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OIKOS 59: 126-134. Copenhagen 1990

Age at maturity influences adult sex ratio in the turtle

Malaclemys terrapin

Jeffrey E. Lovich and J. Whitfield Gibbons

Introduction

Lovich, J. E. and Gibbons, J. W. 1990. Age at maturity influences adult sex ratio in
the turtle Malaclemys terrapin. — Oikos 59: 126-134.

Numerous explanations have been offered for biased sex ratios including sampling
bias, skewed primary sex ratios, differential mortality, differential immigration and
emigration, and differential maturity of the sexes. We observed a strongly male-
biased population of the turtle Malaclemys terrapin in South Carolina, USA. The
overall adult male:female sex ratio was 1.78: 1. Although males predominated
numerically, the probability of recapturing individuals of either sex was the same
(0.44 for males, 0.38 for females). Sex ratios were consistently male biased when
based on monthly and yearly samples. This bias was not altered by the use of different
collecting techniques or restriction of the sample to major habitats within the study
area. Previously reported adult sex ratios for other populations range from strongly
male biased to strongly female biased. Reports of female-biased samples appear to be
a result of sampling bias or the artificial conditions under which terrapins have been
cultivated in the past. The excess of males in our population appears to be a result of
differences in the timing of maturity between the sexes. Male Malaclemys mature
after their third year and females after their sixth year. Assuming a minimal effect
from the other potential factors and regular juvenile recruitment, we expect that male
Malaclemys will maintain numerical superiority in most populations. We propose that
adult sex ratio variation in turtles, and other organisms with sexual differences in the
timing of maturity, can be explained with a simple model: the earlier maturing sex
will predominate numerically.

J. E. Lovich and J. W. Gibbons, Savannah River Ecology Lab., Drawer E, Aiken, SC
29801, USA.

Fisher (1930) originally envisioned a 1:1 sex ratio as
evolutionarily stable, predicting that parental invest-

Imbalanced adult sex ratios in turtle populations have
been reported for decades (Hildebrand 1929, Cagle
1952, Bury 1979), although sampling bias has often
been indicted as the explanation for these deviations
from 1:1 (Ream and Ream 1966, Gibbons 1970). In this
paper, we present evidence for a significant male-biased
sex ratio in a population of the diamondback terrapin
(Malaclemys terrapin). This bias is not a result of sam-
pling error but instead results from a biological cause.

Sex ratios that differ from the 1:1 ratio predicted by
Fisher (1930) have been of great interest to biologists
and numerous explanations have been offered for their
existence (see reviews in Hamilton 1967, Maynard
Smith 1978, Armitage 1987, Chapman et al. 1989a).
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ment should be equally divided between male and fe-
male offspring. He argued that if a majority of offspring
being produced were female, then a parent who pro-
duces mostly males will, on average, have more grand-
children than one that does not produce mostly males.
Under these circumstances the sex ratio in a population
will be restored to unity. The same argument would
apply should an excess of males be produced. Hamilton
(1967) later pointed out that Fisher’s argument did not
apply in extreme situations where there was local mate
competition. Hamilton listed 26 species of insects and
mites with habitual sib mating and an arrhenotokous
breeding system that exhibited strongly female-biased
offspring sex ratios. This strong female bias would be

OIKOS 59:1 (1990)

This content downloaded by the authorized user from 192.168.82.203 on Thu, 15 Nov 2012 19:37:30 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

expected if a single male offspring can mate with all his
sisters. Under these circumstances a parent that pro-
duces only one male per clutch will produce more
grandchildren than one that produces more than one
male. More recently, Trivers and Willard (1973) sug-
gested that natural selection favors deviations away
from 1:1 investment in the sexes rather than deviations
in sex ratios per se. Their model, validated by data for
several polygynous species of mammals, states that if
there is greater variance in the future fitness of offspring
of one sex relative to the other, then a parent in good
physical condition will benefit by producing more of the
high variance sex. All of these models fail to explain the
enigmatic sex ratios exhibited by reptiles with envi-
ronmental sex determination (Bull and Charnov 1989).

In a recent review of sex ratios in turtles, Gibbons
(1990) identified four demographic factors that can in-
fluence the sex ratio of a natural population. The first
factor is the sex ratio at hatching (hereafter referred to
as the primary sex ratio). Evidence in support of skewed
primary sex ratios has been reported for taxa as diverse
as insects (King 1989) and birds (Howe 1977). Skewed
primary sex ratios are especially possible in animals with
environmental sex determination such as some turtles
and a variety of other poikilotherms (Bull and Vogt
1979, Bull 1980, Morreale et al. 1984, Ferguson and
Joanen 1982, Vogt and Bull 1982a, 1984, Conover 1984,
Middaugh and Hemmer 1987, Deeming and Ferguson
1989, Lang et al. 1989). The second factor, differential
mortality of the sexes, has also been suggested as a
cause of skewed sex ratios by Selander (1965), Howe
(1977), Hurly (1987) and Elmgqvist et al. (1988). The
third factor that may cause skewed sex ratios is differ-
ential emigration and immigration between the sexes
(Morreale et al. 1984). The fourth factor is differential
age at maturity between the sexes (Kozlowski 1989,
Gibbons 1990, Lovich et al. 1990). Resource competi-
tion has been suggested as a cause of sex ratio variation
in some organisms (Silk 1984, Chapman et al. 1989a,
King 1989). However, the “local resource competition
hypothesis” is based on the assumption that the sexes
exhibit differential patterns of dispersal (Chapman et al.
1989b). Because of this relationship, the resource com-
petition model is subordinate to the differential emigra-
tion and immigration model mentioned above.

A fundamental assumption in studies concerning sex
ratios is that sampling is not biased (Gibbons 1970).
Reports of unbalanced sex ratios can be caused by bi-
ased collecting techniques (Ream and Ream 1966) or by
different capture probabilities between the sexes (Hurly
1987). Minimization of these biases is essential for
meaningful interpretation of sex ratios.

