
PREY SELECTION BY JUVENILE BULLFROGS IN A CONSTRUCTED VERNAL POOL COMPLEX 

PETER S. BALFOUR, ECORP Consulting, Inc., 2260  Douglas Boulevard, Suite 160, Roseville, CA 9581 9, 
USA 

STEVEN R. MOREY, U. S. Fish and W~ldlife Service, 91 1 NE 1 I t h  Avenue (fourth floor). Portland,-OR 
97232 

ABSTRACT: Bullfrogs (Rana catesbeiana) were introduced into California about 100 years ago and are common in 
permanent and semipermanent aquatic habitats, except those at high elevations and in some desert areas. In the Great 
Central Valley of California, urban and agricultural development has led to increased hydroperiods in areas that 
historically supported only ephemeral sources of water. This has increased breeding opportunities for bullfrogs and 
expanded their dispersal into grassland and vernal pool ecosystems. Because of their voracious feeding habits, the 
diet of bullfrogs has been well studied, and bullfrogs have been implicated in local declines of some native species. 
Little is known, however, about prey selection by bullfrogs in ephemeral ecosystems such as vernal pools. We studied 
aquatic prey availability and the diet of juvenile bullfrogs at a constructed vernal pool wetland mitigation site in 
Sacramento County, California from February to June, 1998. Early in the spring, bullfrogs were widely distributed 
on the study site, but as pools with shorter hydroperiods dried, they dispersed away from the site or moved to larger, 
deeper pools. In pools occupied by bullfrogs, aquatic macroinvertebrate samples were dominated by crustaceans and 
coleopterans early in the spring, and by hemipterans later in the spring and early summer. The majority of the 
juvenile bullfrogs' diets consisted of aquatic macroinvertebrates, but terrestrial coleopterans, hymenopterans, dipter- 
ans, odonates, and arachnids were also preyed upon. Aquatic prey selection was non-random, with crustaceans and 
beetles over-represented and hemipterans under-represented in the diet compared to their abundance in the pools. 
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INTRODUCTION 
Originally native to the eastern United States, bull- 

frogs (Rana catesbeiana) were introduced to California 
about 100 years ago, and are now widely distributed and 
often abundant in many habitats throughout the state 
(Bury and Luckenbach 1976, Jennings and Hayes 1985). 
Bullfrogs are notorious for their voracious feeding hab- 
its, and studies documenting their diet are numerous. 
Adult bullfrogs prey on a wide variety of aquatic and 
terrestrial organisms (Dickerson 193 1, Korschegen and 
Baskett 1963, Bury and Whelan 1984, California De- 
partment of Fish and Game 1988) and have been impli- 
cated in declines of native amphibians and other verte- 
brates (Moyle 1973, Hammerson 1982, Hayes and 
Jennings 1986, Rosen and Schwalbe 1988, Schwalbe and 
Rosen 1988, United States Fish and Wildlife Service 
1994a, 1996). Even though bullfrogs have gained noto- 
riety for feeding on a wide variety of vertebrate species 
including alligators and bats (Bury and Whelan 1984 
and references therein), rattlesnakes and turtles 
(Clarkson and DeVos 1986), and even a young mink 
(Beringer and Johnson 1995), their diet consists prima- 
rily of invertebrates (Frost 1935, Korschegen and Moyle 
1955, Cohen and Howard 1958). Most bullfrog feeding 
studies have taken place in perennial wetland systems 
and little is known about the diet of bullfrogs in vernal 
pools (but see Hayes and Warner 1985, Morey and Guinn 
1992). 

Changes in the hydrology of grassland and vernal 
pool ecosystems in the Great Central Valley of Califor- 
nia, as the result of various land uses including agricul- 
tural and urban development, have established more 
permanent sources of water and have increased the 
hydroperiod of many natural ephemeral drainages and 
pools. Fisher and Shaffer (1996) observed that vernal 
pool habitats are often altered by the construction of stock 
tanks and farm ponds, and concluded that habitat modi- 
fications have allowed alien species, including bullfrogs, 
to invade, contributing to the declines of native amphib- 
ians that they observed. This suggests that controlling 
the effects of bullfrogs and other alien species (e.g., 
centrarchid fishes, mosquitofish) should be a manage- 
ment priority for vernal pool preserves. 

