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A B S T R A C T

Temperature during embryogenesis determines sex and has been shown to influence other physiological traits in
reptiles. The common snapping turtle (Chelydra serpentina) is an ideal model for testing how temperature impacts
behavior in species that display temperature-dependent sex determination. Behavioral assays are crucial to
understanding how a changing climate may affect whole organism function in the snapping turtle. Currently,
there are few behavioral assays for semi-aquatic vertebrates like turtles. In this study, we used digital cameras to
record behavior of fed and fasted hatchling turtles from different incubation temperatures in an open field
setting for 20 min in 2018 and repeated the experiment in 2019. Open fields were circular tanks filled with water
to a depth of 3.5 cm. Each field was split into four quadrants and two zones (inner and outer). The amount of
time turtles spent actively moving, total distance travelled, and several other measures were collected and
summarized automatically from videos with open source image analysis software (ImageJ). Satiety and in-
cubation temperature had significant effects on total distance moved, time spent moving, and time moving in the
outer zone. These findings indicate that temperature during embryogenesis has a long-lasting effect on neural
mechanisms underlying exploratory or general locomotor behavior in turtles.

1. Introduction

There are various modes of sex determination in the phylum
Chordata, the most well-known being via sex chromosomes. However,
many species of reptile and some species of fish display a phenomenon
known as temperature-dependent sex determination (TSD). In these
species, the sexual fate of the individual is triggered by environmental
factors such as ambient temperature during embryonic development
[1]. The common snapping turtle (Chelydra serpentina) is among those
species. While temperature during embryogenesis determines sex in the
common snapping turtle, temperature also has independent impacts on
growth and thermoregulatory behavior [2–4]. It is likely that snapping
turtles exposed to different temperatures during embryogenesis also
display variation in other behaviors.

Ambient temperature during embryonic development has been
shown to shape a wide variety of behaviors in other species. For ex-
ample, it influences anti-predatory behavior in hatchling snakes [5],
learning performance in sharks [6], foraging behavior in bearded
dragon lizards [7], and locomotor behavior in bobwhite quail [8].
While size and speed of individuals could be indicative of fitness ad-
vantages, other factors like learning ability may also influence survival.

High correlations between size, speed, and learning ability have been
found in lizards (Bassiana duperreyi) with incubation temperature
causing these correlations [9]. Temperature has also been shown to
have long-term effects on sociosexual behaviors in various reptiles.
Social cognition in bearded dragons is affected by incubation tem-
perature during development [10]. This study revealed that exposure to
different temperatures during embryo development can cause variation
in behavior long into adulthood, which could have fitness con-
sequences. Similarly, incubation temperature during embryogenesis
influences aggressive and sexual behavior in adult leopard geckos
[11,12]. These behavioral effects are correlated with differences in
metabolic capacity of brain nuclei that regulate sexual and aggressive
behaviors in leopard geckos [13].

Another factor that has been shown to cause variation in behavior is
the feeding status of the animal. In rodents, there is a well-characterized
response to feeding called the behavioral satiety sequence in which
animals eat, actively groom themselves, and then rest [14]. Snapping
turtles have been observed to bury themselves in sediment in rivers and
streams following feeding whereas unfed turtles do not bury themselves
[15]. Some snakes have been shown to have decreased locomotor
performance immediately following feeding on a test of predator
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avoidance [16]. In snapping turtles, feeding may similarly reduce
spontaneous locomotor behavior.

However, there is a lack of information on the impact of incubation
temperature and satiety on locomotor behavior in snapping turtles in a
novel environment. Open field tests provide researchers with a means
of assessing general locomotor ability, exploratory behavior, and an-
xiety [17]. One of the limitations of the open-field test is that a given
aspect of an animal's performance may be attributable to multiple
causes. For example, little movement could be indicative of either high
anxiety or low locomotive ability. Because turtles are relatively non-
social, it was assumed that variations in the turtles’ behavior would
primarily be related to general locomotor ability, foraging, and ex-
ploration.