In this paper, we discuss the male-biased sex ratio in a
population of the diamondback terrapin (Malaclemys
terrapin) and evaluate the applicability of the biased
sample hypothesis and each of the four hypotheses pro-
posed by Gibbons (1990) to our data. We use the
“strong inference” procedure of Platt (1964, see also
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Cousens 1985) to formulate our conclusions. Each ex-
planation was tested as an alternative hypothesis to
determine its utility. Our final conclusion is based on
elimination of competing hypotheses.

Materials and methods
Defining sex ratio

As Ehrlich et al. (1984) noted, defining sex ratio as the
relative proportion of males and females in a population
conceals substantial difficulties of definition and compu-
tation. We consider it imperative that only sexually
mature individuals be included in calculations of sex
ratio. The adult sex ratio is important demographically
because of the potential influence that the relative pro-
portion of the sexes can have on time spent searching
for mates, intrasexual competition, and annual propa-
gule production.

Emlen and Oring (1977) advanced the concept of an
operational sex ratio that they defined as the “average
ratio of fertilizable females to sexually active males at
any given time.” This definition was criticized by Kluge
(1981) because it did not define the duration of the
sampling period, or the problems associated with deter-
mining sexual activity. Another definition was proposed
by Ehrlich et al. (1984) in their work with butterflies.
They defined realized sex ratio as the ratio of males in a
demographic unit participating in the adult flight of a
single generation to females in the same unit and gener-
ation.

In Malaclemys, strict adherence to the definitions
proposed by Emlen and Oring (1977) and Ehrlich et al.
(1984) is complicated by sperm storage (Hildebrand
1929) and overlapping generations, respectively. Thus,
in this paper we define functional sex ratio as the rela-
tive proportion of sexually mature males to sexually
mature females.

The study animal

The diamondback terrapin is the only species of turtle in
North America that inhabits brackish coastal habitats
exclusively. It is widely distributed along the coast of
the United States from Cape Cod, Massachusetts to
Corpus Christi, Texas. This species exhibits dramatic
female dominated sexual size dimorphism (Gibbons and
Lovich 1990). In our population, adult males have a
mean straightline plastron length of 102 mm and fe-
males have a mean of 148 mm for a female to male body
size ratio of 1.45. Mean male and female mass is 242 g
and 705 g, respectively, for a female to male mass ratio
of 2.91. Adults are easily sexed due to differences in
body size and other secondary sexual characteristics.
Females have proportionally wider heads than males,
and males have long tails with the cloacal opening sit-
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Table 1. Yearly variation in sex ratios (M:F) of diamondback
terrrapins from Kiawah Island, South Carolina. Ratios desig-
nated with an asterisk differ significantly from 1:1 at P = 0.05.

Year/sample Males Females Ratio
1983

First capture 24 4 6.00*
1984

First capture 39 12 3.25*

All captures 49 13 3.77*
1985

First capture 4 5 0.80

All captures 5 6 0.83
1986

First capture 37 36 1.03

All captures 69 43 1.60
1987

First capture 26 17 1.53

All captures 38 26 1.46
1988

First capture 99 62 1.60*

All captures 127 85 1.49*
1989

First capture 36 13 2.77*

All captures 70 29 2.41*
Combined

First capture 265 149 1.78*

All captures 382 206 1.85*

uated posterior of the shell margin. Aspects of the nat-
ural history of this species are reviewed in Ernst and
Barbour (1972) and Palmer and Cordes (1988).

The study site

Turtles were collected from 1983 to 1989 in salt marshes
around Kiawah Island, South Carolina, USA. Kiawah
Island is an Atlantic coast barrier island located about
25 km southwest of Charleston, South Carolina. The
island comprises approximately 3200 ha, half of which is

Table 2. Monthly variation in sex ratios of diamondback terra-
pins from Kiawah Island, South Carolina. Ratios designated
with an asterisk differ from 1:1 at P = 0.05.

Table 3. Variation in sex ratio (M:F) of diamondback terrra-
pins from Kiawah Island, South Carolina as a result of sam-
pling technique. Ratios designated with an asterisk differ sig-
nificantly from 1:1 at P = 0.05.

Technique/ Males Females Ratio
sample
Trammel net
First capture 100 83 1.20
All captures 161 113 1.42*
Seine
First capture 127 49 2.59*
All captures 152 58 2.62*
Combined
First capture 227 132 1.72*
All captures 313 171 1.83*

salt marsh. The climate is subtropical with temperatures
falling below freezing on fewer than 20 d during the
winter. Tidal creeks within the salt marsh study area are
subject to 2 m daily tidal fluctuations. A more detailed
description of Kiawah Island is given in Gibbons and
Harrison (1981).

Techniques

A variety of collecting techniques were used including
dipnetting, hand capture, seining, trammel nets, and
trawling. The vast majority of specimens were collected
with trammel nets and seines. A total of 414 individuals
were captured 588 times. Individuals were marked for
future recognition, sexed, measured and released at the
point of capture. Estimates of sex ratios for other popu-
lations were obtained from the literature. Ratios were
tested for significant departure from 1:1 using a Chi-
square test corrected for continuity at an alpha level of
0.05 (Zar 1984).

Table 4. Sex ratios of diamondback terrapins in various aquatic
habitats of Kiawah Island, South Carolina. Ratios designated
with an asterisk differ from 1:1 at P = 0.05.

First capture All captures

Sex Sex
First capture All captures _— _
Habitat M F Ratio M F Ratio
Sex Sex
. . Kiawah
Month M F Ratio M F Ratio River 11 10 110 3 12 1.08
Terrapin
Apr 117 58 2.02* 167 86 1.94* Creek 54 39 1.38 119 73 1.63*
May 46 47 0.98 73 57 1.28 Fiddler
Jun 45 14 3.21* 58 17 3.41* Creek 122 68 1.79* 159 86 1.85*
Jul 30 23 1.30 50 35 1.43 Oyster
Aug 22 6 3.67* 24 9 2.67* Creek 7 3 2.33 7 4 1.75
128
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Table 5. Sex ratios of diamondback terrapins as reported in selected references. Seasonal variation in sex ratios is reported when
available. Male to female ratios designated with an asterisk differ significantly from 1:1 at P = 0.05.

