BODY TEMPERATURE AND BITE PERFORMANCE IN ALLIGATOR SNAPPING TURTLES (MACROCHELYS TEMMINKII)
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The Alligator Snapping Turtle (Macrochelys temminckii) is North
America’s largest freshwater turtle. They are sexual dimorphic with
females averaging 35 kg and males averaging 113 kg and 80 cm in
length (Pritchard, 1989).
Their diet consists of anything that can fit in their mouth. In a
study by Elsey (2006), she found that fish was that highest in
abundance and then as follows crawfish, mollusks, turtles, insects,
and nutria. They capture food by rapidly snapping their jaws shut
and delivering considerably high bite forces.
Being ectothermic, M. temiinkii likely faces large consequences
on their performance based on environmental temperatures. Some
animals do not display temperature sensitivity while others do.
Here, we describe and quantify the biting and snapping performance
of M. temminckii exposed to three different environmental
temperatures.
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Figure 2. Overhead view of the outdoor retention pond (A), the indoor
incubation chamber (B), and thermal images showing the varying body
temperatures (C,D).

Results
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Overall, all turtles delivered powerful bites to the bite force
sensor (120-354 Newtons). However, across all three
temperature treatments, there was no significant difference in
maximum bite force (F2,18=1.9, p>0.16; Fig 3).
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Figure 3. Average (±1 SD) bite force for turtles in each temperature category.

Each turtle was captured from a retention pond (Fig 2) and
randomly assigned to one of three temperature treatments (5°C,
15°C, or 25°C). Turtle body temperatures were manipulated by
placing them in large environmental chambers for 24 hours prior
to testing their performance (Fig 2).
We recorded each turtle’s reaction when presented with a bite
force sensor. Our camera recorded the event at 1,000 frames per
second.
We explored any potential differences in biting and lunging
performance between the three temperature treatments using 1factor ANOVA models.
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Figure 1. Linear head and body measures taken from each turtle; Carapace
length (blue), head length (yellow), head width (red), and head height (green).
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Materials and Methods
We used a total of 21 M. temminkii (Figure 1)
• Head-started individuals located in outdoor ponds at the
Tishomingo National Fish Hatchery in Oklahoma
• Body Mass: 1.7-8.4 kg
• Carapace Length: 18.8-31.4 cm
• Head Height: 5.0-8.1 cm
• Head Width: 6.6-10.8 cm
• Head Length: 7.3-10.9 cm
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No turtles lunged when held at 5°C. There was no
significant difference in lunge distance between turtles at 15°C
and 25°C (t10=0.07, p>0.95). All turtles lunged ~5cm.
Turtles closed their jaws in very short durations and turtles
at 5°C took significantly longer to snap than warmer
temperatures (F2,20=30.3, p<0.001; Fig 4 and 5).
The same general pattern was found in the lunge velocity
and lunge acceleration data. Turtles held at 15°C lunged with
slower velocities (64.9±23.6 m/s) than those held at 25°C
(100.5±27.7 m/s, p<0.05). Lunge accelerations were high and
significantly related to body temperature. Turtles held at 15°C
(213±74.3 m/s2) had lower lunge accelerations compared to
those held at 25°C (312±121.6 m/s2, p<0.05).
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Figure 4. Still
images of a typical
bite sequence.
Numbers denote
elapsed time in
milliseconds.
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Figure 5. Average (±1 SD) jaw closing duration for turtles in each temperature
category.

Discussion
Even though the turtles delivered approximately the same high
bite forces throughout each of the different temperature categories,
their snapping performance was greatly reduced. The alligator
snapping turtle when in water <18˚C ceased to eat (Allen, 1950). The
turtles held at 5˚C refused to lunge at all but turtles held at 15˚C
behaved similarly to those at 25 ˚C. It is perhaps possible that even
though performance is not greatly reduced at intermediate
temperatures that digestive performance is too greatly reduced to
feed even in the biting and snapping machinery could function.
We showed that Alligator Snapping Turtle snapping
performance is significantly temperature dependent. Their muscles
are slowed down in cold environments and while they may not feed
at those temperatures, their defensive performance is surely
reduced.
Further work exploring the relationship between biting,
snapping, and feeding performance may reveal other patterns.
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