
CHONDROPOULOS AND LYKAKIS-WALL LIZARD ECOLOGY CHONDROPOULOS AND LYKAKIS-WALL LIZARD ECOLOGY 

STAMPS,J. A. 1977. Social behavior and spacing pat- 
terns in lizards, p. 265-334. In: Biology of the Rep- 
tilia. 7 C. Gans and D. W. Tinkle (eds.). Academic 
Press, London. 

TINKLE, D. W. 1969. The concept of reproductive 
effort and its relation to the evolution of life his- 
tories in lizards. Amer. Nat. 103:501-516. 

,AND R. E. BALLINGER. 1972. Sceloporus un- 
dulatus: a study of the intraspecific demography of 
a lizard. Ecology 53:570-584. 

,H. M. WILBUR AND S. G. TILLEY. 1970. Evo- 

lutionary strategies in lizard reproduction. Evolu- 
tion 24:55-74. 

VERBEEK, B. 1972. Ethologische Untersuchungen an 

einigen europaischen Eidechsen. Bonn. Zool. Beitr. 
23:122-151. 

VITT, L. J. 1977. Observations on clutch and egg 
size and evidence for multiple clutches in some liz- 

STAMPS,J. A. 1977. Social behavior and spacing pat- 
terns in lizards, p. 265-334. In: Biology of the Rep- 
tilia. 7 C. Gans and D. W. Tinkle (eds.). Academic 
Press, London. 

TINKLE, D. W. 1969. The concept of reproductive 
effort and its relation to the evolution of life his- 
tories in lizards. Amer. Nat. 103:501-516. 

,AND R. E. BALLINGER. 1972. Sceloporus un- 
dulatus: a study of the intraspecific demography of 
a lizard. Ecology 53:570-584. 

,H. M. WILBUR AND S. G. TILLEY. 1970. Evo- 

lutionary strategies in lizard reproduction. Evolu- 
tion 24:55-74. 

VERBEEK, B. 1972. Ethologische Untersuchungen an 

einigen europaischen Eidechsen. Bonn. Zool. Beitr. 
23:122-151. 

VITT, L. J. 1977. Observations on clutch and egg 
size and evidence for multiple clutches in some liz- 

ards of southwestern United States. Herpetologica 
33:333-338. 

1981. Lizard reproduction: habitat specific- 
ity and constraints on relative clutch mass. Amer. 
Nat. 117:506-514. 

, AND J. D. CONGDON. 1978. Body shape, re- 

productive effort, and relative clutch mass in liz- 
ards: resolution of a paradox. Ibid. 112:595-608. 

, , AND N. A. DICKSON. 1977. Adaptive 
strategies and energetics of tail autotomy in lizards. 
Ecology 58:326-337. 

WHITE, M. E. 1957. The hatching and rearing of 

green lizards (Lacerta viridis). Brit.J. Herpet. 2:88- 
90. 

ZOOLOGICAL LABORATORY, UNIVERSITY OF 

PATRA, PATRA, GREECE. Accepted 29 Nov. 
1982. 

ards of southwestern United States. Herpetologica 
33:333-338. 

1981. Lizard reproduction: habitat specific- 
ity and constraints on relative clutch mass. Amer. 
Nat. 117:506-514. 

, AND J. D. CONGDON. 1978. Body shape, re- 

productive effort, and relative clutch mass in liz- 
ards: resolution of a paradox. Ibid. 112:595-608. 

, , AND N. A. DICKSON. 1977. Adaptive 
strategies and energetics of tail autotomy in lizards. 
Ecology 58:326-337. 

WHITE, M. E. 1957. The hatching and rearing of 

green lizards (Lacerta viridis). Brit.J. Herpet. 2:88- 
90. 

ZOOLOGICAL LABORATORY, UNIVERSITY OF 

PATRA, PATRA, GREECE. Accepted 29 Nov. 
1982. 

Copeia, 1983(4), pp. 1001-1005 

Preferred Temperature of Two Sympatric Ambystoma Larvae: 
A Proximate Factor in Niche Segregation? 

