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SPEED AND ENDURANCE OF THAMNOPHIS HAMMOND/I ARE NOT 
AFFECTED BY CONSUMING THE TOXIC FROG XENOPUS LAEVIS 
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Department of Biological Sciences, Eastern Illinois University, Charleston, IL 61920 

Present address of CDF- Lincoln Park Zoo, Regenstein Small Mammal and Reptile House, 

2200 North Cannon Drive, Chicago, IL 60614 

*Correspondant: cucdf4@hotmail.com 

ABsTRACT-Toxins of Xenopus laevis elicit gaping responses in some snakes, but introduced 
populations of this species in California provide an additional food source for Thamnophis hammondii 
with no observable ill effects to the snake. This study addresses the locomotor performance of T. 
hammondii after consuming this toxic frog. Endurance and speed ofT. hammondii were measured along 
a 2-rn long racetrack when subjects were not fed recently, when they were fed sunfish (Lepomis, a non
toxic prey), and when they were fed X. laevis. Snakes tended to be slower after eating, but ingestion of X. 
laevis did not affect either measure oflocomotor performance in T. hammondii. Because performance of 
T. hammondii is not compromised, selective pressure against consumption of X. laevis probably is absent. 

REsuMEN-Toxinas de Xenopus laevis provocan que algunas serpientes abran Ia boca desmesurada
mente, pero poblaciones introducidas de esta especie en California proporcionan una fuente adicional 
de alimento para Thamnophis hammondii sin efectos adversos observables en Ia serpiente. Este estudio se 
enfoca en el desempeiw de movimiento de T. hammondii despues de consumir esta rana t6xica. Se 
midieron Ia resistencia y Ia velocidad de T. hammondii en una pista de 2 metros de largo cuando los 
sujetos no fueron alimentados recientemente, cuando fueron alimentados con un pez luna (Lepomis, 
una presa no t6xica), y cuando fueron alimentados X. laevis. Las serpientes tendieron a ser mas lentas 
despues de comer, pero Ia ingestion de X. leavis no afect6 ninguna medida de movimiento en T. 
hammondii. Debido a que el desempeiio de T. hammondii no es afectado, Ia presion selectiva contra el 
consumo de X. laevis probablemente esta ausente. 

Amphibian toxins deter many would-be pred
ators, including various species of snakes (Mori, 
1989; Brodie et al., 1991). Mrican clawed frogs 
(Pipidae; Xenopus laevis) possess toxins (Daly et 
a!., 1987) that induce oral dyskinesia (yawning 
and gaping movements) in the North American 
natricine Nerodia sipedon (Barthalmus and Zie
linski, 1988) and two species of snakes (Lycodo

nomorphus rujulus and L. laevissimus) that are 
sympatric with native populations of X. laevis 
(Zielinski and Barthalmus, 1989). The toxins are 
fast acting, triggering oral dyskinesia within 30 s 
of oral contact in Nerodia (Barthalmus and 
Zielinski, 1988), and often allow the frog to 
escape from the snake (Zielinski and Barthal
mus, 1989). In California, introduced popula
tions of X. laevis (Mahrdt and Knefler, 1972; 
McCoid and Fritts, 1980) provide an additional 
food source for two-striped gartersnakes (Colu
bridae; Thamnophis hammondii) with no observed 

ill effects to the snake (Crayon and Hothem, 
1998; Ervin and Fisher, 2001). However, no study 
has examined the effect that ingesting X. laevis 
has on locomotor performance of T. hammondii,. 

Locomotor performance is a heritable trait 
(Brodie, 1989, 1993a, 1993b) correlated with 
individual survival (Snell eta!., 1988) and subject 
to natural selection (Garland, 1988; Jayne and 
Bennett, 1990a, l990b). Compromised perfor
mance might result in an increased risk of 
predation or a decreased efficiency of finding 
additional food items (Huey eta!., 1984; Brodie 
and Brodie, 1990). Because maximal locomotion 
is infrequent during normal activity of squamates 
(Hertz eta!., 1988), mean speed or endurance 
might provide the most effective illustration of 
actual performance (Finkler and Claussen, 
1999). In this study, we examined the speed 
and endurance of T. hammondii after it con
sumed X. laevis. Additionally, we compared these 
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measures to values obtained when the snake had 
an empty gastrointestinal track and consumed 
sunfish (Lepomis), a non-toxic prey. 

