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The body condition of an animal reflects its energetic state such that an animal in good condition has greater

energy reserves than one that is in poor condition. Body condition in turn should be positively correlated with

fitness because energetic reserves limit the amount of energy that can be allocated to reproduction. Using

Spotted Turtles (Clemmys guttata) as a model system, and three years of field data from a South Carolina, USA

population, we tested the prediction that reproductive output increases with maternal body condition. The

effect of body condition on the reproductive output of female turtles was examined at three temporal scales

(among clutches, among nesting seasons, and among females) using several variables including clutch

frequency, clutch size, and multiple measures of egg size. We predicted that females in good condition will

have a higher clutch frequency than those in poor condition; that females in good condition will have larger

clutch sizes than those in poor condition; and that females in good condition will have larger eggs than those in

poor condition. Among clutches and nesting seasons, we found no relationship between female body condition

and reproductive output. Among females over the entirety of the three-year study, we found a positive

relationship between body condition and clutch mass and egg size. In addition, females in poor condition and

females in good condition both produced larger clutch sizes than females in intermediate condition. Our

findings suggest that within a given reproductive bout and within a given reproductive season, energy reserves

do not affect immediate reproductive investment. However, over the longer-term, females in good condition

have greater reproductive output, which supports the idea of a bet-hedging life history strategy in turtles.

T
HE body condition of an animal reflects its energetic
state such that an animal in good condition has
greater energy reserves than one that is in poor

condition (Hayes and Shonkwiler, 2001; Schulte-Hostedde
et al., 2001, 2005). Variation in body condition has been
associated with male and female fitness components, such
as survival and reproductive success, in a variety of taxa
including mammals (Schulte-Hostedde et al., 2005; Toı̈go et
al., 2006), amphibians (Lowe et al., 2006), birds (O’Dwyer et
al., 2006), and snakes (Shine et al., 2001). Maternal body
condition has a substantial effect on both offspring size and
offspring number and therefore is positively correlated with
reproductive fitness (Chastel et al., 1995; Dobson and
Michener, 1995). Understanding mechanisms and patterns
of energy allocation with respect to body condition and life
history can provide valuable insights into variation in
individual fitness.

Optimal egg size (OES) theory predicts that females should
invest surplus energy allocated to reproduction into pro-
ducing more eggs rather than larger eggs to maximize
maternal fitness (Smith and Fretwell, 1974; Brockelman,
1975; Bernardo, 1996). Producing an additional egg is more
advantageous than producing larger eggs because invest-
ment in an additional offspring provides a larger maternal
fitness benefit than investing more heavily in existing
individual offspring. Thus, selection should favor an
optimally-sized egg rather than a large egg. Alternatively,
because offspring survival can increase with offspring size,
maternal fitness is expected to increase with increased
maternal investment per offspring (Miller et al., 1987;
Sinervo and Doughty, 1996; Janzen et al., 2000a). However,
energy is limited and life history theory predicts a trade-off

between the number of offspring and the size of those
offspring. Thus, natural selection should favor either a large
number of small offspring or a few large offspring (Smith
and Fretwell, 1974).

Previous studies on turtles have shown that clutch size
varies with maternal body size such that larger females
produce more eggs than smaller females (Iverson, 1992;
Rowe, 1994; Wilkinson and Gibbons, 2005). However, it also
has been shown that in some turtles both clutch size and egg
size increase with body size (Iverson, 1991; Brooks et al.,
1992; Clarke et al., 2001). An increase in egg number may
manifest as an increase in clutch frequency (Iverson, 1992),
which is an important measure of an individual turtle’s
reproductive success and thus its fitness (Gibbons, 1982).
These findings generally support OES theory if one assumes
that larger females have more energy to invest in reproduc-
tion than smaller females. In small-bodied turtle species, the
relationship between egg size and body size is confounded
by the physical constraint imposed by the width of the
pelvic girdle aperture and the size of the space between the
carapace and plastron through which the eggs must pass
during oviposition (Congdon and Gibbons, 1987; Clarke et
al., 2001; Wilkinson and Gibbons, 2005). In addition,
elevated testosterone levels in younger female turtles may
constrain egg size physiologically (Bowden et al., 2004). In
large-bodied turtles that do not have a pelvic girdle
constraint on egg size, it may be beneficial for female fitness
to shunt excess energy into producing larger eggs rather
than more eggs. Larger eggs produce larger hatchlings which
can have higher survivorship than small hatchlings because
larger individuals are better able to cope with the hardships
of early life (but see Congdon et al., 1999). For example,
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large hatchlings have increased locomotor performance
(Miller et al., 1987) and thus better abilities to avoid
predation (Janzen et al., 2000a, 2000b). However, this idea
that ‘‘bigger is better’’ contradicts OES theory, which
predicts that individual maternal fitness is enhanced by
the production of the greatest number of optimally-sized
eggs possible, rather than by the production of bigger eggs.
Furthermore, bigger eggs and hatchlings do not always have
relatively higher survivorship, and in fact studies of
Snapping Turtles (Chelydra serpentina) show evidence for
stabilizing selection on hatchling body size (Congdon et al.,
1999).

