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One of the basic tenets of life-history theory is that trade-offs exist between
major components of fitness. In particular, many models assume that costs are
associated with reproduction, whereby an increase in current fecundity or paren-
tal investment results in a reduction in reproductive value (Williams 1966; Gadgil
and Bossert 1970; Schaffer 1974; Law 1979; Michod 1979; Charlesworth 1980).
Costs of reproduction could be manifested through two major mechanisms (Shine
1980): (1) the survival of females may be adversely affected by the behavioral and
physiological changes associated with reproduction; and (2) the allocation of
energy to current reproduction instead of to growth and maintenance may reduce
reproductive value. Empirical evidence from a number of taxa indicates that such
trade-offs exist and could be important in determining life-history patterns (review
in Reznick 1985).

An increased risk of predation or parasitism may accompany mating in many
organisms (Walker 1964; Cade 1975, 1979; Aleksiuk 1977; Bell 1979; Ryan et al.
1981, 1982), but the burden of carrying a clutch is thought to be the most important
factor affecting female survival during reproduction, especially in reptiles (Shine
1980). Relative clutch mass (RCM), usually expressed as the ratio of clutch mass
to the body mass of the female, is used as a measure of the physical burden
experienced by a female during pregnancy and is often considered a life-history
trait (Vitt and Congdon 1978; Shine 1980; Vitt 1981; Vitt and Price 1982; Cuellar
1984, Seigel and Fitch 1984; Seigel et al. 1986, 1987). Recent feeding (Garland and
Arnold 1983; Huey et al. 1984; Ford and Shuttlesworth 1986) and pregnancy
(Shine 1980; Bauwens and Thoen 1981; Garland 1985; Seigel et al. 1987) are
known to reduce the locomotor capabilities of many reptiles, presumably because
of the increased mass associated with these conditions. It is further assumed that
such reduced locomotion has a detrimental effect on survival. If high RCM
decreases the probability of survival to the next reproductive event, selection
should favor an RCM that strikes a balance between current fecundity and
survival probability. This hypothesis is supported by observations of lizard
species: those that depend mainly on speed to avoid predators have lower RCM’s
than those that rely primarily on crypsis (Vitt and Congdon 1978; Vitt 1981; Vitt
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and Price 1982; Magnusson et al. 1985; Anan’eva and Shammakov 1986). Further-
more, terrestrial snakes have higher RCM’s than aquatic ones, apparently be-
cause aquatic locomotion is more adversely affected by an increase in mass than is
terrestrial locomotion (Shine 1988).

Whether selection constrains RCM depends on (1) the effect of RCM on
locomotor performance and (2) the importance of locomotion to survival (Vitt and
Congdon 1978; Shine 1980; Vitt and Price 1982; Seigel et al. 1987). Decreased
dependence on locomotion should alleviate pressure to reduce RCM, thereby
providing the potential for increased reproductive output. Changes in antipredator
behavior and activity patterns during pregnancy could reduce the reliance on
speed and endurance. Even though evidence of such changes exists (Bauwens and
Thoen 1981), most previous treatments do not consider behavioral modification an
important factor in the evolution of RCM (Vitt and Congdon 1978; Shine 1980;
Vitt 1981; Vitt and Price 1982; Seigel and Fitch 1984; Seigel et al. 1986; but see
Seigel et al. 1987).

In this study, I examine changes in individual locomotor performance and
antipredator behavior associated with gestation by comparing behavior during and
following pregnancy in female Northwest garter snakes, Thamnophis ordinoides
(Colubridae). I assess the significance of observed behavior shifts with respect to
current theories on the evolution of RCM, and I propose that behavioral
modification during pregnancy may function to reduce the costs of reproduction.

METHODS

Between late June and early July 1986, 47 pregnant Thamnophis ordinoides
females were collected from three localities in the Pacific Northwest: 20 from
Alsea River (Lincoln Co.), Oregon; 11 from McGribble (Curry Co.), Oregon; and
16 from East Sooke, Vancouver Island, British Columbia. Females were brought
into the lab, housed in plastic shoeboxes (35 cm X 17 cm X 9 c¢cm), kept at 20°~
30°C at a natural (northern California) photoperiod, and maintained on a diet of
earthworms. After parturition in August, all females and offspring were weighed,
measured, and scored for a number of behaviors.