Understanding how behavior is programmed by ambient tempera-
ture during embryogenesis could give us a valuable insight into the
developmental basis for behavioral variation in snapping turtles and
other reptiles while also providing a glimpse into how changing tem-
peratures may affect this species in the future [18]. Species that display
TSD are potentially vulnerable to extinction due to rapid climate
change as warming temperatures skew population sex ratios [19]. An
understanding of temperature effects on behavior in TSD species will
inform future management decisions in a warming climate. Behavioral
assays like the open field test will provide information regarding tem-
perature effects on whole organism function in the common snapping
turtle. The goal of this study was to use an open field approach to test
whether incubation temperature during embryogenesis and satiety in-
fluence exploratory and general locomotor behaviors in Chelydra ser-
pentina hatchlings.

2. Methods and materials

2.1. Animal husbandry

Eggs were collected in June of 2017 and 2018 from a captive
breeding colony of snapping turtles at the University of North Dakota
(UND). Adult females were palpated to assess their reproductive status
in early June. Females with eggs were transferred to an outdoor aviary
with natural substrate for nesting. The aviary was monitored at 2-h
intervals from 10 pm to 10 am on a daily basis to directly observe fe-
males nesting. Females were identified by a unique combination of
marks on their marginal scutes. Eggs were collected shortly after fe-
males finished nesting. Dam ID and nesting date were written on a post-
it note placed with each clutch of eggs. Females were returned to their
indoor stock tanks the day after nesting.

In 2017, we used three clutches from our breeding colony: Clutch 51
(n = 32), Clutch 57 (n = 28), Clutch 60 (n = 38). In 2018, we used six
clutches from our breeding colony: Clutch 39 (n = 35), Clutch 41
(n = 19), Clutch 44 (n = 15), Clutch 48 (n = 17), Clutch 50 (n = 37),
Clutch 51 (n = 28). Eggs were washed in tepid water within 24 h of
oviposition. Eggs were individually labeled with unique clutch and egg
numbers, placed in containers with moist vermiculite (mixed in 1:1
ratio of water to vermiculite by mass), and incubated at 22 °C (n = 54),
26 °C (n = 74), 27 °C (n = 55), or 28 °C (n = 66). These temperatures
were chosen because 22 °C and 26 °C produce predominantly males, 27
°C produces a mixed sex ratio and 28 °C produces predominantly fe-
males in snapping turtles. Approximately even numbers of eggs from
each clutch were assigned to each temperature treatment and further
split between replicate incubators to avoid pseudoreplication.

We placed eggs in individual plastic cups labeled with their clutch
ID, egg number, and incubation temperature a few days before turtles
were expected to hatch. Turtles from the warmest temperature started
hatching in late August, while turtles from the coldest temperature
finished hatching in early October. Hatchling turtles in nature normally
emerge from the nest and migrate to the nearest water body where they
hibernate through the winter. Hatchlings in nature are not active until
late spring when ice on lakes thaws and water temperature rises. To

mimic the general timeline of activity observed in nature, hatchlings
were kept in their cups and fasted for 2–3 months during the winter.
Turtles were sprayed daily with cold water to keep them well hydrated.

In early spring of 2018 (for eggs laid in 2017) and 2019 (for eggs
laid in 2018), colored beads were attached to hatchlings’ rear marginal
scutes to permit individual subjects to be identified by their unique
clutch and egg numbers (Fig. 1). Marked turtles were placed in cattle
tanks filled with tap water to a depth of 2 to 5 cm. The tanks were set up
with a slope to allow efficient draining and cleaning after turtles were
fed. Turtles were given excess frozen smelt and allowed to feed ad lib
for approximately 2 h every Monday, Wednesday, and Friday. Tanks
had two platforms made of brick pavers to allow turtles to climb out of
the water. One platform was placed under a heat lamp to allow turtles
to behaviorally thermoregulate while the other platform was placed
away from the heat source to allow basking in air at the ambient room
temperature (~20 °C).