To our knowledge, no direct assessments of the relation-
ship between body condition and reproductive fitness have
been conducted in turtles despite the fact that turtles are an
ideal model organism for such investigations. The shell of
turtles can be easily and permanently marked by notching
(Cagle, 1939) and so individual turtles can be identified, and
their growth and reproduction monitored for their entire
lives. The turtle shell also allows the accurate and repeated
measurement of carapace and plastron lengths. Reproduc-
tive output can be measured non-intrusively using X-rays
(Gibbons and Greene, 1979), and nests can be found using
radio telemetry. In addition, turtles are generally long-lived
(Gibbons, 1987; Ernst et al., 1994) and tend to stay in the
same general home range during their lifetime (Kaufmann,
1995; Nieuwolt, 1996; Bernstein et al., 2007), making them
easy animals to study over long periods of time. We tested
the prediction that reproductive output increases with
maternal body condition using Spotted Turtles (Clemmys
guttata) as a model system, and three years of field data. The
effect of body condition on the reproductive output of
female turtles was examined at three temporal scales
(among clutches, among nesting seasons, and among
females) using several life-history variables including clutch
frequency, clutch size, and multiple measures of egg size.
We predicted that females in good condition would have a
higher annual clutch frequency than those in poor condi-
tion; that females in good condition would have larger
clutch sizes than those in poor condition; and that females
in good condition would have larger eggs than those in poor
condition. If OES theory is upheld, then we expected that
there would be no relationship between body condition and
egg size.

MATERIALS AND METHODS

Study system and field site.—Spotted Turtles are semi aquatic
and tend to inhabit shallow wetland areas (Lovich, 1988;
Ernst et al., 1994). They are easily distinguished from other
turtle species by the yellow spots on their black neck and
carapace. Spotted Turtles occur in disjunct populations
along the coast of eastern North America (Ernst et al.,
1994). Populations are declining mainly due to loss of
habitat and increased harvesting for the pet trade (Klemens,
2000; Litzgus, 2004). As a result of these threats, Spotted
Turtles are considered to be a species at risk throughout their
range, and are listed as ‘‘endangered’’ in Canada (Litzgus,
2004). In the South Carolina population studied herein, the
active period is between the months of March and October,
and the breeding and nesting seasons extend from late
March to late June or early July (Litzgus and Mousseau,
2004, 2006). Spotted Turtles aggregate in wetlands to breed
in early spring (late March through April; Litzgus and
Mousseau, 2004, 2006). After breeding, females leave

wetlands to find nesting areas; these areas include woody
debris and rotten logs in the swamp forest (Litzgus and
Mousseau, 2004, 2006). Most clutches range in size from two
to four eggs, and multiple clutches within a reproductive
season have been observed (Litzgus and Mousseau, 2003).

The field site, Francis Beidler Forest, is an approximately
4500-ha National Audubon and Nature Conservancy Sanc-
tuary located in Four Holes Swamp on the Atlantic Coastal
Plain of southeastern South Carolina, USA (33uN). The site
includes upland pine and mesophytic hardwood forest,
seasonally flooded hardwood bottom swamp forest, and
cypress–tupelo blackwater swamp forest (see Porcher [1981]
for a detailed description of the plant communities).