Reference Locality Males Females M:F ratio Comments
This study South Carolina 265 149 1.78* -
Cagle (1952) Louisiana 57 13 4.38* -
Seigel (1984) Florida 5 42 0.12* Banana River, Feb-Nov
9 90 0.10* Indian River, Feb-Nov
4 22 0.18* Indian River, Mar-Apr
Hurd et al. (1979) Delaware 251 336 0.75* 1975
176 144 1.22 1976
Bishop (1983) South Carolina 195 86 2.27* Overall ratio
22 43 0.51* 1979
132 40 3.30* 1980
41 3 13.67* 1981
Sachsse (1984) Captivity 50 2 25.00* Hatchling sex ratio
under artificial condi-
tions at 27 + 2°C
Hildebrand (1929) Captivity 239 1058 0.23* Hatchling sex ratio
under artificial condi-
tions
Hildebrand (1932) Captivity 209 1233 0.17* Hatchling sex ratio
under artificial condi-
tions
Hildebrand and Captivity 15 85 0.18* Hatchling sex ratio

Hatsel (1926)

under artificial condi-
tions

Results

A total of 265 males and 149 females were collected a
total of 382 and 206 times, respectively. Each male was
recaptured a mean of 0.44 times and each female a
mean of 0.38 times. The proportion of recaptures did
not differ significantly between the sexes (Contingency
table analysis, x?> = 0.57; P > 0.10). The proportions of
first captures and of total captures are both significantly
biased toward males (P < 0.05). Sex ratios were male
biased in all years for which relatively large samples
were available, some significantly so (Table 1). Monthly
variation in sex ratio was generally male biased (Table
2). Sex ratios were also male biased for both major
collecting techniques (Table 3). Seining produced esti-
mates of male bias approximately two times greater
than data for trammel nets. Sex ratios derived from the
combined data were intermediate but still significantly
male biased. All major habitats within the salt marsh
exhibited a male-biased sex ratio (Table 4). Estimates of
sex ratios for other populations range from strongly
female biased to strongly male biased (Table 5).

Discussion
Sampling bias

The importance of sampling bias must be considered in
any study of sex ratios (Gibbons 1970). The perception
of population sex ratio can vary as a function of collect-
ing technique, microhabitat sampled, differences in the

9 OIKOS 59:1 (1990)

behavior of the sexes, determination of the age or size
at maturity, or a combination of these factors.

It is easy to imagine how a certain collecting tech-
nique could be biased toward a given sex. For example,
in species such as Malaclemys that exhibit dramatic
sexual size dimorphism, use of traps or nets with a mesh
size small enough to let the smaller males escape would
result in a female biased estimate. This was not the case
in our study since mesh size was considerably smaller
than the size at which males reach sexual maturity.

The sexes may also segregate into slightly different
microhabitats at certain times of the year. This may
explain the heavily female-biased samples reported for
Malaclemys populations in Florida (Table 5). Seigel
(1984) set trammel nets adjacent to the only known
nesting site in his study area (Seigel 1980a). The dis-
proportionate number of female captures appears to
have been the result of this sampling bias. Furthermore,
the small numbers of males reported by Seigel may not
reflect their actual abundance. Large aggregations of
terrapins were occasionally seen in his study area, but
not captured (Seigel 1980b).

Differences in the behavior of the sexes can also
affect the perception of sex ratio. This is particularly
important if the behaviors affect the probability of cap-
ture. For example, concentrating collecting efforts dur-
ing the nesting season can result in female-biased sam-
ples of most species of turtles (Gibbons 1990). Con-
versely, the greater capture of males in some seasons is
probably a reflection of increased mating activity by this
sex (Morreale et al. 1984, Parker 1984).

Another problem that can lead to biased estimates of
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sex ratios is the improper determination of sexual matu-
rity in one or both sexes (Gibbons 1970). In Malacle-
mys, females mature later and at a larger body size than
males. Assignment of maturity in females at body sizes
smaller than that at which maturity actually occurs
would lead to increasing female bias in the calculated
sex ratio, due to the inclusion of immature females in
the sample. We avoided this problem by determining
the lower limit of sexual maturity in females with X-ray
photography (Gibbons and Greene 1979).

Explanations such as these may be responsible for
many of the female-biased sex ratios reported in Table
5. Furthermore, these problems serve to underscore the
importance of conducting thorough sampling in any as-
sessment of sex ratios.

Results for our study area show that sex ratios vary
from year to year and as a function of sampling tech-
nique. In spite of this variance, samples are still male
biased. In addition, overall recapture probabilities are
the same for both sexes. The probability of capturing a
male was greater overall than for females due to their
numerical advantage. However, individual males and
females were equally likely to be recaptured. Based on
these results, we reject the hypothesis that male- biased
sex ratios in Malaclemys on Kiawah Island are due to
sampling bias.

Skewed primary sex ratios

In many species of reptiles, particularly turtles, sex is
determined by incubation temperature (Bull and Vogt
1979, Bull 1980, Morreale et al. 1982, Vogt and Bull
1982a, 1984). These studies revealed that the eggs of
many species of turtles develop as males at low in-
cubation temperatures and females at high ones. Al-
though pivotal temperatures vary, they are generally
within the range of 26°-29°C. It is important to note that
not all species of turtles are known to exhibit envi-
ronmental sex determination (ESD). At least two spe-
cies have heteromorphic sex chromosomes interpreted
as an XX/XY sex determining system (Sites et al. 1979,
Carr and Bickham 1981). In addition, some species not
known to possess heteromorphic sex chromosomes do
not exhibit sex ratio variation in response to different
incubation temperatures (Vogt and Bull 1982b, Bull et
al. 1985, Georges 1988). Other species apparently show
an interaction between temperature and genetic sex
determination (Merchant-Larios et al. 1989, Servan et
al. 1989).