2.2. Open field, video acquisition, and processing

Six fiberglass aquaculture tanks with a diameter of 59 cm and a wall
height of 55 cm were set up for open field tests in a separate room
within the animal facilities at UND (Fig. 2). Water depth was ap-
proximately 3.5 cm. Water was changed between tests with different
turtles. A miniature surveillance camera from Jet Security (Buena Park,
CA) was fastened to a bracket 79 cm above water level. Hatchlings were
recorded for twenty minutes either in a fasted state (n = 126) in the
morning or shortly after being fed (n = 123) in the afternoon. Videos
were saved as ASF files using a digital video recorder (DVR) from Ad-
vance Security (Bellevue, IL) programed to record at 30 frames per
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Fig. 1. Hatchling turtles were marked uniquely using colored beads attached to
rear marginal scutes with a stainless-steel wire. One colored bead indicated
clutch identity in (A) 2018 and (B) 2019. Additional beads were attached to
indicate egg number using the following scheme. When looking at the turtle
from above, (D and E) scutes to the left of the tail were numbered 1–5 and
scutes to the right were numbered 6–10. (C) Black, white, and/or gold beads
were added to indicate eggs numbers greater than 10. Thus, egg number was
the sum of the scute number (1–10) plus any black, white, and/or gold beads.
For instance, a turtle from Clutch 51, Egg 6, in 2018 would have a single tur-
quoise bead attached to scute number 6. A turtle from Clutch 51, Egg 26, in
2018 would have both a turquoise bead and a white bead attached to scute
number 6, as shown in panel D.
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second. Each video was split into individual jpegs with one frame per
second for image processing and saved into respective directories using
the Windows Command Prompt.

2.3. Fiji (ImageJ) processing

In order to collect data on the position of turtles in the open field
from videos, we created a plugin for ImageJ. The videos were imported
individually into Fiji as virtual stacks and converted into 8-bit greyscale
with the macro. The origin of the image (center of the tank) along with
inner and outer zones were then defined. The stack was duplicated and
a blank image was created to cancel out the background. Blank frames
were then deleted (i.e., images before turtles were placed in the open
field). Finally, Cartesian coordinates of the hatchling were recorded in
each frame. Coordinates of turtles were saved in csv files with their
respective clutch and egg number. The plugin then used these co-
ordinates with user-defined parameters (e.g., video resolution, frames
per second, and moving threshold) to create measurements based on
the location of the turtle in each frame at 1-second intervals during the
20-min test.

2.4. Statistical data processing

For seven clutches, it was possible to assign an equal number of
subjects to each temperature and feeding status group. However, for the
two smallest clutches (44 and 48), a nonequivalent number of subjects
were tested in fed and fasted states. The results were analyzed using a
mixed model, restricted maximum likelihood (REML) ANOVA, which is
capable of handling unbalanced data. REML was also used to control for
potential clutch-related differences in behavior (genetic differences
between clutches could not be controlled, therefore they were treated
as a random factor). Clutch, incubation temperature, and feeding status
were independent variables in the model. Clutch identity and its in-
teractions with other independent variables were analyzed as random
effects. Incubation temperature, feeding status, and their interaction
were analyzed as fixed effects. Year was also treated as a fixed effect, to
test for differences between cohorts of hatchlings from 2018 and 2019.
The significance of fixed effects was tested with F tests. The significance
of random effects was tested with the Wald test. The null hypothesis for
the Wald test is that variance components (due to random effects) are

equal to zero.
Multiple aspects of turtles’ open-field performance were assessed so

as to develop a robust profile of the ways in which incubation tem-
perature and satiety affect behavior. Dependent variables included la-
tency to begin moving, the total time spent moving, the average velo-
city (when the turtle was moving), the maximum velocity, the amount
of time spent in the inner zone, the amount of time spent in the outer
zone, and the total distance travelled. Latency was transformed with
Log10 and the distance travelled was transformed with square root in
order to meet the assumptions of ANOVA. JMP 13.0 software was used
for all statistical analyses (SAS Institute, Cary, NC). All figures were
created with Rstudio (version 1.2.5019).