Field sampling and data analyses.—The data used in the
following analyses were collected as part of a larger study
(Litzgus and Mousseau, 2006). Eleven adult female Spotted
Turtles were outfitted with radio transmitters and tracked
during the reproductive season (April to July) in 2000, 2001,
and 2002 (three field seasons). In addition, females without
radio transmitters that were encountered opportunistically
during the reproductive season were also assessed for
reproductive status. The reproductive status of female turtles
was determined by palpation and X-radiographs (Gibbons
and Greene, 1979). Turtles were X-rayed at 52 kV peak and
2.5 mA s at a local veterinary clinic. If a female was found to
be gravid using X-rays, she was radio tracked and located
twice per day: once during the day and again at sundown,
until she oviposited. Measurements of female non-gravid
body mass were taken using a Pesola spring scale, and
carapace length was measured using calipers. Clutch size
was determined from X-rays and egg counts at oviposition
sites. Nests were excavated and eggs were processed
(measured and weighed) and then reburied (see Litzgus
and Mousseau [2006] for details). Clutch size data were
obtained for females with transmitters and for females
encountered opportunistically; however, egg size data were
obtained only from nests made by females outfitted with
transmitters. To assess female reproductive output, we used
a series of variables measured in the field: mean egg mass,
mean egg length, mean egg width, clutch mass, and clutch
size. Egg volume was calculated using the formula for an
ellipsoid, V 5 (p/6000) 3 LW2, where L is egg length and W
is egg width (Iverson and Ewert, 1991).

We used length-adjusted mass to estimate body condition
using one of two techniques. First, where statistically
appropriate, we used multiple regressions to examine the
effects of non-gravid body mass and carapace length on
reproductive output. We interpreted the semi-partial corre-
lation coefficient of body mass as the independent effect of
length-adjusted body mass (body condition) on our mea-
sure(s) of reproductive output. Where multiple regressions
were inappropriate, we used the residuals from a regression
of body mass on carapace length as an index of body
condition (Schulte-Hostedde et al., 2005). These approaches
are statistically equivalent; both use regression to determine
size-corrected mass using the same measure of body mass
and body size (Schulte-Hostedde et al., 2005). All analyses
were conducted on log-transformed data.

We examined the data at three temporal scales. First, we
examined reproductive investment per reproductive bout by
treating each clutch as an independent sampling unit
(among clutches). Second, we examined reproductive
investment per nesting season by treating each year for
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each female as an independent unit (among nesting
seasons) and using the average values for all of the clutches
produced in a given season by a female. We also calculated
clutch frequency, total clutch mass, and the total number of
eggs produced by each female within each nesting season.
Finally, we examined reproductive investment over the
entirety of the three-year study by treating each female as an
independent sampling unit (among females). Data on egg
mass and egg size were obtained for the 11 females outfitted
with radio transmitters, but not for the two gravid females
encountered opportunistically; thus, the analyses for the egg
variables were limited to the n 5 11 females outfitted with
transmitters. Measures of clutch size and total number of
eggs produced were available for all captured turtles (n 5

13). At each scale, we calculated the appropriate average for
all clutch variables and female morphometrics. For example,
at the among clutches scale, we calculated the average of the
egg measurements for each individual clutch; at the among
nesting seasons scale, we calculated the average of all eggs
produced in all clutches by each female in each nesting
season (year); and at the among females scale, we calculated
the average for all eggs produced by the female over the
three-year study.

RESULTS

Among clutches.—In a given reproductive bout, none of the
reproductive variables examined (clutch size, clutch mass,
mean egg length, mean egg width, mean egg volume, mean
egg mass) were related to maternal body condition (body
mass semi-partial r , 0.20, P . 0.2 for all variables; n 5 32
for clutch size, n 5 23 for clutch mass and the egg size
variables).

Among nesting seasons.—We found no relationship between
body condition and any of the reproductive variables (body
mass semi-partial r , 0.20, P . 0.6 in all cases; n 5 26 for
clutch size, n 5 18 for the other reproductive variables).
Clutch frequency, total clutch mass, and the total number of
eggs produced were not related to maternal body condition
(body mass semi-partial r , 0.25, P . 0.3 in all cases; n 5 26
for clutch frequency and total number of eggs, n 5 18 for
total clutch mass). One female did not reproduce in two
consecutive field seasons, and one female did not reproduce
in one field season. The body condition of these females
(calculated as residual mass from the mass–size regression)
that did not produce eggs during three field seasons was
significantly lower than that of females that produced at
least one clutch (t 5 3.80, df 5 24, P 5 0.008).

