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Abstract--1. Injection of green tree frogs (Hyla cinema) with dead Aeromonas hydrophila led to an 
average elevation in body temperature of over 2°C, with a latency of 2-4 hr. 

2. Injection of green tree frogs with sterile pyrogen-free saline led to no change in body temperature. 
3. Representative organisms from mammals, birds, reptiles, amphibians and fishes have now been 

shown to develop a fever in response to bacterial injections. 

UNTIL a few years ago, it was generally assumed that 
mammals, and perhaps birds, were the only group 
of vertebrates to develop fevers in response to bac- 
terial infections. In 1974, Vaughn et al. demonstrated 
that reptiles (the lizard Dipsosaurus dorsalis) develop 
a behavioral fever in response to inoculation with the 
Gram-negative bacterium Aeromonas hydrophila. 
Since that time it has been confirmed that birds de- 
velop a fever in response to bacterial infection 
(D'Alecy & Kluger, 1975). Reynolds et al. (1976) have 
shown that teleost fishes also develop behavioral 
fevers following injections of A. hydrophila. 

In this study, green tree frogs (Hyla cinerea) were 
injected with bacteria and their thermal responses 
were recorded in order to determine whether amphi- 
bians can develop a behavioral fever. The results of 
these investigations indicate that these frogs will 
behaviorally elevate their body temperature following 
inoculation with A. hydrophila. 

MATERIALS A N D  M E T H O D S  

Hyla cinerea were selected as our experimental ani- 
mal since it has been reported in the literature that 
these frogs have a narrow preferred body temperature 
range (Brattstrom, 1970). The frogs, weighing 6-12 g, 
were obtained from a dealer in Tennessee and were 
housed in glass cages at an ambient temperature of 
ca. 22°C. Crickets and water were provided ad libi- 
turn. A 250W heat lamp was suspended over each 
cage; this provided a continuous thermal gradient 
within each cage of from 22°C to over 35°C. Room 
lights were on a 12:12 photoperiod. 

During experimentation, each frog was housed in 
a glass container (26 cm wide, 30cm high, 49.5 cm 
long) covered with a wire mesh screen. A wetted pad 
on the floor of the container provided moisture. These 
containers were placed in a temperature and humidity 
controlled chamber at 20°C and 75% R.H. The photo- 
period was 12:12. A 250W heat lamp was suspended 
over one corner of the cage; this allowed each frog 
to regulate its body temperature between 20 ° and 
35°C. 
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Temperature was recorded about every 30s with 
copper-constantan thermocouples connected to a 
Honeywell Electronik 112 multipoint recorder. Body 
temperature of each frog was monitored by suturing 
a thermocouple junction sub-cutaneously in the mid- 
dorsal region. This temperature was found to be 
within 0.2°C of cloacal temperature. 

Aeromonas hydrophila, a Gram-negative bacterium 
pathogenic to amphibians (the pathogen most com- 
monly implicated in "red-leg" disease [Gibbs, 1963]), 
was grown on blood agar plates for 18hr. The 
bacteria were then killed by suspending them in 70% 
ethyl alcohol for 1 hr. The dead bacteria were washed 
twice with sterile pyrogen-free saline (0.9% sodium 
chloride), centrifuged, and resnspended in saline. Con- 
firmation that the bacteria were dead was made by 
plating 1 ml of the bacteria in saline on a blood agar 
plate and observing no growth. A concentration of 
1 x 10 t° dead bacteria/ml was prepared using Difco 
tBrbidity tubes as references. 

Each frog was acclimated to the experimental 
chamber for 24 hr. The next day was designated as 
experimental day 1 and used as the control day. On 
the following day (experimental day 2) each frog was 
inoculated with 0.2ml (sub-cutaneously) of either 
dead A. hydrophila (1 x 10 t° bacteria/ml) or sterile 
pyrogen-free saline. 

RESULTS 

The mean hourly temperature (+_ S.E.) of 47 control 
flogs is shown in Fig. I. The mean body temperature 
of these control frogs was about 25.5°C, with little 
circadian variation. 