Behavioral Measurements

Locomotor performance and antipredator behaviors (described below) of all
females were scored at 30°C over 4 consecutive days: on the sprint track on days 1
and 2 and on the circular track on days 3 and 4. Each individual was scored during
pregnancy and again after parturition. Behaviors during pregnancy were mea-
sured during the same 4-day period for all snakes. The average time from the onset
of these tests to parturition was 25 days (+ 1.1 days SE; range, 14-40). Postpar-
tum behaviors were measured on the third through sixth days after parturition for
each female.

Sprint speed.—Sprint speed was measured with electronic timers on a 2-m
linear racetrack lined with Astroturf (cf. Garland 1985). Snakes were stimulated to
crawl by tapping them on the tail with a forefinger. Each snake was raced twice
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per trial, and the fastest 0.5-m velocity was taken as the maximum sprint speed.
Trials were conducted twice a day (with a minimum of 4 h between trials) on two
consecutive days for a total of four trials. The mean sprint speed for the four trials
was then used for further analysis.

Distance crawled.—A circular racetrack 294 cm in circumference and lined
with Astroturf was used to measure the distance crawled once a day on two
consecutive days for a total of two trials. Snakes were again stimulated to crawl
by tapping the tail. Trials were terminated when a snake refused to continue after
10 successive taps. At this point, the distance crawled was recorded.

Display.—When garter snakes cease flight on the circular track, they perform
antipredator displays (described in Arnold and Bennett 1984). These displays are
scored on a 0-6 scale that Arnold and Bennett interpreted as measuring increasing
offensiveness. The individuals of Thamnophis ordinoides in my sample virtually
never performed any of the displays interpreted as offensive (4—6 on this scale).
For this study, it seemed more logical to interpret this scale as one of decreasing
defensiveness (0, most defensive; 3, least defensive).

Reversals.—During flight on the circular track, snakes performed a behavior
termed a reversal, in which the snake suddenly turns 180°, such that its tail
occupies the position previously held by its head. This is usually accompanied by
a rapid wagging of the tail and slow crawling in the opposite direction from its
original course. The number of reversals performed during flight was recorded for
each trial.

Behavioral profiles.—The profile of each behavior was calculated as the post-
partum score minus the score during pregnancy. Profiles were calculated for each
female and used as a measure of the change in an individual’s behavior from
pregnancy to after parturition.

Reproductive Parameters

Mass and snout-vent length were recorded for each of the females and their
litters within 24 h after parturition. The litter size (number of offspring) was also
recorded at this time.

Relative clutch mass.—Relative clutch mass (RCM) was measured as the ratio
of litter mass to female body mass (postpartum). This estimate of RCM, com-
monly used in previous studies (Seigel et al. 1986), is the value reported in table 1.
The residuals from a regression of litter mass on female body mass (both corrected
for population differences; see below) were substituted for RCM in all analyses to
avoid the statistical problems associated with the analysis of ratios (Sokal and
Rohlf 1981; Packard and Boardman 1987).

Effective relative clutch mass.—Effective relative clutch mass (ERCM) was
measured as the ratio of the mass a female lost between the pregnant-behavior
tests and parturition to the postpartum mass of the female. Residuals from the
analogous regression were used in all statistical analyses. Because the burden
carried during pregnancy includes more than just the offspring (e.g., water and
membranes), ERCM is a more direct estimate of the burden experienced by the
female at the time of her first behavior tests than is RCM measured postpartum.
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TABLE 1

PARAMETER MEANS OF THE VARIABLES CALCULATED FOR ALL FEMALES AND FOR
EACH OF THE POPULATIONS

PopuLATION
All Alsea McGribble Sooke
VARIABLE (N =47) (N = 20) (N = 11) (N = 16)