Among females.—All measures of egg size and egg mass, and
clutch mass were positively related to maternal body
condition (Fig. 1A–E). There was no evidence of a linear
relationship between mean clutch size and body condition
(body mass semi-partial r 5 20.06, P 5 0.85); however,
when we fitted a quadratic regression using mean clutch size
as the dependent variable and residual body mass (calculat-
ed from a regression of non-gravid body mass on carapace
length) and (residual body mass)2, we found that the
quadratic term was significant (semi-partial r 5 0.60, P 5

0.04). Females at the extremes with respect to body
condition (i.e., those in poor condition and those in good
condition) produced larger clutches than those individuals
with intermediate values for body condition (Fig. 1F).

DISCUSSION

The prediction that animals in good body condition will
have greater reproductive output than those in poor
condition was supported over the longer-term but was not
supported over the short temporal scales examined in our
study. In contrast to our predictions, we found no
relationships between maternal body condition and any
measure of reproductive output in Spotted Turtles when
comparisons were made among clutches and among nesting
seasons. An important caveat to our analysis is the non-
independence of the data at the among clutches and among
nesting seasons scales of analysis. Nonetheless, our findings
suggest that within a given reproductive bout and within a
given nesting season, energy reserves may not affect
immediate reproductive investment; that is, proximate
factors may not play a major role in determining energy
allocated to reproduction measured in terms of egg and
clutch size. Instead more ultimate factors, such as the great
potential longevity of Spotted Turtles (65–110 years; Litz-
gus, 2006) may contribute to the pattern we observed over
the longer time scale. A single clutch represents a fraction of
the lifetime reproductive output of a female Spotted Turtle,
and so relationships between body condition and reproduc-
tive output may be discernable only at a relatively coarse
temporal scale (i.e., encompassing multiple reproductive
bouts) rather than at a fine temporal scale. Indeed, over the
longer time scale, we found a positive relationship between
body condition and clutch mass and all measures of egg size.
Females in the poorest condition appeared to forego
reproduction completely in some years as indicated by the
two females in poor body condition that did not produce
any eggs in three field seasons. That female turtles make
reproductive decisions based on a longer time scale is
consistent with a ‘‘bet-hedging’’ life history strategy
(Stearns, 1976; Roff, 1992). In this context, organisms that
evolve in environments where egg and hatchling mortality
are unpredictable, and where adult mortality is predictable,
evolve extreme iteroparity to maximize the probability of
successful reproduction in ‘‘good years.’’ Although we did
not directly test the effects of environmental variation on
body condition and reproductive output, bioenergetic
studies of Gopher Tortoises (Gopherus agassizii) found that
body composition (lipid and nonlipid energy) varied with
climate and that this variation caused changes in egg
production; the study concluded that the tortoises were
hedging their bets by forfeiting body condition to produce a
few eggs in stressful environments (Henen, 1997). The long-
term advantages of partitioning energy across many repro-
ductive events in terms of life-time fitness outweigh any
short term investments (and potential losses) in current
reproductive events; thus, it is in a female’s best interests to
conserve energy for future reproduction.

Interestingly, we found a nonlinear relationship between
maternal body condition and mean clutch size when the
data were analyzed across all three years of the study
(Fig. 1F). Female Spotted Turtles in poor body condition
appeared to produce a large number of small eggs, whereas
females in good condition appeared to produce a large
number of large eggs. Females in intermediate body
condition produced small clutches of medium-sized eggs.
Females in good body condition may be able to afford to do
everything well, while females in poor condition appear to
be maximizing the number of eggs produced. This finding
supports the ‘‘terminal investment hypothesis,’’ which
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predicts that individuals should invest more in current
reproduction if they are less likely to survive to future
reproductive events (Williams, 1966; Part et al., 1992;
Weladji et al., 2002). Survival to future reproductive events
may be limited by poor body condition, as we suggest here
for Spotted Turtles, and/or increasing age. In contrast, in a
study on reproduction in the Mud Turtle Kinosternon
subrubrum, older females did not have larger clutch sizes or
higher clutch frequency compared to younger females

(Wilkinson and Gibbons, 2005); these findings do not
support the terminal investment hypothesis.

