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ABSTRACT.—Radio-telemetry was used to study spatial ecology of a Cottonmouth (Agkistrodon piscivorus)
population in eastern Texas. I examined effects of sex, reproductive state, and body size on spatial use within
a riparian habitat. Snakes inhabited a relatively linear environment, restricting movements to the vicinity of the
stream. Males occupied larger home ranges than both gravid and nongravid females. Gravid females exhibited
marginally larger home ranges than nongravid females, but any effects attributable to reproductive state were
relatively small when compared to sex differences in spatial use. Body size was positively correlated with
home-range size but did not account for observed home-range differences among population subunits.
To further understand the spatial ecology of snakes, it
is important to first define general patterns of spatial
use and then determine what factors are influencing
spatial patterns. Within snakes, spatial use differences
in relation to sex and reproductive state are commonly
reported (e.g., Macartney et al., 1988; Webb and Shine,
1997; Whitaker and Shine, 2003). However, these relationships are often variable and mechanisms driving
divergent spatial patterns in relation to sex and reproductive state remain unclear.
Another factor influencing spatial use is body size. An
animal with greater energetic requirements may require
a larger area to satisfy its energetic needs (McNab, 1963).
Harestad and Bunnell’s (1979) theoretical model defines
minimum home range as, ‘‘the minimum area that can
sustain the individual’s energetic requirements.’’ Although this model may oversimplify some factors (e.g.,
factors relating to reproductive success) influencing
home range area, it suggests that body size and other
measures of metabolic requirements can likely explain
some variance in home-range size (e.g., Mace and
Harvey, 1983; Kelt and Van Vuren, 1999; Perry and
Garland, 2002). In snakes, some intraspecific studies are
suggestive of a relationship between body size and
home range (e.g., Clark, 1974; Shine, 1987; Whitaker and
Shine, 2003), but data are yet too limited for detailed
interspecific analyses. Furthermore, it is evident that
spatial patterns often vary within and between individuals, populations, species, seasons, and years (e.g.,
Shine, 1987; Tiebout and Cary, 1987; Slip and Shine
1988). Attaining a greater understanding of snake
spatial ecology will require additional comparative
studies that consider the influence of sex, reproductive
state, body size, and other ecological interactions.
I explored patterns of spatial use within a population
of A. piscivorus in east Texas. Agkistrodon piscivorus is
a semiaquatic snake that occurs throughout much of
the southeastern United States. Aspects of natural
history and ecology have been examined for the snake
(Burkett, 1966; Gloyd and Conant, 1990; Ford, 2002),
but very little is known about its spatial ecology.
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Previous studies on spatial use in A. piscivorus (Tinkle,
1959; Wharton, 1969; Martin, 1982) will provide a
comparative template for this investigation, which
examines patterns of spatial use in relation to sex, reproductive state, and body size.
MATERIALS AND METHODS
Study Site.—I conducted this study from May 2000 to
January 2002 at Sam Houston State University’s Center
for Biological Field Studies (CBFS). This site was
adjacent to the Sam Houston National Forest and
consisted of a stream system within a pine woodlands
habitat. For a detailed description of the study site, see
Dent and Lutterschmidt (2001). Agkistrodon piscivorus
were collected from the study site at the beginning
(April to June) of each radio-tracking season. Over the
duration of the study, I monitored 17 adult snakes using
radio-telemetry. Each snake weighed greater than 160
g, and each 5.5 g transmitter represented less than 5% of
total body weight. During the first summer (May to
August 2000), I radio-tracked six females and one male.
During the second summer (May to August 2001), I
radio-tracked six females and four males.
In the summer of 2000, one female died 15 days after
being released, and another female dislodged her transmitter from the body cavity. Observations and homerange calculations on these individuals were discarded.
Thus, results are reported for 15 adult A. piscivorus (five
gravid females, five nongravid females, five males).
Surgical Procedures.—Holohil Systems, Inc., SB-2
transmitters were coated with a 1:1 mixture of paraffin
and beeswax and surgically implanted into the body
cavity using methods described by Reinert and Cundall
(1982). Prior to surgery, I administered isoflurane
(inhalation gas) until subjects were unresponsive to
touch. After surgery, I maintained snakes in the laboratory for approximately one week. Water was provided ad libitum during this observational period until
snakes were released at original capture locations.
Data Collection and Analysis.—Radio-tagged snakes
were usually located every other day during the early
morning and afternoon hours (0500–1500). Upon
location of each snake, geographic coordinates were
recorded with a global positioning system receiver
(Magellan GPS 320). Individual snakes were never
relocated twice on a single day, and at least 15 hours
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TABLE 1. For each of the 15 radio-tracked Agkistrodon piscivorus, 95% MCP and 95% fixed kernel home-range
estimations are displayed. The snake identification number (ID) corresponds to labeled home ranges in Figure 1.
Population subunit (gravid female: GF, nongravid female: NGF, male: M), snout–vent length (SVL), year studied
(year), number of days monitored (days), and total number of observations (Obs.) are also provided.
ID

Subunit

SVL (cm)

Year

Days

Obs.