The question of sex determination has not been ade-
quately addressed in Malaclemys terrapin. Sachsse
(1984) reported that a group of eggs incubated at 27 +
2°C resulted in a hatchling success rate of 50% with a
sex ratio of 52 males and 2 females. These results sug-
gest that Malaclemys may have the same pattern of sex
determination reported for many other species of tur-
tles: larger numbers of males are produced at relatively
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low incubation temperatures. Alternatively, it is also
possible that differential mortality of males and females
occurred during embryonic development as a result of
incubation temperature. This phenomenon was re-
ported by Burger and Zappalorti (1988) for pine snakes
(Pituophis melanoleucus). They found that male:female
sex ratios of live hatchlings varied from 0.11 at 21°C to
1.40 at 32°C under controlled conditions; however, the
sex ratio of live and stillborn embryos combined was not
significantly different from unity. In contrast, Vogt and
Bull (1982a) concluded from laboratory studies of 14
genera of turtles that survival of embryos to hatching
was sufficiently high to reject the hypothesis of differ-
ential embryonic mortality as a result of incubation
temperature. It is difficult to interpret Sachsse’s (1984)
results for Malaclemys as proof for ESD since he did not
report the sex ratio of embryos that may have died
during incubation. It is also possible that unhatched
eggs resulted from infertility instead of mortality.
Hatching success is only 69% in Malaclemys nests under
field conditions (Burger 1976). However, her data
should be viewed with caution since she periodically
uncovered nests to determine time of hatching (Burger
1977).

It is tempting to speculate that ESD would result in
biased adult turtle sex ratios in nature. Vogt and Bull
(1984) observed that under natural conditions nest sex
ratios of two species of the turtle genus Graptemys
tended to be all-male or all-female with an overall ex-
cess of females. Nests with males were associated with
heavy vegetation and cool temperatures and nests with
females were located in open areas exposed to the sun.
Sex ratios varied between nesting beaches in response
to the differences in the availability of these two cate-
gories of nest sites. Since all-female nests hatched in less
time than all-male nests, sex ratios of emerging hatch-
lings were strongly female biased early in the season and
strongly male biased later in the season. Subsequent to
this study, Vogt (1980) reported a female-biased adult
sex ratio for his population. The female-biased adult sex
ratios may have been due to sampling bias since he
trapped mainly near areas where females were likely to
nest.

Nest site selection in Malaclemys was described in
detail by Burger and Montevecchi (1975). When com-
pared to randomly selected sites in their study area,
actual nest sites were located in stable, high dune areas
with low vegetative cover (less than 20%) more often
than expected. Seigel (1980a) reported that Malaclemys
in Florida nested on elevated dike roads. These obser-
vations on nest site selection agree with ours in that
Malaclemys nests on Kiawah Island have only been
observed on small sandy islands and beaches in the
marsh with low vegetative cover, exposed to consid-
erable insolation. If Malaclemys follows the normal pat-
tern of ESD as suggested by Sachsse (1984), then the
relatively open areas selected for nest sites might be
expected to produce a female bias as shown by Vogt and
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Bull (1984) for Graptemys. This is clearly not the case
with our data, but such an explanation cannot be en-
tirely ruled out for the female-biased ratios reported by
Seigel (1984) (Table 5). The highly female-biased sex
ratios reported in Table 5 by Hildebrand are undoubt-
edly due to the artificial conditions under which eggs
were incubated.

We suggest that in animals such as turtles, that ma-
ture late in life and have a relatively long lifespan (Gib-
bons 1987), variation in nest site selection and envi-
ronmental temperatures during a female’s reproductive
life will tend to balance out any differences in year-to-
year hatchling sex ratios. Evidence in support of this
hypothesis was provided by Zweifel (1989) for the
painted turtle Chrysemys picta. He reported that the sex
ratio (based on the number of offspring surviving until
development of secondary sexual characters) of broods
of a single female turtle varied from all males to all
females during a five year period. However, the total
summed to unity. Mrosovsky et al. (1984a) found that
sex ratios of hatchling loggerhead turtles (Caretta ca-
retta) in South Carolina and Georgia varied from no
females in nests laid at the beginning of the nesting
season in late May, to 80% females from nests laid in
early July, to 10% females from nests laid in early
August. Despite such dramatic differences in sex ratios
within a season, the overall sex ratio was near 1:1 when
data were combined with nesting frequency data over
six years. Similar results were reported by Mrosovsky et
al. (1984b) for two other species of sea turtles. It is
doubtful that females can predict and compensate for
environmental variance within a season since sex is de-
termined several weeks after oviposition (Yntema 1979,
Bull and Vogt 1981). Based on this body of evidence,
we tentatively reject the hypothesis that the male-biased
sex ratio in Kiawah Malaclemys is due to skewed pri-
mary sex ratios.

Differential mortality

Differential mortality of the sexes has often been in-
voked as a cause for biased sex ratios (see review in
Howe 1977, Ehrlich et al. 1984, Hurly 1987, Burger and
Zappalorti 1988, Elmqvist et al. 1988). Evidence for
biased adult turtle sex ratios due to differential mortal-
ity was reported by Gibbons (1990). He observed a
predominance of female Trachemys scripta on a barrier
island near Kiawah (Gibbons et al. 1979). The relative
scarcity of males may have been a consequence of alli-
gator (Alligator mississippiensis) predation. Male Tra-
chemys are significantly smaller than females (Gibbons
and Lovich 1990) and are presumably more susceptible
to large predatory alligators in the relatively vegetation-
free habitat. High female specific predation has been
reported for nesting turtles (Shealy 1976, Seigel 1980c),
but these authors did not comment on its possible effect
on the population sex ratio.

9* OIKOS 59:1 (1990)

Predation rates on nesting female Malaclemys can be
very high. Seigel (1980c) reported that at least 10% of
the females in his study site were killed in one year by
predators. Interestingly, he reported heavily female-
biased sex ratios (Table 5) in spite of such a high in-
cidence of female specific mortality. We have occasion-
ally observed the remains of female Malaclemys killed
(presumedly during nesting) on Kiawah Island. How-
ever, at this time we have insufficient evidence to con-
clude that females are preyed upon as heavily as sug-
gested by Seigel (1980c).