3. Results

Incubation temperature (F3,15 = 4.25, p = 0.02) and feeding status
(F1,5 = 12.07, p = 0.02) had significant effects on the amount of time
hatchling turtles spent moving during open field tests, but the inter-
action between temperature and feeding status had no impact
(F3,203 = 1.33, p = 0.26). Turtles incubated at a temperature of 22 °C
moved for a longer period of time than turtles incubated at 26 °C, 27 °C,
and 28 °C (Fig. 3A). Fasted turtles spent more time moving than satiated
turtles (Fig. 3B). Time spent moving did not depend on the year in
which the turtles hatched (F1,6 = 0.51, p = 0.50). None of the random
effects influenced the time hatchlings spent moving in the open field:
clutch (p = 0.29), clutch x temp (p = 0.38), clutch x satiety (p = 0.74),
and clutch x temp x satiety (p = 0.33).

The total distance hatchling turtles travelled in open field tests was
also affected by incubation temperature (F3,232 = 4.63, p = 0.004) and
feeding status (F1,5 = 11.70, p = 0.02), while the temperature x
feeding status interaction was nonsignificant (F3,234 = 0.82, p = 0.49).
Turtles incubated at a temperature of 22 °C travelled farther than turtles
incubated at 26 °C, 27 °C, and 28 °C (Fig. 3C). Fasted turtles travelled
farther than satiated turtles (Fig. 3D). Year of testing did not influence
the total distance travelled by hatchling turtles (F1,6 = 1.45, p = 0.27).
None of the random effects influenced the distance turtles travelled in
the open field: clutch (p = 0.37), clutch x temp (p = 0.75), clutch x
satiety (p = 0.71), and clutch x temp x satiety (p = 0.58).

Incubation temperature (F3,20 = 4.23, p = 0.02) and feeding status
(F1,223 = 12.33, p = <0.001) had significant effects on the amount of

Fig. 2. Six fiberglass aquaculture tanks were set up for open field tests with hatchling snapping turtles. (A) Wooden brackets fastened to each tank were used for
mounting digital cameras securely above the center of each tank. (B) View from above a tank showing the camera and a hatchling turtle on the left side of the open
field arena.

S. Miller, et al. Physiology & Behavior 220 (2020) 112875

3



Fig. 3. Mean (± SE) for Distance Moved (A and B), Time Active in Outer Zone (C and D), and Total Time Spent Active (E and F) as response variables with Incubation
Temperature and Feeding Status as independent variables.
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time turtles spent actively moving around the edge of the field. The
temperature x feeding status interaction had no effect (F3,220 = 1.39,
p = 0.25). Turtles incubated at the lowest temperature (22 °C) during
embryogenesis spent more time actively swimming around the outer
edge of the field than the hatchlings incubated at the other three
temperatures (Fig. 3E). Fasted hatchlings spent more time moving
around the outer ring than satiated hatchlings (see Fig. 3F). Year did
not influence total distance travelled by hatchling turtles (F1,6 = 0.31,
p = 0.60). None of the random effects influenced the distance turtles
travelled in the open field: clutch (p = 0.55), clutch x temp (p = 0.24),
clutch x satiety (p = 0.79), and clutch x temp x satiety (p = 0.28).