Eliminating bullfrogs from vernal pool areas is go- 
ing to be difficult because juveniles can disperse across 
grasslands from nearby permanent waters occupied by 
adults. Developing eff~cient management strategies for 
bullfrogs at vernal pool mitigation sites or preserves is 
hindered at present because even the basic natural his- 
tory of bullfrogs, including their dietary habits, while 
occupying vernal pools, is not well understood. In this 
paper we report the results of a study in which we evalu- 
ate prey selection by juvenile bullfrogs in a constructed 
vernal pool complex. 
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STUDY AREA 
Our study site was a 162-hectare constructed vernal 

pool wetland mitigation site in southern Sacramento 
County, California. The site is adjacent to natural ver- 
nal pool landscapes and historically supported a natural 
vernal pool complex until it was converted for agricul- 
tural uses. There are now approximately 15 hectares of 
constructed vernal pools and other seasonal wetlands 
on the site. Juvenile bullfrogs are present when the pools 
are filled. They probably dlsperse to the site from a 
nearby creek, portions of which are amficially semi-pe- 
rennial due to urban and agricultural runoff and support 
breeding populations of bullfrogs. 

METHODS 
Field Sampling. The study site was visited on 6 oc- 

casions between February 27 and June 24, 1998. Pools 
(about 12 pools per visit) were inspected for the pres- 
ence of bullfrogs which, when observed, were counted. 
A haphazard subsample of frogs from each occupied pool 
was collected using minnow nets (318 inch mesh) and 
gigs. The frogs we collected (n = 22) were killed, weighed 
to the nearest 1 g with a hand held Pesola scale, and 
measured (snout-vent length to the nearest 1 mm). While 
we are not certain, the method of collection (net versus 
gig) may have had small effects on mass and length es- 
timates, including increased variance around the mean. 
Each collected frog was dissected, labeled, and preserved 
in ethanol. The digestive tracts were labeled and pre- 
served after being perfused with ethanol. Voucher speci- 
mens are maintained by PSB. 

From each pool where bullfrogs were collected, 
aquatic macroinvertebrates were sampled using a D- 
frame aquatic dipnet (8x9 meshkm). A sample con- 
sisted of three sweeps, one 3-meter pass made along the 
edge of the pool, along the deepest portion of the pool, 
and one sweep between these areas. One sample was 
taken at each pool, ensuring that a consistent volume of 
water passed through the net in each pool. The face of 
the net was oscillated vertically to capture organisms 
present within the water column and benthic areas. 
Samples were placed in a white porcelain tray, and all 
organisms 1-cm or greater in length were identified to 
the level of Order and counted. The 1 c m  length thresh- 
old was selected after a pilot study in 1997 at the same 
site revealed that most food items taken by juvenile bull- 
frogs are over 1 -an in length. 

Lab Methods. The preserved contents of the stom- 
achs were identified at least to the level of Order using a 
dissecting microscope (10x30x), and individual prey 
items were counted. All prey were categorized as either 
aquatic or terrestrial. Adult aerial forms of some aquatic 
taxa ( eg ,  Odonata) were included in the terrestrial cat- 
egory. Inferences about diet based on stomach contents 

can be biased due to differential passage time of some 
types of prey items (e.g., soft bodied prey versus prey 
with heavily chitinized exoskeletons). We elected, how- 
ever, to analyze stomach contents anyway, because it is 
a standard method and is consistent with studies with 
which we compare our work. 

Statistical Analyses. We described the snout-vent 
length and mass of the bullfrogs with descriptive statis- 
tics (mean, standard error) and the unit of analysis was 
the individual. We observed a shift in the aquatic 
macroinvertebrate community as the season progressed, 
so we analyzed the pooled early season samples (27 Feb- 
ruary, 18 March, and 22 April) and the pooled late sea- 
son samples (18 May, 03 June, and 24 June) separately 
to more accurately characterize the aquatic prey avail- 
able to bullfrogs. Stomach contents from bullfrogs taken 
at the same vernal pool on the same date were pooled, 
but otherwise stomach contents and the 
macroinvertebrate samples were analyzed identically 
(i.e., pooled early and late season samples). We evalu- 
ated aquatic prey selectivity in the early and late season 
collections with separate Chi-square goodness of fit tests 
(Zar 1984). One source of bias inherent in our sam- 
pling design is that some pools were sampled only once 
while others were sampled more than once. This hap- 
pened because we decided in advance to sample the 
aquatic macroinvertebrates in each pool from which we 
collected frogs. Frogs were repeatedly encountered in 
some pools but not in others. Thus, of the 9 different 
pools sampled over the course of the study, 5 were 
sampled once, 3 were sampled twice, and 1 pool was 
sampled three times. We found that removing the re- 
peated samples did not qualitatively change the results, 
so we present the analysis of the full sample. 