The frequency of predator-related injuries has been
used by others to estimate predator intensity (Rand
1954, Schoener 1979, Schoener and Schoener 1980).
However, caution is advised in interpretation since in-
juries may be indicative of predator inefficiency, not
intensity (Schoener 1979). A variety of mortality factors
can be envisioned for Malaclemys, especially juveniles.
However, the behavior of juvenile Malaclemys is pre-
sumably the same in both sexes. Because of this, rates
of mortality should be similar for males and females
until attainment of maturity. In our marked population
of Malaclemys 17 females (12%) were missing one or
more feet, probably as a result of predator encounters
with terrestrial mammals (alligators are not found in the
study area). Twenty males (8%) exhibited similar in-
juries. The proportion of injured individuals did not
differ significantly between the sexes (Contingency ta-
ble analysis; ¥* = 1.35; P > 0.10). Based on these results
we reject the hypothesis that male-biased sex ratios in
Malaclemys on Kiawah Island are due to differential
mortality.

It is important to note that Malaclemys (particularly
females) were heavily exploited as a gourmet food item
around the turn of this century (Coker 1920). This is no
longer the case at our study site and thus is an unlikely
explanation for the male-biased sex ratio observed.

Differential immigration and emigration

Male turtles of many species are known to travel greater
distances and move more often between populations
than females (Morreale et al. 1984, Parker 1984, Gib-
bons 1986, Dodd et al. 1988, Ingold and Patterson 1988,
Lovich 1990). These differences in activity are thought
to be representative of differential reproductive strate-
gies between the sexes. The following predictions are
associated with this hypothesis (Morreale et al. 1984):
1) males become active early to increase their chances
of mating with the earliest active female (see Wiklund
and Fagerstrom 1977), 2) males move to increase their
opportunities for multiple matings, and 3) during the
nesting season mate searching activity by males will be
reduced whereas female movements will increase as
they seek nest sites. Because of this difference in the
movement patterns of males and females, sex ratios
may fluctuate over time in some populations. It is
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important to note that departures from unity in local
populations may be balanced by immigration and emi-
gration to and from other populations.

Very little is known of movement patterns in Malacle-
mys. Hurd et al. (1979) found little evidence of im-
migration and emigration in the Malaclemys population
they studied in Delaware. Our results for Kiawah were
similar in that the vast majority of specimens exhibited
high year-to-year site fidelity. Individual males and fe-
males were often recaptured within several meters of
the original point of capture in as many as three succes-
sive years, including periods before and after tropical
storms and hurricanes. Major displacements of 100-200
m were seen in only two males and four females. Based
on these results, we reject the hypothesis that male-
biased sex ratios are due to differential patterns of im-
migration and emigration between the sexes.

Differential maturity

According to Gibbons (1990), the single most important
influence on the sex ratio of some turtle populations is
the differential rate of maturity of the sexes that is
characteristic of some species. Males of the turtle Trach-
emys scripta mature several years earlier than females in
the same population (Cagle 1944, 1948, 1950, Gibbons
and Lovich 1990, Gibbons et al. 1981). Gibbons (1990)
demonstrated that if no other factors are involved that
result either in differential mortality rates of the sexes
or in differential ratios at hatching, Trachemys popula-
tions experiencing juvenile recruitment will have more
adult males than females. Conversely, Lovich et al.
(1990) observed that in the wood turtle (Clemmys in-
sculpta), a species in which females mature earlier and
at a smaller size than males, females outnumber males
in populations for which large sample sizes are avail-
able. Thus, it appears that the sex that matures earlier
will predominate numerically.

Juvenile male and female Malaclemys apparently
grow at the same rate for the first three years (Coker
1920, Seigel 1984). Males mature at about 90 mm before
the end of their third year (Cagle 1952, Seigel 1984) at
which time their rate of growth slows considerably
(Coker 1920, Hildebrand 1929, Cagle 1952, Seigel
1984). At the size at which males reach maturity, fe-
males are only one half their adult size (Coker 1920).
Female growth continues at the juvenile rate until they
mature after the sixth year at between 160-176 mm
(Cagle 1952). Some females may mature in their fourth
year (Hildebrand 1932) at body sizes as small as 132 mm
(Montevecchi and Burger 1975, Seigel 1984). The small-
est male in our population that exhibited well defined
secondary sexual characters was 91 mm and three years
old. The smallest female known to be gravid via X-ray
photography was 138 mm and seven years old. Part of
the variance in size and age of maturity among popula-
tions of this wide ranging species may be due to ge-
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ographic variation in growth rate among the races for
which data have been reported (Seigel 1984). In spite of
this variation, male Malaclemys mature earlier than fe-
males in the same population.

We propose that the male-biased sex ratio in our
population of Malaclemys is a result of differential ma-
turity of the sexes. Other factors may modify the resul-
tant sex ratio somewhat, but their influence appears to
be minimal.

Conclusion

Biased sex ratios can result from several factors in-
cluding biased sampling, skewed primary sex ratios,
differential mortality, differential immigration and emi-
gration, and differential age at maturity. We used the
“strong inference” procedure of Platt (1964) (see also
Cousens 1985) to formulate our conclusions. Each ex-
planation was tested as an alternative hypothesis to
determine its utility. Only differential age at maturity
provides a satisfactory explanation for the strongly
male-biased adult sex ratio exhibited by our study popu-
lation of Malaclemys terrapin. The potential importance
of the other factors is not diminished by this finding.
However, their individual effects are apparently insuffi-
cient to explain the extent of bias observed.

Our findings suggest that adult sex ratio variation in
animals with sexual differences in the timing of maturi-
ty, can be explained with a simple model. We propose
that the sex that matures earlier will predominate nu-
merically. A major assumption of this model is that the
other potential factors have a minimal interactive effect
on the resultant sex ratio and that the population expe-
riences regular recruitment of juveniles.

Acknowledgements — We thank the many people who assisted
us with our collection efforts. They include B. Botts, L.
Brandt, C. Culbreath, J. Gibbons, M. Gibbons, S. Gibbons,
D. Kling, R. Lovich, S. Lovich, T. Mills, S. Morreale, T.
Owens, J. Pechmann, J. Schachter, D. Scott, R. Semlitsch and
P. Stangel. We extend special thanks to the management of
Kiawah Island for allowing us access to the study site. Earlier
versions of the manuscript benefitted from criticisms offered by
J. Wolff, J. Congdon, D. Gist and T. Tucker. Research and
manuscript preparation were supported by Contract Number
DE-AC09-76SRO0819 between the U.S. Dept of Energy and
the Univ. of Georgia’s Savannah River Ecology Laboratory.
Research was also supported by the Eugene P. Odum Coastal
Conservation Award from the Sierra Club Gulf Coast Regional
Conservation Committee awarded to JEL.