RCM 0.31 = 0.02 0.37 = 0.02 0.27 = 0.02 0.28 = 0.03
ERCM 0.63 = 0.02 0.68 + 0.04 0.59 = 0.04 0.61 = 0.04
Litter size 6.1 = 0.3 6.8 = 0.4 52 09 58 £0.5
Stage of

pregnancy (—day) =252 = 1.1 -25.1 1.6 —-32.1 = 1.7 —-20.6 = 1.0
Snout-vent

length (mm) 433.7 = 5.7 440.5 = 7.6 4142 = 16 438.7 = 7.5
Pregnant

speed (cm/s) 409 + 1.4 43,1 = 2.1 447 £ 2.0 35.5 £ 2.2
Pregnant

distance (cm) 1253 + 76 989 + 79 1106 + 155 1685 = 107
Pregnant display 2.5 £ 0.1 2.23 £ 0.2 2.21 £ 0.4 2.92 = 0.1
Pregnant reversals 0.9 = 0.2 1.3 0.3 0.8 =0.2 0.4 = 0.1
Speed profile (cm/s) 40.8 = 2.0 46.6 + 3.0 36.8 = 3.9 36.4 + 3.1
Distance profile (cm) 739 = 109 948 + 176 398 =+ 263 726 = 123
Display profile -0.8 = 0.2 -1.0 = 0.3 -1.3 0.5 —-0.25 £ 0.2
Reversal profile —-0.4 = 0.1 —-0.5 = 0.2 -04 £ 0.2 -0.3 £ 0.1

Note.—Values are means *+ one standard error; negative values of profiles indicate an increase in
the behavior score after parturition. RCM, Relative clutch mass; ERCM, effective relative clutch mass.

Thus, ERCM is a more pertinent variable with which to examine the quantitative
relationship between physical burden and changes in locomotor performance and
behavior.

Stage of pregnancy.—Pregnant behaviors were scored at a different point
during gestation for each female. The number of days between the pregnant-
behavior test and parturition was recorded and termed the stage of pregnancy. In
order to clarify interpretation, this variable is expressed as a negative number so
that larger values correspond to later stages in gestation.

Statistical Techniques

All reproductive and behavioral variables were tested for normality using the
Shapiro-Wilk statistic (SAS 1985). Because none of the variables showed
significant departure from normality, no transformations were performed. Signifi-
cance was taken at P < 0.05, but all probabilities less than 0.10 are reported and
discussed. All statistical analyses were performed using SAS Version 6 for Per-
sonal Computers.

Population differences in a number of parameters were detected (using popula-
tion-class aANova’s, P < 0.05). To avoid confounding interpopulation trends with
relationships between the parameters in the regression and correlation analyses,
all variables were adjusted to remove differences between populations. This was
accomplished by substituting residuals from population-class anova’s for the
original variables in all regression and correlation analyses.
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TABLE 2

DIFFERENCES BETWEEN BEHAVIOR DURING AND AFTER PREGNANCY FOR ALL FEMALES
AND FOR EACH PopuLATION

PopPULATION
ALL ALSEA MCGRIBBLE SOOKE
(N = 47) (N = 20) (N =11) (N = 16)

VARIABLE t P t P t P t P
Speed

profile 20.52 0.0001 15.65 0.0001 9.35 0.0001 11.71 0.0001
Distance

profile 6.79 0.0001 5.39 0.0001 1.51 NS 5.89 0.0001
Display

profile —4.50 0.0001 —3.56 0.002 —2.88 0.016 —-1.26 NS
Reversal

profile -3.75 0.0005 -2.35 0.030 —1.88 0.089 —2.33 0.034

Note.—Results of paired r-tests. Negative values of the ¢ statistic indicate a decrease in the
behavior after parturition.

RESULTS

The means and standard errors of each of the variables for the total sample of 47
females and for each of the populations separately are reported in table 1.

Repeatability of Behavior

Repeatable individual variation was detected for all of the behaviors examined.
Repeatabilities based on intraclass correlations (Falconer 1981) ranged from 0.36
to 0.51 for the behaviors scored during pregnancy and from 0.55 to 0.86 for the
behaviors scored postpartum. Comparisons of mean behaviors during pregnancy
and after parturition revealed that individual differences were consistent over this
period (R = 0.47 — 0.68). All repeatabilities were significant at P < 0.01.