RESULTS 
Use of the site by bullfrogs. We made 6 visits'to the 

study site and searched for frogs in about 12 pools per 
visit, observing an average of 30 juvenile bullfrogs 
(range= 21 - 44) per visit. Early in the season (February 
- April) frogs were widely distributed on the site, occu- 
pying over half (59%) of the pools. Later in the season 
(May-June) the frogs moved away from the smaller, shal- 
lower pools in favor of the largest, deepest pools on the 
site. On June 24, for example, 10 pools still held water, 
but the 30 frogs we observed on that date were restricted 
to only 2 pools. All bullfrogs collected were dissected 
to confirm their reproductive status and were all found 
to have small, undeveloped gonads. 

Aquatic macroinvertebrates. Over the course of the 
study there was a shift in the composition of the early 
and late season macroinvertebrate assemblages. Early 
in the season, crustaceans and beetles made up almost 
80% of the sample (Figure 1). The most common crus- 
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tacean was the California clam shrimp, Cyzicus 
californicus (Spinicaudata). Vernal pool tadpole shrimp, 
Lepidurus packardi (Notostraca), were collected only 
once, although exoskeletons of this species were observed 
in several of the pools we sampled. The most abundant 
aquatic beetles early in the season were adult and larval 
Dytiscidae. Among several changes in  the 
macroinvertebrate assemblage from early to late in the 
spring, the most notable was the increase in the propor- 
tion of the sample made up of the Hemiptera (Figure l), 
primarily water boatmen (Corixidae). In the late season 

fi rly Sa m pling 

sample, the Hydrophilidae replaced the Dytiscidae as 
the most abundant aquatic beetles, the proportion of 
California clam shrimp decreased from 41% to only 2%, 
and the proportion of Odonata (mostly damselfly 
nymphs), Diptera (Chironomidae), and mayfly nymphs 
(Baetidae) increased markedly (Figure 1). In addition 
to distinct changes in relative abundance and composi- 
tion, we also observed changes in overall abundance of 
the macroinvertebrate assemblage. Over the course of 
the study we observed over a 20-fold increase in the n m -  
ber of macroinvertebrates in our standardized aquatic 

Late Sampling 

Figure 1. Proportions of aquatic macroinvertebrates present within vernal pools, based on sampling conducted in a 
constructed vernal pool complex in Sacramento County, California, in 1998. Early sampling was conducted between 
February and April, 1998; late sampling was conducted between May and June, 1998. 

Sample Date 

Figure 2. Changes in relative invertebrate abundance over time, based on sampling conducted in a constructed vernal 
pool coniplex in Sacramento County, California, in 1998. Number of pools sampled on each date are shown in 
parentheses on each bar. 
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samples (Figure 2). Most of t h s  change was the result 
of increases in the abundance of water boatmen, chi- 
ronomids, damselfly nymphs and mayfly nymphs as 
spring progressed. 

Diet andprey selection by bul@ogs. It appears that 
the majority of bullfrogs on the site were feeding through- 
out the study because, of the 22 frogs collected, only a 
single individual (collected 24 June) had an empty stom- 
ach. Over the course of the spring, we observed a greater 
than four-fold increase in mass among the frogs we col- 
lected (Figure 3). The majority of the prey items in the 
stomachs of the juvenile bullfrogs we examined were 
aquatic (62% of the early sample; 80% of the late sea- 
son sample) (Figure 4). The proportion of terrestrial 
and aerial food items in the stomachs was greatest early 
in the season when the abundance of aquatic prey was 
lowest. Terrestrial and aerial prey taken early in the early 
in  the season included various Coleoptera (e.g., 
Chrysomelidae, Coccinellidae, Carabidae), Diptera (e.g., 
Tipulidae, Muscidae), and Hymenoptera (Apidae). Later 
in the season, terrestrial and aerial prey included Co- 
leoptera, Diptera, Odonata (including adult damselflies 
[Lestidae] and dragonflies [Libellulidae]), and spiders 
(Arachnida) . 