References

Armitage, K. B. 1987. Do female yellow-bellied marmots ad-
just the sex ratios of their offspring? - Am. Nat. 129:
501-519.

Bishop, J. M. 1983. Incidental capture of diamondback terra-
pin by crab pots. — Estuaries 6: 426-430.

OIKOS 59:1 (1990)

This content downloaded by the authorized user from 192.168.82.203 on Thu, 15 Nov 2012 19:37:30 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

Bull, J. J. 1980. Sex determination in reptiles. — Quart. Rev.
Biol. 55: 4-21.

— and Charnov, E. L. 1989. Enigmatic reptilian sex ratios. —
Evolution 43: 1561-1566.

- and Vogt, R. C. 1979. Temperature-dependent sex determi-
nation in turtles. — Science 206: 1186-1188.

- and Vogt, R. C. 1981. Temperature-sensitive periods of sex
determination in emydid turtles. — J. Exp. Zool. 218: 435-
440.

-, Legler, J. M. and Vogt, R. C. 1985. Non-temperature
dependent sex determination in two suborders of turtles. —
Copeia 1985: 784-786.

Burger, J. 1976. Behavior of hatchling diamondback terrapins
(Malaclemys terrapin) in the field. — Copeia 1976: 742-748.

=+ — 1977. Determinants of hatching success in diamondback
terrapin, Malaclemys terrapin. — Am. Midl. Nat. 97: 444-
464.

— and Montevecchi, W. A. 1975. Nest site selection in the
terrapin Malaclemys terrapin. — Copeia 1975: 113-119.

— and Zappalorti, R. T. 1988. Effects of incubation temper-
ature on sex ratios in pine snakes: differential vulnerability
of males and females. — Am. Nat. 132: 492-505.

Bury, R. B. 1979. Population ecology of freshwater turtles. —
In: Harless, M. and Morlock, H. (eds), Turtles: perspec-
tives and research. — Wiley, New York, pp. 571-602.

Cagle, F. R. 1944. Sexual maturity in the female of the turtle
Pseudemys scripta elegans. — Copeia 1944: 149-152.

— 1948. Sexual maturity in the male turtle Pseudemys scripta
troosti. — Copeia 1948: 108-111.

— 1950. The life history of the slider turtle, Pseudemys scripta
troosti (Holbrook). — Ecol. Monogr. 20: 31-54.

- 1952. A Louisiana terrapin population (Malaclemys). — Co-
peia 1952: 74-76.

Carr, J. L. and Bickham, J. W. 1981. Sex chromosomes of the
Asian black pond turtle, Siebenrockiella crassicollis (Testu-
dines: Emydidae). — Cytogenet. Cell Genet. 31: 178-183.

=+ Chapman, C. A., Fedigan, L. M., Fedigan, L. and Chapman,
L. J. 1989a. Post weaning resource competition and sex
ratios in spider monkeys. — Oikos 54: 315-319.

=+ — _ Chapman, L. J. and Richardson, K. S. 1989b. Sex ratio in
primates: a test of the local resource competition hypothe-
sis. — Oikos 56: 132-134.

=+ Coker, R. E. 1920. The diamond-back terrapin: past, present
and future. — Sci. Monthly 11: 171-186.

Conover, D. O. 1984. Adaptive significance of temperature-
dependent sex determination in a fish. - Am. Nat. 123:
297-313.

Cousens, R. 1985. Theory, hypothesis and experimental design
in ecology. — Brit.Ecol. Soc. Bull. 16: 76-77.

Georges, A. 1988. Sex determination is independent of in-
cubation temperature in another chelid turtle, Chelodina
longicollis. — Copeia 1988: 248-254.

Gibbons, J. W. 1970. Sex ratios in turtles. — Res. Popul. Ecol.

12: 252-254.

1986. Movement patterns among turtle populations: appli-

cability to management of the desert tortoise. — Herpet-

ologica 42: 104-113.

1987. Why do turtles live so long? — Bioscience 37: 262-269.

1990. Sex ratios and their significance among turtle popula-

tions. — In: Gibbons, J. W. (ed.), Life history and ecology

of the slider turtle. — Smithsonian Inst. Press, Washington,

DC., pp. 171-182.

and Greene, J. L. 1979. X-ray photography: a technique to

determine reproductive patterns of freshwater turtles. —

Herpetologica 35: 86-89.

and Harrison, T. III. 1981. Reptiles and amphibians of

Kiawah and Capers Islands, South Carolina. — Brimleyana

5: 145-162.

and Lovich, J. E. 1990. Sexual dimorphism in turtles with

emphasis on the slider turtle (Trachemys scripta). — Herpe-

tol. Monogr. 4: 1-29.

, Keaton, G. H., Schubauer, J. P., Greene, J. L., Bennett,

D. H., McAuliffe, J.R. and Sharitz, R. R. 1979. Unusual

population size structure in freshwater turtles on barrier

islands. — Georgia J. Sci. 37: 155-159.

, Semlitsch, R. D., Greene, J. L. and Schubauer, J. P. 1981.

Variation in age and size at maturity of the slider turtle

(Pseudemys scripta). - Am. Nat. 117: 841-845.

Hamilton, W. D. 1967. Extraordinary sex ratios. — Science 156:
477-488.

Hildebrand, S. F. 1929. Review of experiments on artificial
culture of diamond-back terrapin. — Bull. U.S. Bur. Fish.
1060: 25-70.

— 1932. Growth of diamond-back terrapins size attained, sex
ratio and longevity. — Zoologica (New York) 9: 551-563.

- and Hatsel, C. 1926 Diamond-back terrapin culture at
Beaufort, NC. — U.S. Bur. Fish., Econ. Circ. No. 60: 1-20.

Howe, H. F. 1977. Sex-ratio adjustment in the common
grackle. — Science 198: 744-746.