JAY R. STAUFFER, JR., J. EDWARD GATES AND WILLIAM L. GOODFELLOW 

Acute preferred temperatures of both Ambystoma jeffersonianum and Ambys- 
toma maculatum larvae varied with acclimation temperature (i.e., recent thermal 

history). The final preferred temperature of A. jeffersonianum was 25.2 C and 
for A. maculatum, 34.6 C. There was no significant (P < 0.05) difference between 
acute preferred temperatures at low acclimation temperatures, but preferred 
temperatures were significantly different when salamander larvae were accli- 
mated to 30 C. It was postulated that temperature may be an important dimension 

along which the larvae segregate during the late spring and early summer months. 
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EMPERATURE is one of the most impor- 
tant environmental parameters govern- 

ing the metabolism, activity and behavior of 

aquatic poikilotherms (Fry, 1947; Stauffer, 
1980). Much of the behavioral data collected to 
date have been associated with the effects of 
thermal discharges on the responses of fishes 
(Stauffer, 1980). Amphibians do not normally 
encounter temperatures that threaten their sur- 
vival (Bogert, 1952; Keen and Schroeder, 1975), 
with the possible exception of toad embryos 
(Volpe, 1957), salamander embryos (Anderson, 
1968) and some juvenile salamanders (Pough 
and Wilson, 1970). However, various thermal 
regimes may influence activities such as diges- 
tion rates (Skoczylas, 1970), conversion effi- 
ciencies (Brett, 1971) and growth (Licht et al., 
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1969). Certainly, benefits derived from main- 

taining a preferred body temperature through 
behavioral means are constrained by metabolic 
costs (Lillywhite, 1971). 

Compared to those on fish, studies of tem- 

perature selection of amphibians are relatively 
rare. Lillywhite et al. (1973) identified the need 
to determine the ecological significance of tem- 

perature selection in all ectothermal groups, and 
Brattstrom (1979) reviewed thermal regulation 
studies of amphibians. In a recent study, 
Thompson and Gates (1982) noted that breed- 

ing pools used solely by Ainbystomajeffersonianum 
tended to have cooler water temperatures than 
those with Ainbystoina maculatum, a species with 
which it is often syntopic. They hypothesized 
that one of the dimensions along which the two 
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species segregate might be temperature. The 

purpose of this study was to 1) test their hy- 
pothesis by comparing the preferred tempera- 
tures of larval A. jeffersonianum and A. macula- 
tur and 2) to provide data to support the 

hypothesis that sympatric larval A. jeffersonia- 
num and A. maculatum use temperature as a 

proximate factor for niche segregation. 
Thompson et al. (1980) and Thompson and 

Gates (1982) described the breeding habitat dis- 
tribution and segregation of both A. jefferso- 
nianum and A. maculatum. Walters (1975) dis- 
cussed larval interactions of syntopic popula- 
tions. Several authors (Mohr, 1931; Bishop, 
1941; Anderson and Graham, 1967; Gatz, 1971) 
noted that A. jeffersonianurn breeds earlier and 

develops more rapidly than A. maculatum, but 

Thompson and Gates (1982) stated that syn- 
topic larvae may be in competition for space, 
food, and/or other resources. 

MATERIALS AND METHODS 

Egg masses of both species were collected from 
a single breeding site in Allegany County, Mary- 
land, and transported to the holding facilities 
of the Appalachian Environmental Laboratory. 
Eggs were held between 15 and 18 C until larvae 
hatched. Larvae were acclimated to the follow- 

ing temperatures at a rate which did not exceed 
1 C day-': 6, 12, 18, 24 and 30 C. Salamanders 
were held at their respective temperatures (? 1 
C) for a minimum of 5 days prior to testing. 
Larvae were fed brine shrimp once per day be- 
tween 0800 and 0900 h, except for days on 
which tests were conducted; thus, specimens 
which were tested had not been fed for at least 
24 h. Photoperiod was 12L: 12D throughout the 
study. Illumination was provided by Vita-lites 
(flourescent lights emitting wave lengths similar 
to solar radiation). Water obtained from the city 
water supply was passed through a filtration sys- 
tem to remove chlorine and iron. 

Twenty-five salamander larvae (five at each 
acclimation temperature) of each species were 
tested individually in a horizontal preference 
trough modeled after the one described by 
Meldrim and Gift (1971) which provided a tem- 
perature gradient above and below the accli- 
mationtemperature. Thetrough(3.6 X 0.203 X 
0.254 m) was constructed of aluminum and cov- 
ered with a non-toxic epoxy paint. Cold water 
introduced at one end was heated as it flowed 
down the trough by heat lamps positioned un- 
der the trough and set at increasing intensities. 