Differences between Pregnant and Postpartum Behavior

To test whether behaviors differed before and after parturition, a paired ¢-test
was performed using individual behavioral profiles. Because of population differ-
ences in behaviors, this analysis was conducted both for all 47 females together
and for each population (table 2). In the analysis of all females, the change in each
behavior from pregnancy to after parturition was significant. Locomotor perfor-
mance (sprint speed and distance crawled) increased significantly postpartum.
The index of antipredator display decreased following parturition, indicating less-
defensive behavior during pregnancy. The number of reversals was greater during
pregnancy than after parturition. Although the significance of these results dif-
fered when populations were analyzed separately, the direction of change was
always the same (table 2).

Effect of Size on Behavior

To determine if the behaviors were related to the size of an individual, regres-
sions of each behavior on female snout-vent length were performed. No signifi-
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TABLE 3

EFFECT OF STAGE OF PREGNANCY ON BEHAVIOR

Pregnant Behavioral
Behavior F r? Profile F r?
Speed 2.31 0.049 Speed 6.89¢ 0.133
(pregnant) profile
Distance 0.015 0.0003 Distance 10.96” 0.203
(pregnant) profile
Display 0.009 0.0002 Display 10.47% 0.192
(pregnant) profile
Reversals 0.152 0.003 Reversal 2.53 0.054
(pregnant) profile

Note.—Results of linear regressions of pregnant behaviors and behavioral profiles on point of
pregnancy (df = 1,44). All variables are adjusted for population differences (see the text). The slopes
of all significant regressions are positive, indicating an increase in the profiles with progressing

gestation.
4P = 0.012.
b P = 0.002.

cant effect of size (P < 0.10) was noted for any of the pregnant behaviors or for
any of the behavioral profiles.

Effect of Stage of Pregnancy on Behavior

Because the time elapsed between the measurement of pregnant behavior and
the measurement of postpartum behavior differed among females, it was possible
to examine whether stage of pregnancy affected the behaviors. Regression of
ERCM on number of days before parturition showed no significant relationship (F
= 0.22, P = 0.65), indicating that relationships between the stage of pregnancy
and behaviors should not reflect indirect effects of the burden of RCM.

Both the sprint-speed and distance profiles had a significant positive regression
on the stage of pregnancy. The later in pregnancy the behaviors were measured,
the greater the difference between pregnant and postpartum behavior. The oppo-
site relationship was observed for the profile of defensive display: the positive
slope of the regression, coupled with the negative values of the profile, indicates
that the difference in behavior was smaller late in gestation. The profile of the
number of reversals was unrelated to the stage of pregnancy, as were all of the
behaviors measured during pregnancy (table 3).

Relationships between Relative Clutch Mass and Behavior

Pearson product-moment correlations were performed to examine the bivariate
relationships between the reproductive parameters and the behaviors (table 4).
None of the pregnant behaviors showed a significant relationship with any repro-
ductive parameters. This result was unchanged even when the correlations were
partialed with respect to stage of pregnancy and snout-vent length.

To control for the effect of the stage of pregnancy, residuals of regressions on
this variable were substituted for the behavior profiles in the correlation analysis
(table 4). Only the number-of-reversals profile showed a marginal correlation (0.10
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TABLE 4

CORRELATIONS BETWEEN REPRODUCTIVE PARAMETERS AND BEHAVIOR

VARIABLE
Speed Distance Display Reversals

Behavior during pregnancy

RCM —0.031 —0.044 —0.037 —0.205

ERCM —0.133 -0.028 —0.024 —0.085

Litter size —0.032 0.026 —-0.131 —0.196
Behavioral profile

RCM 0.195 0.039 -0.127 0.258¢

ERCM 0.240" 0.276¢ -0.108 0.073

Litter size 0.066 0.036 0.055 0.192

Note.—Correlation coefficients from correlation analyses comparing relative clutch mass (RCM),
effective relative clutch mass (ERCM), and litter size with behaviors (N = 45 in all cases). All
variables are adjusted for population differences, and the behavioral profiles are partialed with respect
to the stage of pregnancy (see the text).

¢ P = 0.088.
4P = 0.100.
€ P = 0.070.

> P > 0.05) with RCM as measured postpartum. However, the sprint-speed and
distance-crawled profiles were both marginally correlated with the ERCM (the
correlation between RCM and ERCM was r = 0.75, P < 0.0001).