Aquatic taxa identified in both early and late season 
stomach samples consisted almost entirely of adult and 

larval Coleoptera and clam shrimp (Figure 5). Califor- 
nia clam shrimp, hydrophilid beetles (Tmpistemus sp., 
Berosus sp.), and dytiscid beetles (Agabus sp., Rhantus 
sp., Colymbetes sp.) comprised the majoiity of the early 
season aquatic stomach contents. The late season aquatic 
stomach contents were similar to the early season stom- 
ach contents (d.f. = 3, X = 3.71, P > 0.25), except for 
the addition of Hemiptera (Corixidae and Notonectidae) 
and odonate nymphs (Lestidae and Libellulidae) which 
made up a small proportion of the overall sample (Fig- 
ure 5). 

Nine of the 22 frog stomachs contained small num- 
bers of tiny (<I cm in length) dytiscid beetles 
(Hydroporus sp.), unidentified adult flies (Diptera) and 
a single aphid (Homoptera: Aphidae). We do not know 
if these items were preyed upon or if they were taken 
incidentally along with larger prey. Other items in the 
stomachs included plant parts (leaves, seeds and stems), 
rocks, and feathers. 

We did not sample the terrestrial or aerial prey avail- 
able to bullfrogs at the study site, but aquatic sampling 
did provide an approximation of aquatic prey availabil- 
ity. The proportions of aquatic macroinvertebrates 
present in the pools occupied by bullfrogs (Figure 1) 
were substantially different than the proportions of 
aquatic prey taken by bullfrogs (Figure 5) during early 

I I I I I I 

2/27/98 311 8/98 4/22/98 511 8/98 6/3/98 6/24/98 

DATE 

Figure 3. Changes in mass of juvenile bullfrogs over time, based on sampling conducted in a constructed vernal pool 
con~plex in Sacramento County, California, in 1998. Numbers of frogs sampled shown in parentheses. Error'bars= 1 
SE. Early sampling was conducted between February and April, 1998; late sampling was conducted between May 
and June, 1998. 
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and late season samples (early season, d.f. = 4, X = 

2.65, P > 0.001; late season, d.f. = 5 , X  = 3,628, P < 
0.001). Overall, early and late in the season, crusta- 
ceans and beetles were over-represented and hemipter- 
ans were under-represented in the stomach contents com- 
pared to their availability in the pools. Late in the sea- 
son, odonate nymphs, mayfly nymphs, and chironornid 
larvae were also under-represented in the stomach con- 
tents compared to their availability in the pools occu- 
pied by bullfrogs. 

DISCUSSION 
All of the frogs observed on the study site were juve- 

niles. All of those collected had undeveloped gonads 
and ranged from 39 to 83 mm, snout-vent length. This 
conforms with the observation by Morey and Guinn 
(1992) that bullfrogs under 80 mm snout-vent length 
are almost certainly juveniles. The frogs we observed 

Early Sampling 
Hymanoptsrs 

probably transformed during the previous summer or 
fall after living as larvae in a semi-perennial creek which 
passes within 0.35 km of the study site. 

In a previous study, Morey and Guinii (1992) exam- 
ined the stomach contents of bullfrogs collected on rainy 
nights on roads passing through a vernal pool landscape 
in the San Joaquin Valley, and found about 60% of the 
stomachs were empty. Those that did contain food con- 
tained an average of only about 3 prey items per frog, 
and the prey were almost exclusively terrestrial in ori- 
gin. They concluded that the main behavioral activity 
on rainy nights was dispersal, not feeding. By contrast, 
only one of the 22 stomachs (5%) we analyzed were 
empty, and the average number of prey items per stom- 
ach was 10 (range= 3 - 3 1). The full stomachs, contain- 
ing mainly vernal pool invertebrates, and the pronounced 
increase in mass over the course of the study (which 
appeared to follow a growth curve), make it tempting to 

Late Sampling 
D1pt.n Arachnids 

Figure 4. Stomach content proportions of juvenile bullfrogs, based on sampling conducted in a constructed vernal 
pool complex in Sacramento County, California, in 1998. Early sampling was conducted between February and April, 
1998; late sampling was conducted between May and June, 1998. 

Early Sampling Late Sampling 

Hemlntarn Odormts 

Figure 5.Proportions of aquatic prey of juvenile bullfrogs, based on sampling conducted in a constructed vernal pool 
complex in Sacramento County, California, in 1998. Early sampling was conducted between February and April, 
1998; late sampling was conducted between May and June, 1998. 
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speculate that the jwenile bullfrogs we studied were resi- 
dent on the study site over the course of the study, but 
other interpretations are possible. 

