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Abstract

Sex ratios of adults in natural populations of turtles have
been reported to vary both within and among species. Long-
term studies with the slider turtle { Trachemys scripta) indicate
that sampling biases can result from a variety of causes, in-
cluding season of capture, determination of maturity, and
trapping method. Four demographic factors influence actual
sex ratios within a population: (1) sex ratios of hatchlings, (2)
differential mortality of the sexes, (3) differential emigration
and immigration rates of the sexes, and (4) differences in age
at maturity of the sexes. The last reason is considered to be
the primary cause of biased adult sex ratios within many
populations of turtles, although future studies should investi-
gate the other possibilities.

Introduction

The sex ratio of a population is an important demographic
measurement because of the potential influence that the
relative proportion of the sexes can have on certain as-
pects of population dynamics (e.g., time spent searching
for receptive mates, intrasexual competition, and annual
egg productivity of a population). Both even and unbal-
anced secondary sex ratios have been reported for natural
populations of turtles (Bury, 1979). Unbalanced sex
ratios may occur naturally in some populations (Moll and
Legler, 1971; Bury, 1979}, but biased sampling has been
suggested as being responsible for at least some of the
reports of unbalanced sex ratios in the turtle literature
{Ream and Ream, 1966; Gibbons, 1970c). The reports of
skewed sex ratios among hatchling turtles in a variety of
species following incubation at different temperatures
(e.g-, Pieau, 1974; Bull and Vogt, 1979; Bull, 1980; Mor-
reale et al., 1982; Vogt and Bull, 1984) also give a poten-
tial explanation for varied adult sex ratios in natural pop-
ulations. The purpose of this chapter is to discuss the
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Tabic 14.1. Comparison of scx ratios (male:female) of freshwater turties
captured st Eflenton Bay using two different coliecting techniques

. Baited aqustic traps Terrestrial drift fernce
Species Maks Females Sexmio X Males Females  Sex ratio X2
Stider turtle 556 282 197 had 592 556 106 NS
(Trachentys scripia) 314 153 205 i 296 206 1.44 .-
Eastern mud turtle 289 158 183 bt 1,067 1,631 0.65 hid
{Kinosternon subricbrum) 138 0 197 . 28 n 110 NS
Chicken turtie 20 54 426 had 396 333 1.19 b
(Deirochelys reticularia) 110 25 440 - 128 67 191 -
Florida cooter k. 15 260 hae 115 104 11 NS
{Psevdernys floridana) 10 3 33 NS .o 14 1.93 NS
Stinkpot 202 168 1.20 NS 106 156 0.68 bl
(Stermotherus odoratus) 46 k) 128 NS u 24 1.00 NS
Snapping turtle 8 40 170 o 30 45 067 NS
(Chelydra serpenting) 16 6 267 NS 9 5 1.80 NS

Note: Only adult individusls are incloded. The top number for & species indicates all captures and secaptores from 1967
through 1987. The lower pumber i hased on cach individaal 23 2 single capture. Chi-quare (X*) teste corrected for
Mmmmmmpﬂgnm{mhmmﬁmhwmwﬁm:mmmiu

(cxpected).  Abbreviation: NS, p > 05.
*p < 01

various causes of the observed sex ratios of adult turtles in
natural populations and to determine the evolutionary
significance of equal or unequal numbers of the sexes. I
base interpretations of sex ratio estimates (and they must
categorically be understood to be only estimates, unless
every individual is accounted for) on examples from the
literature and from field studies of the slider turtle (Trach-
emys scripta) and other freshwater species on the Savannah
River Plant (SRP) in South Carolina.

Defining Sex Ratios

Although a sex ratio simply represents the relative pro-
portion of males to females, a consideration in the discus-
ston of sex ratios is the proper quantification of how a
population is classified demographically in terms of vari-
ous functional categories. For example, defining the sex
ratio in a sample of newborn turtles whose sexes have been
identified is straightforward, because all individuals are
members of the same cohort. However, with species that
show dramatic sexual size dimorphism, such as slider tur-
tles, the sexes reach maturity at widely differing ages, so
that some cohort comparisons will include immature
females and mature males. Although the proportion of all
mature and immature turtles of both sexes in a population
can provide information on other demographic features,
the functional sex ratio is based only on individuals that
have reached maturity. Therefore, it is necessary to know
the size and age at maturity of individuals within a partic-
ular population if functional adult sex ratios are to be
established. '

Factors Influencing Perceived and Actual
Sex Ratios in Turtle Populations

The sex ratio perceived by an investigator is influenced by
biases that result from sampling or interprétation as well
as by the actual sex ratio resulting from changes that
occur as a consequence of normal population processes.
The potential effect of either of these processes and the
interaction between them must be considered in any ex-
amination of adult sex ratios in natural populations.

SAMPLING BIASES AFFECTING PERCEIVED SEX RATIOS

The influence of sampling bias should be a primary con-
sideration for any investigator in the determination of sex
ratios in natural populations of turtles or most other ani-
mals. Different impressions of what the sex ratio is in a
population can result from collecting technique, differ-
ences in behavior of the sexes, determination of age or size
at maturity, or a combination of these factors. Several
examples can emphasize this point. In thorough sampling
efforts of populations of slider turtles on the SRP, the
proportional number of captured zdult males and adult
females varied seasonally, annually, and as a result of
collecting technique (Tables 14.1 and 14.2).