Canonical correlations (partialed to remove the effects of the stage of preg-
nancy) were performed to examine the relationship between the set of reproduc-
tive parameters (RCM, litter size, and snout-vent length) and both the set of
pregnant behaviors and the set of behavioral profiles. No significant canonical
correlations were observed between either pair of variable sets (Wilks’ lambda F
< 0.61, P < 0.66 for the first canonical correlations for each analysis). These
analyses were repeated, substituting ERCM for RCM without qualitatively chang-
ing the results.

DISCUSSION

Changes in hormone levels and the physical stress associated with pregnancy
and parturition probably continue to affect locomotion and antipredator behavior
for a short time after parturition. For this reason, postpartum behavior as mea-
sured in this study (i.e., 3—6 days after parturition) should not be equated with
behavior of nonpregnant females. Nonetheless, differences between scores during
and after pregnancy were observed and are probably indicative of the existence
and direction of changes in behavior due to pregnancy.

Effects of Pregnancy on Behavior

Sprint speed and distance crawled increased by an average of 49% and 37%
(respectively) after parturition. The magnitude of this difference was quantita-
tively related to the stage of pregnancy: the later in gestation females were
measured, the greater the reduction in performance. Because the stage of preg-
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nancy was unrelated to the mass lost between the behavior tests administered
during pregnancy and those administered postpartum, the reduction in speed and
distance crawled is probably associated with some changing aspect of the preg-
nant females’ physiology. Pregnant snakes are known to have faster heart rates
and greater oxygen consumption than nonpregnant individuals (Birchard et al.
1984). Female reptiles also experience altered hormonal levels during gestation
(Chan et al. 1973; Highfill and Mead 1975; Jones and Guillette 1982; Xavier 1982).
Unfortunately, the schedules of these and other physiological changes during
pregnancy are not well known for snakes, making it difficult to identify potential
factors involved in decreased locomotor performance.

Reduced speed and endurance have been linked to recent feeding (Garland and
Arnold 1983; Huey et al. 1984; Ford and Shuttlesworth 1986) and pregnancy
(Shine 1980; Bauwens and Thoen 1981; Garland 1985; Seigel et al. 1987) in many
reptiles. The burden of the extra mass carried during these times is thought to be
the cause of this trend. Much theory concerning the evolution of life-history traits
in reptiles is based on the assumption that an increase in relative clutch mass
(RCM) is associated with a decrease in locomotor ability (Vitt and Congdon 1978;
Shine 1980; Vitt and Price 1982; Seigel and Fitch 1984; Seigel et al. 1986; Shine
1988). I was unable to detect any quantitative relationship between reduced
locomotor performance and either RCM or litter size. Marginally significant
positive correlations with effective relative clutch mass (ERCM) were observed,
indicating that changes in mass may be partially responsible for the reduction in
speed and distance crawled, although this association is certainly not a strong one.
The discrepancy between the effects of RCM and ERCM suggests that RCM
measured postpartum is not an accurate estimate of the mass increase experi-
enced by a female during all stages of gestation.

The antipredator displays of females were less defensive during pregnancy than
after parturition, but this difference was less pronounced in individuals measured
late in pregnancy. The decrease in the display profile with progressing gestation
supports the ideas that the display may be hormonally controlled and that the
postpartum measurement was conducted so soon after parturition that hormones
had not yet returned to nonpregnant levels. If these ideas are valid, the profile of
antipredator display actually measures the change in display between early and
late gestation because the postpartum display may still be mediated by late-
pregnancy hormone levels. Pregnancy-induced and postpartum aggressions in
mice are known to begin only a few days before parturition and to last throughout
the lactation period. Attempts to link this behavior with various hormones have
failed (Svare et al. 1980, 1982; Mann and Svare 1982), although progesterone has
been shown to augment the onset of aggression during pregnancy (Mann et al.
1984). Other behaviors apparent only at parturition or oviposition in lizards are
also thought to be hormonally controlled (Tokarz and Jones 1979; Jones and
Guillette 1982).

