corn and 
Hendricks, 1998; Corse and Metter, 1980; 
Daza–Vaca and Castro–Herrera, 1999; Stuart 
and Painter, 1993; Tyler and Hoestenbach, 
1979; Werner et al., 1995).  In most of these 
studies, vertebrates comprised an important 
part of bulk diet, ranging from 24% (Werner 
et al., 1995) to 87% (Stuart and Painter, 1993) 
in volume, and from 1% (Corn and Hendricks, 
1998) to 43% (Corse and Metter, 1980) in 
number.  In this regard, our result is compa-
rable only with Corn and Hendricks (1998) for 
the introduced population in Montana (1% in 
number and 4.8% in frequency).

From above comparisons, it could be con-
cluded that although some general patterns in 
feeding habits are typical for L. catesbeianus, 
the species can change its food habits depend-
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ing on local environment, especially on food 
availability.  This indicates high adaptive 
capacity of the bullfrog and could be one of 
the explanations of its successful invasion in 
many exotic regions including Japan.

Wu et al. (2005) reported predation on and 
diet overlap with native frogs of recently 
introduced L. catesbeianus in east China.  In 
contrast, predator-prey relationships of L. 
catesbeianus and the local animal fauna 
seem to be at present well established, and 
the American bullfrog seems to largely 
depend on the American crayfish, also intro-
duced from North America, at least in our 
study sites.  Probably, more serious damage on 
native species would have occurred soon after 
the introduction of this frog to Japan nearly 
100 years ago, but unfortunately, we have no 
comparable past data on the food habits of 
L. catesbeianus in Japan, and, therefore, 
 cannot estimate the degree of extinction of 
native animal species attributable to this alien 
species.  Concurrent invasion of the crayfish 
makes the problem even more complicated.  
In some parts of Japan, L. catesbeianus is 
still extending its distribution, and food habit 
studies in regions newly invaded by this frog, 
and especially where the crayfish is absent, 
would be very helpful in understanding its 
effect on native fauna.
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