MCP 95%

Kernel 95%

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

GF
GF
GF
GF
GF
NGF
NGF
NGF
NGF
NGF
M
M
M
M
M

64.0
58.0
55.5
55.5
54.0
55.0
60.0
50.0
53.0
48.0
53.0
73.5
61.5
50.5
56

2000
2000
2001
2001
2001
2000
2000
2001
2001
2001
2000
2001
2001
2001
2001

72
72
52
49
48
59
55
48
39
40
81
27
49
49
26

27
33
29
27
28
22
25
28
25
26
31
20
25
30
20

0.997
0.033
1.480
1.462
0.842
0.405
0.624
0.369
0.341
0.119
2.034
3.337
1.638
0.999
1.303

2.373
0.006
2.124
3.224
1.150
0.912
0.625
0.760
0.381
0.409
5.770
14.18
7.607
1.274
4.862

elapsed between each observation. Geographic coordinates were imported into ArcView 3.3 (Environmental
Systems Research Institute, Inc., 1999), and homerange sizes were calculated with the Animal Movement
Analysis Extension (Vers. 1.1, P.N. Hooge and B.
Eichenlaub, Alaska Biological Science Center, U.S.
Geological Survey, Anchorage, AK, 1997) using 95%
minimum convex polygons (MCPs; Mohr, 1947) and
95% fixed kernel methods (Worton, 1989) with leastsquares cross-validation to determine smoothing parameters (Seaman and Powell, 1996).
Before comparing population subunits (i.e., males,
nongravid females, and gravid females), the effects of
body size were first examined. A simple regression was
used to explore the relationship between body size or
snout–vent length (SVL) and home-range size. Home
ranges of population subunits were then compared
using an ANCOVA with SVL as the covariate.
To address potential biases caused by variation in the
duration of monitoring period and number of observations per individual, incremental area analyses (IAA)
were used to graphically examine increases in homerange area over time and number of observations for
each individual. Simple regressions were used to explore relationships between home-range area, number
of observations, and monitoring duration. Finally,
Kruskal-Wallis tests were used to compare average
duration of monitoring periods and number of observations among population subunits.
RESULTS AND DISCUSSION
Fixed kernel methods often produced larger homerange estimates than MCPs. Inflated fixed kernel
estimates may be related to the compact linear nature
of the observed spatial use patterns, as fixed kernels
often included additional terrestrial areas around the
stream that most subjects never inhabited. Nonetheless,
general conclusions and all statistical inferences
remained constant regardless of which home-range
estimator was used in the analyses. Thus, both homerange estimates are reported in Table 1, but further

descriptive and inferential statistics are only reported
for comparisons of MCPs.
Similar to observations from laboratory studies
(Savitzsky, 1992), A. piscivorus were generally located
near the water/shore interface, exhibiting linear home
ranges oriented around the stream (Fig. 1). These linear
home ranges varied in size from 0.033–3.337 ha. To
address home-range size variation, body size was first
considered. As body size increased, home-range area
increased (r2 5 0.429, F1,13 5 9.749, P , 0.01). An
ANCOVA, which compared the home ranges of population subunits with body size (SVL) as the covariate,
showed no significant interaction (F2,9 5 1.611, P 5
0.252). After the interaction term was removed from the
model, the main effects of both body size (F1,11 5 6.924, P
, 0.05) and population subunit groupings (F2,11 5 5.584,
P , 0.05) were significant. Thus, after controlling for
body size, significant differences in home-range size
between population subunits remained. These results
suggest that, although factors related to body size may
influence spatial patterns, these factors alone do not
account for differences observed in home-range area
among population subunits.
Mean MCP home-range sizes (Fig. 2) were 1.86 ha 6
0.407 (mean 6 SEM) for males, 0.963 6 0.264 for gravid
females, and 0.372 6 0.081 for nongravid females. In
contrast to prior studies on A. piscivorus (Tinkle, 1959;
Wharton, 1969; Martin, 1982), males exhibited significantly larger home ranges than gravid (post hoc:
Fisher’s Protected Least Significant Difference [FPLSD]:
P , 0.05) and nongravid (P , 0.001) females. Although
larger home ranges in males of many snake species
have been reported (e.g., Reinert and Zappalorti, 1988;
Slip and Shine, 1988; Fitzgerald et al., 2002; Whitaker
and Shine, 2003), causal mechanisms remain unclear. It
has been suggested that similar spatial patterns in other
taxa may be related to breeding system and reproductive strategies (e.g., Morreale et al., 1984; Reinert and
Zappalorti, 1988; Ostfeld, 1990). Because territoriality
has not yet been demonstrated in snakes, this hypothesis suggests that sex differences in spatial use will
primarily occur as a result of male competition for
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FIG. 1. Home-range (95% MCP) maps for radiotagged Agkistrodon piscivorus categorized by population subunit. Identification numbers labeling each
home range correspond with the individual identification numbers listed in Table 1. Inset boxes depict
enlarged views of congested or overlapping areas.

FIG. 2. Mean home-range size (95% MCP) and
standard errors are depicted for each population
subunit.

females during the breeding season. It is generally
assumed that breeding among A. piscivorus occurs in
the early spring, (Gloyd and Conant, 1990). This suggests that influences related to breeding activities were
likely minimized for the duration of this study (May to
August) and may not account for the differences in
home-range size between sexes. These results combined with other studies that report larger home ranges
for females (e.g., Madsen, 1984; Johnson, 2000) highlight a need to further explore alternative explanations,
such as foraging strategies, predation pressures, and/
or social interactions that may be driving divergent
spatial patterns between the sexes.
Reproductive state may also affect resource requirements and physiological needs, thus influencing spatial
use (e.g., Shine, 1980; Reinert, 1993; Madsen and Shine,
2000). Although statistical differences were marginal
(FPLSD: P , 0.1), gravid females tended to exhibit
larger average home-range areas than nongravid
females (Fig. 2.). This contradicts results from many
studies that report significantly smaller home ranges
for gravid females (e.g., Reinert and Zappalorti, 1988;
Johnson, 2000; Whitaker and Shine, 2003). Future research exploring the effects of reproductive state on
spatial use in A. piscivorus would be of interest.
Average home-range sizes, which ranged from 0.372
ha in nongravid females to1.86 ha in males, in this
study were larger than those reported in previous
studies on A. piscivorus. Wharton (1969) and Tinkle
(1959) reported average home-range sizes of 0.14–0.17
ha. Martin (1982) reported average home-range values
of 0.93 ha for females and 0.88 ha for males. When
comparing A. piscivorus to other snake species of similar
body size (e.g., Agkistrodon contortrix: 9.9-ha home
range, Fitch 1960; Crotalus cerastes: 23.2 ha, Secor, 1994;
Heterodon platirhinos: 50.2 ha, Plummer and Mills, 2000),

