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Abstract - We examined the ecology of a Black Swamp Snake (Seminatrix
pygaea) population inhabiting an isolated wetland in the upper Coastal Plain of
South Carolina. The observed population structure was skewed towards mature
individuals, with neonates and juveniles underrepresented, perhaps due to trap-
ping bias. The sex ratio was biased during May and June, with females outnum-
bering males, but no sex ratio bias was evident at other times of the year.
Seminatrix pygaea showed sexual dimorphism in body size, with females being
longer and heavier than males and males having relatively longer tails than
females, but there was no difference in monthly growth rates. Approximately
76.3% of the mature females captured in May and June 1998 were pregnant.
Therefore, most mature females in this population probably exhibit annual
reproduction, while some undergo biennial reproduction. The majority of fe-
males gave birth in July or August, with a few births occurring in September and
October, and perhaps even as early as May or June. Our mark-recapture esti-
mates suggest a population density greater than 60 adult snakes per hectare,
which indicates this small aquatic snake, endemic to the Southeast, may play a
large role as both predator and prey within isolated wetland ecosystems.

Introduction

Snakes represent important components of many ecosystems, serving
as both predators and prey for many animals (Greene 1997). Because
snakes are ectotherms, and thus can allocate more energy to growth and
reproduction than comparably-sized endotherms, they can form signifi-
cant components of ecosystem biomass (Bonnet et al. 2002, Godley 1980,
Madsen and Osterkamp 1982, Pough 1980). Natricines in particular can be
especially abundant in some habitats and are often vital trophic compo-
nents of aquatic ecosystems (Gibbons and Dorcas 2004, Godley 1980).

Aquatic ecosystems are some of the most productive ecosystems in
the southeastern United States, but they face many anthropogenic
threats. Many are destroyed outright due to destructive land-use prac-
tices such as urbanization. Others are degraded by forestry practices or
by pollution resulting from pesticide runoff (Semlitsch and Bodie
1998). Because of the trophic importance of snakes in many ecosystems,
it is important to understand their overall natural history and ecology
(Gibbons and Dorcas 2004).
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The only member of its genus, the Black Swamp Snake
(Natricinae: Seminatrix pygaea (Cope)) is a small snake endemic to
the southeastern United States (Dorcas et al. 1998). Black Swamp
Snakes are very aquatic, rarely venturing far from the wetland edge
under most circumstances. In wetlands in which they occur, they can
be extremely abundant and feed on a variety of aquatic animals in-
cluding leeches, small fish, and amphibians (Gibbons and Dorcas
2004, Mills et al. 2000, Seigel et al. 1995a). Limited numbers of
studies have been conducted on their reproduction (Seigel et al.
1995b; Sever and Ryan 1999; Sever et al. 2000, 2002), physiology
(Hopkins et al. 2005, Winne et al. 2001), activity (Dodd and Charest
1988), and response to drought (Dodd 1993, Seigel et al. 1995a,
Winne and Gibbons in review). In this study, we examine the ecology
of a Black Swamp Snake population inhabiting an isolated wetland in
the upper Coastal Plain of South Carolina. We used the results of a
mark-recapture study to provide information on estimated population
size and structure, sexual dimorphism, reproductive frequency,
growth rates, and seasonal activity patterns.

Materials and Methods

Study site
We studied Black Swamp Snakes at Ellenton Bay, located on the

Department of Energy’s Savannah River Site in Aiken County, SC.
Ellenton Bay is a shallow (2 m maximum depth), relatively per-
manent 10 ha Carolina bay (Sharitz 2003) that supports a wide
diversity of amphibians (23 species) and semi-aquatic reptiles (20
species), but has been devoid of fish since it dried completely in 1986
(Gibbons 1990, Seigel et al. 1995a). Details of the hydrology,
drought history, and ecology of this site are provided by Gibbons
(1990) and Seigel et al. (1995a).

Sampling techniques
We collected snakes during 4 five-day sampling periods in 1998

(11–15 May, 1–5 June, 26–30 September, and 12–16 October) and 1
five-day period in 1999 (15–19 March). Snakes were captured using
plastic minnow traps (mesh size = 0.4 cm, funnel opening = 2.5 cm)
placed in shallow water along the margin of the bay. Although traps
were not baited, amphibian larvae readily accumulate in the traps
within 24 hrs (Seigel et al. 1995a) and were not removed unless a
snake was captured in the trap. Trapping effort depended upon avail-
ability of minnow traps, which varied slightly among months: May
(95 traps), June (93), September (72), October (72), and March (96).
Snakes also were captured using plywood (15), tin (24), and tar paper
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(10) coverboards (Grant et al. 1992) partially submerged at the edge
of the water. All minnow traps and coverboards were checked twice
daily (morning and evening).