The methods by which turtles are collected can also
severely influence the size classes or sexes that are cap-
tured. This is intuitive for many species of turtles (e.g.,
some Graptemys) in which the males are appreciably small-
er than the females. Therefore, if an investigator uses
traps with a mesh large enough for smaller turtles to es-
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Table 14.2. Variability in perceived sex ratios (male:female) in South Carolina populations

of Trachemys scripia resuiting from sampling bias as a function of season and year

Winter Spring Summer Falt
(Dec.-Feb.) (Mar.-May) (June-Aug.) (Sept.-Nov.) Total year
Year M F Ratio X2 M F Raio XX M F Ratio X M F Rate X* M F Rao Xt
Ellenton Bay
1967 50 18 278 59 21 281 100 33 286 v
1968 42 32 131 NS 21 4 525 70 37 189 -
1969 12 3 4.00 hd
1970 17 6 283 .
1975 55 74 074 NS 29 26 112 NS 77 88 088 NS
1976 15 27 056 NS 32 16 200 . n 21 148 NS T 54 131 NS
1977 19 14 136 NS 30 16 188 NS 12 6 200 NS 60 30 200
1978 7 10 07 NS 94 54 174 o M 34 100 NS 15 10 15 NS 118 8 139 .
1979 21 7 300 . 10 4 250 NS 14 1 467 . 41 19 216 *
1980 47 37 127 NS 20 3 087 NS 10 5 167 NS 62 50 124 NS
1981 129 % 1M . 64 B 246 185 120 154
1982 16 11 145 NS 16 11 145 NS 10 8 125 NS
1986 17 18 094 NS 1l 2 048 NS 27 3 075 NS
Alyears 54 37 146 NS 393 270 146 °** 273 160 LTI 147 67 219 ** S1T 294 174 **
Par Pond
1968 5 8 063 NS 12 § 240 NS 20 14 143 NS
1969 5 3 167 NS
1970 7 4 175 NS
1975
1976 10 9 111 NS 12 § 133 NS
1977 6 14 043 NS 57 20 285 ki 7 557 b 92 33 279
1978 40 2 2000 48 22 N . 40 24 167 NS 126 53 238 e
1979 ' 11 7 157 NS 9 1 900 . 27 7 38
1980 10 8 125 NS 1 3 033 NS 19 14 136 NS
1981
1982 6 17 406 ** 89 41 217 4 1 400 NS 15 6 250 NS 164 63 260
1983 25 15 1.67 NS 31 11 2.82 hid 59 25 236 b
1984 1) 17 159 NS P/ 20 140 NS
1985 6 5 1% NS 7 16 044 NS
1986 18 5 360 . 23 il 209 NS
All years 143 27 530 *s 200 139 1.44 b 201 106 1.90 ks 121 54 2.24 . 526 256 205 hid
Lost Lake System
1967 7 32 1.6 NS 37 34 109 NS
1968 15 12 125 NS 17 16 106 NS 6 11 055 NS M 31 110 NS
1969 5 7 07 NS 1 12 008 ** 12 19 0683 NS
1970 k) 8 038 NS 3 8 038 NS
1975
1976 9 § 180 NS 1 8 125 NS
1977 14 13 108 NS 14 i6 088 NS
1978
1979 2 I 2200 bl 2 5 440
1980 50 a7 135 NS 30 27 111 NS 47 19 247 his 114 69 1.65 i
1981 24 10 240 . a4 24 1.83 . &7 k23 1.97 il
1982 10 5 200 NS 110 U 458 b 119 29 4.10 hid
1983 68 13 518 * 141 45 313 - 29 22 132 NS 15 7 214 NS 235 84 180 o
1984 40 15 267 ** 27 13 208 ¢ 67 n 203
1985 7 8 088 NS 59 M L4 . a1 18 228 b L | 55, 184 o
1985 24 7 343 g 60 16 375 b 89 31 287 -
Allyears 112 49 220 ** 301 147 205 ** 164 $58 104 NS 315 121 260 556 290 192 e
Risher Pond
1968 16 <} 070 NS 16 23 070 NS
1969 3 9 033 NS 9 8 113 NS 12 15 080 NS
1970 18 24 075 NS 12 § 133 NS N 30 07 NS
1975
1976 10 17 059 NS 11 17 0.65 NS
1977 10 10 100 NS 10 10 100 NS
1978 9 11 082 NS 10 10 100 NS 12 14 086 NS
1979 5 7 071 NS 6 7 086 NS
1980 11 11 L0O NS 11 11 100 NS
1981 7 ? 100 NS 9 11 082 NS
1982 1 7 157 NS 11 7T 157 NS
1983 4 6 0467 NS 4 6 067 NS
1984 8 10 080 NS 7 12 058 NS 17 16 106 NS
All years 38 45 084 NS 43 43 100 NS 28 3 090 NS 59 54 109 NS

Note: Samples are based on original capturcs of adult individuals in 8 particular season oc year (winter samples include December of the preceding year) when 10 or more
adukt individuals were captured. Chi-square (X?) tests corrected for continuity were used to compare the sex ratio (obscrved) within cach season and year with a 1:1 sex
ratio (expected). Abbreviation: NS, p z .05,

P < .05
“p < 0L
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cape, an obvious bias will occur. The converse, using a
trap entrance too small for large females, could result in
the differential capture of smaller individuals. However,
some collecting techniques have a more subtle bias and
require quantitative documentation of differential cap-
tures (e.g., see Ream and Ream, 1966}.