Water level in the trough was approximately 3 
cm deep. A perforated air hose was extended 
down the length of the trough and the resultant 
air stream prevented any vertical thermal strat- 
ification. Although the unit was a flow-through 
system, current was negligible. The entire 
trough was enclosed, and mirrors were posi- 
tioned so that we could view the test organisms 
without disturbing them. Twenty-one therm- 
istors were spaced equally throughout the unit 
at a depth of 1.5 cm so that we could record 
the temperature at the position of the test or- 
ganism. After a 40 min orientation period, the 
water temperature at the organism's position 
was recorded every 15 s for 20 min. The mean 
of these observations was the acute preferred 
temperature for that particular test (Stauffer et 
al., 1976). All tests at a particular acclimation 
temperature and species were conducted be- 
tween 0900-1600 h to minimize the potential 
of any diel effects. 

Preference temperature was regressed against 
acclimation temperature using first, second, 
third, and fourth degree polynomials (Stauffer, 
1981). Stepwise regression analysis was used to 
determine which model best described the data. 
This equation was then solved for the point at 
which acclimation temperature equalled pref- 
erence temperature to determine the final tem- 
perature preferendum (Fry, 1947). 

Once the "best fit" regression model was de- 
termined, data from both species were analyzed 
as though all the data were from one popula- 
tion. Residuals for each species were then cal- 
culated by subtracting the observed preference 
from the predicted preference, which corrected 
for the effect of acclimation temperature. The 
residuals were then analyzed by a nested anal- 
ysis of variance with the 80 observations for 
each individual salamander nested within each 
of the 25 salamanders for each species. 

Specimens tested ranged in size from 13-58 
mm total length. No specimens showed any signs 
of metamorphosis; and, with the exception of 
those acclimated to 12 C, there was no signifi- 
cant (P ' 0.05) difference in size between species 
at any acclimation temperature. 

RESULTS AND DISCUSSION 

Acclimation temperature influenced the pre- 
ferred temperature of both salamander species. 
The mean preferred temperature of A. jeffer- 
sonianum was greater than the acclimation 
temperature at 6, 12, 18 and 24 C. The mean 
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Fig. 1. Temperature preference responses of Am- 
bystoma jeffersonianun (- - -; 0) and Ambystoma macu- 
latun (---; *). The point at which these curves 
cross the line with a slope of 1 (-) is the final pre- 
ferred temperature. 

preferred temperature for A. jeffersonianum ac- 
climated to 30 C was 26.3 C (Fig. 1). The equa- 
tion P = -0.019A2 + 1.469A + 0.232 (r2 = 

0.87), where P = preference temperature and 
A = acclimation temperature, best described the 
data. Solving this equation for the point where 
P = A yielded a final preferred temperature of 
25.2 C. The mean preferred temperature of A. 
maculatum for each acclimation temperature was 
greater than the acclimation temperature at all 
temperatures. The model P = -0.012A2 + 
1.462A - 1.608 (r2 = 0.92) best described the 
data (Fig. 1). Solving this equation for the point 
where P = A yielded a final preferred temper- 
ature of 34.6 C. 

When all the data were analyzed simulta- 
neously, the equation P = -0.015A2 + 
1.467A - 0.700 resulted. This equation was 

used to calculate the residuals for each species. 
A nested ANOVA of these residuals indicated 
that there was no significant difference (P < 
0.05) between the species. These results may 
have been produced because of the similarity 
of the responses at the lower acclimation tem- 
peratures (Fig. 1). Therefore, a separate nested 
ANOVA was calculated for those salamanders 
acclimated to 6, 12, 18 and 24 C and one for 
salamanders acclimated to 30 C. These analyses 
indicated that while no significant difference 
(P < 0.05) occurred at the lower acclimation 
temperatures, there was a significant difference 
(P < 0.05) between the two species' responses 
at the 30 C acclimation temperature (Table 1). 

Amphibians are capable of regulating body 
temperature through behavioral means such as 
microhabitat selection (Prosser, 1911; Licht and 
Brown, 1967; Clausen, 1973; Lillywhite et al., 
1973; Heath, 1975; Keen and Schroeder, 1975). 
As stated previously, the final temperature pref- 
erendum can be calculated from acute temper- 
ature preference data by solving the regression 
equation for the point where preference tem- 
perature equals acclimation temperature. The- 

oretically, this is the highest temperature an 

organism will prefer if exposed to an expanded 
thermal gradient for an indefinite time period. 
For example, the A. maculatum which were ac- 
climated to 6 C preferred temperatures ranging 
from 6-10 C. If these temperatures were avail- 
able to them, they would eventually become 
acclimated to them and subsequently prefer a 
higher temperature. This sequence of prefer- 
ence-acclimation-higher preference would con- 
tinue until the final temperature preferendum 
was reached. The substantially higher final tem- 
perature preferendum of A. maculatum indi- 
cates that in situations where A. maculatun and 
A. jeffersonianurn are syntopic, A. maculatum 
would seek higher temperatures. 