The tendency of females to perform more reversals during pregnancy is inter-
preted as an increased tendency toward crypsis. Pough (1976, 1988) described
sudden terminations of flight for the water snake Nerodia sipedon, suggesting that
this behavior functions as a modification of crypsis. The vertebrate eye tends to
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follow the path of a moving object even after the movement has ceased (Walls
1963). Abrupt termination of flight may then result in a predator’s losing track of
the quarry, providing the prey an opportunity to adopt crypsis as a defensive
mechanism even after initial detection. In T. ordinoides in the field, an individual
generally performs this behavior when its head is near a cover object or a mammal
run; after reversing, it slowly crawls into this refuge. A shift in predator-avoidance
tactic from flight to crypsis during pregnancy has also been noted in the lizard
Lacerta vivipara (see Bauwens and Thoen 1981). Other species of lizards (see
Rand 1964; Herz et al. 1982; Crowley and Pietruszka 1983) and snakes (Arnold
and Bennett 1984) are known to become more aggressive at low temperatures,
presumably to compensate for reduced locomotor ability (Herz et al. 1982; Crow-
ley and Pietruszka 1983).

When the analyses were repeated using pregnant-behavior rather than individ-
ual-behavior profiles, no relationship between any of the behaviors and the repro-
ductive parameters was observed. These results contradict those of other studies
arguing that RCM negatively affects pregnant locomotor performance (Shine
1980; Seigel et al. 1987). This discrepancy could result from differences in experi-
mental design and sample sizes. Using a ratio of pregnant-female speed to average
male speed in the same trial as an estimate of the reduction in locomotor ability
due to pregnancy, Shine (1980) found that the decrease in performance was
negatively associated with RCM in skinks. Differences in activity metabolism
between the sexes have been documented for lizards (Garland and Else 1987),
casting doubt on the appropriateness of such a comparison. Seigel et al. (1987)
observed negative correlations between locomotor performance (speed, distance,
and time crawled) and RCM and litter size for Thamnophis marcianus, ranging
from r = —0.66 to r = —0.96. Comparing the same variables, the largest
correlation found in this study was r = —0.04 (for RCM with distance; table 4).
Seigel et al. advised caution in interpreting their results because they are based on
only 5 and 10 individuals in their two experimental groups. Such caution is
supported by demonstrations that Pearson product-moment correlations based on
small samples are unreliable estimates of the true population value (Simpson
1986). Contradictions in the results of these two studies are probably also due to
differences in the females tested. Snakes examined by Seigel et al. were on con-
trolled diets and were all in the penultimate week of gestation, whereas the
subjects used in the current study reflect a wide range of reproductive and physi-
cal conditions. The latter sample better represents natural conditions but may be
less likely to detect correlations between reproductive parameters and perfor-
mance than that used by Seigel et al.

The results of this study corroborate other findings that pregnancy adversely
affects speed and endurance in reptiles (Shine 1980; Bauwens and Thoen 1981;
Garland 1985; Seigel et al. 1987), but they also indicate that RCM may not be as
important a factor in the reduction of locomotor performance as was previously
thought. Gestation causes a decrease in speed and endurance independent of the
burden associated with carrying the clutch. In addition to its effect on locomotion,
pregnancy is associated with changes in antipredator tactics and probably foraging
behavior (1987 field data on stomach contents show food items in 1 of 123
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pregnant T. ordinoides females compared with 47 of 188 males and nonpregnant
females). Information on basking, foraging, and movement patterns in other
reptiles indicates that females tend to be less active during pregnancy (Shine 1980;
Bauwens and Thoen 1981), which suggests that behavioral modifications reducing
the dependence on locomotion may be widespread.

Behavioral Shifts and Costs of Reproduction

The proposed mechanism by which RCM constitutes a cost of reproduction
operates through viability selection: the reduction in locomotor abilities related to
carrying a large RCM presumably increases the risk of predation (Vitt and Cong-
don 1978; Shine 1980; Vitt and Price 1982; Seigel et al. 1987; Shine 1988). Thus,
selection that reduces RCM does not act on RCM directly, but rather on the
increased probability of predation associated with it. The results of this study
suggest that pregnancy itself, and not merely RCM, adversely affects speed and
endurance, implying that a decrease in RCM could only partially improve
locomotor performance and therefore the probability of survival. A mechanism
that relieves the dependence of pregnant females on locomotion has the potential
to decrease predation risk more than a reduction in RCM. Shifts toward less-
mobile antipredator tactics and foraging modes by females during pregnancy
might compensate for poor locomotor ability without the cost of reduced repro-
ductive output that accompanies a smaller RCM. Thus, behavioral modification
might allow females to maintain a high level of current fecundity without com-
promising future reproduction.

