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these species is presented in Walls and Jaeger 
(1987). An alternative mechanism of growth in- 
hibition may be that of differential exploitative 
abilities between larval A. maculatum and A. tal- 
poideum. We hypothesize that A. maculatum re- 
duces growth in coexisting larvae through more 
efficient assimilation of prey and/or foraging 
behavior. 
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DEHYDRATION REDUCES THE ENDUR- 
ANCE RUNNING CAPACITY OF THE LIZ- 
ARD UTA STANSBURIANA.-Because reptiles 
were the first truly terrestrial vertebrates and 
are now common in arid regions, their water 
relations have been the subject of intensive re- 
search (Mautz, 1982; Minnich, 1982; Nagy and 
Peterson, 1988). In laboratory studies for ex- 
ample, specific osmoregulatory adaptations have 
been described, rates and avenues of evapora- 
tive water loss have been measured, and phys- 
iological tolerances to dehydration have been 
determined (Roberts, 1968; Heatwole and Ver- 
non, 1977; Thorpe and Kontogiannis, 1977; 
Mautz, 1982). Additionally, many field studies 
have constructed itemized water budgets and 
have assessed seasonal variation in hydric status 
(Bradshaw, 1970, 1986; Minnich, 1976; Nagy, 
1973). Few studies, however, have explored the 
influences of dehydration on behavioral and 
physiological performance of reptiles (Mautz, 
1982; Crowley, 1985, 1987). Because dehydra- 
tion is known to have profound fitness conse- 
quences for desert lizards (Bradshaw, 1971), it 
is of interest to know how this reduction in fit- 
ness might be mediated. Here we examine the 
effect of dehydration on locomotor stamina 
(=treadmill endurance) in a desert lizard (Uta 
stansburiana). We chose U. stansburiana for study 
because it is well known ecologically and phys- 
iologically and because it inhabits extremely arid 
areas, where hydric stress could be an important 
selective force (Turner et al., 1976; Nagy, 1983; 
Waldschmidt and Tracy, 1983). 

Interestingly, dehydration reduces endur- 
ance capacity in two species of anuran amphib- 
ians, but has no effect on their burst locomotor 
ability (Gatten, 1987). Moreover, Crowley (1985) 
has shown that dehydration has no effect on the 
sprint running performance of the lizard Sce- 
loporus undulatus, but no previous study has ex- 
amined the effect of dehydration on the en- 
durance capacity of a reptile. Are burst and 
endurance locomotor functions of reptiles dif- 
ferentially sensitive to the effects of dehydra- 
tion, as is the case for anuran amphibians? We 
address this question indirectly by comparing 
our results for U. stansburiana to those of Crow- 
ley for S. undulatus (these species are closely 
related sceloporine lizards, see below). 

Methods.--Adult U. stansburiana (six females, 11 
males) were collected on 15 Nov. 1986, near 

This content downloaded from 169.237.106.79 on Thu, 07 Jan 2016 18:04:26 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


HERPETOLOGICAL NOTES 1053 

Desert Center, Riverside Co., Calif. (California 
Department of Fish & Game, permit #2048) and 
were maintained in a walk-in environmental 
chamber at the University of Washington, Se- 
attle. Lizards were housed in plastic terraria 
with a sand substrate and with bark for hiding 
and perching. No more than five lizards were 
housed in the same terrarium. Chamber tem- 
perature was kept at 15 C for 24 h/d, and a 
12L/12D photoperiod included both UV and 
icandescent light (the latter as a heat source). 
Water and food (Tenebrio larvae and crickets) 
were provided ad libitum. All animals used in 
the experiment either gained (n = 16) or main- 
tained (n = 1) mass during the 2 mo acclimation 
period and appeared to be in excellent condi- 
tion at the start of the experiment. Subjects for 
the dehydration group were chosen at random 
with respect to sex. 