A technique-by-technique evaluation of differential
capture of adult turtles would offer little guidance other
than that some collecting techniques can have a dramatic
or minor effect on the proportional capture of either sex.
This evaluation can best be made by the investigator in
the context of the particular study species and collecting
situation. A comparison of sex ratios of the turtle species
captured at Ellenton Bay by baited aquatic traps and
terrestrial drift fences is instructive (Table 14.1). The re-
sults demonstrate that even 2 long-term sampling effort
can be strongly biased with regard to the probability of
capture of an individual on the basis of its sex and could
greatly influence the perceived sex ratio in some instances.
For example, the numbers for individuals of Eastern mud
turtles (Kinosternon subrubrum) captured in aquatic traps
give the impression that the sex ratio is significantly un-
balanced toward males, whereas the numbers captured
terrestriaily suggest that the sex ratio is not significantly
different from 1:1. An earlier study that considered all
adults captured by any means in the Ellenton Bay popula-
tion revealed a significant, male-biased sex ratio (1.34,
268 males : 200 females; Gibbons, 1983a), as does the total
of all captures through 1987 (1.31, 405 males:308 fe-
males; this study).

The propensity of adult females to travel terrestrially
during nesting results in a higher proportion of females in
the samples collected with drift fences. In contrast, male
K. subrubrum apparently are more likely to enter aquatic
traps, perhaps because of a greater tendency to wander in
search of females, and they therefore have a greater oppor-
tunity to encounter a trap. The resultis that aquatic trap-
ping apparently underestimates females, whereas with
terrestrial trapping the opposite is true, so that the actual
adult sex ratio lies somewhere in between. The sex ratio of
aquatically trapped individuals of 7. seripia is 2.05, and
that of terrestrially captured individuals is }.44 (Table
14.1), whereas the ratio based on all slider turtles at
Ellenton Bay is intermediate at 1.74 {Table 14.3). This
same phenomenon—aquatic traps’ being more selective
for males and terrestrial traps’ being biased toward
females—appears to be true for each of the six species at
Ellenton Bay (Table i4.1}. Comparisons with other types
of aquatic traps or with other means of capturing turtles
would also undoubtedly reveal a sex ratio bias and should
be considered in establishing the perceived sex ratios.

The seasonal behavioral differences between the sexes
can also have a direct effect on sex ratio perception (Table
14.2) and can interact differentially with collecting meth-
od. For example, more females of most species are cap-

J- WHITFIELD GIBBONS O CHAPTER 14

Table 34.3. Influence of perceived size of each sex al maturity
on ault sex ratio {male:female) in two South Carolina

populations of Trachemys seripta
Males
Females 80 9% 100 110 120 130
Ellenton Bay
140 1.47 1.46 1.38 1.24 099 0.72
150 1.62 161 1.53 137 1.09 0.79
160 1.85 1.83 174 1.56 1.24 0.90
170 2.23 221 2.10 1.88 150 1.09
180 3.25 322 3.06 274 219 1.58
190 527 522 4.96 4.45 3.54 2.56
200 987 978 9.29 8.33 6.64 4,80
Par Pond
160 L59 1.59 1.57 1.54 1.45 1.31
170 1.66 1.66 1.64 1.61 1.51 137
180 1.76 1.76 1.74 1N 1.60 1.45
190 1.91 1.91 1.88 1.85 1.74 1.57
200 209 2.08 203 2102 1.89 i
210 241 240 2.37 233 2.19 198
220 270 269 2.66 261 245 222

Note: Column and row headings indicate plastron length in mm. Numbers in
1ablc indicate sex ratios based on numbers of turtles of each sex capiured in each
population at the indicaled size catcgories. The actual sex ratio of cach
population based on known sizes at maturity of cach sex is underlined. The
mean size al maturity for mates in both populations is 100 mm. Females in
Ellenton Bay mature at about 160 mm; those at Par Pond mature at 200 mm.
Sampie sizes at the sizes at maturity: Ellenton Bay, 511 males, 294 females; Pac
Pond, 526 males, 256 females.

tured on land during late spring and early summer than in
other seasons because of nesting activities. The greater
capture of males in some seasons (¢.g., 7. scripla during
the fall at most sites, Table 14.2) is presumably a reflec-
tion of the reported greater mating activity of males (Mor-
reale et al., 1984; Parker, 1984; Gibbons, 1986).

Aside from the identifiable effects of collecting method
and season, numerous less obvious factors presumably
operate independently and interactively to result in the
sex ratio perceived by the investigator. The annual van-
ability in the sex ratio determined for four SRP popula-
tions of slider turtles {Table 14.2) demonstrates that even
large sample sizes can result in dramatically different esti-
mates of adult sex ratios in a turtle population during
different years. For example, during the seven years at
Ellenton Bay in which the number of adults captured was
greater than 100, the sex ratio was highly significant (p <
.01) in favor of males in three years, significant (p < .05)
in one year, and not statistically significantly different
from 1:1 in three years. Clearly, a single year’s estimate
should be considered circumspectly. This should not be
taken as a discouragement to those of us interested in the
demography of turtle populations but is intended as a
word of caution in the interpretation of data.

DETERMINATION OF MATURITY OF INDIVIDUALS

Aside from the biases in sex ratio estimates resulting from
sampling techniques and probabilitics, an error can he

Life History and Ecology of the Slider Turtle



SEX RATIOS AND THEIR SIGNIFICANCE

made because of the improper determination of maturity
in one or both sexes. This type of mistake has been inher-
ent in many population studies with turtles (Gibbons,
1970¢) and other animals, resulting in inaccurate adult
sex ratio estimates. Estimates of size and age at maturity
have been made for the populations at Ellenton Bay and
Par Pond (Gibbons et al., 1981), so the potential impact of
errors on the accurate determination of the mean size and
age at maturity can be observed for SRP slider turtles
{Table 14.3). Thus, if the Ellenton Bay size at maturity for
females were used with the Par Pond sample, the adult sex
ratio would be calculated as 1.57 rather than 2.05. Con-
versely, the Ellenton Bay sex ratio, using the Par Pond size
of maturity for females, would be 9.29 rather than 1.74.