Our data both support and refute the OES model. Optimal
egg size theory predicts that females should invest surplus
energy allocated to reproduction into producing more eggs
rather than larger eggs to maximize maternal fitness (Smith
and Fretwell, 1974; Brockelman, 1975; Bernardo, 1996).
Analyses of the relationships between body condition and
short-term reproductive investment indicate that female

Fig. 1. Relationships between maternal body condition and various measures of reproductive output in Spotted Turtles (Clemmys guttata) over three
years in a South Carolina, USA population. All measures of egg size ([a] mean egg length; [b] mean egg width; [c] mean egg volume; [d] mean egg
mass) and clutch mass [e] were positively related to body condition. Mean clutch size was related to body condition in a quadratic fashion. Females
in poor body condition and females in good body condition produced more eggs per clutch than females in intermediate body condition (clutch size
5 0.3925 + 0.6198 (residual mass) + 85.9957 (residual mass)2, P , 0.05). Each closed circle represents an individual female.
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Spotted Turtles do not adjust egg size when they have extra
energy (supports theory), but neither do they adjust clutch
size (refutes theory). Over the longer-term, Spotted Turtles
increased both clutch size and egg size (Fig. 1) when they
had excess energy stores, a finding that does not support the
OES model. The tradeoff between size and number of eggs
predicted under OES theory has been examined in several
chelonians, and the results are conflicting; to date, no single
general pattern is evident. Some studies have shown support
for the theory (Elgar and Heaphy, 1989; Rowe, 1994),
whereas other studies have shown little or no support for
the theory (Iverson et al., 1997; Roosenburg and Dunham,
1997; Booth, 1998). The lack of a common pattern may be
because the previous studies (Litzgus and Brooks, 1998;
Valenzuela, 2001; Lindeman, 2005) have done their analyses
based on the assumption that a larger body size is indicative
of good body condition; thus, these studies have used body
size as a proxy for energy reserves. Indeed, in the Spotted
Turtle population examined herein, clutch size and egg size
are independent of body size per se (Litzgus and Mousseau,
2006). Female body size influences reproductive output such
that larger-bodied turtles tend to produce larger and/or
heavier clutches of eggs (Iverson, 1992; Rowe, 1994), but
whether larger body size means greater energy available for
reproduction is undetermined. Our study was a more direct
test of OES theory because we examined the relationship
between body condition, independent of body size, and
clutch size and egg size, and found that the model was not
upheld among females over the three-year period of study.
Three years is a relatively short period of time in a Spotted
Turtle’s potential lifespan (Litzgus, 2006), thus future studies
should examine the relationship between body condition
and reproductive output over a longer time span.

Body condition (as measured by residual mass) has been
used in studies of squamates and turtles in a number of
contexts. In the case of squamates, body condition is
assumed to represent fat reserves and thus affect survival
(Shine et al., 2001; Husak, 2006) and reproductive success
(Blouin-Demers et al., 2005). In the case of turtles, direct
measurements of energy reserves through lipid extractions
have been conducted in hatchling Painted Turtles (Chrys-
emys picta; Packard and Packard, 2001), but this approach
requires destructive sampling, an approach incompatible
with long-term mark–recapture studies. Despite the assump-
tion that body condition reflects energy reserves ( Jessop et
al., 2004), other sources of variation in body condition have
been proposed, including the density of dermal bone of the
carapace and the degree of hydration of the body (Will-
emsen and Hailey, 2002). In the absence of a validation
study, we cannot be certain what body condition represents
in Spotted Turtles. Nonetheless, our results indicate that
body condition is an ecologically important variable that
can have consequences for individual fitness. Future studies
that use non-destructive methods to determine body
composition such as gas dilution (Henen, 2001), total body
electrical conductivity (Scott et al., 2001), and ultrasound
scanning (Starck et al., 2001) will help determine whether
fat reserves or other sources are responsible for the variation
in reproductive output we found.

Few studies have directly examined the relationship
between body condition and reproductive output in reptiles.
Our novel study using turtles as a model system sheds light
on important aspects of life history theory, particularly with
respect to tradeoffs in energy allocation between mainte-

nance and reproduction. Thus, our study provides valuable
data which can serve as a basis for more long-term
investigations of the effect of body condition on reproduc-
tive fitness in reptiles.
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