We used a paired experimental design, 
whereby both experimental (dehydration) and 
control lizards were raced before and after the 
dehydration of experimental subjects. Aside 
from the presence of water vs a desiccating 
medium during the dehydration procedure, 
control and experimental lizards were subjected 
to identical conditions throughout the study. 
Therefore, we could test specifically for the ef- 
fect of dehydration on endurance capacity by 
comparing the relative changes, from baseline 
to final endurance time, of the control vs de- 
hydrated lizards. 

Experimental lizards (six males, four females) 
were placed individually in cloth sacks and were 
then put into plastic boxes (5-6 lizards/box) 
containing a 2 cm layer of a commercial des- 
iccant (CaSO4). This method is similar to the 
protocol used by Crowley to desiccate S. un- 
dulatus (Crowley, 1985, 1987, pers. comm.). 
Control animals (five males, two females) were 
housed similarly but without CaSO4 and with a 
small cup of water to provide humidity. Addi- 
tionally, the sacks containing control lizards were 
sprinkled with water at least once per day. Boxes 
containing experimental and control lizards 
were kept in the same environmental chamber 
(36 C d, 23 C night; 12L/12D cycle). Lizards 
were maintained under this regime for 75 h. 

Endurance was measured by running the liz- 
ards on the moving belt (0.5 km/h) of a tread- 
mill until exhaustion (Huey et al., 1984). Ex- 
haustion was scored when a lizard failed to moye 
after we prodded its tail base and hind limb 
region gently for 20 consecutive times. Endur- 
ance was measured for each lizard three times. 
The first measurements (18 Jan. 1987) served 

to familiarize the lizards with the treadmill ap- 
paratus and allowed us to generate a consistent 
index of exhaustion. The second measurements 
(24 Jan. 1987) served as the baseline measures 
against which we compared the final endurance 
times (1 Feb. 1987) of all lizards (dehydrated 
and control). Before the initial and baseline en- 
durance trials lizards were fasted for 48 h. Be- 
fore the final endurance trial all lizards were 
fasted for 75 h, because an additional 27 h were 
required to effect the desired level of dehydra- 
tion (- 15% mass loss-based on previously re- 
ported values [Crowley, 1985] and on the mag- 
nitude of mass losses known to be incurred by 
U. stansburiana in the field) among experimental 
subjects. Two hours before trials, lizards were 
weighed to 0.01 g on a Mettler top-loading bal- 
ance and were then housed individually in cloth 
sacks in a chamber at 36 C. Thus all subjects 
were run at the same Tb. All trials were con- 
ducted between 1000-1700 h inside an envi- 
ronmental chamber at 36 C. This temperature 
approximates both the mean Tb of Uta in the 
field and the optimal Tb for sprint speed (Parker 
and Pianka, 1975; Waldschmidt and Tracy, 
1983). 

Our statistical comparisons are based on the 
percent change observed between the baseline 
(24 Jan.) and final (1 Feb.) endurance time for 
each individual. We used percent change rather 
than absolute change because endurance times 
vary among individuals, but are highly repeat- 
able within individuals (see below). Thus, we 
tested for a difference between the percent 
change observed in experimental (dehydrated) 
vs control lizards. Because the data did not dif- 
fer significantly from a normal distribution (g 1 
and g2 tests for skewness and kurtosis respec- 
tively [Sokal and Rohlf, 1981]; F test for un- 
equal variance; rankits plots [Weisberg, 1980]), 
we used t-tests in our statistical comparisons. 
Statistical comparisons of means within a treat- 
ment group (i.e., 24 Jan. vs 1 Feb.) were made 
with a paired t-test (a = 0.05); statistical com- 
parisons of means of different treatment groups 
(i.e., control vs experimental) were made with 
a two-sample t-test (a = 0.05). 

Results.-During the dehydration procedure, 
animals in the hydrated group (n = 7) lost 7 + 
1.0% of their original body mass (probably due 
to defecation and food deprivation). Dehydrat- 
ed lizards (n = 10) lost 15 ? 1.3% of original 
body mass. The percent mass loss among de- 
hydrated lizards was significantly greater than 
among hydrated controls (t = -4.83, df = 15, 
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TABLE 1. ENDURANCE RUNNING TIME FOR CONTROL 

AND EXPERIMENTAL (DEHYDRATED) LIZARDS. Mean 
time (in seconds) is followed by ?SE. 