The problem of differential growth rates and subse-
quent differences in ages or sizes at maturity among differ-
ent populations of the same species within a region (Gib-
bons et al., 1981) confounds designation of size at sexual
maturity. Studies must be tempered with the knowledge
that misjudgment of size at maturity, and of its inter-
populational variability, can be a major influence on the
determination of sex ratio estimates.

BIOLOGICAL FACTORS AFFECTING ACTUAL SEX RATIOS

Wilson (1975) cites three factors as normally determining
the functional sex ratio in a population of animals, and
they are applicable to turtles: (1) the sex ratio of hatch-
lings, (2) the differential mortality of the sexes, and (3) the
difference in ages at maturity of the sexes. A fourth factor
that could potentially affect the sex ratio is differential
emigration or immigration of the sexes in the study popu-
lation. Each of these can be considered on the basis of
what is known about turtle populations and in terms of
how sex ratios are likely to be influenced.

HarcRLING SEX RATIOS. Pieau (1974) first suggested
that the sex of some turtles may be influenced by the
temperature at which the eggs are incubated. A plethora
of publications (Bull and Vogt, 1979; Morreale et al.,
1982; Vogt and Bull, 1982; and many others} has demon-
strated that many species of freshwater, terrestrial, and
marine turtles lay eggs that develop as females at high
incubation temperatures and as males at low ones. The
reported pivotal temperatures vary but are generally
within the range of 26°-29° C. The determination of sex
has been based categorically on histological or gross ex-
amination of the reproductive organs in the hatchlings.
To my knowledge, no one has conducted a controlled
experiment to document that the juveniles actually devel-
op into adults in the ratios predicted from the incubation
temperatures. That is, I am not aware of any experiment
in which eggs incubated at different temperatures were
apportioned into two sets: (1) those dissected to determine
sex ratios by histological dissection of hatchlings, and (2)
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those hatched and raised to maturity, or at least to a point
at which maturity is obvious in males, in order to deter-
mine if the sex ratio is consistent with what would be
expected. This is a definitive experiment that deserves
investigation. The use of laparoscopy would even permit
such a study to be conducted on the same individuals that
were sexed as hatchlings.

In species in which the primary sex ratio is a conse-
quence of nest incubation temperatures, more of one sex
could enter a population and ultimately affect the sex ratio
of adults. This has not yet been conclusively documented
to be a factor in determining the functional sex ratio of any
natural population of turtles. However, Vogt (1980a) dis-
covered unusually high proportions of females in Grap-
temys ouachitensis in Wisconsin. Although a sampling bias
may have existed from his trapping heavily in the areas
where females were likely to nest (Vogt, 1980a), he also
attributed the sex ratioimbalance to the fact that females
in his study area nest on open river beaches, which would
result in higher temperatures and thus the production of
mostly females (Vogt and Bull, 1984; Vogt, pers. com.).
Limpus et al. (1983) reported a situation for loggerhead
sea turtles (Carelta caretta) nesting on the Great Barrier
Reef'in which human interference of nesting beaches may
have reduced the proportion of beach that normally pro-
duced females, thus potentially altering the hatchling sex
ratio. The potential certainly exists, and other investiga-
tors should consider hatchling sex ratios as a possible
influence on adult sex ratios.

DIFFERENTIAL MORTALITY OF THE SEXES. Once hatch-
lings enter a turtle population, any factor that results in
differential survivorship of the sexes can affect the func-
tional sex ratio. I see no reason to expect that juvenile
turtles should show differential mortality on the basis of
sex. Until the advent of maturity, when secondary sex
characteristics and behavioral differences appear, natural
selection would presumably operate equally on both
sexes. However, at this time, no unequivocal evidence has
been presented in the literature to demonstrate that one
sex of juvenile turtles has a probability of mortality that is
higher than, lower than, or equal to the other’s.

Differential mortality of the sexes 2s adults, or in sex-
ually size-dimorphic species in which one sex may be an
adult while the other is a juvenile, may be an important
factor. However, documentation of the actual or potential
effects of differential mortality on sex ratio, and whether
the patterns are consistent or vary interpopulationally,
has not been reported for any species of turtle. Hurly
{1987) reported a male-biased adult sex ratio in a red
squirrel (Tamiasciurus hudsonicus) population in Ontario,
Canada, and stated that it was the first example of differ-
ential mortality of the sexes in the species.

Numerous reports have been made of females that died
during nesting excursions as a consequence of terrestrial
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Tabie 14.4. Adult sex ratios (male:femalc) and the cffect of maturation rate on
sex ratio in South Carolina populations of Trachemys seripta

All adults All above 100 mm
Location Males Females Ratio x? Females Ratio x:
Pond B 185 78 2 bt 131 1.41 e
Capers Island 14 45 031 .- 45 031 b
Kiawah Isiand 19 17 112 NS 19 1.00 NS
Elenton Bay £33 204 1.74 g 505 1.01 NS
Par Pond 526 56 205 b 406 130 A
Risher Pond 59 5 1.09 NS 77 0.77 NS
McElmurray's Pood 280 123 228 had 155 1.81 b
Cecil's Pond 82 33 248 b 47 174 bl
Lost Lake Sysiem 556 20 192 had 380 1.46 .
Nots; Turtles were captured from 1967 to 1986, Adults inctude all indéviduals above the mean sige of maturity: males

