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Abstract: Snakes that can ingest prey that are proportionally large have high metabolic rates during 
digestion. This great increase in metabolic rate (specific dynamic action – SDA) may create a significant 
augment in the animal’s body temperature. The present study investigated postprandial thermogenesis 
in Bothrops moojeni. Briefly, two groups of snakes were fed meals equivalent to 17 ± 3% and 32 ± 5% of 
their body weight and were observed for 72 hours, in which thermal images of each snake were taken 
with an infrared camera in a thermostable environment with a constant air temperature of 30°C. The 
results showed a significant increase in snake surface temperature, with a thermal peak between 33 and 
36 hours after feeding. The meal size had a great impact on the intensity and duration of the thermogenic 
response. Such increase in temperature appears to be connected with the huge increase in metabolic rates 
during digestion of relatively large prey by snakes that feed infrequently. The ecologic implication of the 
thermogenic response is still not well understood; however, it is possible that its presence could affect 
behaviors associated with the snake digestion, such as postprandial thermophily.
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INTRODUCTION 

It is well known that the maintenance of body 
temperature among endotherms is associated 
with the high metabolic rate and the low thermal 
conductance of these animals; on the other 
hand, the high thermal conductance and the 
low metabolic rates associated with ectothermy 
hinder most of these animals from keeping an 
elevated temperature during metabolism (1). 
However, some ectotherms are able to keep their 
body temperature higher than air temperature 
through their metabolism, at least under some 
conditions (2). Among reptiles, the leatherback 
turtles are known for keeping their body 
temperatures higher than their surroundings, due 
to their metabolic rate, size, and insulation (3). 
Some brooding pythons keep the temperature 

of their eggs higher than the environment 
temperature, coiling around them and producing 
heat through muscle contractions (shivering 
thermogenesis) during the incubation period (4). 
Moreover, other reptiles through great increases 
in metabolic rate and behavioral adjustments are 
able to keep their body temperature higher than 
ambient temperature for some time (5).

The ingestion of proportionally large prey and 
infrequent feeding are common characteristics 
among ambusher snakes. To undertake this huge 
digestion process, these animals show several 
histological and physiological changes in their 
gastrointestinal tract, and such process is directly 
connected to a significant increase in their 
metabolic rate (6-11). The metabolic rate increase 
during the digestion process and food absorption 
is called the specific dynamic action (SDA), and 
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although this is a common phenomenon in any 
digestion process, it is its dimension in snakes 
that draws our attention (12-16). Great increases 
in the snakes’ aerobic metabolism are related to 
SDA, these increases are many times higher than 
those occurring from intense physical activities 
(15-19). Among the several factors that influence 
SDA, one of the most important is the relative prey 
size (14-16). Like in other metabolic activities, a 
great part of the energy produced is dissipated as 
heat, and therefore, high postprandial metabolic 
rates in these animals seem to be associated with 
a significant thermogenic process (5). 

The aim of the present study was to evaluate 
the effect of different food sizes on postprandial 
thermogenesis in an ambush predator ectotherm, 
which can readily ingest prey of great proportion 
in nature (20).

MATERIALS AND METHODS 

Animals and Maintenance 
Eleven subadult specimens of Bothrops moojeni 

(six males and five females) were obtained from 
the Laboratory of Herpetology of Butantan 
Institute, whose mean mass was 132.1 ± 16.2 g. 

Experimental Protocol 
The animals were randomly divided into 

two groups and fed once during the experiment 
with pre-sacrificed mice (previously killed by 
cervical dislocation). Group A was fed 17 ± 3% 
of body weight and Group B, 32 ± 5% of body 
weight. These feeding proportions are close to the 
voluntary intake by the animals in the laboratory 
and close to that for many potential preys in the 
wild. Both groups were fasted for 30 days before 
the experiment. During the experiment, animals 
were kept in plastic cages (40 x 25 x 20 cm), which 
were put in two temperature-controlled chambers 
at 30 ± 0.2°C. The whole study was approved by 
the Ethics Committee of the Butantan Institute.

Infrared Imaging 
After a 24-hour stabilization period, thermal 

images were taken of these animals, starting at 
time 0 (pre-feeding) up to 72 hours post-feeding. 
An infrared capture camera, MycroScan Thermal 
Imager®(MyChron Infrared, USA), with a 0.1°C 
resolution power was used. All thermal readings 
were automatically corrected for non-black 

bodies, yielding a 0.95% emissivity index, which 
was previously estimated for living tissues (5).

Data Analysis and Statistics 
The images were analyzed with MikroSpec® 

RT software (Mikron Infrared Inc., USA). The 
surface temperatures at time 0 were compared 
to the postprandial temperatures by Dunnett’s 
test, and the temperatures recorded for the 
different feeding groups by the Bonferroni test. A 
significance level of 0.05 was used for all tests.