Incubation temperature had no effect on average velocity
(F3,232 = 1.71, p = 0.17), latency to move (F3,19 = 1.79, p = 0.18),
maximum velocity (F3,231 = 1.33, p = 0.26), or time spent in the inner
zone (F3,235 = 1,30, p = 0.27). Feeding status had no effect on average
velocity (F1,13 = 0.49, p = 0.49), latency (F1,238 = 0.12, p = 0.72),
maximum velocity (F1,5 = 1.98, p = 0.22), or time spent in the inner
zone (F1,237 = 0.001, p = 0.97). Year had no effect on average velocity
(F1,13 = 0.68, p = 0.43, maximum velocity (F1,4 = 0.67, p = 0.45), or
time spent in the inner zone (F1,6 = 3.89, p = 0.09). However, there
was a significant difference in latency to move between turtles tested in
2018 versus turtles tested in 2019 (F1,6 = 7.52, p = 0.03).

None of the random effects influenced the average velocity of turtles
in the open field: clutch (p = 0.47), clutch x temp (p = 0.39), clutch x
satiety (p = 0.24), and clutch x temp x satiety (p = 0.86). Latency to
move was not affected by clutch (p = 0.14), clutch x temp (p = 0.26),
clutch x satiety (p = 0.51), or the clutch x temp x satiety interaction
(p = 1.0). The maximum velocity of turtles was not influenced by
clutch (p = 0.60), clutch x temp (p = 0.65), clutch x satiety (p = 0.26),
or the clutch x temp x satiety interaction (p = 0.80). Variation among
clutches for time spent in the inner zone of the open field approached
significance (p = 0.07). However, no other random effects influenced
the time turtles spent in the inner zone of the open field: clutch x temp
(p = 0.38), clutch x satiety (p = 0.19), and clutch x temp x satiety
(p = 0.79).

4. Discussion

Incubation temperature during embryogenesis can cause persistent
morphological, physiological and behavioral changes in hatchling and
juvenile reptiles and some of these changes even last into adulthood
(reviewed in [18]). For instance, thermoregulatory behavior of
hatchling snapping turtles and painted turtles is influenced by incuba-
tion temperature [2,3,20]. This led us to hypothesize there could also
be differences in locomotor and exploratory behavior due to ambient
temperature during embryogenesis. In this study, we examined the ef-
fects of incubation temperature and satiety on locomotor and ex-
ploratory behavior in the common snapping turtle.

We found that temperature during embryonic development altered
exploratory and locomotor behavior of hatchling snapping turtles.
Hatchlings incubated at 22 °C moved for a longer period of time and
farther than turtles incubated at warmer temperatures when tested in a
novel open field. These findings contrast with the relationship between
incubation temperature and loco motor behavior obtained with other
turtle species. Hatchling Chinese softshell turtles (Pelodiscus sinensis)
incubated at 27 °C and 28 °C were found to travel longer distances than
turtles incubated at 24°C or 32°C when tested in a terrestrial environ-
ment [21]. The same pattern emerges for swimming distance in olive
ridley sea turtles (Lepidochelys olivacea) where hatchlings from inter-
mediate temperatures swam farther than hatchlings incubated at either
end of the temperature range [22]. In addition, hatchling loggerhead
turtles (Caretta caretta) from lower incubation temperatures of 27°C and
28°C were significantly less active than hatchlings from temperatures
between 28.5°C and 31°C [23]. Green sea turtle (Chelonia mydas)
hatchlings incubated at cooler temperatures had decreased locomotor
behavior compared to hatchlings from warmer temperatures [24]. Du

and Ji [21] hypothesized that embryos incubated at 33 °C and 24 °C had
impaired locomotor behavior because they were incubated close to the
upper and lower limit of temperatures that yield viable hatchlings in
the Chinese softshell turtle.

