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Circadian pattern of Bothrops moojeni in captivity (Serpentes: Viperidae)
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Abstract: Members of the subfamily Crotalinae are considered to be essentially nocturnal and most of the
data about these snakes have been collected from the field. Information on how nutritional status affects
the movement rate and activity patterns is a key point to elucidating the ecophysiology of snakes. In this
study, we distributed 28 lancehead Bothrops moojeni into three groups under distinct feeding regimens
after a month of fasting. Groups were divided as follows: ingestion of meals weighing (A) 40%, (B) 20%,
or (C) 10% of the snake body mass. Groups were monitored for five days before and after food intake and
the activity periods and movement rates were recorded. Our results show that B. moojeni is prevalently
nocturnal, and the activity peak occurs in the first three hours of the scotophase. After feeding, a significant
decrease in activity levels in groups A and B was detected. The current results corroborate previous field
data that describe B. moojeni as a nocturnal species with low movement rates. The relationship between

motion and the amount of food consumed by the snake may be associated with its hunting strategy.
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INTRODUCTION

Activity patterns in snakes have been an
interesting object of study over the years (1-5).
Snakes essentially move in search of food, mates,
shelter, hibernacula, or even new habitats (6-8).
A number of activity patterns are described in
snakes, from the extremely active species to those
that tend to remain static to save energy while
ambushing a prey (9-13). Movements and activity
in snakes can vary depending on the seasonal
climate, age, physiological state, geographic
location and other variables (12, 14-16).

Snakes are roughly classified into diurnal
and nocturnal species according to their
periods of activity. On the other hand, activity
periods are poorly defined, as some snakes are
active in both diurnal and nocturnal phases,
while others are essentially crepuscular and

some may even show different activity patterns
across the seasons (14, 17).

Assessment in the wild of the activity period
of species within the genus Bothrops (sensu
lato) indicates a tendency toward nocturnal and
crepuscular patterns (18). Such snakes typically
use a “mobile ambush” strategy, moving around
until they find a suitable place to ambush their
prey, although some species of the genus have been
observed actively foraging (19-22). Snakes of the
genus Bothrops (sensu lato) can handle relatively
large prey items, taken in the form of massive
meals, but with a low feeding frequency (22). The
increase in the snakes” body mass after eating a
large prey can negatively affect the movement
rates of these animals, thus impacting many of
their activities. In spite of the importance of
this consideration for understanding the activity
of snakes, little information is available from
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field studies, as there are inherent difficulties in
assessing the food intake in a precise manner.

The aims of the present work were to test the
hypothesis that Bothrops moojeni is a nocturnal
animal and to evaluate the influence of the meal
size on the movement rates of this species in
captivity.

MATERIAL AND METHODS

Animals and Maintenance

The study was carried out on 28 captivity-born
Bothrops moojeni (178.1 + 40.3g), of both genders,
aged one to two years, from the Laboratory of
Herpetology, Butantan Institute. Animals were
housed individually in plastic cages measuring
45 x 30 x 20 cm (length x width x height), with
cardboard as substrate. The temperature was kept
between 23 and 27°C, and the humidity between
56 and 70%. The animals were fed mice once a
month (Mus musculus). The experiment was
conducted for ten months from January 2009 to
October 2009.

Experimental Protocol

The photoperiod in the experimental room was
controlled at 12:12 hours (photophase: scotophase)
and the relative humidity inside the room was kept
between 56 and 70% throughout the experiment.
During the experiments each snake was placed
individually in an arena after a previous one-month
fasting period. For the first 48 hours the animals
were left without monitoring so that they could
become familiar with the experimental setup. After
that, for the next nine days (four days fasting and
five days post-prandial), the animals were video-
monitored. Three feeding groups were established:
A, B and C, which consumed respective amounts
of food equivalent to 40.6 + 2.0%, 20.3 + 1.98% and
10 + 1.8% of their own body weight.

Thermic Arena

The arena dimensions were 150 x 30 x 80
cm (length x width x height) and it was lined
with oven-sterilized soil as substrate. Oven-
sterilization was performed at 130°C for six
hours. A temperature gradient ranging from 36°C
to 17°C (£ 2°C) was framed in the arena, putting
a 150 watt electric heater as a hot spot on one side
of the arena and a Coel chiller (Brazil) as a cold

spot on the opposite side, thereby maintaining
a controlled temperature range throughout the
experiment. In order to better situate the position
of the snake within the arena, its floor was divided
into 20 square areas (15 x 15 cm) delimited by
strings placed directly over the surface (Figure 1).

Imaging

Movement monitoring was supported by a
webcam equipped with infrared LEDs. Images
were automatically captured every 60 seconds
via HSSVSS 6.06 freeware. In our analysis, we
considered a movement to have occurred when a
snake shifted its location to another square. Slight
movements without transposing a quadrant’s
limits were not taken into account. The whole time
of activity was computed and data were analyzed
using GraphPad InStat5 software (GraphPad
Software, Inc., USA).

Data Analysis and Statistics

The activity time and the relationship between
prandial status and movement rates were tested
by the Dunn and Bonferoni tests. A p-value <
0.05 was considered statistically significant.

Figure 1. Arena during scotophase.
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RESULTS

During the experiment approximately de
363,000 images were analyzed to determine the
transit rates of the animals.