it is evident that average home ranges of A. piscivorus
are relatively small. One direction of future research
exploring the relatively small home ranges of A.
piscivorus may focus on resource distribution. Inhabiting a relatively linear environment surrounding the
stream allows movements to and from patchy resources, such as prey, retreat sites, and potential mates, to be
directionally focused either upstream or downstream.
Location of patchy resources within a simplified linear
stream environment may be more efficient and reduce
home-range size requirements compared to other
species inhabiting a more complex two-dimensional
area with resources scattered in many directions.
The timing and duration of this study may have also
influenced home range estimates. Individuals were
radio-tracked for 50.6 6 3.4 (mean 6 SE) days with
26.4 6 0.97 (mean 6 SE) observations per individual.
Duration of monitoring periods varied between individuals ranging from 26–81 days, whereas observations
per individual ranged from 20–33. Asymptotic curves
from IAA suggest that observations were sufficient to
produce reliable estimates of home-range size for the
time period studied. Home-range size was not related
to duration of monitoring period (r2 5 0.048, F1,13 5
0.656, P 5 0.433) or number of observations (r2 5 0.105,
F1,13 5 1.525, P 5 0.239). Variation in duration of
monitoring periods (Kruskal-Wallis, H 5 1.683, P 5
.431) and number of observations (Kruskal-Wallis, H 5
3.296, P 5 0 .192) appeared to be randomized across
population subunits. Thus, any bias resulting from
random variation in length of tracking periods and
number of observations appears minimal and does not
account for significant differences in home-range size
observed between population subunits. Nonetheless,
monitoring periods were restricted to the summer
months, thus limiting interpretations. Although anec-
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dotal recapture observations (unpubl. data) are not
suggestive of movements outside the summer home
range in the early spring or late winter, it is plausible
that larger home ranges may have been obtained if
radio-telemetry studies had begun earlier in the year.
This is especially true of males, if indeed breeding is
occurring in the early spring, and males move more to
increase mating opportunities.
This study has explored the spatial ecology of a snake
population with consideration of factors that may
influence spatial use. The spatial patterns of population
subunits were compared by examining the effects of
sex, reproductive state, and body size within an ecological context. Such comparisons enhance the general
understanding of snake spatial ecology and provide the
foundation for future comparative studies.
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ABSTRACT.—We simulated nests constructed in an area heavily used by ovipositing Diamond-backed
Terrapins (Malaclemys terrapin) and foraging raccoons (Procyon lotor), to investigate the cues used by
raccoons to locate terrapin nests. Marking nests with flags did not increase predation rates, and human scent
decreased predation rates. Raccoons seemed to locate nests based on soil disturbance, ocean-water scent, or
a combination of these cues.