After capture, all snakes were returned to the Savannah River
Ecology Laboratory where we measured the snout-vent length (SVL,
to the nearest mm), tail length (nearest mm), body mass (nearest
0.1 g on an electronic balance), and sex (by probing or inspection of
tail size; Fitch 1987) of each snake. To reduce measurement error,
SVL and TL measurements were made by the same observer using
the mean of two replicate measurements for each snake. If the second
measurement differed from the first by more than 2 mm, the snake
was re-measured until we obtained two replicate measurements of
less than 2 mm apart. We palpated all females for the presence of
enlarged follicles or developing embryos. Palpation is a very accurate
method for determining reproductive status in this species (Fitch
1987, Seigel et al. 1995b). All snakes were marked individually by
scale-clipping (Brown and Parker 1976) and were not released until
the last day of the five-day sampling period to avoid recapture during
that sampling period.

Data analysis
Previous studies of S. pygaea have suggested minimum size at matu-

rity in females to be 253 mm SVL for Ellenton Bay and 240 mm SVL for
Payne’s Prairie (Loraine 1990). Minimum size at maturity for males was
previously found to be smaller than that for females: 240 mm SVL for
Ellenton Bay and 220 mm SVL for Payne’s Prairie (Loraine 1990).
Because the smallest pregnant female in our sample was 212 mm SVL,
which is smaller than the previously reported minimum size at reproduc-
tion for females and males (Gibbons and Dorcas 2004, Loraine 1990),
for the purposes of our study we defined all individuals greater than
211 mm SVL as mature.

We estimated population size (mean ± 1 SE) using Lincoln-Peterson
estimates with Bailey’s modification for small sample sizes (Heyer et al.
1994). We used the G-test for goodness of fit for more than two classes
to examine seasonal differences in activity, and the chi-square test for
goodness of fit to determine if sex ratios and proportion of mature
individuals were skewed (Sokal and Rohlf 1995). We did not exclude
recaptures from analyses of seasonal changes in sex ratios since we were
interested in knowing the proportion of each sex that was active in a
given month.

To meet the assumptions of independence, analyses of body size
were based on first captures only. Prior to analyses, body size variables
were log transformed to increase additivity and meet assumptions of
homoscedasticity for parametric tests. In cases where the assumption of
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homoscedasticity could not be met, we used the Kruskal-Wallis test in
lieu of a one-way analysis of variance (ANOVA) and the nonparametric
multiple comparison procedure for unequal sample sizes (Zar 1999). To
determine if there were sexual differences in body shape, we used a
Kruskal-Wallis test to compare residuals from a regression of log SVL
on log body mass.

We estimated monthly SVL growth rates for recaptures as the
change in SVL (mm) divided by the number of days between captures,
multiplied by 30. For individuals recaptured more than once between
May and October, we used only the initial capture and latest recapture to
calculate a single estimate of growth rate for that individual. We did not
exclude negative growth rates from calculations because measurement
error is likely to result in both positive and negative directions (i.e.,
eliminating negative values would bias mean values towards positive
measurement errors). Statistical significance was recognized at p ≤ 0.05
and all means are reported as ± 1 SD. Statistical tests were performed
using the STATISTICA for Windows software package (StatSoft, Inc.
Tulsa, OK. 1998).

Figure 1. Seasonal activity patterns in Seminatrix pygaea at Ellenton Bay (Savan-
nah River Site, SC) from May 1998 through March 1999. Snake activity is
represented by the relative number of snakes captured (i.e., # captures / # traps) to
standardize for trapping effort, which differed among months (see text).
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Results

Of 270 captures, we captured 238 individuals and marked and re-
leased 221 snakes for estimates of population size. Snakes not released
(n = 17) were used in ultrastructural studies of male and female repro-
ductive systems (Sever and Ryan 1999; Sever et al. 2000, 2002). Of
those released, we recaptured 32 snakes, yielding population estimates
of 605 ± 182 (May–June), 440 ± 214 (June–Sept.), and 145 ± 32 (Sept.–
Oct.). When the number of traps is taken into account, there were
differences in activity among months. Snakes were most active in May
and September and less active in June, October, and March (G = 153.5,
p < 0.001; Fig. 1).

The largest snakes were all females (Fig. 2). Overall, females were
longer (ANOVA: F1,235 = 14.15, p = 0.001; Fig. 2) and heavier
(ANOVA: F1,235 = 30.46, p < 0.001) than males (Table 1; Fig. 2).
Pregnant females were longer than both mature non-pregnant females
(p < 0.05) and mature males (p < 0.001), but there was no difference in

Figure 2. Size frequency distributions of Seminatrix pygaea captured at Ellenton
Bay (Savannah River Site, SC). The largest snakes were all females, and fe-
males were longer than males (p = 0.001).