¢ 100 mm piastron length, females & 160 mm, for all populations except Par Pond (females & 200 mm) and Capers Island
and Kiawah Isiand (minimum sizes at maturity not determined). Because of the long-term study of some populations,
some ratios inclode (1) individuals captured 25 many & 19 years apert from each other and (2) individusls that were

.

determine
< 0

predators (e.g., Shealy, 1976; Seigel, 1980b; Congdon,
pers. com.), a differential mortality phenomenon that
would result in shifts in the adult sex ratio. Differential
mortality is presumably responsible for the sex ratio of the
slider turtle population on Capers Isiand, South Carolina
(Table 14.4), where the predominance of females is be-
lieved to be a consequence of heavy predation by alliga-
tors (Gibbons et al., 1979). Of the adults, smaller males
are presumably more susceptible to large alligators in the
relatively vegetation-free habitat and have been dis-
proportionately eliminated from the population. This
population had no juvenile recruitment from 1978 to
1986, and only large individuals of either sex remain.

Other examples of how differential size or behavior
(e.g., overland mating quests by males) could result in one
sex’s being more vulnerable at certain times or in certain
habitats can be envisioned. At this point, however, we
need documentation of how differential mortality of the
sexes affects sex ratios and whether the phenomenon is
characteristic for the species or only peculiar to particular
situations.

DIFFERENTIAL EMIGRATION AND IMMIGRATION OF THE
SEXEs. Male turtles of some species are more likely to
travel greater distances and more often between popula-
tions than are female turtles (Gibbons, 1986; also see
Chapter 16). Because of this difference in overland move-
ment of the sexes, local populations of some freshwater
turtles may be dynamic in the proportion of the sexes. The
influence of emigration and immigration should affect
only local populations, with a presumed balance being
achieved over time among the local populations within a
region. Thus, whereas populations in a region may differ
in sex ratios at one season or during one year, the ratios

at first capture but reached maturity during the study. A chi-square (X?) test corrected for continuity was used
level of significance. Abbreviation: NS, p & .05,

may be counterbalanced at other times because of emigra-
tion and immigration. This could explain much of the
seasonal and annual variation observed in the four popu-
lations of T. scripta in South Carolina {Table 14.2). Inves-
tigators should be aware that the habitat they define as
being occupied by a population may be interactive with
noncontiguous habitats, so sampling errors result over
short periods or during certain seasons or even different
years. Thus, the actual sex ratio in a local population at a
given time may not be representative of the functional sex
ratio with regard to potential genetic exchange. This is a
problem in many demographic studies in which the
boundaries of the population cannot be precisely defined.

INFLUENCE OF MATURATION RATE. The single most im-
portant influence on actual sex ratios that has been docu-
mented in some turtle populations is the differential rate
of maturity of the sexes that is characteristic of some spe-
cies. Male slider turtles generally mature several years
earlier than females (see Chapter 9.). Therefore, if no
other factors are involved that result either in differential
ratios at hatching or in differential mortality rates of the
sexes, slider turtle populations experiencing juvenile re-
cruitment will have more adult males than adult females
(Table 14.4). The importance of this fact can be seen by
comparing the sex ratios based only on mature females
with the sex ratios that also include immature females
above the male size at maturity, so that cohorts are com-
pared (Table 14.4). The sex ratio more closely approaches
1.0 for some South Carolina populations by including
these immature females. However, the resultant ratio is
still significantly different from 1:1 in most cases, suggest-
ing that other factors besides maturation rate may be
involved in determining sex ratios in these populations.

Life History and Ecology of the Stider Turtle



SEX RATIOS AND THEIR SIGNIFICANCE

Variation in Adult Sex Ratios among Sliders and
Otker Turtles

The discovery of consistent variation in a biological trait
can give insight into its dynamics and the mechanisms
that influence it. However, no strong geographical trend
in sex ratio bias is evident in the few species of turtles,
including slider turtles, for which several estimates are
available (Table 14.5). Sufficient population records exist
for too few turtle species to justify a categorical statement
of whether sex ratios vary in any consistent pattern. One
might speculate that if any trend were to be revealed, it
would be that there are more males in cooler climates
because of temperature-dependent sex determination, al-
though local habitat variation or nest site selection could
have an influence on natural nests that would override
climatic trends (Morreale et al., 1982; Vogt and Bull,
1984). Also, one might conclude that if one sex had a
fitness advantage over the other, natural selection at the
histological level would operate to equalize the sex ratios.

Based on the estimates for slider turtles ( Trachemys scrip-
ta), stinkpots (Stemotherus odoratus), eastern mud turtles
(Kinosternon subrubrum), and chicken turtles {Deirochelys re-
ticularia) in South Carolina (Table 14.5), sex ratio vari-
ability among populations within a region can be as great
as that among regions. In fact, the variation within South
Carolina populations of these species encompasses the
range of ratios observed for them in most other regions.
This suggests that geographical trends may be difficult to
document if they are subtle and occur in species with high
variability among regional populations. Before further
speculation is made on this issue, thorough sampling must
be done to determine the range of variability among re-
gional populations as well as among different geographic
regions.

