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Abstract

I investigated preferred temperatures, metabolic rates, and circadian rhythms of
snapping turtles (Chdydra serpentina). Snapping turtles are ectotherms, so the
temperature of their environment is the same as their body temperature. Body
temperature affects the rate of turtles’ biological functions, including growth, digestion,
and metabolism. I used a temperature gradient to determine the preferred temperatures of
the turtles under constant light, a 24-hour light/dark cycle, and a 48-hour light/dark cycle.
I looked at my data for circadian patterns in turtle movement. I measured the amount of
carbon dioxide that the turtles produced over a 24-hour period to determine their
metabolic rates at temperatures at five-degree intervals between 5 and 30 °C. I also found
that the turtles’ preferred temperature was around 19 °C. I also found that the turtles
moved more when the lights were on than when they were off. The turtles’ metabolic
rates were directly related to their body temperatures. They showed a second degree
polynomial fit with an r* value of 0.99 (p = 0.0010).

Introduction

The purpose of my project was to determine the average selected temperature,
resting metabolic rates, and circadian rhythms in snapping turtles (Chdydra serpentina).
Environmental temperature, while important to all organisms, is especially important to
snapping turtles because they are ectotherms. This means that they derive their body
temperature from their environment. The body temperatures of ectotherms also control
many biological functions, such as growth rate, digestion, and metabolic rate (1). While
global warming is a concern for all species, it could be especially hazardous to snapping
turtles and other cold-blooded species because it means a change in available
environmental temperatures. At an ideal or selected temperature, a snapping turtle is able
to strike a balance between the amount of energy expended and the rate of biological
functions (2). The information from my research can be used to determine whether or not
the turtles’ ideal habitat is available to them in the field.

Metabolic rate in snapping turtles, as in all ectotherms, is directly correlated to
body temperature. At high temperatures, a turtle will have a high metabolic rate and will
be very active, but it must expend energy to maintain this state. Snapping turtles can
survive at very low temperatures, which causes their metabolic rates to drop so low that
the rates are almost undetectable (3). A turtle’s resting metabolic rate (RMR) is
determined when it is not moving and when it does not have food in its digestive tract, as
both of these circumstances cause turtles’ metabolic rates to increase dramatically. RMR
is biologically significant because it enables the comparison of metabolic rates between
animals and between species.

Circadian rhythms are daily patterns of activity that are apparent in many species.
These rhythms are approximately represented by sine waves, with the peaks of activity
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during the day for diurnal vertebrates and at night for nocturnal organisms (4). The
vertebrate becomes entrained to a light cycle through exposure to timed phases of light
and dark. Most circadian rhythms are close to 23 or 25 hours, so they are periodically re-
set by an environmental light source (5). Snapping turtles are diurnal, so I expected their
activity and RMR to peak during the day. I also predicted that their preferred
temperatures would be higher during the day because, in the field, turtles experience
higher temperatures when the sun is out. Snapping turtles hunt, eat, swim, and bask
during the day, so they need higher body temperatures in order to be active.

One of the most important outcomes of my research is that it enables future
studies, including field and laboratory work on preferred temperatures, movement, and
circadian rhythms. A simultaneous study is being performed in the laboratory in which I
worked at the University of St. Thomas that is investigating field temperatures in a local
painted turtle (Chrysemys picta) population. My research prompted a further study on
circadian rhythms in the movement of snapping turtles. It also provided insight into why
turtles choose certain temperatures at certain times and what this means biologically.

Methods

I worked with nine one-year-old snapping turtles that were kept individually in
opaque plastic buckets in about 200 mL of tap water at 21-22 °C in a room where the
lights were on for 14 hours every day and off for ten hours every night (14L:10D cycle). I
fed the turtles ad-libitumonce a week.

Figure 1: The Gradient
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I measured the turtles’ preferred temperatures in a copper gradient (138 cm x 40.5
cm x 14.5 cm) as seen in Figure 1. Copper dividers running lengthwise divided the
gradient into three separate tracks, which measured about 13 cm wide. I filled the
gradient with about 0.5 cm of fine white sand. A refrigeration unit cooled one end of the
gradient to approximately 9 °C, and a heating unit heated the other end to approximately
32 °C. A total of 31 thermocouples were epoxied onto the copper bottom and measured
temperatures using 27 thermocouples spaced five cm apart down the middle track and
two spaced 46 cm apart in each of the side tracks. I used a datalogger to collect
temperatures every ten seconds and then averaged them every one minute

I used three different procedures (labeled in this paper as Procedure A, Procedure
B, and Procedure C) with different time and light conditions to look for circadian
rhythms while finding preferred temperature: Procedure A consisted of a 24-hour test
under constant light designed to find the turtles’ preferred temperature. Procedure B was
a 48-hour test under constant light designed to find a pattern related to time of day in the
selected temperatures of the turtles. Procedure C was a 48-hour test in a 14L:10D cycle
designed to find a pattern in the selected temperatures of the turtles.

I placed one turtle in the middle of each of the three tracks between 10 am and 12
pm for Procedures A and B and between 9 and 11 am for Procedure C. I left the turtles in
the gradient for either 26 hours (Procedure A) or 50 hours (Procedures B and C). Before
starting data collection, I allowed the turtles two hours to explore the gradient. During the
procedures, I recorded the turtles’ positions every 30 minutes, using a still picture taken
by a camera suspended approximately 110 cm above the top of the gradient. I manually
calculated the positions of the turtles in Procedures A and C. For Procedure B, I wrote a
program using LabView 7.1 to automatically calculate the turtles’ positions in the
gradient. I then matched each position with the nearest thermocouple and the correlating
temperature from the datalogger. I graphed the turtles’ temperatures over time and then
looked for circadian rhythms in the graphs.