Throughout their range, raccoons (Procyon lotor) are
often important predators of turtle nests (Mitchell and
Klemens, 2000). Cues they use to locate nests are largely
unknown but probably involve both sight and olfaction, as raccoons have good eyesight and an excellent
sense of smell (Zeveloff, 2002). In addition to
the natural cues that may be left behind by nesting
turtles, researchers studying turtle reproductive ecology often mark the location of nests after observing
oviposition, leaving potentially informative markers
and human scent. Inexpensive marking techniques
vary but include numbered stakes (e.g., Congdon et al.,
1983) and vinyl flags (e.g., Feinberg and Burke, 2003;
also F. Janzen and A. Georges, pers. comm.). Predators
may learn to associate such marking techniques with
the nearby presence of nests, and, thus, these markers
may influence predation rates.
We investigated the importance of natural and artificial cues using artificial nests placed on the island
of Ruler’s Bar Hassock (RBH) in Jamaica Bay Wildlife
2
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Refuge (JBWR), New York. Approximately 2000 nests
of Malaclemys terrapin are laid each year on RBH, and
raccoons depredate 93% of these nests (Feinberg and
Burke, 2003). There are no other significant nest predators. Most of this predation occurs at night, but
visibility at night at this site is often good (RLB, pers.
obs.). Raccoons on RBH have had ample opportunity to
learn about flags because orange vinyl flags, placed
close to nests, have been used for five years to mark
terrapin nests, and some individual raccoons have lived
on the island for at least three years (K. M. Broadwater
and R. L Burke, unpubl. data). Our experiments were
similar to those of Tuberville and Burke (1994) except
that we used artificial nests; we worked in an area
where raccoons potentially had extensive experience
with flags; we avoided the use of equipment that might
influence raccoon behavior; and we investigated cues
other than just flags.
MATERIALS AND METHODS
Artificial nests were placed in three different areas
of dunes and mixed grasslands, each of which was in-
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tensively used by nesting terrapins and nest-predating
raccoons. Trials took place between 14 July and 5
August 2003, and between 5 and 30 July 2004, within
the normal nesting season for this area. In 2003, 16
artificial nests were constructed for each treatment;
in 2004, 40 nests were constructed for each treatment.
Artificial nests were monitored for signs of digging by
raccoons daily for four days after construction, because
nearly all raccoon predation on terrapin nests occurs in
the first four day after oviposition (Feinberg and Burke,
2003). Artificial nests were considered ‘‘depredated’’ if
there were signs of raccoon digging anywhere between
the flags at the nest site.
We constructed nine types of artificial nests with
different combinations of features to explore which
cues raccoons use to locate nests. Only eight treatments were constructed each year—Treatment 3 was
used only in 2004, and Treatment 4 was only used in
2003.
Treatment 1 was a ‘‘control’’ treatment, in that we
tried to simulate most closely a real terrapin nest
flagged as nests have been on this site since 1998
(Feinberg and Burke, 2003). As was typically done
during that time, flags were placed approximately 25
cm to each side of the nest. Nest holes were hand dug
to a depth of approximately 10 cm, as is typical for
terrapin nests of this area. Surgical gloves were worn to
mask human scent, except where noted below. We filled
the excavated hole with terrapin-scented sand, which
we made by placing an adult female terrapin in a box
with beach sand for at least 30 min (Marchand et al.,
2002). The filled excavation was smoothed over to
reduce visual cues, as terrapin nests in this area are
nearly always visually inconspicuous.
Treatments 2 and 3, designed to test whether the flags
themselves could serve as visual cues, were identical to
Treatment 1, except that flags were placed farther from
the nest for 2 (60 cm to each side) and for 3 (100 cm to
each side). We assumed these flags would be too far
apart to serve as good cues of nest location.
Treatment 4 was designed to determine whether
raccoons had learned to associate orange flags specifically with nests but would ignore flags of other colors.
This treatment was identical to Treatment 1, except
green flags were used instead of orange.
Treatment 5 was designed to determine whether
moisture itself was a cue to the presence of a nest. This
treatment was identical to Treatment 1 except plain
sand was used to fill the excavated hole.
Treatment 6 was designed to determine whether
flags alone could serve as sufficient stimulus to cause
exploratory digging. For this treatment, flags were
placed as in Treatment 1, but no digging or other
manipulations were used.
Treatment 7 was designed to determine whether human scent influenced predation rates. This treatment
was identical to Treatment 1, except gloves were not
worn, and human saliva was mixed with plain sand to
fill the hole.
The last two treatments were designed to elucidate
the importance of different scents as cues. These
treatments were, therefore, identical to Treatment 6,
except that for Treatment 8 approximately 50 mL of
ocean water was poured over the ‘‘nest site’’ and for
Treatment 9 approximately 50 mL of fresh water was
poured over the ‘‘nest site.’’
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We examined a 2 3 8 contingency table for significant
heterogeneity among the treatments from each year,
using a goodness of fit test. On the basis of these results,
we analyzed 12 comparisons (Treatment 1 vs. all other
treatments, and Treatment 6 vs. 5, 8 and 9) post hoc
with 2 3 2 contingency tables, using the two-tailed
‘‘unplanned tests of the homogeneity of replicates
tested for goodness of fit’’ procedure (Sokal and Rohlf,
1981). This test uses critical values of the X2-test based
on Šidák’s multiplicative inequality (Rohlf and Sokal,
1995) and compensates for both the post hoc nature of
these tests and the fact that multiple tests are done
simultaneously.
RESULTS
We regularly observed Raccoon footprints throughout the area during these experiments, and saw no sign
of other nest predators. Overall, 48% (215/448) of the
nests were ‘‘depredated.’’ Of these, 71% were depredated in the first night, 10% in the second night, 13% in
the third night, and 6% in the fourth night.
Only Treatment 6 (in 2004), the artificial nests that
had been constructed with flags but without digging,
and Treatment 7 (both years), the nests deliberately
constructed so as to have high levels of human scent,
had no predation at all (Fig. 1). Our control treatment,
meant to simulate real terrapin nests, had the highest
predation rate (88% and 95%, Fig. 1). There was
significant heterogeneity among the treatments in
2003 (GH 5 85.22, df 5 7, P,0.001) and in 2004 (GH 5
243.7, df 5 7, P , 0.001). Only two comparisons of the
2003 data showed significant differences between
treatments at the P  0.05 level: Treatment 1 vs. 6
(GH 5 24.70) and 7 (GH 5 31.80). Only five comparisons
of the 2004 data showed significant differences between
treatments at the P  0.05 level: Treatment 1 vs. 5 (GH 5
28.95), 6 (GH 5 85.61), 7 (GH 5 85.61), 9 (GH 5 60.4) and
Treatment 6 vs. 8 (GH 5 36.18). All df 5 9. For the 2004
data, Treatment 5 vs. 6 (GH 5 21.40) was close to the
GH 5 23.526 for P  0.05 level.
DISCUSSION
Raccoons responded to some of our artificial nests in
a manner much as they did to real Diamond-Backed
Terrapin nests. Raccoons at this site depredate about
93% of terrapin nests, and most of this predation occurs
in the first night after oviposition (Feinberg and Burke,
2003). Raccoons preyed upon our control nests at rates
as high as their predation on real nests, and most
artificial nests were depredated in the first night, as
were real terrapin nests.
Our initial question was whether orange flags, placed
close (25 cm away) to recently oviposited terrapin nests,
increased the likelihood that they would be depredated. Because depredation rates for treatments 2 and
3, where flags were considered too distant from nests
to indicate nest location, were similar to (and not significantly different) those of our main control, Treatment 1, we conclude that close flags did not increase the
likelihood of depredation. Thus our results agree with
those of Tuberville and Burke (1994) that experimenters
using flags to mark nests may have no impact on
predation rates.
The observation that predation rates were significantly lower for treatments with close flags but lacking
either digging (6) or terrapin scent (5) suggests it is not
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Fig 1. Comparison of depredation rates on real terrapin nests (F & B 5 Feinberg and Burke, 2003) with artificial
nests constructed in 2003 and 2004. See text for description of treatments.
the flags themselves that indicate nest locations to
raccoons but digging and/or the scent of terrapins
instead. These results differ from those found by
Mroziak et al. (2000) who found that sea turtle nests
covered by antipredator cages were depredated by raccoons at higher rates than noncaged nests. They also
found that most depredation on caged nests occurred in
the latter half of incubation (Mroziak et al. 2000), but
even if compared immediately after oviposition, caged
nests were depredated at higher rates than noncaged
nests (K. Rusenko, pers. comm.). Raccoons at their site
were so highly trained to the use of cages as cues that
any cages left on the beach, with or without nests,
were excavated (K. Rusenko, pers. comm.). We have
not detected a similar phenomenon at flagged terrapin
nests at JBWR.
We further considered the possible impact of other
cues that might indicate the locations of terrapin nests
to raccoons, such as human scent, increased soil
moisture, subsurface soil disturbance, flag color,
‘‘Diamond-Backed Terrapin-scent,’’ and ‘‘ocean water
scent.’’ We found that flag color had no apparent
influence on predation rates. A dramatic result we
detected was associated with Treatment 7, in which
human scent was deliberately augmented. This treatment had significantly lower predation rates than our
main control (Treatment 1). This indicates that raccoons are not attracted to real terrapin nests by human
scent as we expected, and they may actually be
repelled.
Results from Treatment 5 indicate that nest excavation, even when carefully refilled and, in the absence of
other cues, can serve to raise predation rates to levels
similar to the control (1). We conclude that soil disturbance, perhaps detected visually, is an important
cue indicating nest location to raccoons. Researchers