We find it interesting that even though the composi- 
tion and relative abundance of the aquatic 
macroinvertebrate assemblage in the pools changed dra- 
matically as the season progressed, the aquatic prey taken 
by bullfrogs changed very little. Early in the season 
clam shrimp and larval and adult beetles comprised about 
80% of the available aquatic prey. Not surprisingly, over 
this period bullfrogs ate mostly clam shrimp and beetles; 
they excluded hemipterans which made up 18% of the 
available aquatic prey. Later in the season, clam shrimp 
abundance declined and made up only 2% of the aquatic 
macroinvertebrate assemblage. Beetles remained abun- 
dant, but because of a large increase in abundance of 
hemipterans, they made up only 1 1 % of the late season 
assemblage. During this period bullfrogs continued to 
prey primarily on clam shnmp and beetles while feed- 
ing only sparingly on hemipterans, which formed the 
preponderance of the available aquatic prey. 

Our descriptive approach provided no clues about why 
crustaceans and beetles were over-represented and hemi- 
pterans and some other groups were under-represented 
in the bullfrog diet when compared to their availability. 
We assume that several factors probably influenced prey 
selection including prey size, crypsis, and behavior. We 
did not measure the prey items found in the stomach 
contents, but the taxa most abundant in the stomach 
contents tended to be relatively large and active. 
Ephemeroptera and odonate nymphs may be inconspicu- 
ous to bullfrogs because they are relatively sedentary and 
cryptically colored. Larval midges (Chironomidae) may 
be inconspicuous to bullfrogs because they are largely 
benthic and relatively small. Hemipterans, while present 
in the late season stomach contents, were also a much 
under-represented prey group. Corixids and notonectids 
both retreat quickly in response to water disturbances 
and it is possible that their rapid and frenetic swimming 
behavior makes them difficult to capture. Whatever the 
reason, the avoidance of hemipterans as prey by bull- 
frogs has been observed before (Korschgen and Moyle 
1955). 

The study site was a constructed vernal pool wetland 
mitigation site, so our comparisons with natural vernal 
pool landscapes are tentative. We believe, however, that 
the behavior of bullfrogs that we observed, and our gen- 
eral conclusions, are applicable to both naturally-occur- 
nng vernal pools and constructed ephemeral wetlands. 
The U. S. Fish and Wildlife Senice (1994) has expressed 
concerns about potential effects of bullfrogs on listed 
vernal pool crustaceans. This concern may be justified 

given that bullfrogs are known to be voracious preda- 
tors (Frost 1935, Clarkson and DeVos 1986), and be- 
cause juvenile bullfrogs are likely to temporarily occupy 
vernal pool complexes wherever p e m d a l  water exists 
nearby. We commonly encounter small bullfrogs in un- 
altered vernal pools, and as Fisher and Shaffer (1996) 
pointed out, many natural vernal pool landscapes tend 
to be altered in places, allowing bullfrogs and other alien 
species to invade. Opportunities for bullfrog dispersal 
increase wherever urban runoff and irrigated agricul- 
ture create permanent water sources. Considering that 
habitat conversions of this type have already occurred at 
a high level (USFWS 1994, Holland 1998), and that al- 
teration and fragmentation of vernal pool landscapes is 
expected to continue, it seems realistic to conclude that 
juvenile bullfrogs are llkely to be, at least while pools 
are filled, an increasingly common component of many 
vernal pool communities. 

Our study provides circumstantial evidence that ju- 
venile bullfrogs can spend several weeks in vernal pool 
complexes, or as long as some pools remain filled. We 
have shown that while occupying vernal pools, juvenile 
bullfrogs will feed primarily on aquatic prey that live in 
the pools, and that they will selectively prey on large 
crustaceans and beetles, even when other invertebrate 
prey is much more abundant. These results do not, how- 
ever, suggest any particular effects on prey populations. 
Demonstrating effects of bullfrogs on prey populations 
or onvernal pool community structure would require an . 
experimental approach. In the future, as vernal pool 
landscapes are altered or converted to other uses, vernal 
pool preserves and mitigation banks will make up a larger 
proportion of the remaining vernal pool landscape, and 
their success at achieving conservation goals will de- 
pend on efficient and cost effe'ctive management. Es- 
tablishing management priorities among competing 
management needs, and developing effective strategies 
for bullfrogs in vernal pool preserves will be easier once 
we understand whether bullfrogs are simply an aesthetic 
nuisance, or a serious threat to native vernal pool spe- 
cies. Determining this will require field manipulations 
and analyses of natural experiments that could shed light 
on whether or not bullfrogs are likely to influence ver- 
nal pool community dynamics. 
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