Control (n = 7) Experimental (n = 10) 

Baseline time 
(24 Jan.) 686 ? 149 787 ? 186 

Final time 
(1 Feb.) 460 ? 81 355 ? 69 

P for paired 
t-test >0.20* <0.01** 

Percent change -21 ? 16 -49 ? 7 
* Indicates a two-tailed test. 

** Indicates a one-tailed test. 

P < 0.0005 for a one-tailed test), and suggests 
that the experimental subjects lost more body 
water then did the control lizards. 

Individual endurance times on 18 Jan. (initial 
trial) and 24 Jan. (baseline trial) were highly 
correlated (r = 0.81, n = 17, P < 0.001), sug- 
gesting that individual differences are stable, at 
least over short time periods (Bennett, 1987). 
Moreover, mean times on 18 and 24 Jan. did 
not differ significantly (t = 1.76, n = 17, P = 

0.10). Endurance running time for the control 

group did not change significantly from base- 
line to final endurance trial (percent change = 
-21 ? 16%, t = 1.38, df = 6, P > 0.20 for a 
two-tailed test), whereas endurance time for the 

dehydrated group decreased significantly (per- 
cent change = -49 + 7%, t = 3.13, df = 9, P 
< 0.01 for a one-tailed test) (Table 1). More- 
over, the percent decrease among dehydrated 
lizards was significantly greater than among hy- 
drated controls (t = 2.54, df = 15, P < 0.025 
for a one-tailed test). 

We also performed a correlation analysis to 
determine whether the percent change in the 
endurance times of dehydrated lizards was cor- 
related with the degree of dehydration (percent 
mass loss). The relationship was positive but not 
significant (r, = 0.182, n = 10, P > 0.25 for a 
one-tailed test). 

Discussion.-Although many aspects of reptilian 
osmoregulation have been well characterized 
(Mautz, 1982; Minnich, 1982; Bradshaw, 1986), 
the consequences of hydric stress for physio- 
logical and behavioral functions of ecological 
importance are not well known (Mautz, 1982; 
Crowley, 1985, 1987). In this study we have 
demonstrated that the endurance running ca- 

pacity of the desert lizard U. stansburiana is im- 

paired by desiccation. In the field these lizards 
often endure dry season mass losses of up to 
20% (Wilson, unpubl.), so the levels reported 
here should be ecologically relevant. 

Whether reduced stamina affects fitness is 

presently unknown. Because Uta are ambush 
predators (Tinkle, 1967; pers. obs.), reduced 
stamina would probably not affect foraging suc- 
cess. Likewise, reduced stamina may not affect 
predator evasion tactics (but see below), because 
Uta typically escape predators by making short 
sprints to known retreats (Tinkle, 1967; pers. 
obs.). Furthermore, Uta move short distances 
and for short periods of time (Tinkle et al., 
1962; Irwin, 1965; Tinkle, 1967), so reduced 
stamina may not interfere with their daily move- 
ment patterns. 

Nevertheless, a reduction in endurance ca- 
pacity could have profound effects on social in- 
teractions, which could then lead to lowered 
fitness. Uta stansburiana (especially males) en- 
gage in territorial and hierarchical contests 
(Tinkle, 1967; Ferguson, 1970; Nussbaum and 
Diller, 1976), so dehydration could result in low 
social status or relegation to unfavorable habi- 
tat (Fox, 1978; Fox et al., 1981). Either con- 
sequence could lead to direct (i.e., reproductive) 
or indirect (e.g., reduced quality of foraging 
opportunities, lack of suitable predator refugia) 
reductions in fitness (Fox, 1983). 