who avoid disturbing the soil surface around nests may
avoid influencing predation rates.
The sand surrounding freshly laid terrapin nests is
typically damp (RLB, pers. obs.), and this is presumably
caused by voiding of the turtle’s bladder prior to egg
laying, as has been observed in other turtles (RLB, pers.
obs.; Patterson, 1971). Patterson (1971) found that this
liquid facilitated digging and delayed predation. In
contrast, we found that artificial ‘‘nests’’ made with
ocean water (8) had much greater levels of predation
(44–60%) than did similar nests made with fresh water
(9, 13–15%). These differences were large but not statistically significant. However, when coupled with the
observations that those nests made with fresh water
alone (9) were predated significantly less than the
control, and that ocean water poured on the ground (8)
resulted in significantly higher ‘‘depredation’’ rates
that flags alone, these results suggest that raccoons
distinguished between the scent of fresh water and
the scent of ocean water. Thus, the presence of ocean
water may serve as an important olfactory cue to
predators, and this should be investigated further. For
example, this result might be different for raccoons that
routinely depredate nests of freshwater turtles, rather
than those of terrapins.
Our results should reassure researchers studying
reptile nests and predation rates that markers, even as
conspicuous as flags, may not influence predation rates.
Further, our results suggest that both surface soil
excavation and turtle scent, together or separately, can
be important cues for predators. Researchers that do
not alter either of these factors may have little or no
influence on nest predation rates.
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ABSTRACT.—Sexual dimorphism in body size, body condition (body mass relative to body size), and relative
head size was investigated on 1250 field-caught Python regius (Togo, western Africa). Sexual dimorphism was
often undetectable in neonates. By contrast, sexual dimorphism was apparent for many traits in adults. Adult
females were larger and had a higher body condition than males; they also had longer jaws relative to their
body size. This suggests that females and males follow different growth trajectories from birth to adulthood.
In support of this, neonate females had a higher postnatal growth rate than males. Fecundity was strongly
correlated with body size in females; a larger body size may be favored by fecundity selection in this sex. Our
data show that females mature at a large body size: 95 cm in snout–vent length (SVL). The estimated external
parasite load (number of ticks) was higher in adult males than females, perhaps because males encounter
more ticks during movements.

