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The bullfrog (Rana catesbeiana) is 
North America's largest frog and one 
of the most widely distributed anu- 
rans on the continent. Occurring 
naturally from Florida to Nova Scotia 
and west into central Texas, Okla- 
homa, and Kansas, the bullfrog has 
been introduced widely into perma- 
nent waters throughout the West 
(Bury and Whelan 1984, Stebbins 
1985, Wright and Wright 1949) 
Known to be voracious, opportunis- 
tic predators, they have been impli- 
cated in declines of native anuran 
populations (Bury and Luckenbach 
1976, Bury et al. 1980, Conant 1975, 
1977, Jarneson 1956, Moyle 1973, 
Nussbaum et al. 1983, Vitt and 
Ohmart 1978 and others). Much less 
is known about their impacts on 
other vertebrate classes. 

A recent investigation of factors 
producing decline of Mexican garter 
snakes (Tharn~lophis eqtles) in Arizona 
(Rosen and Schwalbe 1988) sug- 
gested that predation by introduced 
bullfrogs (see fig. 1) is a present and 
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Abstract.-Ranid frogs (Rana catesbeiana, R. 
chiricahuensis, and R. yavapaiensis), garter snakes 
(Thamnophis eques, T, marcianus) and Sonoran 
mud turtles (Kinosiernon sonoriense) were surveyed 
in southeastern Arizona. Distribution of the 
introduced bullfrog (Rana caiesbeiana) was 
negatively correlated with distributions of the two 
leopard frogs and garter snakes. The hypothesis that 
bullfrog predation caused decline of a native 
wetland herpetofauna is supported by data on 
bullfrog diet, on garter snake, leopard frog and mud 
turtle population structure, and natural history 
observations on the snakes. An experimental 
removal of bullfrogs has been initiated at the San 
Bernardino National Wildlife Refuge. 

Figure 1 .-Bullfrog swallowing adult or subadult Mexican garter snake, Parker Canyon Lake, 
Cochise Co., Arizona, 1964. Photo courtesy of John Carr. 

serious impact on some of the few 
remaining snake populations. Obser- 
vations during the garter snake sur- 
vey suggested a similar effect on 
leopard frogs (Rana yavapaiensis, R. 
chiricahuensis). 

Recently, Hayes and Jennings 
(1986) questioned the importance of 
bullfrog predation in declines of 
western North American ranid frogs. 
They include predation by bullfrogs 
as onc of three major hypotheses to 
explain decline of ranid frogs in Cali- 
fornia, but suggest that predation by 
introduced fish has had greater im- 

pact on native frogs. Hayes and Jcn- 
nings (1986) indicate further that 
their hypotheses need to be tested to 
determine actual causal factors in 
population declines. In this paper we 
prcsent distributional and natural 
historical data implicating bullfrogs 
in population declines of native wct- 
land rep tiles and amphibians in 
southeastern Arizona. We then de- 
scribe an experimental y rogram of 
bullfrog removal we have initiated to 
test the direct and indirect effccts of 
this introduced predator on wetland 



Methods and Materials 

We report on two phases of our 
work. The first phase involves exten- 
sive surveys, principally for garter 
snakes. The second focuses on inten- 
sive surveying and experimental 
manipulation at one locality that is 
heavily infested with bullfrogs. 

surveys, attempts were made to cap- 
ture, measure, mark and release all 
garter snakes seen. Detailed obscrva- 
tions were made on distribution and 
abundance of other biota on the sites 
sampled, with special attention to 
anurans, turtles and other snakes. 
Intensive mark-recap ture studies 
were conducted at four sites using 
trapping methods described below. 