The presentation of sex ratios in Table 14.5 does not
reveal any clear phylogenetic trend at the family level. In
fact, most species for which several samples are available
vary from male-biased to female-biased sex ratios. How-
ever, many of the sex ratios given, including some of those
from South Carolina, are based on small samples and on
samples that are biased because of time and method of
collections. Thus, adequate comparisons are difficult to
make. At this time, I do not consider that any categorical
statement can be made regarding any expectation that sex
ratios are a trait tied to phylogenetic relationship per se.
Differential sizes of the sexes at maturity are the only
mechanism that can be considered a species trait that
clearly affects adult sex ratios directly in some species of
turtles, although differential mortality, emigration and
immigration, or sexes at birth may influence the outcome
in local populations,

Some of the ratios in Table 14.5 are aberrant from those
expected mathematically, based on the sizes at which ma-
turity is reached by the sexes. Using T scripta as an exam-
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ple, natural populations would be expected to have a sig-
nificantly higher proportion of adult males, unless one or
more of the other three factors are involved in altering the
numbers of the sexes. In the 17 samples of T. scripta, 9
have more males than females (p < .01), 6 have sex ratios
not significantly different from 1 : 1, and the remaining 2
have more females (p < .01). Of the South Carolina popu-
lations, the higher numbers of aduit females are possibly
explained by differential mortality of the sexes (Capers
Island) and inadequate sampling (Kiawah Island). No
apparent explanation can be given for the similar num-
bers of each sex at Risher Pond. The sampie of Cahn
(1937) was too small to make a valid assessment, but the
large samples of Cagle (1942, 1950) and D. Moll {pers.
com.) cannot be challenged in this way, suggesting either
that an undetected sampling bias was involved or, per-
haps more likely, that a true female-biased sex ratio oc-
curred for some reason in these populations. Likewise, no
obvious explanation is available for the higher female
abundance reported by Webb (1961). The sample of Vio-
sca (1933) was obviously a biased one, being composed of
purchased animals from various populations, and should
not be considered in an assessment of sex ratios for the
species.

So when the 3 questionable T. seripta samples are
eliminated (Kiawah Island; Cahn, 1937; Viosca, 1933),9
have significantly more males, 2 have significantly more
females, and 3 are not significantly different from 1:1.
Therefore, 9 of 14 of the samples result in adult sex ratios
that would be expected based on the differential sizes at
which maturity is attained, and even they vary apprecia-
bly in the degree of the proportion of males. The vari--
ability that is apparent in the scemingly straightforward
measure of sex ratios of a relatively well-studied species,
whether as a result of sampling biases or natural occur-
rences, indicates that the interpretation of the causes of
adult sex ratio in turtle populations is not a simple process
and involves a complex of considerations.

Model for Natural or Sexual Selection of Sex Ratios

Data from several thoroughly assessed populations of
T. scripta from South Carolina indicate that sex ratios in
this species are weighted heavily toward males, although
exceptions do exist {(Capers Island). This is in contrast to
the tendency for biased sex ratios of most animal species to
be a consequence of greater female numbers, because of
higher mortality of males (Trivers, 1972). The primary
explanation for the high proportion of males observed in
the South Carolina populations of slider turtles (Table
14.4) is differential maturation rates of the sexes. Male
T. scripta reach maturity as a function of their body size
after approximately 2 to 5 years of age, depending upon
Jjuvenile growth rates (Gibbons et al., 1981). Thus, fast-
growing males from Par Pond reach maturity at a plastron
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Table 14.5. Adult sex ratics of turtle species from published studies of natural populations

Taxon Location Males Females Sexratio  X*  Reference
Chelidae
Phrynops dahli Colombia 13 3 0.68 NS 20
Platemys platycephala South America 28 50 0.56 . 78
Cheloniidae
Chelonia mydas Aldabra 83 54 154 . 33
Miskito Cay 132 ECY) 039 . 14
Indian Ocean 112 178 0.63 . 29
Oman 128 114 112 NS 69
Mexico 144 862 0.17 .. 19
Nicaragua 68 99 0.69 hd 56
Lepidockelys olivacea India 15 39 0.38 . 68
Cheiydridac
Chelydra serpenting South Dakota 37 291 013 - 26
SRP, 5.C. 55 21 262 .- 83
Michigan 7 77 0.96 NS 6
87 ” 1.10 NS 76
Quebec 27 28 0.96 NS 16
Tennessee 14 8 1.75 NS 44
Macroclemys temminckii Louisiana 25 33 0.76 NS 31
Emydidac
Batagur baska Malaysia & 64 1.30 NS 54
Chinemys reevesii Asia 119 110 1.08 N§ 0
Chrysemys picia Iltincis 14 14 1.00 NS 10
28 39 0.1 N3 4
17 14 121 NS 10
39 3 13,00 i 10
55 45 122 i 39
Louisiana, Arkansas 21 37 0.57 . 39
Michigan 51 51 1.00 NS 10
265 215 123 NS 24
849 481 1.77 .- 83
875 325 2.69 hid 76
242 184 132 .. 15
New Mexico 55 54 1.02 NS 33
New York 42 29 1.45 N5 43
62 28 221 . 5
Ontario 129 179 0.72 hid 75
Pennsylvania 374 375 1.00 NS 32
Saskaichewan 64 61 1.05 NS 63
Wisconsin 32 28 1.14 NS 38
. 32 23 139 NS 39
20 209 129 NS 21
Tennessec 17 19 0.89 NS 39
Clemmys gutala Indiana 17 15 113 NS 37
Pennsyivania 61 79 o NS 45
Ohio 21 42 0.50 > 79
C. insculpta Michigan 86 105 0.82 NS 56
New Jersey 31 464 0.67 .- 50
C. marmoraia California 246 210 1.17- NS 36
C. muhlenbergii United States 22 29 0.76 NS§ 1
82 75 1.09 NS 80
Deirochelys reticularia Ellenton Bay, 5.C. 265 95 279 .. 83
Lost Lake, 5.C. 19 17 1.12 NS 83
Risher Pond, 5.C. » 11 200 NS 83
Emydoidea blandingi Massachusetts 41 33 1.24 NS 49
Michigan 49 173 028 hed 76
14 55 0,25 .. 28
Graplemys barbouri Florida 180 131 137 A 41
G: geographica Quebec 132 79 1.67 - 33
Wisconsin 45 is 3.00 hid 55
G, nigrinoda Alabama 39 10 390 hae 57
G. ouachitensis Louisiana 48 85 0.56 . n
Wiscansin 68 265 0.26 hid 55
G. pseudogeographica Upper Missouri River 36 36 1.00 NS 25
‘Wisconsin 68 169 0.62 i 55
G. pulchra Southeastern United States 49 53 092 NS 81
Malaclemys terrapin Kiawah Island, 5.C. 138 84 164 b 83
Mauremys caspica caspica Europe 56 44 127 NS 52
M. ¢. rivulara Europe 30 2] 143 NS 52
M. leprosa Europe, Africa 44 a8 1.16 NS 52
Pseudenys concinna Florida 66 57 1.16 NS 30
P. floridang Eltenton Bay, S.C. 59 45 131 NS 83
Rhinocl ys diad Venczucta 11 30 0.37 - 67

