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Sex Ratio of Common Musk Turtles (Sternotherus odoratus) in a
North-Central Indiana Lake: a Long-Term Study

ABSTRACT.—We studied the sex ratio of a population of common musk turtles (Sternotherus
odoratus) from Dewart Lake in north-central Indiana. From 1979 to 2000 we trapped S.
odoratus nearly annually using wire traps or fyke nets. Sex ratios were consistently male biased
(average = 64.9% males) and did not vary between trap types or time of day. Available
evidence points to differential mortality of the sexes as a possible cause for the biased sex
ratios. However, additional work is needed.

INTRODUCTION

Observed sex ratios can be indicators of ecological processes occurring in a population. Because
selection is likely to lead to the evolution of a 1:1 sex ratio (Fisher, 1930), deviations from a 1:1 sex
ratio in a population demand an explanation. Biased sex ratios (male or female) could be caused by
a number of possible mechanisms, each of which might be important to understanding a population’s
dynamics and characteristics. For example, sex ratios in turtle populations diverging from 1:1 may be
the result of differential mortality, differential activity, differential habitat use, temperature-dependent
sex determination or simply trapping bias.

In natural populations of turtles, sex ratios often vary significantly from the expected 1:1 ratio (see
review in Gibbons, 1990). In the common musk turtle, Sternotherus odoratus, observed sex ratios have
been observed to vary from strongly female biased (74% female; Dodd, 1989) to strongly male biased
(72.1% male; Edmonds and Brooks, 1996). We studied the sex ratio of a single population of S. odoratus
in a lake in northern Indiana for 21 y (1979-2000).

We attempted to answer the following questions. What is the sex ratio of this population of Sternoth-
erus odoratus? Have sex ratios varied over the 21 y of this study? Do sex ratios vary during the day? Do
they differ between trap types? The answers to these questions can lead us to a better understanding
of the structure of this and other populations of turtles and indicate areas for future investigation.

MATERIALS AND METHODS

We studied a population of Sternotherus odoratus in the marsh at the SE end of Station Bay in the
SE corner of Dewart Lake (area of our study area = 4.5 ha) near Syracuse, Kosciusko Co., Indiana
(41°22'N, 85°45'W). This population was sampled 14 times from 1979 to 2000 using a variety of trapping
methods. Each trapping session typically lasted 3-5 d, and occurred between July 15 and September
1. Surveys before 1993 used 6 to 15 aquatic wire funnel traps baited with canned sardines or fresh fish
(see Iverson, 1979). After 1992, we exclusively used fyke nets (N = 3 to 8) deployed with 50 ft leads
between a pair of 3 ft diameter hoop traps. Traps were placed throughout the bay, or in the case of
fyke nets, in a continuous wall across the width of Station Bay. Traps were checked every 2-3 h from
sunrise to 1-2 h postsunset. No species of turtle entered the traps during the night. For each trap
check, we recorded the number of male and female musk turtles, sexed them on the basis of relative
plastral sizes (smaller in males), tail size (larger in males), and presence of scale patches on the rear
legs (lacking in females) (e.g, Risley, 1930). All captured turtles were retained and released at the end
of the trapping session.

A previous study of Sternotherus odoratus (Edmonds and Brooks, 1996) found a significant relation-
ship between sample size and sex ratio. However, we did not find any relationship between sample size
and the proportion of males in the sample (N = 14, r2 = 0.10, P = 0.27). Therefore we did not set a
minimum sample size for inclusion in our statistical analyses.

To facilitate statistical analyses of sex ratios, we used the proportion of males in a sample as the
dependent variable. Proportions were transformed, when necessary, using an arcsin square-root trans-
formation to conform to the assumptions of parametric statistical analyses. We determined if the sex
ratio over the years studied were biased by comparing the distribution of sex ratios over the entire
study period (1979-2000) to a hypothetical 1:1 sex ratio using a one-sample #test vs. a proportion of
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F1G. 1.—Proportion of males in samples from a population of Sternotherus odoratus. Dashed line is a
1:1 sex ratio, and the solid line is the mean proportion of males. Proportions marked with * are
significantly different from a 1:1 sex ratio at the 0.05 level, and those marked with ** are significant
at the 0.01 level
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0.5 (using the transformed value). We determined if each year’s sex ratio differed from 1:1 using chi-
square tests. We compared sex ratios between trap types (wire vs. fyke) using an unpaired ttest. To
determine whether there was a diel change in the sex ratio, we compared the sex ratios of turtles
caught in the morning (0600-1200) to the sex ratios of turtles caught in the afternoon/evening (after
1200) for a pooled 1993 to 2000 data set (i.e., only fyke net years) using a chi-square test. We deter-
mined whether sex ratios varied depending on when the turtles were captured (e.g., early in a trapping
session vs. late) (data limited to 1995-2000; years for which there were the largest sample sizes) using
a paired ttest. Means are given *1 SE.