Extensive Phase 
lntensive Phase 

We sampled over 80 localities 
throughout much of central and 
southern Arizona during 1985-1987, 
searching appropriate aquatic and 
semi-aquatic habitats (Rosen and 
Schwalbe 1988). Methods and results 
are briefly summarized here. Lotic 
habitats were surveyed for 2-6 mile 
reaches on foot. Lentic habitats were 
also examined on foot, in their en- 
tirety in most cases. During these 

San Bernardino National Wildlife 
Refuge (SBNWR), one of four sites 
where mark-recapture procedures 
were initiated during the extensive 
phase of our work, was selected for 
ongoing observation and experimen- 
tation. Beginning in September 1986, 
we visited the refuge in September 
and May of each year, marking 
snakes, observing herpetofaunal dis- 

SAN BERNARDINO NWR 

Mexico 
Figure 2.-Diagrammatic map of Sun Bernardino National Wildlife Refuge. Stippled line indi- 
cates boundary between upland Chihuahuan desertscrub and riparian scrub and wood- 
land vegetation types. 

tribu tions and abundances, and ex- 
perimen tally removing bullfrogs. 

lntensive Site Description 

SBNWR (fig. 2) consists of 984 ha in 
the San Bernardino Valley on the 
Mexican border in Cochise County, 
Arizona. Elevations range from 1134 
to 1183 m. Higher, rocky slopes and 
mesas supporting Chihuahuan de- 
sertscrub and lower terraces grading 
into desert grassland comprise al- 
most two-thirds of the refuge. 

The heart of the refuge is a low- 
land supporting dense mesquite 
(Prosopis velutina) bosques and 
sacaton (Sporobolus) grasslands inter- 
spersed with four spring-fed ponds 
and seven additional springs. In the 
center of this low ground is deeply 
incised Black Draw, headwater of the 
Rio Yaqui, which normally arises at a 
natural spring about halfway be- 
tween the Mexican border and north 
boundary of the refuge. Large, iso- 
lated, living and dead cottonwood 
trees (Populus fremontii) occur near 
almost all aquatic habitats. Broad 
swamplike cienegas with little open 
water occur at the artesian wells that 
do  not supply ponds. 

Vegetation in Black Draw varies 
from rank herbaceous plants and tall 
grass in the northern one-half, 
through open riparian thicket and 
ca t-tail (Typha dorningcnsis) stands, 
into almost irnpene trable thickets of 
sapling cottonwood and willow 
(Salix gooddingi) throughout the 
lower 1.2 km to the border. Cicnega 
pools are cold and reach a depth of 
about 2 meters. 

North Pond, focal point for the 
experimental removal of bullfrogs, 
contains 0.1 ha of open water sur- 
rounded by earthen lcvecs. Artesian 
well flow is piped into the pond and 
into a small marshy area north of the 
pond. North and west banks are 
lined with mcsquite. South and west 
banks are open or overgrown with 
herbaceous vegetation. Cat-tail is 
spreading rapidly around the pond 



margin from foci in northeast and 
southwest corners. Open water is 
largely choked with submergent 
macrophytes. 

The wetland herpetofauna of the 
refuge includes bullfrogs (Rana 
ca fesbeiana), lowland leopard frogs 
(R.  yclvapaiensis), Mexican garter 
snakes (Thamnophis eques), checkered 
garter snakes (T. rnarcianus), and 
Sonoran mud turtles (Kinosfernon 
sonoriense). 

Intensive Field Procedures 

Garter snakes were collected by hand 
at all times of day and night, and 
with minnow traps connected by 
aquatic drift fences (see Rosen and 
Schwalbe 1988 for details). Four drift 
fences, each with a trap at each end, 
were set in North Pond during each 
visit to the refuge. Two drift fences 
with traps wcre set in Twin Pond in 
August 1985 and August-September 
1986. Twin Pond was drained during 
summer 1987 and remains dry. 

The following data were recorded 
for each snake captured: date, loca- 
tion, sex, snout-vent length (SVL), 
tail length, total weight, presence/ 
absence and number of food items, 
and injuries. Females were palyed to 
determine presence/absence and 
number of developing young. For 
hand-caught snakes we recorded ac- 
tivity at time of first sighting, mi- 
crohabitat, time, and cloaca1 and am- 
bient temperatures. Each individual 
was uniquely marked by clipping 
subcaudal scales. 

Bullfrogs were collected mostly 
with four-pronged spears at night by 
using head lamps to find and blind 
them. Additionally, many were col- 
lected in turtle hoop nets, which 
wcre set along seine nets rigged as 
aquatic drift fences. Some hoop nets 
were baited to capture turtles, and 
these captured bullfrogs, as well. A 
few were collected by hand and with 
air guns and light arms. Initial col- 
lecting efforts were focused on larger 

(2100 mm SVL) bullfrogs. Every 
aquatic habitat on the refuge was 
checked for frogs by listening for 
their calls and searching visually at 
night. Captured bullfrogs were kept 
on ice overnight and the following 
data were recorded the next day: 
capture location and date, sex, snout- 
vent length, total weight. Most were 
dissected to determine stomach con- 
tents and reproductive condition. 