Sexual size dimorphism is widespread among
animals, and its evolutionary interpretation has attracted considerable scientific attention (Darwin, 1871;
Campbell, 1972; Wade, 1976; Shine, 1986). Sexual
dimorphism is well documented in snakes, involving
a variety of traits such as body size, body shape, head
dimensions, tail length, size at maturity, coloration,
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scalation, and body plan (Fitch, 1981; King, 1989; Shine,
1991, 1993, 1994; Bonnet et al., 1998). Sexual dimorphism in such traits may be generated by sexual
selection (for instance, larger body size in males relative
to females being favored by male-male combat; Shine,
1978, 1994); selection for fecundity (for example, large
female’s body size being favored because it provides
more space to hold the clutch; Shine, 1989, 1993);
ecological factors (such as dietary divergence between
the sexes; Shine, 1986, 1989; Camilleri and Shine, 1990);
or different combinations of these selective forces
(Shine, 1989, 1993).
In reptiles, analysis of the evolutionary processes
influencing sexual dimorphism and their ecological
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implications have focused primarily on adults (Weatherhead et al., 1995; Bishop et al., 1996; King et al., 1999;
Bonnet et al., 2001), but few studies have investigated
sexual dimorphism in neonates, and even fewer studies
have investigated how and when sexual dimorphism is
generated from birth to adulthood (i.e., the ontogeny
and physiological basis of sexual dimorphism; Shine
and Crews, 1988). The aim of this paper is to provide
information about sexual dimorphism in neonate and
adult wild Ball Pythons, Python regius, a species
belonging to a taxonomic group (African Boidae), for
which there is paucity of field data.
The Ball Python (P. regius) is common in the pet trade.
Although Ball Pythons can be bred in captivity, most of
the specimens used for commercial purpose originate
from the wild. Paradoxically, despite such intensive
use, there is virtually no published scientific information on this species. This study was conducted from
January 1999 to June 2000, in Lomé (western Africa,
Togo). Field evidence and personal observations indicate that Ball Pythons are abundant in anthropogenically disturbed habitats such as small fields (e.g.,
manioc, yam) in the secondary forest glades with high
population densities being observed in the south of
Togo. Rodents also occur in these fields, and they
represent the major food source of the pythons. The
Ball Python is essentially nocturnal and spends most
of the daytime in rodent burrows or termite mounds
that are also used by the reproductive females during
incubation. This is where local snake hunters dig to find
the pythons, just before oviposition, which occurs in
early January to late February/early March (Aubret
et al., 2003). Males and females of all age classes
were found in the same habitat, frequently in the
same burrow.
MATERIALS AND METHODS
Data were collected on 1250 individual P. regius. Both
adults (N 5 576) and juveniles (N 5 69) were captured
in the wild in the vicinity of Lomé (maximal distance
from Lomé was 40 km). Females were considered
adults if they were 95 cm or more in snout–vent length
(SVL), which corresponds to the size of the smallest
gravid female we captured. Because there are no data
on the minimal size for sexual maturity in males, we
assumed they were mature at a similar body size to that
at which females are mature to classify individuals as
adults or juveniles. Neonates (N 5 605), by contrast,
were not measured directly in the field (for logistical
reasons it is difficult to obtain neonates immediately
after birth in the field). Instead, neonates were obtained
from gravid wild females caught shortly before oviposition and kept in captivity in small wooden cages (50 3
50 3 30 cm) until laying (for details, see Aubret et al.
2003). Immediately after hatching, they were sampled
randomly from approximately 1500 neonates obtained
by incubating (with or without maternal attendance)
clutches in a reptile farm in Lomé (ToganimÒ, SARL).
Incubation temperatures were recorded using three
automatic data loggers (Tinytag Ultra, 40 to 858C;
N 5 415 measurements at 16.5-min intervals), with two
attached to clutches and one in a potential natural nest
site. The temperature experienced by the clutches,
either maternally brooded or artificially incubated in
boxes, is provided in Table 1. These records showed
little variation in the mean temperature and range of

variation, as probably occurs in the field for successful
clutches (Packard and Packard 1988; Shine and Harlow
1996). Almost all the neonates were apparently healthy
with a low occurrence of scale abnormalities, further
suggesting that the conditions for incubation were appropriate. We assumed that, although eggs were incubated in captivity, the resulting neonates were
representative of wild neonates.
All snakes were measured for total length (6 0.5 cm),
SVL (6 0.5 cm), body mass (BM; sensitivity 1 g,
accuracy 6 0.2%), and tail length (6 0.5 cm). Head
dimensions were measured to the nearest 0.1 mm using
a digital caliper: jaw length ( from the tip of the snout to
the quadrato-articular); head width (HW, maximal
width above the supra-oculars); skull length (from the
tip of the snout to the base of the skull); and eye
diameter. Sex was determined by eversion of the
hemipenes. Ventral scales (excluding the tail) were also
counted. The BM and SVL of a subset of neonates were
measured at 10 days of age to estimate posthatching
growth rate. Neonates were not fed during this period
and maintained in individual plastic boxes with water
provided ad libitum. Any growth would be supported
by the postnatal body reserves (i.e., residual yolk; Ji and
Sun, 2000; Ji et al., 1997). Body reserves were estimated
using body mass scaled by SVL (body condition: using
ANCOVA with sex as the factor, BM as the variable and
SVL as covariate). Such an index provides accurate
estimates of body reserves (chiefly fat and muscles in
adults plus residual yolk in neonates) in snakes
(Bonnet, 1996). Gravid females were not included in
this calculation, because of the bias caused by clutch
mass. During the oviposition period, snake hunters
locate females by visiting potential oviposition sites,
and they discard males and nonreproductive females.
Consequently, this collecting technique increases the
proportion of reproductive females captured. As such,
gravid females collected before oviposition occurred
were deleted from the data used to calculate sex ratio
in adults.
As several reptile species are commonly infested by
external parasites (Schneider et al., 1971; Keirans, 1972;
Bull and Burzacott, 1993; Wikelski, 1999; Terenius et al.,
2000; Burridge, 2001), field caught pythons were
systematically checked for ticks at the time of capture.
The total number of ticks was counted on each
individual.
The distribution of the data deviated significantly
from normality in approximately 50% of the variables
(for example, for SVL, Shapiro-Wilk W 5 0.974, P 5
0.00003). Using log transformation did not solve this
problem. However, visual inspection of the data suggested that the deviation from normality was caused by
the relative low frequency of very large individuals, as
we may expect in boids where few individuals reach
a very large size. Consequently, despite a bell shape, the
distribution curve was often asymmetrical. Although
the F-test is very robust to departures from normality,
especially when sample sizes are large, we confirmed
our analyses using nonparametric tests; for simplicity
we presented only the results of parametric tests.
Growth trajectories of neonates were analyzed using
multivariate analysis of variance with repeated measures of SVL and BM over time (O’Brien and Kaiser,
1985). Our sample sizes were large enough to provide
results with reasonable confidence. This is important
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TABLE 1. Temperature records (N 5 1929 data for
each data logger) from clutches incubated in this study
and from a burrow (natural nest site).
Mean SD Minimum Maximum Range