The only two studies that have examined the effects of pregnancy on both
locomotion and antipredator behavior have found evidence to support this hy-
pothesis. Females shift their antipredator strategies from flight toward crypsis
and/or defensiveness during pregnancy (Bauwens and Thoen 1981; this study).
Furthermore, in a population of Lacerta vivipara that exhibited this type of
behavioral shift (Bauwens and Thoen 1981), gravid females did not experience
greater mortality during the reproductive season than did males or non-gravid
females. The RCM in this population of lizards was also much larger than ex-
pected, given the species’ normal speed-dependent modes of foraging and preda-
tor avoidance, suggesting that the behavioral modification does indeed alleviate
selection against reduced locomotor performance.

Although shifts in antipredator strategies and activity patterns may relieve
dependence on locomotion, most available information suggests that RCM is
being constrained by selection. Small RCM is known to be interspecifically
correlated in lizards with mobile escape and foraging modes (Vitt and Congdon
1978; Vitt and Price 1982; Magnusson et al. 1985; Anan’eva and Shammakov 1986)
and in snakes with viviparity (Seigel and Fitch 1984; Seigel et al. 1986; for
contradictory evidence, see Dunham et al. 1988) and aquatic locomotion (Shine
1988). Behavioral shifts may not be feasible for many species, particularly those
that are specialized feeders or have specific habitat requirements (e.g., the iguanid
lizard Platynotus semitaeniatus; Vitt 1981). Moreover, some types of constraints
may not be affected by changes in behavioral modes. In viviparous species, the
adverse effects of gestation on survival are manifested over a longer period than in
oviparous species, probably intensifying the costs of reproduction for live-bearers
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(Seigel and Fitch 1984). Because of the mode of locomotion, carrying a clutch
affects the performance of aquatic snakes more severely than that of terrestrial
species (Jayne 1985; Shine 1988). Changes in antipredator and foraging modes
may not reduce their dependence on locomotion enough to overcome these
additional constraints. Nonetheless, exceptions to the relationships between
RCM and ecological variables have been observed (see, e.g., Bauwens and Thoen
1981) and may be explained by behavioral modification during gestation.

The data necessary to fully evaluate the potential for selection on RCM and the
possibility that behavioral shifts could alleviate such selection are not yet avail-
able. While a few studies have shown that pregnant female reptiles experience
reduced speed and endurance (Shine 1980; Bauwens and Thoen 1981; Garland
1985; Seigel et al. 1987; this study) and abnormally high mortality (Shine 1980;
Andren 1982; Madsen 1987), no evidence has been presented that locomotor
performance and probability of survival are quantitatively related (as noted in
Seigel et al. 1987). Information on activity patterns and antipredator strategies of
reptiles suggests that many species modify their behavior during gestation (Shine
1980; Bauwens and Thoen 1981; this study) and other periods of reduced
locomotor ability (Herz et al. 1982; Crowley and Pietruszka 1983), but whether
such changes can compensate for the potential decrease in survival probability
associated with poor locomotor ability remains untested. Furthermore, for RCM
and behavioral shifts to respond to selection, they must exhibit heritable varia-
tion, which has not yet been established. Until such information is available, we
cannot fully judge the importance of decreased survival as a cost of reproduction
in reptiles.

SUMMARY

Because relative clutch mass (RCM) adversely affects locomotor performance,
and therefore presumably the survival rate of pregnant females, it is assumed to be
constrained by natural selection. I propose that changes in antipredator tactics
during pregnancy can reduce females’ dependence on locomotion, thereby al-
leviating selection acting on RCM. Such a behavioral shift would be a more likely
response to selection against poor locomotor ability because reductions in RCM
have obvious disadvantages (i.e., decreasing fecundity) and can only partially
improve speed and endurance.

Comparisons of the locomotor performance and antipredator behaviors of preg-
nant female garter snakes (Thamnophis ordinoides) before and after parturition
indicate that locomotor ability declines and that antipredator tactics change during
gestation. Females tend more toward cryptic behavior during pregnancy than
after. These observations are consistent with behavioral shifts observed in lizards
during periods of reduced locomotor ability.
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