Results 

Distribution and Natural History 

Leopard frogs are significantly less 
common where bullfrogs abound 
(table 1: Spearman rank correlation 
rs=-0.434, ~€0.025, Rosner 1982, Sokal 
and Rohlf 1981). SBNWR is the only 
site where we found both bullfrogs 

and leopard frogs. Among the sites 
shown in table 1, introduced, non- 
native predatory fish were found in  
abundance only at Bog Hole and 
Babocomari Cienega, where ranid 
frogs were absent. Historical records 
indicate that leopard frogs once were 
abundant in two areas now support- 
ing dense bullfrog populations, Ari- 
vaca Creek (Wright and Wright 1949) 
and SBNWR (Laming 1981, Lowe 
personal communication). 

Mexican garter snakes also are sig- 
nificantly less abundant in the pres- 
ence of bullfrogs (table 1: Spearman 
rank correlation rS=-0.420, p<0.03). At 
the Potrero Canyon locality, Mexican 
garter snakes were known as late as 
1970 (Rosen and Schwalbe 1988), but 
we found only checkered garter 
snakes (N = 24) during 1985-1987. 

At SBNWR, all museum records of 
Thavznophis prior to 1970 (N=7) wcre 

F \ 

Table 1 .-Distribution and abundance of ranid frogs and garfer snakes in 
wetlands of southeastern Arizona, based upon field work during 1985-1 988. 
O=absent, 1 =rare, 2=common, 3=very abundant; P=pond, C=cienega, 
M=rnarsh; NWR=National Wildlife Refuge; SB=San Bernardino. Leopard frogs 
may be either Runa chiricahuensis or R. yavapaiensis. 

Locality Ranid abundance Garter snake abundance 

Bull- Leopard 
frog frog Checkered Mexican 

San Pedro River 2 0 2 1 
San Pedro gravel pit P 3 0 0 0 
Ramsey Canyon P 0 3 0 0 
Parker Canyon Lake 3 0 0 1 
Sharp Spring C 1-2 0 0 1 
Bog Hole P 0 0 0 0 
Bog Hole C 0 0 0 3 
Research Ranch P 0 2 0 3 
Research Ranch C 0 1 0 3 
Elgin Cienega C 0 2 0 2 
Babocomari River P 0 0 0 1 
Babocomari River C 0 0 0 1 
Cienega Creek C 1 0 0 2 
Potrero Canyon M 3 0 3 0 
Potrero Canyon C 3 0 2 0 
Sonoita Creek M 3 0 0 0 
Sonoita Creek C 3 0 0 0 

\ / 



eques, while all subsequent (N=5) 
were marcianus. Thamnophis eques 
comprised 57% of the garter snakes 
seen on the refuge during 1985-1988 
(table 2). On the refuge, the popula- 
tion of Mexican garter snakes was 
heavily dominated by large adults, in 
significant contrast to populations in 
areas lacking bullfrogs, where year- 
lings and small adults predominate 
(fig. 3, Mann-Whitney U Test, 
pc0.001). At SBNWR, most Mexican 
garter snakes (61.9%) had damaged 
tails which bled between the ventral 
scales when handled (fig. 41, suggest- 
ing unsuccessful predation attempts 
by bullfrogs. This type of injury was 
not seen at any other locality. 

At SBNWR we found Sonoran 
mud turtles (Kdnosternon sonoriense) 
to be unexpectedly rare. Only four 

turtles were captured in 29 trap- 
nights on the refuge, a rate of 0.14 
captures per trap-night. Elsewhere in 
Arizona, 917 trap nights produced 
2,092 captures at the 17 other locali- 
ties we have sampled (Rosen unpub- 
lished data, Rosen 1987). The mean 
trap success for those 17 localities 
was 4.32 4 0.23 captures per trap- 
night (range 0.20-12.23). For the five 
habitats in southeastern Arizona 
which were comparable to the ref- 
uge, and where at least 20 trap-nights 
were registered, mean trap success 
was 5.42 1 1.03 captures per trap- 
night (1.23-12.23). Quitobaquito 
Pond, with 0.20 captures per trap- 
night was the only area in Arizona 
with trapping success approaching 
the low level obtained at the refuge. 
The Quitobaquito population is 
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Figure 3.-Size-frequency histograms of 
Mexican garter snakes in 1985 and 1986 
(modified from Rosen and Schwalbe 1988). 
Upper histogram represents snakes from 
populations where bullfrogs were scarce or 
absent. Lower histogram represents San 
Bernardino National Wildlife Refuge sample. 