Our result complements Crowley's (1985) 
finding that the sprint running ability of S. 
undulatus was unaffected by desiccation-even 
when lizards were subjected to higher levels of 
dehydration (average mass loss of 18.8%) than 
in the present study. Dehydration thus appears 
to have different effects on burst vs endurance 
locomotion in sceloporine lizards. Such differ- 
ential sensitivity to desiccation already has been 
documented for anurans (Gatten, 1987) and may 
be a general rule for reptiles and amphibians. 
Because the present comparison (between S. un- 
dulatus and U. stansburiana) is potentially con- 
founded by phylogenetic complications (Huey 
and Bennett, 1987), it would be instructive to 
measure the effect of dehydration on both sprint 
speed and stamina in the same species. Never- 
theless, U. stansburiana and S. undulatus are very 
closely related (Etheridge and de Queiroz, 1988) 
and have probably experienced similar envi- 
ronmental conditions for a considerable period 
of time (Axelrod, 1950; Pianka, 1986), so our 
comparison may be valid. 
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INHERITANCE OF A NATURALLY OC- 
CURRING COLOR POLYMORPHISM IN 
THE ORNATE CHORUS FROG, PSEUDA- 
CRIS ORNATA.-Many species of anurans ex- 
hibit discrete back pattern or color polymor- 
phisms (Savage and Emerson, 1970; Milstead et 
al., 1974; Stewart, 1974). Although much has 
been written on the evolutionary maintenance 
of these polymorphisms (Milstead et al., 1974) 
we still do not know to what extent the variation 
is genetically based. Many frogs change color 
temporarily (Nielson and Dyck, 1978; Kats and 
Van Dragt, 1986), but a permanent environ- 
mental influence on dorsal pattern has been 
demonstrated in only two species. The propor- 
tion of gray to brown metamorphs of Pseudacris 
ornata depends on larval population density 
(Travis and Trexler, 1984) and temperature 
(Harkey and Semlitsch, 1988), and temperature 
affects dorsal spotting in Rana pipiens (Browder 
and Davison, 1964; Davison, 1964; Merrell, 
1972). Some evidence exists for simple Men- 
delian inheritance of naturally occurring poly- 
morphisms in a number of anuran species (see 
Table 1 in Blouin, 1989), but in many studies 

TABLE 1. FREQUENCY OF GREEN Pseudacris ornata IN 

SAMPLES COLLECTED AT TWO PONDS NEAR TALLA- 

HASSEE, FLORIDA. Morph frequencies do not differ 

significantly from year to year (x2s = 0.363). Airport 
pond data from Travis and Trexler (1984). 

Number Number 
Site Year non-green green % Green 

Airport Pond 1982 24 4 14.3 
1983 20 2 9.1 

Christmas Pond 1986 16 2 11.1 
1987 33 5 13.2 

Totals 93 13 12.3 

the results are inconclusive owing to small num- 
bers of crosses (or none at all) and failure to test 

independently the proposed genetic mecha- 
nisms with a second set of crosses. This study 
examines the inheritance of a color polymor- 
phism in the ornate chorus frog, P. ornata. 

Pseudacris ornata exhibits a conspicuous poly- 
morphism in which most individuals are red- 
dish-brown or gray but a few are bright green. 
In populations near Tallahassee, Florida, ap- 
prox. 12% of breeding individuals are bright 
green (Table 1). I address the inheritance of the 

green state and the effect of larval density on 
its expression. I tested for density effects on the 
green state because Travis and Trexler (1984) 
found density controls the relative proportions 
of brown to gray metamorphs. 

Methods.-During Feb. 1986 and 1987 I per- 
formed crosses between individuals of the three 
color morphs collected from a pond 15 km 
southwest of Tallahassee. Although the 1986 
data fit a simple Mendelian model, I did not 
perform tests of significance because using the 
same data to both generate and test a hypothesis 
is a basic violation of statistical inference. Such 
a posteriori tests are biased toward failure to 
reject the hypothesized model of inheritance 
(type II error). I therefore designed the 1987 
crosses to test independently the genetic mech- 
anism suggested by the 1986 results and to look 
for possible environmental effects on the 
expression of the green state. 

I created half-sib families by stripping eggs 
from females into sperm suspensions created by 
macerating the testes of each male in 5 ml of 
spring water. Unless otherwise indicated, all 
tadpoles were raised in groups of 10 siblings/6 
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