REsULTS

Combining all captures we found an overall sex ratio of 451 males to 266 females or 62.9% males.
Sex ratios for individual sampling periods were consistently male biased (Fig. 1; mean proportion males
= 0.649 £ 0.026, N = 14; df = 13, ¢t = 5.17, P = 0.0002). Trap type had no effect on observed sex
ratio (wire trap: 0.657 = 0.052, N = 6; fyke net: 0.643 = 0.027, N = 8; df = 12, ¢t = 0.27, P = 0.79).

In the morning the sex ratio was 1.63 males to 1 female (244 males: 150 females), and in the
afternoon the sex ratio was 1.98 males to 1 female (127 males: 64 females), but the differences were
not statistically significant (df = 1, x? = 1.16, P = 0.28).

Comparison of the proportion of males captured during the first day of trapping (early) vs. the
proportion of males captured during the last day of trapping (late) revealed no difference (paired *
test; df = 5; ¢ = 1.09, P = 0.33).



2002 NOTES AND DISCUSSION 187

DiscussioN

Observed sex ratios for this population of common musk turtles were consistently male-biased during
our study (mean =~ 65% male), as well as for a study conducted at Dewart Lake in the early 1960s
(58.5% male; Wade and Gifford, 1965). These sex ratios also did not vary by time of day. Sex ratios
have been reported for several populations of Sternotherus odoratus from throughout its range. Popu-
lations with male-biased, female-biased and essentially 1:1 sex ratios have been observed, but no pattern
or trend to explain the variation among populations is apparent (reviewed in Iverson and Meshaka, in
press), although it warrants additional investigation.

The consistently male-biased sex ratio found in this population of common musk turtles begs for an
explanation, although our results do not allow us to choose among several potential explanations. (1)
The male-biased sex ratio may result from differential mortality, with males surviving better than fe-
males. Lower mortality in males has been postulated to help explain male-biased sex ratios in a pop-
ulation of Sternotherus odoratus in Ontario, Canada, where males are more abundant than females in
every large size class, suggesting that they possibly live longer than females (Edmonds and Brooks,
1996). However, Mitchell (1988) found that male and female S. odoratus had similar survivorship rates,
with males actually having slightly lower survivorship estimates than females. Because we lack long-term
survivorship data for our population, we cannot exclude this explanation for male-biased sex ratios in
our population.

(2) The male-biased sex ratio may result from males being more active than females, thus making
them more likely to be caught in the traps. Previous studies on Sternotherus odoratus have found males
make longer movements than females (e.g., Mahmoud, 1969; but see Bancroft et al., 1983), and have
larger home ranges (Mahmoud, 1969; Edmonds, 1998), suggesting this as a possible explanation for
our results. However, our observed sex ratios did not differ between the first day of trapping each year
and the last day of trapping. Since we held all turtles, this suggests that differential activity levels may
not explain our results since one would expect the sex ratio to become less male-biased late in a
trapping session as all the more active males were captured early in the session.

(3) The male-biased sex ratio may result from differential habitat use. We know of no existing
information on differential habitat use by male and female common musk turtles in ponds and lakes.
Although we cannot exclude this hypothesis, our trap arrays spanned nearly all available aquatic mi-
crohabitats from 0.5 m to over 1 m in depth (from water lily patches, to duckweed-covered pools, to
areas of thick submergent vegetation to open water).

(4) The male-biased sex ratio may result from temperature-dependent sex determination (TSD).
Common musk turtles exhibit TSD (Vogt et al., 1982; Ewert and Nelson, 1991). Edmonds and Brooks
(1996) suggested a scenario whereby TSD could contribute to a male-biased sex ratio through occa-
sional variations in environmental temperatures that support male-biased hatching ratios (i.e., colder
summers) while the typical year would produce 1:1 hatching ratios. This pattern would result in male-
biased sex ratios on average. We think that such an explanation is unlikely to explain the continuous
male-biased sex ratio over the 20 y of this study (40 y if one includes Wade and Gifford, 1965); however,
we cannot completely exclude the possibility.

(5) Our results refer only to the observed sex ratio of turtles captured using these traps. We do not
know whether or not these observed sex ratios are the same as the actual adult sex ratios of our
population. Our sampling techniques may be biased in favor of capturing males or against catching
females. Recent studies of sex ratios in turtles have found no differences in observed sex ratios using
different capture methods in the same population (e.g., Lovich and Gibbons, 1990; Georges et al.,
1993; Burgin et al., 1999); however, Ream and Ream (1966) did find that baited hoop traps differen-
tially captured male painted turtles (Chrysemys picta). We think that our observed sex ratios are good
estimates of actual sex ratios. For example, we found no differences in sex ratios between the two
methods we used in our study. In addition, our methods are similar to methods used by others to
collect such estimates, and many of those are not sex-biased or are significantly female-biased, sug-
gesting that our population is indeed different from most other populations (but also see Edmonds
and Brooks, 1996). The lack of any effect of the day of trapping (i.e., first day vs. last day of a trapping
session) is further evidence that the sex ratios we observed are truly representative of our population.
If trap-bias were to explain the observed sex ratio, one would expect a decrease in the proportion of
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males captured within an annual trapping session (see above #2), something we did not see. Whether
or not our estimates reflect the actual adult sex ratio, or only reflect an “activity” sex ratio should not
detract from our main finding of male bias. Such a sex-ratio suggests that males and females, at the
least, behave differently in this population. Additional demographic research is needed to differentiate
among these possible explanations for our observed male-biased sex ratios.