Life History and Ecology of the Slider Turtie
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Table 14.5 - Continued

Taxon Location Males Females Sexratic X®  Reference
Terrapene carolina Indiana 15 24 0.63 NS 37
Maryland 107 122 0.88 NS 9
Missouri 384 314 122 NS 42
T. coahuila Mexico 70 94 0.74 NS 40
Trachemys scripta Louisiana i23 102 1.21 NS 2
South Carolina (See Table 14.4)

Mississippt 115 T 149 i 66

Ilinois 403 4] 091 NS 8

396 576 0.69 hid 4

5 9 0.56 NS 3
Oklahoma 46 13 354 .- 18
Panamsa 137 T 193 b 35
Belize 152 188 0.8t NS 82

Kinosternidae
Kirosternon flavescens Oklaboma frx 20 1.15 NS 22
Oliver National Wildiife 64 88 073 NS 27
Refuge, Okla.

Donita’s Pond, Okla. 20 13 1.54 NS 27

K [ arizonense Arizona 7 2 032 e 64
Arizona, Mexico 8 15 0.53 NS 5
K f. flavescens Nebraska 18 18 1.00 NS 64
United States, Mexico m 263 118 * 64

158 137 1.15 NS 51

K [. spooneri lllincis, lowa, Missouri &0 58 1.03 NS 64
K integrum Mexico 8 33 0.85 NS 13
K sonoriense Tule Stream, Ariz. 99 90 1.10 NS 45
K subrubrum Oklahoaa 21 20 1.05 NS 22
Cowan Creck, Okla. 47 7 0.66 * 27

Tishomingo, Okla. 16 24 0.67 NS 27

Lake Texoma, Okia. 16 28 0.57 . NS 27

Berty's Pond, Okla. 23 35 0.66 NS 27

Ellenton Bay, S.C. 268 200 1.34 b 62

SRP, 5.C. 82 81 1.01 NS 62

Elienton Bay, S.C. 405 308 1.31 i 8

Risher Pond, S.C. 27 40 0.68 NS a3

Rainbow Bay, S.C. 19 76 1.04 NS 83

Stermotherus carinanes Oklahoma 2 36 0.6t NS 27
17 15 L13 NS 2
S. depressus Alabama 224 92 243 . 77
§. minor United States 310 N 081 NS 47
§. odoratus United States 80 97 0.82 N§ 17
43 46 093 NS 17
40 42 0.95 NS 17
2 36 0.81 NS 17
65 83 0.78 NS i7
51 35 146 NS 17

Jacob, IIL 33 16 2.06 . 4

Elkville, IN. 18 57 032 . 4
Oklzhoma 18 18 100 NS 2

118 s 1.03 NS 27
Michigan 36 32 1.13 NS 8

Whitmore Lake, Mich, 7 178 0.43 b 1
Indiana 3! 19 0.58 NS a7
Ellenton Bay, S.C. 94 80 1.18 NS &3
Lost Lake, S.C. 37 29 128 NS 83
Risher Pond, 5.C. 27 25 108 NS 83
Par Fond, S.C. 44 17 259 his 83
Steel Creck, S.C. 32 28 114 NS 83

Pelomedusidae
Podocnemis vogli Venezuela r4) 61 0.44 ». 67
Testudinidae

Chersing angulata South Africa 109 76 1.43 - 65
Geochelone gigantea Aldabra 0 31 0.97 NS 33
Anse Mais, Aldabra 51 94 0.5¢ b 23
Takamaka, Aldabra 80 73 1.10 NS 2
Testudo graeca Turkey, Greece 48 23 209 . 58
T. hermanni France 166 168 0.99 NS 72
Greece 121 114 1.06 NS 73
Xerobates agassizii Mexico 69 57 1.21 NS 59

Utah 65 50 130 NS 7
X berlandieni Hargill, Tex. 31 8 388 b 60
Yiurria Ranch, Tex. 36 32 1.13 NS 1]
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Table 14.5 -- Contined

Taxon Location Males  Females Sex ratio X Reference

Loma Tio Alejos, Tex. 75 36 208 e 61
Laguna Atascosa, Tex. 67 39 172 b T4
Trionychidae
Triomx muticus Kansas 1,148 168 683 . 48
T. spiniferus Minnesota 73 9 0.74 NS 2
Itlinois 24 17 141 NS 4

Note: Sex raiios sre bated on best estimates from tables, figures, text, or personai communication with the author.
Abbreviation: NS, p z 05.