Differences in incubation temperature effects on locomotor beha-
vior between the snapping turtle and other turtle species could be due
to shifts in thermal tolerance. For example, snapping turtle embryos
incubated at 22 °C develop into viable hatchlings while P. sinensis
embryos perish at incubation temperatures below 23 °C. Differences
could also be due to variation in how animals from different parts of
their geographic range are impacted by incubation temperature.
Indeed, some species exhibit geographic variation in thermal tolerance
based on latitude [25]. Further studies need to be conducted to find the
upper and lower thermal limits for viable development of snapping
turtle embryos as well as to characterize locomotor behavior across the
entire range of viable incubation temperatures. These experiments
would provide insight into optimal incubation temperatures and the
shape of thermal reaction norms in the snapping turtle [18]. While
incubation temperature affected the amount of time snapping turtle
hatchlings spent moving and the total distance moved, it did not sig-
nificantly affect the latency to move, average velocity while moving, or
maximum velocity. By comparison, studies with other turtle species
have shown that incubation temperature can alter hatchling velocity
[21–23]. In various freshwater and sea turtle species, intermediate
temperatures seem to produce hatchlings with better physiological
performance than turtles incubated near the low or high end of the
viable range of temperatures. We expect snapping turtles would follow
suit in future experiments designed to measure maximal performance.

Incubation temperature has a direct organizing effect on the meta-
bolic capacity and hormone sensitivity of the brain in leopard geckos
[13,26–29]. Hormonal manipulation of leopard geckos caused changes
in the volume and metabolic capacity of specific brain nuclei, which
were correlated with behavioral differences [30]. Hormones control
aggressive and sexual behaviors in the green anole lizard (Anolis car-
olinensis) [31], so variation in hormone sensitivity could influence
certain behaviors in snapping turtles as well. Embryonic temperature
has been shown to program thermoregulatory behavior in snapping
turtles [2,3]. Both righting response and exploratory behaviors were
found to be strongly repeatable (even after overwintering) and posi-
tively correlated in the red-eared slider turtle (Trachemys scripta ele-
gans), suggesting that behavioral differences are consistent as hatchl-
ings grow (behavioral types are programmed) [32]. This leads us to
believe that incubation temperature effects on snapping turtle behavior
observed in this study might persist beyond 6 months of age. Further
studies would have to be performed to understand the neural me-
chanisms underlying temperature-induced variation in locomotor and
thermoregulatory behavior for the common snapping turtle.

Satiety also has an impact on behavior in hatchlings. We detected
significant differences in locomotor behavior based on whether
hatchlings were fed or fasted before the open field test. Snapping turtle
hatchlings that were fasted for 24 h moved more often and farther than
turtles that were fed right before the test. There are two alternative
explanations for this difference in exploratory behavior. Fed turtles
could be resting more than fasted turtles to process the ingested meal
(like the satiety sequence in rodents). On the other hand, fasted turtles
could be displaying an increased level of foraging behavior. Differences
in general locomotor activity after feeding may also be related to
thermoregulation, which affects many physiological functions in rep-
tiles [33]. Basking behaviors increase metabolic rate and digestion ef-
ficiency so it is not surprising that turtles would bask after being fed
[34]. Prior research in the snapping turtle has shown that incubation
temperature and satiety jointly affect thermoregulatory behavior in
hatchlings [3]. Future research should focus on how incubation tem-
perature during embryogenesis, ambient temperature of hatchlings, and
satiety interact to influence resting and locomotor behaviors.

Little research has been done on the molecular, hormonal, or neural
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basis of satiety in turtles. Cholecystokinin appears to be well conserved
across mammalian species so it would be interesting to determine
whether secretion of this hormone signals satiety in turtles like it does
in mammals [35]. This is likely because the gastrointestinal tract of
Chrysemys picta was shown to contain most of the regulatory peptides
found in mammals [36]. Metabolism also changes during digestion.
There was an increase in oxygen consumption in juvenile Chrysemys
picta following feeding that dropped one day later to 68% of the value
observed post-feeding [37]. In the green turtle, short-term fasting has
also been shown to induce a catabolic state that may create a metabolic
debt to be repaid when food becomes available [38]. The increase in
metabolic demand following feeding could cause energy to be directed
into digestion thereby decreasing exploratory behavior in snapping
turtles.