MATERIALS AND METHODs--Eleven T hammondii, five 
males and six females, were collected in San Diego 
County, California, 5 June 2001-31 May 2002, and 
housed in fiberglass cages (30 by 30 by 60 em) at 
22-25'C. Individuals of X laevis were collected from 
San Diego and Orange counties, California, in June 
2003, or purchased from Xenopus 1, Inc. (Dexter, 
Michigan). 

Trials were conducted on a 2-m long, 9-cm wide 
racetrack. The floor was lined with Astroturf (Brodie 
and Brodie, 1990;Jayne and Bennett, 1990b) and walls, 
15 em high, were painted with semi-gloss paint. 
Immediately prior to initiating a trial, we randomly 
chose a subject and determined its mass (::':::0.1 g). Each 
trial consisted of four runs down the racetrack with 
each run separated by 3 min of rest. We measured 
times of each run from start to finish (::+:::0.01 s) using a 
digital stopwatch. We defined speed as the mean of the 
four runs, and the calculated measure of endurance 
was provided by subtracting the speed of the last run 
from the speed of the first run (S. ]. Downes, pers. 
comm.). Greater (i.e., less negative) values of endur
ance indicate less fatigue. Subjects were stimulated to 
crawl by repeatedly tapping the floor directly behind 
them, and on the tail if necessary (Brodie and Brodie, 
1990). If a subject refused to crawl, however, the trial 
was discarded (Plummer, 1997), and attempted at a 
later date. No trial was conducted on subjects in 
ecdysis. 

Trials were conducted 7 August 2003-9 March 2004. 
Five trials in which snakes had not been fed during the 
previous 48 h were conducted twice every week prior 
to, and for comparisons with, feeding trials. Feeding 
trials were conducted no more than once per week, 
and were initiated by placing live prey items into the 
water dish of the snake. Trials began 30 min after 
consumption of prey following Brodie and Brodie 
(1990). 

We attempted to conduct five trials with Lepomis and 
five trials with X laevis for each subject with trials with 
Lepomis preceding trials with X laevis. Snakes were fed 
prey at a relative mass of 8-10% (between relative 
masses of X laevis used by Barthalmus and Zielinski, 
1988, at 5% and Zielinski and Barthalmus, 1989, at 15-
20%). Keeping mass of prey relatively constant 
eliminated bias in locomotor performance resulting 
from varied amounts of gastrointestinal content (Gar
land and Arnold, 1983; Huey et al., 1984; Ford and 
Shuttlesworth, 1986). 

Speed and endurance were regressed on body mass 
and snout-vent length (SVL ::'::: 0.1 em; recorded for 
each individual upon completion of all trials). Some 
snakes did not accept Lepomis or refused to crawl down 
the track after consumption of Lepomis during all five 
trials, resulting in an unequal number of trials among 
types of treatments. To allow for statistical comparisons 
involving equal sample sizes for each treatment, mean 
speed and endurance of trials were calculated for all 
individuals. Differences in speed and endurance were 
assessed using one-way analyses of variance (AN OVA) 

and differences among means of treatments were 
determined using Tukey's post hoc tests. Paired 1-tests 
were used to test for fatigue (i.e., a decrease in speeds 
across the four runs of a trial) in all treatments. To 
remove any variation created from using the same 
snakes through all trials, we used a randomized 
complete-block design with the individual snake 
treated as the block. Statistical significance was 
accepted at P < 0.05 for all tests. 

REsuLTs-Neither mass nor snout-vent length 
differed with respect to sex (F1.31 = 4.08, P = 
0.05 and F1,31 = 3.28, P = 0.08, respectively). 
There was no correlation between speed and 
body mass (P = 0.29) or snout-vent length (P = 
0.33) of the individual. Similarly, there was no 
correlation between endurance and body mass 
(P = 0.45) or snout-vent length (P = 0.34). 
Analyzing the first five trials for an effect of 
experience on performance did not reveal an 
increase in speed of the subject with repeated 
runs down the racetrack (F4,4o = 0.73, P = 0.58). 

