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Abstract—1. Standard hyoid rate (movements/g min) of soft-shell turtles
(Trionyx spinifer) was inversely related to body weight.

2. The Q,, of standard hyoid rate was also inversely proportional to body
weight.

INTRODUCTION

SoFT-sHELL turtles (Trionyx spinifer spinifer) are anatomically specialized for
burrowing in soft bottoms of fresh-water streams and lakes. They are also well
adapted physiologically for an aquatic existence, being able to respire under water
primarily through villi found on the pharynx (Dunson, 1960). The pharynx of
these turtles has also been implicated in the active uptake of sodium from water
(Dunson, 1965). Pumping movements of the hyoid apparatus, which draw water
into the mouth, are instrumental in supplying oxygen and sodium to the pharynx.
These movements also introduce water into the nasal cavities for olfaction. The
purpose of this study was to investigate the relation of hyoid movement rate to
body weight and temperature.

MATERIAL AND METHODS

Ten soft-shell turtles (7. s. spinifer) were used, including five immatures,
three adult males and two adult females. These animals were weighed on a
triple-beam balance of appropriate sensitivity and ranged from 12-6 to 1950-5 g.
In the first experiment, hyoid movements of seven turtles in voluntary dives at
22:5°C were counted over a period and timed with a stopwatch. In the second
experiment three turtles were placed in aquaria in a Hotpack temperature-
controlled room for a minimum of 8 hr at any one temperature. Their cloacal
temperatures, taken with a Schultheiss thermometer, were the same as the water
temperatures. Hyoid movements were counted as before. The frequency of these
movements varied markedly with the state of activity and probably also with the
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duration of the dive. Therefore readings were taken only when the turtle was
resting quietly on the bottom or buried in sand. Measurements were made at
frequent intervals during the dive and averaged. At lower temperatures, dives
were of greater duration and hyoid movements sometimes became infrequent,
particularly when activity was low. Below 8°C the movements were too sporadic
to count. In this range skin respiration and internal oxygen stores presumably
provided a larger percentage of the needed oxygen than at higher temperatures.
It is not known whether or not these turtles utilize anaerobic respiration while
diving.

RESULTS

Due to the regular nature of hyoid movements in soft-shells, it was possible
to quantify their weight and temperature dependence. Log hyoid movements/
(g min) bears an inverse linear relation to the log of body weight (Fig. 1). Body
weights of these seven soft-shells varied from 12-6 to 1950-5 g, a factor of 155.
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Fic. 1. Relation of standard hyoid rate (movements/g min) to body weight in
diving T. s. spinifer at 22-5°C.

Hyoid frequency (movements/min) varied from 13-6 to 241, respectively. This
relationship (Fig. 1) is similar to that found between standard metabolic rate as
measured by aquatic respiration and body weight in diving 7' s. asper (Dunson,
1960). In both cases there is an inverse exponential relation between the measured
parameter and body weight. Since hyoid movements are supplying oxygen to a
respiratory membrane, the pharynx, the similarities are not surprising.
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The thermal dependence of hyoid frequency is of interest since metabolism in
turtles is inhibited by cold. The standard hyoid rate (movements/g min) was
directly related to body temperature. On a double logarithmic plot (Fig. 2) an
essentially linear relation exists between these parameters. The response to
temperature appears to vary with body weight (Fig. 2). The smaller the turtle,

o LOG SHR= L.786L0G T~ 2.436
A LOG SHR= 1.233L06 T-2.912
O LOG SHR=0.886L0G T -3.289

2 .
o0 2156,
z 1
= F 000
. .
~ o®
2 - o
Zz
[F1)
=
w
3 ol
= F o> 4886
z - N
['
& AAA
w a
L L ab
5 o
o
b= 0.0l 1859 G.
g 3 o 9 a”
= L ag
o L a
[+ 4
3 i o "©
S L
<
' L
(2]
0.001 r1 2| 1 1 ! PR S B R A |
5 10 100
T,°C

Fic. 2. The temperature dependence of standard hyoid rate in three T. s. spinifer.

the greater was the effect of temperature (Q,,) on standard hyoid movement rate.
A Student’s z-test was run between the regression coefficients of each of the
functions fitted with a straight line by the least-squares method. Each of the
slopes differs significantly from the others (P<0-01). The effects of both weight
and temperature on standard hyoid movement rate are shown in Fig. 3. Clearly, a
smaller turtle has a larger standard hyoid rate (SHR) at any temperature, and the
rate of change of the SHR with temperature is greater than in a larger turtle.

DISCUSSION
The effect of body weight on standard hyoid rate can be attributed to the
respiratory nature of the hyoid movements. Temperature dependence in general



600 WiLLiam A. DuNsoN

may be due to effects on metabolic rate. However, the modulation of the tempera-
ture-SHR relation by weight is puzzling. It may indicate that the Q,, for metabolic
rate/g is also size-dependent.
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Fic. 3. The relation of standard hyoid rate in 7. s. spinifer to temperature and
body weight.

Hutton et al. (1960) reported that size has no effect on aerial oxygen consump-
tion (cm3/g hr) at different temperatures in Pseudemys scripta weighing between
233 and 1805 g (eightfold range). Baldwin (1926) and Benedict (1932) reported
similar findings on other species of turtles with size ranges of sevenfold and
twenty-sixfold respectively. Benedict (1932) had only a twofold range for a single
species. These results are difficult to explain since in lizards (Cook, 1949; Dawson
& Bartholomew, 1956; Bartholomew & Tucker, 1964) and snakes (Galvio et al.,
1965) larger animals have a proportionately smaller oxygen consumption/weight.
If turtles were exceptional in this respect, it would be surprising. When respiring
under water, soft-shell turtles over a hundredfold size range demonstrated an
inverse correlation between weight and metabolic rate/g (Dunson, 1960). It is
possible that Hutton et al. (1960), Baldwin (1926) and Benedict (1932) failed to
find this relationship for aerial respiration because the size range of their turtles
was too small. The problem will remain unresolved until metabolic measure-
ments are completed on a series of turtles of a single species differing in weight
fifty-to a hundredfold. It is important that this be done with a single species
because of interspecific physiological variations.
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Rao & Bullock (1954) reported that, in general, the Q,, of various measures of
activity in poikilotherms increases with size. Apparently there have been no
previous reports in reptiles of metabolically related processes, such as hyoid
movements (movements/g min), whose Q,, is inversely proportional to body
weight. It will be most interesting if these results indicate that the Q,, of metabolic
rate/g itself is weight-dependent.
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