Figure 4.-Bullfrog damage to tail of large 
Mexican garter snake, San Bernardino Na- 
tional Wildlife Refuge, Cochise County, Ari- 
zona, 1986. 

known to have bcen markedly re- 
duced by human activities (Rosen 
1986). 

Including captures obtained by all 
methods, only six Sonoran mud 
turtles have been found by us on the 
refuge. All were large adults, and, 
according to growth ring analysis 
(see Rosen 19871, all were born prior 
to 1981. In all other populations, ju- 
veniles comprised over 20% of the 
sample (Rosen, unpublished data). 

Bullfrog Diet 

Stomach contents confirmcd the op- 
portunistic feeding behavior of bull- 
frogs (table 3). Invertebrates consti- 
tuted the majority of food items, with 
the snail, Planorbella tenuis, and in- 
sects of the orders Coleoptera, 
Diptera, Hemiptera, Hymenoptera, 
Odonata and Orthoptera commonly 
eaten. Arthropods consumed in- 
cluded adults and larvae of terres- 
trial, aquatic and flying forms. 

Vertebrates were found in 14.6 
percent of the stomachs that con- 
tained some food. The most corn- 
monly consumed vertebrates were 
other frogs, including bullfrogs. At 
least two species of native fishes, 
both endangered, were eaten, the 
Yaqui chub (Gila pulpurea) and the 
Yaqui topminnow (Pocciliopsis oc- 
cidentalis sonoriensis). Mammal prey 
included Perornyscus, a Sigmodon and 
other as yet unidentified small ro- 
dents. The two reptile food items 
were a neonate checkered garter 
snake in a frog from House Pond and 
a spiny lizard (genus Sceloporus). Not 
shown in table 3 was a nestling bird, 
thought to bc a red-winged 
blackbird, Agehius tricolor, fotlnd in 
the stomach of a subadult bullfrog 
(1 00 mm SV E) . 

Bullfrog Density 

Using the numbers of bullfrogs re- 
moved from North Pond (table 4), 
we can estimate density and bio- 



mass. After removing 74 adult bull- 
frogs in spring 1987, we estimated 5 
adults remained. Including the small 
area of marsh north of the levee, 
there was 0.11 ha of habitat for this 
population, giving a minimum den- 
si ty estimate of 718 adults/ ha. Mean 
weight for all frogs removed in the 
spring 1987 census at North Pond 
was 217.1 g, yielding a total biomass 
of 23.7 kg, or 215.5 kg/ha. Excluded 
from this biomass estimate were re- 
maining adults, and numerous juve- 
niles that were not hunted. These es- 
timates are conservative since we 
had already removed 51 adults and 
23 juveniles during fall 1986, before 
we had delermined the most effec- 
tive means of removing the frogs. 

The fall 1987 census at North Pond 
reflects thorough removal the previ- 
ous spring, with only about 10 frogs 
cithcr maturing into adults or immi- 
grating between May 24 and Septem- 
ber 5,1987. We estimated that 4-6 
adults remained in North Pond at the 
end of our 1987 collecting. Because of 
extremely cool, windy weather dur- 
ing the spring 1988 trip, we were un- 
able to collect bullfrogs effectively 
during the last night and left an esti- 
mated 15-20 adul ts. 

A total of 552 bullfrogs has been 
removed from SBNWR as of June 
1988 (tables 4-51, including 358 of 
adult size, from a total area of 2.4 ha 
of open water. We estimate that take 
to represent 55-80% of the adult bull- 
frogs on the refuge at that time. 