Because the sex ratios of all our samples of this population have remained consistently male-biased
during 21y of study (even longer if one includes the results in Wade and Gifford, 1965), the mechanism
behind this bias must have been at work for over the past 20—40 y. We suggest that long-term studies
on sex ratio may help focus research on potential causes of why sex ratios deviate from 1:1.

Acknowledgments.—We thank the many students, colleagues and family members who have helped
catch turtles at Dewart Lake over the past 22 y. Funding was provided by Earlham College and our
families. We thank Quaker Haven Camp (particularly Tish and Jerry Dain) for providing access to
housing, the Neffs and Mullens for storing equipment, and an anonymous reviewer for comments on
the manuscript.

LITERATURE CITED

BANCROFT, G. T, J. S. GODLEY, D. T. GROss, N. N. Rojas, D. A. SUTPHEN AND R. W. MCDIARMID. 1983.
The herpetofauna of Lake Conway: Species accounts. U.S. Army Corps Eng., Misc. Pap., A-83-
5. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi. 354 p.

BURGIN, S., S. EMERTON AND M. BURGIN. 1999. A comparison of sample and total census data for a
population of the eastern longneck turtle Chelodina longicollis in a farm dam north-west of
Sydney, New South Wales. Austral. Zool., 31:161-165.

Dobp, C. K., Jr. 1989. Population structure and biomass of Sternotherus odoratus (Testudines: Kinos-
ternidae) in a northern Alabama lake. Brimleyana, 15:47-56.

EpMonDs, J. H. 1998. Population ecology of the stinkpot turtle (Sternotherus odoratus) in Georgian Bay,

Ontario. Unpubl. Master’s Thesis, Univ. Guelph, Guelph, Ontario, Canada. 108 p.

AND R. J. BROOKS. 1996. Demography, sex ratio, and sexual size dimorphism in a northern
population of common musk turtles (Sternotherus odoratus). Can. J. Zool., 74:918-925.

EWERT, M. A. AND C. E. NELSON. 1991. Sex determination in turtles: diverse patterns and some possible
adaptive values. Copeia, 1991: 50-69.

FIsHER, R. A. 1930. The genetical theory of natural selection, second edition. Dover Publications, New
York. 291 p.

GEORGES, A., C. J. Limpus AND C. J. PARMENTER. 1993. Natural history of the Chelonia, p. 120-128. In:
C. J. Glasby, G. J. B. Ross, and P. L. Beesley (eds.). Fauna of Australia, Vol. 2A. Australian
Government Publishing Service, Canberra.

GIBBONS, J. W. 1990. Sex ratios and their significance among turtle populations, p. 171-182. In: J. W.
Gibbons (ed.). Life history and ecology of the slider turtle. Smithsonian Institution Press,
Washington, D.C.

IVERSON, J. B. 1979. Another inexpensive turtle trap. Herpetol. Rev., 10:55.

AND W. E. MESHAKA,JR. In press. Common musk turtle (Sternotherus odoratus) In: P. A. Meylan
and G. Heinrich (eds.). The conservation of the turtles of Florida. Chelonian Cons. Biol.
Monogr. #3.

LovicH, J. E. AND J. W. GiBBONS. 1990. Age at maturity influences adult sex ratio in the turtle Malaclemys

terrapin. Oikos, 59:126-134.

ManmouD, 1. Y. 1969. Comparative ecology of the kinosternid turtles of Oklahoma. Southwestern Nat.,
14:31-66.

MiTcHELL, J. C. 1988. Population ecology and life histories of the freshwater turtles Chrysemys picla
and Sternotherus odoratus in an urban lake. Herpetol. Monogr., 4:40-61.

ReaM, C. AND R. REAM. 1966. The influence of sampling methods on the estimation of population
structure in painted turtles. Am. Midl. Nal., 75:325-338.

RisLEY, P. J. 1930. Anatomical differences in the sexes of the musk turtle, Sternotherus odoratus (La-
treille). Pap. Mich. Acad. Arts, Sci., and Letters, 11:445-464.




2002 NOTES AND DISCUSSION 189

Vocar, R. C., J. J. BuLL AND T. W. HOUSEAL. 1982. Incubation temperature influences sex determination
in Kinosternid turtles. Copeia, 1982: 480-482.

WAaDE, S. E. AND C. E. GIFFORD. 1965. A preliminary study of the turtle population of a northern
Indiana lake. Proc. Indiana Acad. Sci., 74:371-374.

GEOFFREY R. SMITH,' Department of Biology, Denison University, Granville, Ohio 43023 and JOHN
B. IVERSON, Department of Biology, Earlham College, Richmond, Indiana 47374. Submitted 11 Decem-
ber 2000; accepted 25 February 2002.