Brooded clutch
30.5 0.8
Artificial incubator 29.5 1.2
Natural nest-site
(burrow)
28.8 0.9

28.1
26.3

32.2
31.8

4.1
5.5

25.9

31.1

5.2

because the relative measurement error may have
differed among the different age categories of snakes
(e.g., if jaw length is more difficult to measure accurately in neonates than adults) and may be a confounding factor in our analyses. Subtle differences between
categories of neonates have been found in snakes, notably pythons (Shine et al., 1997, and references therein),
suggesting that the small size of neonates does not
preclude the possibility of detecting significant effects.
Means are provided, 6 1 SD. All statistical analyses
were performed using the program STATISTICA 6.0.
RESULTS
Sex Ratio.—Sex ratio was not biased at birth (301
males vs. 304 females, v2 5 0.01, P 5 0.92), nor in
randomly field-collected juveniles (39 males vs. 30
females, v2 5 0.54; P 5 0.46) or adults (115 females vs.
108 males, v2 5 0.15; P 5 0.70).
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Morphological Traits.—For most traits, female and
male neonates were statistically indistinguishable
(Table 2). There was a weak, but not significant, trend
in neonates for females to be in better body condition
than males (Table 2). Females had a greater developmental rate than did males (higher postnatal growth
rate in SVL; see Table 2). Except for this characteristic,
sexual dimorphism was undetectable in neonates and
juveniles for any of the other traits investigated
(Table 2). However, adult females were longer than
males (Table 2) and reached a greater maximal body
size (SVL 5 170 cm, BM 5 3224 g in females vs. 140 cm
and 2460 g in males). When gravid females were
deleted from analyses, the mean body condition was
similar between adult males and females (Table 2).
Adult females had more ventral scales than males
(Table 2). The number of ventral scales was also higher
in females relative to SVL (Ancova, F1, 90 5 8.53; P ,
0.004). This indicates that scales were wider in males
than in females. We did not count the number of ventral
scales in neonates and juveniles; however, such number
is fixed at birth, and it is likely that females have more
ventral scales than males in all the age categories.
Head Size.—The relationship between jaw length and
SVL differed significantly between males and females
(see Table 2). Although in both neonates and juveniles,
we found no sex difference in jaw length relative to
SVL; adult females exhibited a relatively larger jaw
length than adult males (Table 2). However, we may
imagine that in very large females the jaw length/SVL

TABLE 2. Morphological comparison between male and female Ball Pythons. Several traits (i.e., ventral scale
count in neonates) were not measured in all three age categories. Values presented are means 6 SD. * Statistical
comparison was performed relative to SVL; ** relative to jaw length; *** relative to BM at birth; § gravid females
not included.
Females

Neonates
Snout–vent length (cm)
Tail length (cm)*
Body mass (g)
Body condition*
Jaw length (mm)*
Head width (mm)**
Skull length (mm)**
Eye diameter (mm)**
Growth in SVL (cm)*
Gain in BM (g)***

38.3
3.4
59.5
59.5
27.6
9.9
26.5
3.7
5.7
2.6

6
6
6
6
6
6
6
6
6
6

2.7
0.5
9.7
8.2
1.2
0.5
1.2
0.2
1.7
2.8

Juveniles
Snout–vent length (cm)
Tail length (cm)*
Body mass (g)
Body condition (g)*
Jaw length (mm)*
Number of ticks*

72.0
5.7
380.4
389.7
32.8
8.1

6
6
6
6
6
6

Adults
Snout–vent length (cm)
Tail length (cm)*
Body mass (g)§
Body condition (g)*§
Jaw length (mm)*
Ventral scales
Number of ticks*