Preliminary Experimental Results 

Leopard frogs bred successfully at 
the spring source in central Black 
Draw in early 1987, a time of unusu- 
ally good rainfall. This area was vir- 
tually devoid of bullfrogs because it 
is open enough for predators and re- 
source managers to kill all or almost 
all adults. In May 1987, leopard frog 
tadpoles and juveniles were moder- 
ately abundant from the spring to the 
northernmost reach of cienega- 
stream and dense sapling thicket, 

where they were replaced by bull- 
frogs. The first confirmation of leop- 
ard frogs in North Pond was five 
found in bullfrog stomachs in May 
1987. No noticeable further increase 
in leopard frog numbers or distribu- 
tion was observed in May 1988. 

The first juvenile Mexican garter 
snake on the refuge during this study 
was recorded in fall 1987. The cap- 
ture rate of garter snakes on the ref- 
uge doubled between May and Sep- 
tember 1987 following bullfrog re- 
moval (table 2). Extremely cold, 

windy weather on the May 1988 trip 
greatly depressed reptile activity. 
Thus, the 2.0 garter snakes captured 
per day (table 2) may reflect a de- 
crease in activity rather than a de- 
crease in the numbers of garter 
snakes on the refuge. 

Discussion 

Distributional and natural historical 
data from southeastern Arizona pro- 
vide prima facie evidence that bull- 



frogs play a causative role in popula- 
tion decline and disappearancc of 
native wetland amphibians and rep- 
tiles (tablc 1; Results). For Mexican 
gartcr snakes, this evidence is bol- 
stered by data on population struc- 
ture (fig. 3) and by observations of 
injuries caused by bullfrogs (fig. 4; 
Rosen and Schwalbe 1988). 

That bullfrogs are predatory gen- 
eralists has been thoroughly docu- 
mented (see extensive review of bull- 
frog foods in Bury and Whelan 1984). 
In Arizona alone, bullfrogs have con- 
sumed such vcrtebrate prey as a 
nestling bird, young muskrat (On- 
datra zibethicus), cotton rat (Sigmo- 
don), sof tshell turtle (Trionyx spi~if- 
erus), spiny lizard (Scelopcrus), 
kingsnake (Lanipropeltis getulus), sev- 
eral species of fish and frogs, garter 
snakes, even a rattlesnake (Crotalus 
rztrox) (fig. 1, tablc 3; Clarkson and 
deVos 1986). 

To our knowledge, in southeastern 
Arizona, the only place where bull- 
frogs abound and where leopard 
frogs and Mexican garter snakes also 
still occur, albeit rarely, is SBNWR. 
We believe the native specics persist 
there because the extent and diver- 
sity of aquatic habitats is greater than 
clsewhcre in the region. Specifically, 
the relatively sparse vegc ta tion and 
absence of deep pools at the spring 
source area in central Black Draw has 
remained largely free of adult bull- 
frogs. This is where leopard frogs 

have bred and where thc smallest 
Mexican garter snakes have been 
found. 

We believe the reason only five 
leopard frogs and one garter snake 
were found in bullfrog stomachs is 
due to already severe reduction of 
leopard frog and garter snake popu- 
lations. The same reasoning may ap- 
ply to the absence of hatchling Sono- 
ran mud turtles in bullfrog stomachs. 

The bullfrog density at North 
Pond (SBNWR) was quite high for 
Arizona populations, although not 
necessarily high for other parts of its 
range (Currie and Bellis 1969). Such a 
dcnsity is equalled and possibly ex- 
ceeded at Arivaca, Pinla County, Ari- 
zona, where both leopard frogs and 
Mexican garter snakes have becn ex- 
tirpated or become extremely rare 
(Rosen and Schwalbe 1988). Concen- 
trations of bullfrogs similar to that in 
lower Black Draw have only been 
seen in comparable habitat in por- 
tions of one cienega in the San Ra- 
phael grasslands of Santa Cruz 
County. Abundanccs comparable to 
those in House Pond occur at a 
gravel mine south of Arizona High- 
way 90 on the San Pedro River, Co- 
chise County; at Page Springs, 
Yavayai County; and possibly at 
Parker Canyon Lake, Cochise and 
Santa Cruz counties and Potrero 
Canyon marsh, eight kilomc ters 
north of Nogales, Santa Cruz 
County. 