Hurd, L. E., Smedes, G. W. and Dean, T. A. 1979. An
ecological study of a natural population of diamondback
terrapins (Malaclemys t. terrapin) in a Delaware salt marsh.
— Estuaries 2: 28-33.

Hurly, T. A. 1987. Male-biased sex ratios in a red squirrel
population. — Can. J. Zool. 65: 1284-1286.

Ingold, D. A. and Patterson, W. E. 1988. Population par-
ameters of red-eared turtles in a Texas farm pond. — Bull.
Maryland Herpetol. Soc. 24: 27-40.

-

-

Deeming, D. C. and Ferguson, M. W. J. 1989. The mechanisrr =+ King, B. H. 1989. Host-size-dependent sex ratios among para-

of temperature-dependent sex determination in crocodil-
ians: a hypothesis. - Am. Zool. 29: 973-985.

Dodd, C. K., Jr., Enge, K. M. and Stuart, J. N. 1988. Aspects
of the biology of the flattened musk turtle, Sternotherus
depressus in northern Alabama. - Bull. Florida State Mu-
seum Biol. Sci. 34: 1-64.

Ehrlich, P. R., Launer, A. E. and Murphy, D. D. 1984. Can
sex ratio be defined or determined? The case of a popula-

sitoid wasps: does host size matter? — Oecologia (Berl.) 78:
420-426.

Kluge, A. G. 1981. The life history, social organization, and
parental behavior of Hyla rosenbergi Boulenger, a nest
building gladiator frog. — Misc. Publ. Mus. Zool., Univ.
Michigan (60): 1-170.

Kozlowski, J. 1989. Sexual size dimorphism: a life history
perspective. — Oikos 54: 253-255.

tion of checkerspot butterflies. — Am. Nat. 124: 527-539. =+ Lang, J. W., Andrews, H. and Whitaker, R. 1989. Sex deter-

=+ Elmquvist, T., Ericson, L., Danell, K. and Salomonson, A.

1988. Latitudinal sex ratio variation in willows, Salix spp.,
and gradients in vole herbivory. — Oikos 51: 259-266.

Emlen, S. T. and Oring, L. W. 1977. Ecology, sexual selection,
and the evolution of mating systems. — Science 197: 215-
223.

Ernst, C. H. and Barbour, R. W. 1972. Turtles of the United
States. — Univ. Press Kentucky, Lexington, KY.

Ferguson, M. W. J. and Joanen, T. 1982. Temperature of egg

mination and sex ratios in Crocodylus palustris. — Am.
Zool. 29: 935-952.

Lovich, J. E. 1990. Spring movement patterns of two radio-
tagged male spotted turtles. — Brimleyana 16: 67-71.

-, Ernst, C. H. and McBreen, J. F. 1990. Growth, maturity,
and sexual dimorphism in the wood turtle, Clemmys in-
sculpta. — Can. J. Zool. 68: 672-677.

Maynard Smith, J 1978. The evolution of sex. — Cambridge
Univ. Press, London.

incubation determines sex in Alligator mississippiennsis. - =+ Merchant-Larios, H., Villalpando Fierro, 1. and Centeno Ur-

Nature, Lond. 296: 850-853.
Fisher, R. A. 1930. The genetical theory of natural selection. —
Oxford Univ. Press, Oxford.

OIKOS 59:1 (1990)

ruiza, B. 1989. Gonadal morphogenesis under controlled
temperature in the sea turtle Lepidochelys olivacea. — Her-
petol. Monogr. 3: 43-61.

133

This content downloaded by the authorized user from 192.168.82.203 on Thu, 15 Nov 2012 19:37:30 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

Middaugh, D. P. and Hemmer, M. J. 1987. Influence of envi-
ronmental temperature on sex-ratios in the tidewater silver-
side, Menidia peninsulae (Pisces: Atherinidae). — Copeia
1987: 958-964.

=+ Montevecchi, W. A. and Burger, J. 1975. Aspects of the repro-
ductive biology of the northern diamondback terrapin Ma-
laclemys terrapin terrapin. — Am. Midl. Nat. 94: 166-178.

Morreale, S. J., Georgita, J. R., Spotila, J. R. and Standora,
E.A. 1982. Temperature-dependent sex determination:
current practices threaten conservation of sea turtles. —
Science 216: 1245-1247.

— , Gibbons, J. W. and Congdon, J. C. 1984. Significance of
activity and movement in the yellow-bellied slider turtle
(Pseudemys scripta). — Can. J. Zool. 62: 1038-1042.

Mrosovsky, N., Hopkins-Murphy, S. R. and Richardson, J. I.
1984a. Sex ratio of sea turtles: seasonal changes. — Science:
225: 739-741.

— , Dutton, P. H. and Whitmore, C. P. 1984b. Sex ratios of
two species of sea turtle nesting in Suriname. — Can. J.
Zool. 62: 2227-2239.

Palmer, W. M. and Cordes, C. L. 1988. Habitat suitability
index models: diamondback terrapin (nesting)-Atlantic
coast. — United States Fish Wildl. Ser., Biol. Rept. 82
(10.151).

=+ Parker, W. S. 1984. Immigration and dispersal of slider turtles
Pseudemys scripta in Mississippi farm ponds. — Am. Midl.
Nat. 112: 280-293.

Platt, J. R. 1964. Strong inference. — Science 146: 347-353.

Rand, A. S. 1954. Variation and predator pressure in an island
and mainland population of lizards. — Copeia 1954: 260
262.

Ream, C. and Ream, R. 1966. The influence of sampling
method on the estimation of population structure in painted
turtles. — Am. Midl. Nat. 75: 325-338.

Sachsse, W. 1984. Long term studies of reproduction of Mala-
clemys terrapin centrata. — In: Bels, V. L. and Van den
Sande, A. P. (eds), Maintenance and reproduction of rep-
tiles in captivity. — Acta Zool. Pathol. Antverpiensia No.
78: 297-308.

Schoener, T. W. 1979. Inferring the properties of predation
and other injury-producing agents from injury frequencies.
— Ecology 60: 1110-1115.

— and Schoener, A. 1980. Ecological and demographic corre-
lates of injury rates in some Bahamian Anolis lizards. —
Copeia 1980: 839-850.