116.2
8.7
1275.7
1229.4
44.3
204.8
6.7

6
6
6
6
6
6
6

Males

N

F

P

38.3
3.4
58.4
58.3
27.5
9.8
26.4
3.8
5.1
1.7

6
6
6
6
6
6
6
6
6
6

3.04
0.4
10.6
8.2
1.3
0.5
1.3
0.5
1.5
3.4

603
603
603
603
487
489
63
422
106
106

0.001
0.23
1.67
3.0
2.5
1.02
0.79
1.0
4.0
1.76

0.97
0.62
0.20
0.08
0.11
0.32
0.37
0.32
0.048
0.19

18.0
1.7
285.6
285.6
4.5
13.9

73.4
5.7
394.4
385.59
33.1
4.3

6
6
6
6
6
6

18.4
1.6
276.6
276.6
5.4
8.1

69
68
67
64
43
55

0.10
0.09
0.04
0.05
0.54
1.98

0.75
0.76
0.84
0.81
0.47
0.16

10.3
1.1
359.0
359.0
3.4
3.3
7.1

111.3
8.6
1181.5
1227.8
43.6
201.4
10.4

6
6
6
6
6
6
6

10.3
1.1
333.2
333.2
3.1
5.1
10.6

576
288
327
324
286
193
267

24.73
0.54
5.93
0.01
6.68
13.8
11.3

,0.0001
0.46
,0.015
0.95
0.01
,0.001
, 0.001
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FIG. 1. Relationship between the amount of ticks
and SVL in male ball pythons.
relationship is modified and is the source of the sex
difference we observed. The larger adult males sampled
reached 140 cm in SVL; therefore, we removed from the
analysis all females exceeding 140 cm in SVL, allowing
us to directly compare similar sized animals. Using that
restricted dataset, the results remained unchanged
(ANCOVA; F1, 282 5 6.52; P , 0.011), reinforcing the
conclusion that females possess a larger jaw relative to
their body than conspecific males.
Reproduction.—Mean clutch size of pythons was 7.7 6
1.8 eggs. Clutch size was highly correlated with maternal SVL (F1, 137 5 50.71; P , 0.0001; r 5 0.52; for
details see Aubret et al., 2003).
Tick Burden.—Neonates were free from tick parasitism as they were observed immediately after hatching.
Adults and juveniles were caught after a potentially
long period of exposure to ticks in the wild (ranging
from months to years), and they were often parasitized
(approximately 30% of the snakes). Tick burden did
not follow a normal distribution (Shapiro-Wilk W test;
N 5 356, W 5 0.74, P , 0.00001). In juveniles, the
number of ticks was not significantly different between
males and females. In adults, however, the tick burden
was significantly higher in males than in females
(these analyses were also performed using a Kruskall
Wallis ANOVA with sex as factor and the residual
values of the regression between log SVL and log tick
burden as dependent variable, without changing the
results presented in Table 2). In males (juveniles and
adults pooled), the number of ticks and SVL were
strongly correlated (r 5 0.36; P , 0.0001; Fig. 1),
whereas this was not the case in females (r 5 0.03; P 5
0.70).
DISCUSSION
In snakes, females are often larger than males (. 60%
of species; Shine, 1978, 1986; Fitch, 1981). Such dimorphism has often been interpreted in terms of the
fitness consequences of different body sizes (Andrews,
1982). Several proximate causes have been invoked,
including sex differences in growth rate, age at
maturity, and adult survivorship (Shine, 1993; Stamps,
1993). Our study showed that, in Ball Pythons, sexual
size dimorphism is absent at birth (or at least very weak
and, therefore, statistically undetectable despite large

sample sizes) for most traits except postnatal foodindependent growth and probably number of ventral
scales. Because the sex ratio was not biased, different
survivorship patterns are not likely to be responsible
for the marked sexual size dimorphism observed in
adults. Females exhibited a higher initial foodindependent growth rate in comparison to males, and
this effect was observed over a short (10-day) period,
suggesting that this sex difference was strong. We
acknowledge that more data are needed to determine
whether the initial difference in growth rate is maintained and may somehow be responsible for the sexual
size dimorphism observed during adulthood. Nonetheless, this study provides the first report of such
‘‘physiological’’ sexual dimorphism.
Adult females have longer jaws (adjusted to body
size) relative to males. In Ball Pythons that are typical
gape-limited predators, longer jaws may improve
female’s foraging success by increasing their swallowing capacities (Shine, 1977, 1986, 1989, 1991; Voris and
Voris, 1983; Camilleri and Shine, 1990; Forsman and
Shine, 1997). This might at least partially explain why
females grow larger than males. However, many
alternative, and not necessarily exclusive, hypotheses
such as the hormonal influences on growth trajectories
(e.g., androgen-induced inhibition in the rate of growth
of the head; Shine and Crews, 1988; King and Turmo,
1997) may play a significant role as well. Whatever the
proximate factor causing the sexual size dimorphism,
our data suggest that a higher growth rate in females is
important, rather than a sex difference in survival.
Large body size could be under stronger selection in
females relative to males. Clutch size was highly
correlated with SVL, as observed in many other snake
species (Shine, 1986; Seigel and Ford, 1987); this
relationship is probably important to better understand
sex differences in growth rate and/or age at maturity
(Andrews, 1982).
Our study also showed that the tick burden was
higher in adult males than in females. Differential
parasitism between the sexes has been documented in
many vertebrates (Bundy, 1988; Zuk, 1990; Poulin, 1996
for review), but not yet in snakes. Shine et al. (1998)
indicated an absence of a difference in gut nematode
burden between male and female reticulated pythons.
Such sex-biased parasitism may result from differences
in immunocompetence resulting from unequal costs of
reproduction, or from natural selection favoring ecological divergence which results in differential exposure
to infectious agents (Selander, 1966; Trivers, 1976;
Reimchem, 1980; Hamilton and Zuk, 1982; Slatkin,
1984; Tinsley, 1989; Houston and Shine, 1993; Perry,
1996). For instance, elevated levels of testosterone can
lead to immuno-suppression which increases susceptibility of infection or disease (Folstad et al., 1989; Folstad
and Karter, 1992). Proximate differences in parasitic
infection between genders might arise from ecological
rather than sexual selection. For example, niche
partitioning involving habitat or diet (Selander, 1966;
Grant, 1975; Reimchen, 1980; Grant, 1985; Shine, 1989;
Houston and Shine, 1993) can result in differential
exposure to parasites unrelated to the unequal costs of
reproduction (Tinsley, 1989). However, the relative
importance of niche partitioning as a general explanation for gender differences in parasitism has not been
well established (Reimchen and Nosil, 2001).

SHORTER COMMUNICATIONS
In our study, all field-caught pythons were collected
in the same sites, as males and females commonly share
burrows. Thus, the difference in tick burden is unlikely
to be caused by differences in habitat use. Different
reproductive roles between the sexes may provide
a simple alternative explanation. In many snake species
(Slip and Shine, 1988; King and Duvall, 1990; Plummer
and Mills, 1996; Bonnet et al., 1999), reproductive males
exhibit intensive mate-searching behavior during the
breeding season. It is possible that male Ball Pythons
move intensively to maximize encounters with conspecific females. In contrast, females frequently remain
immobile for prolonged periods, particularly during the
two months of incubation while they brood their clutch.
Consequently, adult males may be more exposed to
ticks during their movements than are females. Although preliminary, this result is the first report to date
of sex differences in parasitism rates in snakes.
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