At Potrero Canyon marsh, Mexi- 
can garter snakes have disappeared 
and checkered garter snakes are 
abundant. In the preceding three lo- 
calities, checkered garter snakes are 
absent, and Mexican gartcr snakes 
persist in low numbers. Both gartcr 
snakes occur along the San Pedro 
River but neither utilize the gravel 
pit pond (Rosen and Schwalbe 1988, 
Rosen personal observations). 

Natural ci enega-streams, includ- 
ing Turkey and O'Donnell Creeks, 
where bullfrogs are absent, and 
Cienega Creek, where thcy are rare, 
have high densities of Mexican garter 
snakes and include many juveniles 
and young adults. One spring fed 
pond north of Canelo Hills, which is 
structurally and vegetatively similar 
to North Pond, contained about 95 
Mexican gartcr snakes at a dcnsity 
near 1055 individuals/ha, and 
yielded an average of 5.4 snakes pcr 
trapping day (Rosen and Schwalbe 
1988). In contrast, only seven gartcr 
snakes havc bccn trapped on SB- 
NWR in fiftcen days of similar trap- 
ping. 

Central Black Drnw would ordi- 
narily be regarded as relatively poor 
habitat for Mcxican gartcr snakes, 
because the vegetative cover is too 
thin, particularly at the water's edge. 
The abundance of Mexican gartcr 
snakes thcrc and the regular occur- 
rence of checkered garter snakes at 
North Pond display an inversion of 
the usual habitat prcfcrences ol the 
two spccies in Arizona. In competi- 
tion, in a broad sense, with Mexican 
gartcr snakes, checkercd garter 
snakes may be favored by the pres- 
ence of bullfrogs because thcy are 
lcss aquatic and hence lcss affected 
by the increased predation pressure. 

Hayes and Jcnnings (1986) argued 
that prcdation by introduced bull- 
frogs was not a compelling hypothe- 
sis to explain population declines of 
native ranid frogs in western North 
America. They suggest that preda- 
tion by introduced fish, mainly ccn- 
trarchids, is a more promising hy- 
pothesis. In sou theastern Arizona we 



found that bullfrogs have invaded a 
greater variety of wetland environ- 
ments than exotic predatory fish, 
and, in some instances, have 
achieved population densities suffi- 
cient to impact the native herpe- 
tofauna. While we do suspect that 
introduced fish impact native wet- 
land herptofaunas in Arizona (see 
Rosen and Schwalbe 1988), our data 
for the southeastern portion of the 
state compellingly incriminate the 
bullfrog. 

Our approach is to attempt to 
manage or eliminate bullfrogs from 
selected areas. It is principally in- 
tended to develop practical manage- 
ment techniques for controlling bull- 
frogs, but should also provide an ex- 
perimental test of the bullfrog preda- 
tion hypothesis. 

Effective January 1,1988, the Ari- 
zona Game and Fish Commission 
opened the season year round and 
set an unlimited bag and possession 
limit on dead bullfrogs statewide ex- 
cept for La Paz, Mohave, and Yuma 
counties (Arizona Game and Fish 
Commission 1988). The stipulation of 
unlimited possession of dead frogs 
was to decrease the likelihood of ac- 
cidental or intentional release of bull- 
frogs into new habitats. The new 
regulations will make it easier for 
agencies, organizations and individu- 
als to put pressure on bullfrog popu- 
lations in specific areas in favor of 
native species. 

No data exist to show impacts of 
bullfrogs on native species in the 
three western counties, so they have 
retained a July 1 to November 30 sea- 
son with a bag and possession limit 
of 12 per day or in possession live or 
dead. Because Arizona's amphibian 
and reptile regulations are reviewed 
annually, new data can be incorpo- 
rated in to management decisions. 

Conclusions 

There is evidence that bullfrogs have 
negatively impacted populations of 
native amphibians and reptiles in 

Arizona. Although some of the 
trends are encouraging, preliminary 
data from bullfrog removal experi- 
ments are inconclusive as to whether 
or not bullfrog control measures may 
augment recruitment in lowland 
leopard frogs, Mexican garter snakes 
or Sonoran mud turtles. More inten- 
sive efforts will be required to elimi- 
nate bullfrogs from even local habi- 
tats when such habitats are structur- 
ally complex. 
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