An acute temperature preference extrapo- 
lated from curves presented by Keen and 
Schroeder (1975) for A. maculatum (17.3 mm 

TABLE 1. NESTED ANALYSIS OF VARIANCE OF RESIDUALS OF TEMPERATURE PREFERENCE RESPONSES OF Amn- 

bystomna jeffersonianun AND Ambystoma naculatun ACCLIMATED TO 30 C. 

Source SS df MS F 

Among groups 2,904.36 1 2,904.36 27.85* 
Among subgroups within groups 417.05 4 104.26 153.24* 
Within subgroups 535.29 790 0.68 

* Significant at P < 0.05. 
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snout-vent length) acclimated to 5 C and main- 
tained in a temperature gradient trough for ap- 
proximately four or five hours ranged between 
22-26 C. Lucas and Reynolds (1967) stated that 
Arnbystoina tigrinun selected a preferred tem- 

perature of 25 C (range = 16-31 C) in June, 
but did not select any specific temperature range 
during July. Heath (1975) reported adult A. ti- 

grinumn rarely selected temperatures above 28 
C. The above results agree reasonably with data 

generated for A. jeffersonianun. Amnbystoma mac- 
ulatun demonstrated a much higher preference 
response than previously reported for other 
Amnbystomna larvae and, as stated earlier, pre- 
ferred a significantly (P < 0.05) higher tem- 

perature than A. jeffersonianurn when acclimated 
to 30 C. 

An attempt to acclimate A. jeffersonianumn to 

temperatures higher than 33 C resulted in com- 

plete mortality; thus, suggesting a critical ther- 
mal maximum (CTM) between 30 and 33 C. 
Gatz (1971) reported a CTM of adult A. jeffer- 
sonianum of 34.0 C, when populations collected 
from Pennsylvania were acclimated to 10 C. A 
lack of specimens prohibited an attempt to ac- 
climate A. mnaculatumn to higher temperatures. 
However, CTM's of A. maculatumn reported in 
the literature range from 34.8 to 39.2 C (Hutch- 
ison, 1961; Sealander and West, 1969; Pough 
and Wilson, 1970; Gatz, 1971). These high 
CTM's are consistent with the high preferred 
temperature of A. mnaculatum, which was ob- 
served in this study. 

Differences in temperature selection may have 

significant ecological consequences. It may be 
that temperature selection acts as a proximate 
factor in niche segregation of syntopic larval 

amphibian populations during the late spring 
and early summer months (i.e., when water tem- 

peratures increase). Pool temperatures as high 
as 30 C were recorded by Gates and Thompson 
(1982), and temperatures of 36 C are not un- 
common (Gill, 1978). Thompson and Gates 
(1982) generally observed A. jeffersonianurn in 

deeper pools than A. mnaculatumn. These deep 
pools often had differences of several degrees 
Celsius between surface and bottom water tem- 

peratures during June. Both larvae are benthic 
in their habits and would be at the temperature 
of their pool bottom. Because of greater vari- 
ation in depth, large pools would typically have 
a greater range of bottom temperatures than 
small pools. Pools in which both species were 
syntopic were in fact larger than pools where 
the species were allotopic. This situation should 

facilitate spatial segregation by the two species 
using pool temperature alone. Our results pre- 
dict that as pool temperatures increase in late 
spring and early summer, there should be in- 
creased spatial segregation by the two species 
with A. jeffersonianurn in cooler regions and A. 
mnaculatumn in warmer regions of the pool. If 

temperature selection is an important dimen- 
sion along which larvae segregate, competition 
for various resources would be reduced, as well 
as interspecific predation. 

As mentioned previously, our tests were con- 
ducted between 0900 and 1600 h in an attempt 
to minimize any potential diel effects. While no 
information could be found concerning diel 

changes in preferred temperatures of amphib- 
ians, several authors have suggested that fishes 
demonstrate diel changes in selected tempera- 
tures (Barlow, 1968; Brett, 1971; Stauffer, 
1980). Should this occur with these larvae, hab- 
itat selection may differ markedly throughout 
any given 24 h period. 
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