We incubated eggs at constant temperatures throughout embry-
ogenesis. In contrast, turtles from natural nests in the wild experience
temperature fluctuations [39]. There is evidence that fluctuating in-
cubation temperatures influence the development of some traits.
However, the importance of these effects varies among species and
populations [40–45]. Future research should examine how fluctuating
temperatures in nature expose developing embryos to extreme tem-
peratures, which could have a stronger negative impact on develop-
ment than incubation at constant temperatures within the viable range.
Turtle embryos are very sensitive to ambient temperature during de-
velopment: raising incubation temperature by 1°C above the highest
mean nest temperature recorded in the wild leads to reduced egg via-
bility, hatchling growth rate, and decreased locomotor function in the
Mary River turtle [39]. Further studies could investigate whether
thermal fluctuations influence swimming performance and other loco-
motor behaviors of common snapping turtles.

Although the clutch effect for time spent in the inner zone of the
open field approached significance, clutch identity and its interactions
with the other independent variables did not influence any other as-
pects of exploratory and locomotor behavior in snapping turtles in this
study. This contrasts with recent research reporting that clutch identity
influences habitat choice, righting response, and latency to explore a
terrestrial arena in red-eared slider turtles and overall swimming ac-
tivity in loggerhead sea turtles [23,32]. Clutch effects may vary for
different aspects of turtle behavior. While we found no variation among
clutches for exploratory and locomotor behavior, other aspects of
snapping turtle behavior could be significantly affected by clutch
identity. To better understand clutch effects, future studies should ex-
amine clutch and incubation temperature effects with a greater variety
of behaviors.

Another surprising finding from this study was that, while tem-
perature and satiety both influenced exploratory and locomotor beha-
vior, the interaction between these variables did not. By comparison,
Rhen and Lang [3] found that incubation temperature during embry-
ogenesis impacted how hatchling turtles thermoregulated after feeding.
Turtles incubated at 24 °C preferred warmer ambient temperatures
immediately following feeding, whereas turtles incubated at 26.5 °C or
29 °C did not change their thermal preference after feeding. This dif-
ference in thermoregulatory behavior after feeding (i.e., incubation
temperature by satiety interaction) led us to hypothesize that incuba-
tion temperature and satiety might have an interactive effect on ex-
ploratory behavior. The lack of an interaction could be due to a variety
of contextual factors. The most obvious difference is that the open field
in this study was thermally homogenous (i.e., there was no heat source
or thermal gradient). In addition, turtles in this study were tested alone
in a novel environment, while the study of thermoregulatory behavior
was conducted in the home tank with other turtles present. To the best
of our knowledge, the current study is the first to examine how in-
cubation temperature and satiety affect exploratory behaviors in tur-
tles. More studies will have to be carried out to fully understand why
temperature and satiety have independent effects in this environmental
context.

This study has shown that exposure of different temperatures during
embryogenesis impacts the behavior of Chelydra serpentina hatchlings in
open field tests. Satiety also has a significant effect on hatchling be-
havior. We found that lower incubation temperatures produced more
active hatchlings and that satiated hatchlings were less active than their
fasted counterparts. While the open field test is a robust assay for
variation in locomotor/exploratory behavior, one cannot be certain of
the mechanisms underlying these differences in behavior. The neuro-
logical and physiological processes underlying variation in locomotor
behavior are currently not well defined. In order to fully understand
these mechanisms, additional molecular, histological, or physical assays
should be considered [46].

Finally, incubation temperature induced differences in locomotor
and exploratory behaviors could have fitness consequences (e.g., by
affecting foraging success) for the common snapping turtle and other
reptiles if these behaviors persist beyond the first few months of life.
This study highlights the important role incubation temperature during
development has on ectotherms by influencing spontaneous locomotor
behaviors.
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