=+ Seigel, R. A. 1980a. Nesting habits of diamondback terrapins
(Malaclemys terrapin) on the Atlantic coast of Florida. —
Trans. Kansas Acad. Sci. 83: 239-246.

=+ — 1980b. Courtship and mating behavior of the diamondback

134

terrapin Malaclemys terrapin tequesta. — J. Herpetol. 14:
420-421.

=+ — 1980c. Predation by raccoons on diamondback terrapins,
Malaclemys terrapin tequesta. — J. Herpetol. 14: 87-89.

— 1984. Parameters of two populations of diamondback terra-
pins (Malaclemys terrapin) on the Atlantic coast of Florida.
—In: Seigel, R. A., Hunt, L. E., Knight, J. L., Malaret, L.
and Zuschlag, N. L. (eds), Vertebrate ecology and system-
atics — a tribute to Henry S. Fitch. Mus. Nat. Hist., Univ. of
Kansas, pp. 77-87.

Selander, R. K. 1965. On mating systems and sexual selection.
— Am. Nat. 99: 129-141.

Servan, J., Zaborski, P., Dorizzi, M. and Pieau, C. 1989.
Female-biased sex ratio in adults of the turtle Emys orbicu-
laris at the northern limit of its distribution in France: a
probable consequence of interaction of temperature with
genotypic sex determination. — Can. J. Zool. 67: 1279~
1284.

Shealy, R. M. 1976. The natural history of the Alabama map
turtle, Graptemys pulchra, in Alabama. — Bull. Florida
State Mus., Biol. Sci. 21: 47-111.

Silk, J. B. 1984. Local resource competition and the evolution
of male-biased sex ratios. — J. Theor. Biol. 108: 203-213.

Sites, J. W., Jr., Bickham, J. W. and Haiduk, M. W. 1979.
Derived X chromosome in the turtle genus Staurotypus. —
Science 206: 1410-1412.

Trivers, R. L. and Willard, D. E. 1973. Natural selection of
parental ability to vary the sex ratio of offspring. — Science
179: 90-92.

Vogt, R. C. 1980. Natural history of the map turtles Graptemys
pseudogeographica and Graptemys ouachitensis in Wiscon-
sin. — Tulane Stud. Zool. Bot. 22: 17-48.

=+ — and Bull, J. J. 1982a. Temperature controlled sex-determi-
nation in turtles: ecological and behavioral aspects. — Her-
petologica 38: 156-164.

— and Bull, J. J. 1982b. Genetic sex determination in the
spiny softshell Trionyx spiniferus (Testudines: Trionychi-
dae) (?). — Copeia 1982: 699-700.

- and Bull J. J. 1984. Ecology of hatchling sex ratio in map
turtles. — Ecology 65: 582-587.

Wiklund, C. and Fagerstrém, T. 1977. Why do males emerge
before females? — Oecologia (Berl.) 31: 153-158.

Yntema, C. L. 1979. Temperature levels and periods of sex
determination during incubation of eggs of Chelydra ser-
pentina. — J. Morphol. 159: 17-27.

Zar, J. R. 1984. Biostatistical analysis. — Prentice-Hall, New
Jersey.

Zweifel, R. G. 1989. Long-term ecological studies on a popula-
tion of painted turtles, Chrysemys picta on Long Island,
New York. — Am. Mus. Novitates 2952: 1-55.

OIKOS 59:1 (1990)

This content downloaded by the authorized user from 192.168.82.203 on Thu, 15 Nov 2012 19:37:30 PM
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 126
	p. 127
	p. 128
	p. 129
	p. 130
	p. 131
	p. 132
	p. 133
	p. 134

	Issue Table of Contents
	Oikos, Vol. 59, No. 1 (Sep., 1990), pp. 1-144
	Volume Information [pp. 1-1]
	Front Matter
	Paternal Effects on Seed Size in a Population of Crepis tectorum (Asteraceae) [pp. 3-8]
	Spatial Heterogeneities in Parasitism and Population Dynamics [pp. 9-14]
	The Effect of Environmental Variability on Growth [pp. 15-20]
	Bryophyte Island Biogeography: A Study in Lake Manapouri, New Zealand [pp. 21-26]
	Herbivore Outbreaks on Only Young Trees: Testing Hypotheses about Aging and Induced Resistance [pp. 27-32]
	Do Organic and Anthropogenic Acidity Have Similar Effects on Aquatic Fauna? [pp. 33-38]
	Habitat Exploration through Morphological Plasticity in Two Chalk Grassland Perennials [pp. 39-49]
	Tiller Dispersion in Populations of the Bunchgrass Schizachyrium scoparium: Implications for Herbivory Tolerance [pp. 50-56]
	Food Selection by Beavers in Relation to Inducible Defenses of Populus tremuloides [pp. 57-62]
	Ecological Correlates of the Variable Mating System of an Iguanid Lizard [pp. 63-69]
	Plasticity of Storage Allocation in Daphnia magna [pp. 70-74]
	Centrifugal Organization in Forests [pp. 75-84]
	Periodic Oscillations in an Ideal-Free Predator-Prey Distribution [pp. 85-91]
	Extramatrical Mycorrhizal Abundance and Grass Nutrition in a Tropical Grazing Ecosystem, the Serengeti National Park, Tanzania [pp. 92-96]
	Interspecific and Intraspecific Size Class Competition Affecting Resource Use and Growth of Perch, Perca fluviatilis [pp. 97-106]
	Responses of Female Grey-Sided Voles Clethrionomys rufocanus to malnutrition: A Combined Laboratory and Field Experiment [pp. 107-114]
	Predators and Small Rodent Cycles: An Analysis of a 79-Year Time Series of Small Rodent Population Fluctuations [pp. 115-120]
	Sampling Scale Dependence of Taylor's Power Law [pp. 121-125]
	Age at Maturity Influences Adult Sex Ratio in the Turtle Malaclemys terrapin [pp. 126-134]
	Forum
	Weak Altruism, Strong Group Selection [pp. 135-140]
	Habitat Implications of Gap Geometry in Tropical Forests [pp. 141-144]

	Back Matter