Speed differed among treatments (F2,20 = 
5.49, P = 0.01; Table 1 ). Snakes were faster with 
empty stomachs than after eating Lepomis (P = 
0.01), but not after consuming Xenopus (P = 

0.07). The speed of snakes fed Lepomis did not 
differ from those fed Xenopus (P = 0.72). 
Endurance did not differ among treatments 
(F2,20 = 1.66, P = 0.22; Table 1). Snakes 
decreased speed among the four runs of a trial 
for empty stomach (t = -5.00, P < 0.001), 
Lepomis (t = -3.56, P< 0.001), and Xenopus (t = 

-3.71, P< 0.001; Fig. 1). 

DiscussiON-Greater amounts of gastrointesti
nal content cause lethargy in snakes (Garland 
and Arnold, 1983; Huey et al., 1984; Ford and 
Shuttlesworth, 1 986). Snakes of the family 
Colubridae typically eat meals that are 15-30% 
of their body mass (Fitch, 1965). By comparison, 
snakes in this study were fed relatively less, but 
still tended to be faster on an empty stomach 
than when fed prey (Table 1, Fig. 1). 

Xenopus laevis secretes toxins (Daly et al., 1987) 
eliciting oral dyskinesia in certain species of 
snakes (Barthalmus and Zielinski, 1988; Zielinski 
and Barthalmus, 1989). Many species of Thamno
phis include toxic amphibians in their diet 
(Brodie and Brodie, 1990; Brodie eta!., 1991), 
and T. hammondii consumes X. laeviswith no sign 
of oral dyskinesia (Ervin and Fisher, 2001). We 
did not observe oral dyskinesia in T. hammondii 
following consumption of X. laevis, and toxins 
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FIG. 1-Mean (:':1 SE) speed of Thamnophis hammon
dii ( n = 11) in trials with treatments of empty stomach, 
Lepomis, and Xenopus laevis over a 2-m distance, 7 
August 2003-9 March 2004. 

had no apparent effect on locomotor perfor
mance either. Neither speed nor endurance of 
T. hammondii differed between treatments with 
Xenopus and Lepomis. Although toxins of X. laevis 
did not affect endurance in T. hammondii, snakes 
were fatiguing consistently within each type of 
treatment (Fig. l). Subjects did not increase 
speed with experience, and therefore, experi
ence on the racetrack could not be masking any 
effects of toxins from X. laevis. 

Locomotor performance of T. hammondii is 
not negatively affected after consuming X. laevis, 
suggesting there are no increased risks to snakes 
that consume this toxic frog. Thus, natural 
selection should not act against predation on 
X. laevis by T. hammondii. While negatively 
impacting the majority of native aquatic wildlife 
in California (Bury and Luckenbach, 1976), 
established populations of X. laevis appear to 
benefit T. hammondii as an additional food 
source. Future studies should attempt to ascer
tain the long-term effect of consuming X. laevis 
on T. hammondii, as well as any resistance to 

toxins of Xenopus in other sympatric species. 

Many thanks are due to E. Ervin and R. Fisher of the 
United States Geological Survey for supplying Xenopus, 
and to A. Hernandez and A. Landeros of the Santa 
Barbara Zoological Gardens for translating the abstract 
into Spanish. Thanks also to those who assisted with 
this study: L. Walston, S. Klueh, ]. Florey, and V. 
Millhoff; these individuals and M. Sikich also provided 
comments on a previous version of the manuscript. All 
specimens were maintained following IACUC protocol 

TABLE !-Mean (:':I SE) speed and endurance of 
Thamnophis hammondii ( n = II) as a function of 
gastrointestinal content. Means with the same letters 
are not different at P < 0.05; greater values for 
endurance correspond to less fatigue of the subject. 

Mean speed Mean endurance 
Treatment (m/s) (m/s) 

Empty 0.308 :': 0.015• -0.105 :': 0.022• 
Lepomis 0.236 :': 0.013b . -0.065 :': 0.010• 
Xenopus 0.254 :': O.OI5•b -0.078 :': 0.015• 

04-005. All T. hammondii were collected under Califor
nia Department of Fish and Game permit SC-6239. 
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