I programmed the lights in the gradient room to the same cycle as the animal
room where the turtles were housed when they were not being studied. Two 15-watt
lights with infrared filters were placed in the gradient room, one at each end of the
gradient box. I turned on the infrared filter lights while the overhead lights were still on,
since the infrared lights had no effect on the turtles or the temperatures in the gradient. I
recorded the turtles’ positions over 48 hours. With only the two 15-watt lights on at night,
there was not enough contrast for the LabView program to measure the turtles’ positions,
so I collected data manually. The LabView program took snapshots of the gradient every
half hour, and I used the snapshots to determine the turtles’ positions.

I tested the turtles’ resting metabolic rates at five-degree increments between 5
and 30 °C. I randomized the order of the temperatures by drawing numbered pieces of
paper out of a tub, resulting in the following order; 5, 25, 30, 10, 15, and finally 20 °C. I
did not feed the turtles for at least two days prior to each trial. I put all nine turtles into
individual small mason jars with two openings in the top. The jars were separated by
cardboard dividers so that the turtles could not see each other, and I placed the box
containing them into an incubator. Each jar had an input tube that pumped in air and an
output tube that carried used air into oxygen and carbon dioxide analyzers. The input tube
was attached to a purge gas generator, which removed all carbon dioxide. It cycled
through a large tube filled with a layer of drierite, a layer of ascerite, and then another
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layer of drierite, which removed all water and any remaining carbon dioxide. The air then
went through a hydration tube filled with cotton and 10 mL of water to re-hydrate the air.
That air cycled into the metabolic chamber, through the output tube and two more tubes
of drierite, and finally to the analyzers. The turtles were kept in the incubator for roughly
24 hours per temperature, allowing enough time for each to be monitored five times. In
between trials, I removed the turtles from the incubator and returned them to the
containers where they normally lived. The containers were filled with fresh water so that
no food remained in them. I gave the turtles an hour to rest before retesting them. I ran
each trial overnight four days a week. Between runs, I fed the turtles and allowed them to
rest for two days.

Results

During Procedure A, the mean preferred temperature was 18.4 °C, with a range
from 9.2 °C to 32.2 °C (Table 1). In Procedure B, the mean preferred temperature was
21.2 °C with a range from 10.0 °C to 31.3 °C (Table 1). During Procedure C, the mean
preferred temperature of the turtles was 18.4 °C, with a range from 13.9 °C to 25.7 °C
(Table 1). In Procedure C, there was no pattern in the turtles’ selected temperatures.

Table 1: Descriptive statistics of temperature data collected in Procedures A, B, and C. Individual
minimum refers to the single lowest temperature seen by any of the nine turtles during the experiment and
individual maximum refers to the single highest temperature experienced by an individual turtle during a
trial.

ave min ave max

mean variance T T individual min  individual max
24 hr constant light 18.4 14.8 13.6 27.3 9.2 32.2
48 hr constant light 21.2 23.0 13.2 313 10.0 34.3
48 hr 14L:10D 18.4 10.8 13.9 25.7 9.7 341

The metabolic rate test produced a curve with a second degree polynomial fit with
an r” value of 0.99 (p = 0.0010), showing that the relationship between temperature and
resting metabolic rate was significant, which means that as the temperature increased, the
resting metabolic rate of the turtles increased (Figure 2).
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Figure 2: Mean resting metabolic rates of nine turtles at a variety of temperatures between 5°C and 30°C.
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Discussion

The turtles spent some time at all positions in the gradient, including the most
extreme temperatures, which were from 9 °C to 30 °C, but they spent the majority of
their time in the middle at a more moderate temperature (average 19 °C).

Previous studies done in New York on selected temperatures of three- to eight-
month old snapping turtles found mean selected temperatures of 24.6 °C in a terrestrial
gradient and 28.0 °C in an aquatic gradient (2), and a Chicago study using an aquatic
gradient found mean temperatures between 24 and 25 °C (6). It seems reasonable that
turtles in Minnesota would have a slightly lower mean selected temperature, 19.3 °C,
because of the colder climate. The turtles’ preferred temperatures are those that balance
their energy savings with their metabolic rates. At low temperatures, the turtles expend
little energy. However, their metabolic rates are also low, resulting in low growth rates
and low digestive rates. At high temperatures, the turtles are able to grow and digest
much faster, but they have high metabolic rates and they use more energy. A preferred
temperature somewhere in the middle does not maximize any body function but allows
all body functions to be performed efficiently without using large amounts of energy.

In Procedure C, the time of day and presence or absence of light did not affect the
selected temperatures of the turtles. It did affect how much the turtles moved. Each
procedure consisted of a 24 hour period divided into 14 hours of light and 10 hours of
darkness. When the lights were on, the turtles moved around more than when the lights
were off, which can be seen in Figures 3A-3C and in Figure 4 in the Appendix.

Future Studies

Suggestions for future studies would be to test the turtles’ metabolic rates
individually so that a constant reading could be obtained over 24 hours. It would also be
interesting to position a camera over the turtles’ tubs in the animal space to observe any
patterns in their daily activity level when they are not in a foreign environment so that the
variable of a circadian rhythm would be isolated.
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Figure 3A: Selected temperatures of turtles 1, 2, and 3 during the first trial of Procedure C, 48 hour
preferred temperature experiment in 14L:10D.
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Figure 3B: Selected temperatures of turtles 4, 5, and 6 during the second trial of Procedure C, 48 hour
preferred temperature experiment in 14L:10D.
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Figure 3C: Selected temperatures of turtles 7, 8, and 9 during the third trial of Procedure C, 48 hour
preferred temperature experiment in 14L:10D.
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Figure 4: Mean selected temperatures of all nine turtles during Procedure C. Error bars show standard error.
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