RESULTS 

The results showed a thermogenic response 
in both feeding groups (Figure 1). Group A 
displayed significant thermogenesis (p < 0.05) 
between 12 and 60 hours postprandial, and the 
peak occurred during the 33rd hour, reaching 
an average of 0.98°C, varying from 0.7 to 1.3°C. 
Group B showed a significant thermogenic 
response (p < 0.01) at 12 hours postprandial 
until the end of the experiment at 72 hours. The 
thermogenic peak occurred during the 36th hour, 
reaching an average of 1.44°C, which varied from 
1.3 to 1.6°C. Group B showed a significantly 
higher thermogenic response than Group A 
from 33 hours postprandial until the end of the 
experiment at 72 hours (p < 0.05) (Figure 2). 
There was no difference in thermogenic response 
between the genders (p = 0.328)

DISCUSSION 

The SDA values reported in the literature 
and their relation to the quantity of ingested 
food  support the data presented in this paper 
(14-16). A postprandial thermogenesis study in 
rattlesnakes, using almost the same methodology, 
showed similar data compared to the findings 
of the present paper, but the thermal peak in 
rattlesnakes occurred around 23 and 42 hours 
post-feeding for groups that ingested food 
quantities of 10 to 25% and 26 to 51% body weight, 
respectively (5). The thermogenic peaks are the 
results of the maximum times of specific dynamic 
action, which seems to be especially correlated to 
the increase in the secretion rate of stomach acid 
and hypertrophy of intestinal, hepatic and cardiac 
tissues, which occur during the gastrointestinal 
digestion process (5, 7, 10, 21). Therefore, even 
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Figure 1. Thermal images of Group A (A-D) and Group B (E-H) 0, 24, 33 and 72 hours after feeding. Note 
that at 0 hour the temperature of the animal and the environment remains the same and no body shape 
can be seen (A, E). After 24 hours, the temperature of the animal is higher than the environment in both 
groups, and a body shape (snakes are coiled) is observed (B, F). After 33 hours the thermal peaks occur (C, 
G). After 72 hours there is almost no difference between the temperature of the Group A and the chamber, 
but Group B still presented a higher temperature than the surroundings (D, H).
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though the digestion process in these animals can 
last several days, the most significant portion of 
thermogenesis occurs during a smaller interval.

The thermal peaks in the previous and present 
studies are very similar. However, the rattlesnakes 
showed a SDA duration of about 2.5 times 
longer than for B. moojeni. This difference may 
be a reflex of the thermal conservation capacity 
related to the different size of the animals. Since 
the rattlesnakes used in the previous study have 
a smaller surface area compared to B. moojeni, 
they are able to keep their temperature above 
the external temperature for a longer time. The 
body size and the body surface area influence 
the animals’ insulation capacity (22). Although 
the size of the snake has a smaller influence on 
the relative quantity of thermal energy created 
during SDA, it has an essential role during the 
heat conservation period, when we compare 
animals in the same posture (i.e., coiled). 

Thermal photography is a noninvasive 
technique that makes it possible to evaluate an 
animal’s surface temperature, but does not allow 
the determination of its internal body temperature 
(5). Hence, small increases in the body surfaces 
temperature during the thermogenic response 
are probably substantial underestimates of the 
true internal temperature increase, and increases 

in internal temperature on the order of 4°C have 
been reported in pythons through the use of data 
loggers (23).

Snakes in the wild are exposed to a relatively 
wide fluctuation in air temperature, and this 
factor has a huge impact on prey capture rates, 
time of digestion and energy consumption (15, 
24-28). However, our experiment used a fixed 
temperature (within the normal thermal range 
sought by many snakes during the postprandial 
period) to better detect the physiologic heating 
process during the digestion without the bias of a 
cooling and heating process that normally occurs 
in the wild. 

The physiologic importance of postprandial 
thermogenesis in these animals’ life still has to 
be elucidated. It is possible that in animals that 
eat relatively larger prey there is a “buffering” of 
a possible postprandial thermophilic response, 
which is common in many snakes (24-28). 
Therefore, animals that ingest large proportions 
of food would have a relatively lesser need to 
search for higher environmental temperatures 
for more efficient digestion, since the metabolic 
heat production in these animals is considerably 
increased (5). A decrease in the need of a 
postprandial thermophilic response implies a 
lower transit rate in these animals during this 

Figure 2. Increase in body temperatures as a function of time. The dashed line represents the Group A and 
the continuous line represents the animals in Group B. The bars represent the standard deviations. The 
symbol (*) represents the statistically difference between the different hours and time zero. The symbol (‡) 
represents the statistically differences between the groups A and B for the same time.
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period and consequently a lower predation risk 
to animals that probably have compromised 
defenses due to the great increase in mass (23). 
However, further studies are needed to assess 
the thermogenic and postprandial thermophilic 
responses in different animals for a better 
comprehension of how this postprandial increase 
in metabolic rate and the consequent heat 
produced affect their lives in nature.
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