Injection of 31 frogs with A. hydrophila led to an 
average fever of over 2°C, with a latency of about 
2-4 hr (Fig. 2). This elevation in body temperature 
was statistically significant (P < 0.005, Wilcoxon 
signed rank test). By 24hr post-inoculation, body 
temperature had returned to control levels. Injection 
of 11 frogs with saline on experimental day 2 led to 
no elevation of body temperature. Without the 250 W 
heat lamp, frogs inoculated with bacteria were unable 
to elevate their body temperature, indicating that the 
fever was produced by behavioral selection of a 
warmer micro-climate, and not by endothermic 
means. 
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Fig. 1. Mean body temperature (+S.E.) of 47 green tree 
frogs (H. cinerea) over a 24 hr period. The cross-hatched 

bar indicates period of darkness. 
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Fig. 2. Average changes in body temperature of green tree 
frogs (H. cinerea) in response to inoculation at 08.00 hr with 
dead Aeromonas hydrophila (0.2ml of 1 x 10 I° 

bacteria/ml). 
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Fig. 3. Frequency distribution of body temperatures of 31 
green tree frogs (H. ciaerea). (A) Controls. (B) Experimen- 

tals (inoculated with A. hydrophila). 

D I S C U S S I O N  

Green tree frogs develop a behavioral fever in re- 
sponse to inoculation with A. hydrophila. Unlike the 
results obtained by this laboratory on reptiles 
(Vaughn et al., 1974; Bernheim & Kluger, 1976a, b) 
and birds (D'Alecy & Kluger, 1975), there is a great 
deal of individual variability in both the body tem- 
perature of the control frogs as well as in the response 
of these frogs to inoculation with bacteria. Variability 
in preferred body temperature appears to be a general 
characteristic of the Amphibia (Brattstrom, 1970) and 
might be attributable, in part, to competing drives 
related to salt and water regulation. Figure 3(a) and 
3('0) shows the control and experimental data as a 
frequency-distribution plot. Whereas the mean body 
temperature of control frogs is about 25.5°C, this 
actually represents the average of a bi-modal distri- 
bution of body temperature with one peak at about 
22°C and another at 26 or 27°C. Inoculation of these 
frogs with A. hydrophila leads to a dampening of the 
22°C peak and a sligh t shift upwards of the second 
peak to 27 or 28°C. An analysis of the thermal re- 
sponses of the 31 frogs inoculated with bacteria 
reveals that 15 had a mean temperature change (from 
12.00 to 24.00hr) of greater than 1.0°C (mean = 

4.30°C +_ 0.76 S.E.), 12 had essentially no change in 
body temperature (mean = 0.19°C + 0.05 S.E.) and 4 
had a mean 24 hr temperature decrease greater than 
- 1.0 C ( -  2.67°C +__ 0.17 S.E.). Overall, the rise in body 
temperature was statistically significant (P < 0.005, 
Wilcoxon signed rank test). 

At the Third International Pharmacology of Ther- 
moregnlation Symposium, Reynolds & Covert (1976) 
presented data which indicated that bullfrog tadpoles 
(Rana catesbeiana) also developed behavioral fevers 
in response to inoculations of A. hydrophila. Based 
on their reported standard errors, there appears to 
be less individual variability in the febrile response 
in these larvae then observed in the adult tree frogs 
used in this study. It is possible that the larval stages 
of H. cinerea would also show less individual thermal 
variability. If, as has been demonstrated in lizards 
(Kluger et al., 1975; Bernheim & Kluger, 1976a), a 
fever increases the percent survival of infected frogs, 
then one would expect to find little individual vari- 
ation in the thermal responses during infection. If, 
however, a fever in response to infection is beneficial 
to the larval stage, but is of little adaptive value to 
the adult (i.e. a vestigial trait) then one might expect 
the type of variability seen in this study• This hypoth- 
esis is presently untested. 
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