Table 1. Descriptive statistics for Seminatrix pygaea captured at Ellenton Bay, Savannah
River Site, SC. Note: Pregnant (P), non-pregnant (NP), Immature (Imm).

SVL (mm) Body mass (g)

n Mean Range SD Mean Range SD

Males 77 276 218–356 31.3 12 6.1–28 4.0
Non-pregnant  females 66 296 215–446 56.4 17.1 4.8–38 8.6
Pregnant females 57 310 212–392 39.9 22.4 7.4–33.4 8.0
Immature males 22 164 131–207 25.3 3.59 2.1–7 1.48
Immature females 16 160 125–211 32.2 3.48 1.6–6.2 1.66
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SVL between mature non-pregnant females and mature males (p > 0.05;
Table 1). Pregnant females were also heavier than non-pregnant mature
females and males (p < 0.001); non-pregnant mature females were
heavier than mature males (p < 0.002; Table 1). Females (n = 22) had
mean monthly SVL growth rates of 5.19 ± 9.06 mm, which was not
significantly higher (Kruskal-Wallis: H1,29 = 0.797, p = 0.37) than
monthly growth rates of 2.77 ± 1.97 mm for males (n = 7). There was
negligible SVL growth over winter (Oct–March), with mean monthly
growth rates of only 0.27 ± 0.69 mm (n = 7 males).

Analyses of residuals indicated that there were differences in body
proportions between the sexes and between snakes differing in repro-
ductive status (Kruskal-Wallis: H2,237 = 59.72, p < 0.001). Controlling
for their length, pregnant females were heavier bodied than non-preg-
nant females (p < 0.001), and both pregnant and non-pregnant females
were heavier bodied than males (p < 0.001; Fig. 3). Males, however, had
longer tails for their body length than females (analysis of covariance
with SVL as covariate: F1,234 = 107.11, p < 0.001), with tails contributing
an average of 20.3 ± 1% of their total body length compared to only 16 ±
1.1% in females.

Figure 3. Length-mass relationships of male and both non-pregnant and pregnant
female Seminatrix pygaea at Ellenton Bay (Savannah River Site, SC). Pregnant
females were heavier bodied than non-pregnant females (p < 0.001), and both
pregnant and non-pregnant females were heavier bodied than males (p  < 0.001).
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Based on body condition, apparently three of the non-pregnant fe-
males captured in May and one captured in June had recently given
birth. Counting these females as having reproduced, 76.3% of the

Figure 4. Proportion of mature female Seminatrix pygaea that were pregnant
during five sampling periods at Ellenton Bay (Savannah River Site, SC). May–
October samples were collected in 1998; March sample occurred in 1999.

Figure 5. Sex ratio of mature Seminatrix pygaea captured at Ellenton Bay
(Savannah River Site, SC) during five sampling periods. The population was
significantly female-biased during May (p < 0.001, significance indicated by
asterisk) and June (p = 0.04, significance indicated by asterisk), but not in
September, October, or March. May–October samples were collected in 1998;
March sample occurred in 1999.
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captures being immature. The nearly opposite age structure between this
and Dodd’s (1993) study may be related to different sampling tech-
niques. Dodd used drift fences with pitfall traps to examine terrestrial
activity during a drought (i.e., all snakes were captured exiting or
entering the pond), whereas here we focused on aquatic activity during a
normally wet year. Indeed, a comparison of age structure among terres-
trial and aquatic captures during 2003, a year when both techniques
were used simultaneously at Ellenton Bay (Winne and Gibbons in
review), suggests that drift fence captures are strongly biased towards
neonates of this species, whereas aquatic captures are strongly biased
towards adults (X2 = 201.85, p < 0.001; Fig. 6). The discrepancy be-
tween techniques may be due to neonates escaping from minnow traps
(due to their small size), the rarity with which adults make overland
movements, and/or the possibility that neonates are born on land
(Dowling 1950, Gibbons and Dorcas 2004, Seigel et al. 1995a, Winne
and Gibbons in review).

There was clear sexual dimorphism in body proportions of S. pygaea
in this population. The largest snakes were all females. Females were
larger overall (SVL and mass) than males as has been described in other
snakes that do not show male-male combat, including natricines (Shine
1993). After controlling for body length, non-pregnant females were
heavier-bodied than males, with pregnant females being more stout than
both non-pregnant females and males. Other North American natricines
also exhibit sexual dimorphism in body size (Gibbons and Dorcas
2004), which presumably has evolved as a result of selection to increase
fecundity in females (Semlitsch and Gibbons 1982, Shine 1993). In
contrast, male S. pygaea have longer relative tail lengths than females,
as in most snakes (Dodd 1993, Shine 1993). Despite obvious sexual
differences in body size, data on short-term growth rates showed no
differences between adult males and females.