Due to the absence of difference in the
movement rates and activity times between males
and females (p > 0.05), data from both genders
were pooled for the analysis. The activity pattern
was predominately nocturnal in both fasting
and fed snakes, with 97.36% of all recorded
movements occurring during the scotophase.
The activity peak occurred in the first quarter of
the scotophase, between 18:00 and 21:00 hours
(p < 0.001). A decreasing pattern was registered
starting from this point. We still detected a
significant increase in the movement frequency
in the second and third quarters in comparison
to the photophase (p < 0.001), but found a
significant decrease in the time spent in motion
during the second quarter when compared to the
first one (p < 0.01) and during the third quarter
when compared to the second (p< 0.001). In the
fourth quarter we observed some movements,
but no significant difference was detected in
comparison to the photophase, when movements
almost ceased (p > 0.05) (Figure 2).

As to the post-prandial condition, group A
showed a significant decrease in the movement
rate for four days in the first half of the scotophase,
versus the fasting rate (p < 0.05). Group B showed
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a decrease in movement rates during the first
quarter of the activity time for three days (p <
0.05). Movement rates did not differ significantly
between group C and fasting animals during the
experiment (p > 0.05) (Figure 3). All the feeding
groups maintained a nocturnal activity pattern
and no difference between fed and fasting snakes
was detected during the photophase (p > 0.05).

DISCUSSION

Based on data from field work, Nogueira et al.
(23) described Bothrops moojeni as an essentially
nocturnal species according to its activity pattern,
as well as other species of the genus on which
information is available ( 22, 24-26). Our results
with B. moojeni are in concordance with the
pattern of nocturnal activity previously reported
in field studies, indicating that the activity pattern
remains unchanged for snakes in captivity. The
highest observed activity period of B. moojeni
in the first hours of the scotophase agrees with
results obtained for Bothrops atrox in the field.
B. atrox is a closely related species whose activity
also peaks in the first half of the night (24).

The overlapping of the activity period of
predators and their prey is a common feature of
many snake species, especially low-mobility ones
(11, 27, 28). Although Bothrops moojeni feeds on
a wide range of prey, the contribution of different
items varies ontogenetically (22, 23, 29, 30). In
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Figure 2. Differences in activity pattern during photophase and scotophase. Note that the peak of activity

occur during the first quarter of the scotophase.
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Figure 3. The difference in movement rates after feeding. Letters A, B and Cin the figure present movement
rates of animals that ingested 10, 20 and 40% of their own body weight, respectively.

this case, the diet variability in Bothrops moojeni
could have an effect on the activity periods
because different prey may present distinct
active hours (18). In our study, the absence of a
significant difference in the activity pattern in an
inter-individual comparison may be a reflection
of the size homogeneity among the snakes used,
irrespective of gender. The alimentary items
for both males and females of the same size are
similar (23), supporting the theory that the
activity periods of animals of the same size may
overlap, with gender not being an influencing
variable.

Although the alimentary condition did not
alter the activity period, the amount of food

intake influenced the movement rate. This finding
suggests that the role of post-prandial movements
may diverge from those observed in the pre-
prandial condition. The movement diminution
of snakes that consumed greater amounts of food
may be related to satiety, while the maintenance
of the movement rate among group C snakes may
represent a continual search for food. However,
it is difficult to take this conclusion from our
data given the other factors that could be related
to inter-group differences including dislocation
cost, thermophilic behavior and thermogenesis
(31, 32).

The greatincrease in the metabolic rates during
digestion and the slight rise in the total mass to
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be moved may impact the energy expenditures
of movements and/or in predation costs due to
a lesser body agility (33, 34). In this scenario, the
decrease in the movement rates could be more
related to a physiological restriction than just a
reflection of satiation. The continuous movement
observed in the snakes that had a food intake
corresponding to 10% of their own body mass
indicates that this elevation in body mass does
not significantly influence the movement rates. A
similar dynamic can be observed in most snakes
with high activity, e.g., diurnal colubroid snakes,
which usually consume meals corresponding to
10% or less of their own body mass. The observed
ingestion of large meals by B. moojeni, in addition
to the subsequent decrease in its ability and/or
necessity to maintain the fasting movement rates
seems to be a reflection of the ecophysiological
strategies of this animal. In this context, the
apparent decreased mobility after a large meal
may be just a “minor price to pay” for cryptic
snakes that ambush with a low metabolism such
as Bothrops moojeni.

CONCLUSIONS

Bothrops moojeni display a more nocturnal
pattern of activity when in captivity. As also noted
in field observations, the movement peak occurs
in the first quarter of the scotophase, with rare
movements occurring in the photophase. This
pattern is not influenced by the feeding status and
it appears to be conserved among other related
Bothrops. On the other hand, meal size does act
upon the movement rates, which are significantly
decreased in snakes that take relatively large
meals.

The factors associated with movement
and activities of snakes are quite complex
and diversified. For this reason, a number
of variables act in a synergistic manner to
promote responses that vary according to
environmental, ontogenetic or seasonal climate
influences. Further studies are required to assess
other factors influencing the activity time and
movement rates of snakes. Such studies would
certainly contribute to ascertaining a more
complete panorama of this ecological trait.
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