References: 1, Risley, 1933; 2, Viosca, 1933; 3, Cahn, 1937; 4, Cagle, 1942; 5, Rancy and Lachnier, 1942; 6, Lagler and
Applegate, 1943; 7, Woodbury and Hardy, 1948; 8, Caple, 1950; 9, Stickel, 1950; 10, Cagie, 1954; 11, Barton and Price,
1955; 12, Breckenridge, 1955; 13, Mosimann, 1956; 14, Carr and Giovannoli, 1957; 15, Sexton, 1959b; 16, Mosimann and
Bider, 1960; 17, Tinkie, 1961; 18, Webb, 1961; 19, Cakdwell, 1962a; 20, Medem, 1966; 21, Ream and Ream, 1966; 22,
Mahmoud, 1967; 23, Gaymer, 1968; 24, Gibbons, 1968b; 25, Timken, 1968; 26, Hammer, 1969; 27, Mahmoud, 1969,
28, Gibbons, 1970c; 29, Hirth and Carr, 1970; 30, Jackson, 1970; 31, Dobie, 1971; 32, Ernst, 1971¢; 23, Frazier, 1971;
34, Grubb, 1971; 35, Moll and Legler, 1971; 36, Bury, 1972; 37, Minton, 1972; 38, Christiansen and Moli, 1973; 39,
Moll, 1973; 40, Brown, 1974; 41, Sandcrson, 1974; 42, Schwartz and Schwartz, 1974; 43, Bayless, 1975; 44, Froese and
Burgharde, 1975; 45, Ernat, 1976; 46, Hulse, 1976; 47, Iverson, 1977x; 48, Plummer, 1977; 49, Graham and Doyle, 1979;
50, Harding and Bloomir, 1979; 51, Iverson, 1979¢ 52, Busack and Erns1, 1960; 53, Gordon and MacCulloch, 1980; 54,
Molt, 1980; 55, Vogt, 1980a; 56, Mortimer, 1981; 57, Lahanss, 1982; 58, Lambert, 1982 59, Osorio and Bury, 1982; 60,
Rose and Judd, 1982; 61, Auffenberg and Weaver, 1969, in Rose and Judd, 1982; 62, Gibbons, 1983a; 63, MacCulloch
and Secoy, 1963a; 64, Berry and Berry, 1984; 65, Branch, 1984; 66, Parker, 1984; 67, Pritchard and Trebbau, 1984; 68,

Silas ¢t i, 1980, in Pritchard and Trebbau, 1”4;69.!1‘!.1984;70,].0\&!1&8;., 1985; 71, Shively and Jackson, 1985;

72, Stubbs and Swingland, 1965; 73, Stubbs et al,, 1985; 74,

ury and Smith, 1986; 75, Baicombe and Licht, 1987; 76,

Congdon, pers. com.; 77, K. Dodd, pers. com.; 78, Emst and Lovich, pers. com.; 79, Lovich, pers. com.; 80, Lovich and
Ermst, pers. com; 81, Lovich and McCoy, pers. com,; 82, D. Moll, pers, com.; 83, this study.

P < 905
“p < 0L

length of about 100 mm, similar to males from Ellenton
Bay, which grow more slowly. Females in these two popu-
lations reach maturity at approximate ages of 6 to 8 years,
not as a function of size. Thus, Par Pond females are
greater than 200 mm in length at maturity, and those at
Ellenton Bay are usually at least 160 mm. Consequently,
a portion of the males of the population will have matured
at least one to two years and as many as five to six years
before females in the same cohorts. Therefore, the adult
sex ratio is strongly influenced by the differential matura-
tion rates of the sexes.

The impact of biased hatchling sex ratios, extreme dif-
ferential mortality, or differential emigration and immi-
gration of the sexes is more difficult to assess and has not
been documented for the SRP populations at this time.
Males commonly mature one to several years before fe-
males in many turtle species; hence, a higher frequency of
males would be expected unless other factors override the
effect. The hatchling sex ratio should not be expected to be
1:1 in any particular year, or even over long-term inter-
vals, in T. scripta or other species of turtles with temperature-
dependent sex determination. However, establishing the
influence of hatchling sex ratios will be difficult in natural
populations and is yet to be documented,

Survivorship curves of adult male and female 7. scripta
have not been shown to differ appreciably on the SRP (see
Chapter 15); thercfore, differential mortality patterns
do not satisfactorily explain the observed sex ratic im-

balance. In fact, the numbers of males and femnales in age
classes above that at which males reach maturity in the
large Ellenton Bay population are effectively equal (Table
14.4), suggesting that mortality of the sexes within each
cohort is similar in this population, with an assumption of
1:1 hatchling sex ratios. Differential survivorship of
adults of both sexes is almost certain to occur in popula-
tions of many species simply because of differences in
behavior patterns. Predator selection of adult females
during nesting has been documented (e.g., Seigel, 1980b).
Predation on males because they are smaller has been
inferred in the Capers Island population of T. scripta. Be-
cause of the variability and unpredictability of environ-
ments, no universal rule would seem to apply as to which
sex might be favored. Differential mortality of the sexes
would be a population-specific phenomenon. This could
be an explanation for why not all of the South Carolina
populations had a 1:1 sex ratio after adjustment for the
differing ages at maturity (Table 14.4), although the
available data do not support or refute this contention.

Finally, the effects of differential emigration and immi-
gration on sex ratio must be considered, although data
available at this time shed only a dim light on the subject.
Adult male turtles have a propensity for moving more
often and for longer distances than females (Morreale et
al.,, 1984; Parker, 1984; Gibbons, 1986; also see Chapter
16}, resulting in females that are relatively sedentary
within a habitat and males that have a high rate of ex-
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