Approximately 76.3% of the mature females captured in May and
June 1998 were pregnant. Therefore, most mature females in this
population probably exhibit annual reproduction (Seigel et al. 1995b),
while some may undergo biennial reproduction (e.g., Sever et al.
2000). The observed frequency of reproduction in Seminatrix pygaea
is similar to most natricines in North America, which typically exhibit
annual reproduction (Gibbons and Dorcas 2004, Seigel and Ford
1987), although females of some species may skip years in some
situations (e.g., Aldridge et al. 1995). Our data indicate that the major-
ity of females give birth in July or August. This result is consistent
with early- to mid-August as the usual time of parturition (Seigel et al.
1995b) for S. pygaea, and with the usual recognized months of repro-
duction for many North American natricines (August and September;
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Gibbons and Dorcas 2004). A few pregnant females likely gave birth
in September and October, which is consistent with Goin’s (1943)
record of parturition occurring in October for a Florida specimen
(Dowling 1950). However, observations of spent females in earlier
parts of the year suggest that some pregnant females may give birth as
early as May or June at Ellenton Bay.

Overall, the adult population of S. pygaea was strongly female-
biased. Female-biased populations have been observed for other
natricines (e.g., Gibbons and Dorcas 2004, Parker and Plummer
1987). In general, skewed sex ratios may result from sexual
differences in (1) sex ratio at birth, (2) mortality, (3) immigration/
emigration, (4) activity patterns, and/or (5) trapping biases (Parker
and Plummer 1987). In S. pygaea, sex ratios at birth and field sex
ratios of juveniles do not differ statistically from 1:1, suggesting one
or more of the other four causes are more likely (Dodd 1993; C.T.
Winne, unpubl. data). We do not currently have data to determine if
sexual differences in mortality, immigration, or emigration may be
the cause of the female-bias. However, sexual differences in activity
patterns and trapping success may be at least partially responsible for
the observed female-bias.

There were seasonal differences in sex ratios, with a large female-
bias occurring in May and June, but no difference in sex ratios during
September, October, or April. In most snake species, males are cap-
tured with greater frequency than females during the mating season,
presumably due to male mate searching behaviors and decreased for-
aging in pregnant females (Parker and Plummer 1987). The pattern
observed in S. pygaea, however, appears to be reversed and may be at
least partially explained by differences in foraging ecology. In contrast
to females of most viviparous snakes, which reduce or cease feeding
during gestation (Lourdais et al. 2002), female S. pygaea continue to
feed in the laboratory and field until just before parturition (Winne and
Gibbons in review). Males of most species, including S. pygaea, show
decreased feeding during the mating season (e.g., Madsen and Shine
2000). In S. pygaea the frequency of field-captured snakes containing
food items is significantly higher in pregnant females than in males
(Winne and Gibbons in review), suggesting that females are either
foraging more than males or are more successful at capturing prey.
Therefore, a trapping bias could have occurred here if aquatic trap
captures are driven more by foraging for prey than by “random” entry
into traps (e.g., when mate searching), as is suggested by studies that
demonstrate increases in aquatic trap captures of S. pygaea and other
aquatic snakes when minnow traps are baited with prey items (Keck
1994, Winne in review). While sexual differences in foraging ecology



C.T. Winne, M.E. Dorcas, and S.M. Poppy2005 11

may partly underscore seasonal changes in sex ratios, more informa-
tion on demography (mortality, immigration, or emigration) is needed.

Our mean population estimates ranged from 605 (May–June) to 145
(Sept–Oct) individuals, depending upon which sample period is used.
This is a rather large short-term reduction in population size, but is not
uncommon among short-term (within year) snake studies (Parker and
Plummer 1987). One possible explanation is that changes in activity
patterns between successive trapping periods affected recapture rates
and subsequent population estimates (Parker and Plummer 1987). None-
theless, we captured more individuals (238) over the study period than
the lower estimate (145) and we were unable to effectively capture the
majority of immature individuals. We therefore tentatively conclude
that the true population size is probably closer to our higher estimate
(605), which may even be an underestimate.

The destruction of wetlands and other aquatic ecosystems threatens
some of the most biologically diverse and productive habitats in the
southeastern United States (Sharitz 2003). Recent court decisions (US
Supreme Court, Solid Waste Agency of Northern Cook County v. US
Army Corps of Engineers: No. 99-1178) greatly jeopardize wetlands in
the United States and the reptiles that comprise significant components
of those wetlands (Gibbons 2003). Although reptiles are biologically
important parts of these ecosystems, many of their basic ecological
attributes remain unknown. In this paper, we have provided further
insight into the population structure, body size, and activity patterns of
the Black Swamp Snake, but further research is required on this and
other species to fully understand the impacts continued wetland destruc-
tion will have.
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