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The secretive nature of most snake species can hinder efforts to
understand aspects of their ecology and population biology unless
systematic capture techniques are employed and potential sam-
pling biases are recognized (Parker and Plummer 1987). For
herpetofauna other than snakes (e.g., amphibians, lizards, and
turtles) numerous studies of collecting methods and sampling re-
gimes have resulted in standardized methods, with well-elucidated
biases (e.g., Dodd 1991; Dunham et al. 1994; Gibbons 1990; Heyer
et al. 1994; Willson and Dorcas 2004; Willson et al. 2005). Sev-
eral collection techniques have been used successfully for terres-
trial snakes (reviewed in Fitch 1987, 1992), such as terrestrial drift
fences with pitfall and funnel traps (Gibbons and Semlitsch 1981),
road cruising (Dodd et al. 1989; Mendelson and Jennings 1992;
Seigel and Pilgrim 2002), visual encounter surveys (Sun et al.
2001), and artificial cover objects (Fitch 1992; Grant et al. 1992).
For capturing snakes in aquatic habitats most studies have relied
upon visual encounter surveys, opportunistic captures, or aquatic
funnel traps (Casazza et al. 2000; Gibbons and Dorcas 2004;
Madsen and Shine 2000; Seigel et al. 1995a; Seigel et al. 2000),
but the effectiveness and biases of these methods have seldom
been examined experimentally (e.g., Willson et al. 2005).

Keck (1994) demonstrated that aquatic funnel traps can be used
to successfully capture snakes in aquatic habitats and that baiting
funnel traps with dead prey items (e.g., fish and amphibians) can
increase capture rates. Here I chose a blocked experimental de-
sign that would allow a further, more powerful test of whether
baiting traps increases capture rates of aquatic snakes. By design
this experiment also examines whether aquatic snakes randomly
enter funnel traps during movements or if they seek out funnel
traps due to foraging behavior, thereby providing insight into some
of the potential biases of aquatic trapping.

This experiment was conducted from 4-25 June 2003 at Ellenton
Bay, a protected Carolina bay wetland located on the U.S. Depart-
ment of Energy’s Savannah River Site in South Carolina. Ellenton
Bay is an ideal locality for aquatic trapping experiments because
(1) it generally supports large populations of aquatic snakes, in-
cluding the focal study species, Seminatrix pygaea (Black Swamp
Snakes; Winne et al. 2005) and (2) it is dominated by shallow
water (< 1 m deep) and relatively uniform distributions of emer-
gent grasses (predominantly Panicum spp.), water lilies (Nymphaea
odorata), and water shields (Brasenia schreberi), thus reducing
variability in capture success attributable to heterogeneous habi-
tat distributions. Traps were set in shallow water with approxi-
mately 3—5 cm of the trap above water to reduce the possibility of
drowning captured snakes. Two varieties of commercially avail-

able cylindrical funnel traps, designed to capture minnows (i.e.,
minnow traps), were used during the study: steel (model G-40;
Cuba Specialty Manufacturing Company, Fillmore, New York)
and plastic (model 700; N.A.S Incorporated, Marblehead, Ohio).
Steel funnel traps were 42 cm long and 19 cm in diameter, and
constructed of galvanized steel mesh (mesh openings = 0.6 cm
wide). Plastic funnel traps were 43 cm long and 16 cm in diam-
eter, and had slightly smaller mesh openings (0.4 cm wide). All of
the funnel traps had two funnels, one on each end of the trap (open-
ings 2.5 cm in diameter), that extended 11 cm inwards towards the
center of the trap. Throughout most of the study a total of 36 plas-
tic and 30 steel funnel traps was used (i.e., 18 and 15 pairs, re-
spectively); however, some pairs were not used during the first
few days of the study.

Aquatic funnel traps were set in pairs (traps within a pair < 1 m
apart) and within pairs each trap was randomly assigned to serve
as either a “baited” or an “unbaited trap.” This blocked design
removed any variation in trap success that could be due to micro-
habitat differences. Rather than actively baiting traps with dead
prey items, baited traps were allowed to naturally accumulate (i.e.,
self-bait) live larval amphibians (e.g., tadpoles and salamander
larvae) throughout the study. In contrast, the unbaited traps were
emptied of their contents daily. At Ellenton Bay aquatic funnel
traps rapidly accumulate amphibian larvae; as a result, unbaited
traps were not always truly unbaited. However, because all snakes
were captured after the second trap night, baited traps always con-
tained substantially more larval amphibians than unbaited traps.
Traps were checked daily and all snakes were taken to the lab,
where sex (presence or absence of hemipenes), snout—vent length,
mass, and reproductive state (determined by palpation, Seigel et
al. 1995b) were recorded. All snakes were individually marked
(branding) and released at their point of capture. All predatory
aquatic insects were removed daily from both baited and unbaited
traps.

I captured 47 adult S. pygaea over 1758 trap nights. I used Chi-
squared tests to test the null hypothesis that there were equal num-
bers of captures in baited and unbaited traps. There was an obvi-
ous bias in captures towards baited funnel traps: 79% of all snakes
(¥*=15.51,p<0.001) and 88% (x*=9.94, p = 0.002) of all preg-
nant females were captured in the baited traps (Fig. 1). Capture
rates (trap nights/captures) were over 3 times higher in baited traps
(4.2% vs. 1.3%).

The majority of S. pygaea were captured in baited funnel traps
despite having an equal chance of encountering the unbaited fun-
nel traps located less than 1 m away. This result confirms Keck’s
(1994) finding that baiting increases capture rates of aquatic snakes
and demonstrates the benefits of allowing traps to self-bait (e.g.,
Seigel et al. 1995; Winne et al. 2005). The strong bias in capture
rates of baited funnel traps suggests that the majority of the aquatic
trap captures were due to foraging behavior rather than random
entry into traps. Indeed, Seigel et al. (2000) noted that another
natricine snake, Thamnophis marcianus, often feeds on tadpoles
inside aquatic funnel traps. Consequently, captures of snakes in
aquatic funnel traps may be biased towards foraging individuals,
a result which has important implications for inter- and intraspe-
cific comparisons of relative abundance within snake communi-
ties.

There are at least four reasons why inter- or intraspecific differ-
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Fig. 1. Number of pregnant and non-pregnant female and male
Seminatrix pygaea captured in baited vs. unbaited aquatic funnel traps at
Ellenton Bay in June 2003. Overall, 79% of snakes (}*=15.51, p<0.001)
were captured in baited traps.

ences in foraging ecology could lead to biased estimates of rela-
tive species abundance or sex ratios in aquatic funnel traps. First,
if species/sexes differ in foraging mode (i.e., active vs. sit-and-
wait foragers) funnel trap captures may be biased towards the spe-
cies/sex that is a more active forager. Second, if species/sexes dif-
fer in their diet any potential capture biases of funnel traps to-
wards certain prey species/sizes could translate into biases towards
the species/sex that forages for that particular prey species/size.
Third, in studies specifically comparing capture rates over time or
among sites, capture rates may differ because of differences in
accumulated bait. Lastly, if species/sexes differ in seasonal pat-
terns of active foraging funnel traps might result in biased esti-
mates of relative abundance during some seasons.

The current study species, S. pygaea, may serve as one example
of how intraspecific differences in foraging ecology might trans-
late into biased estimates of relative abundance using baited min-
now traps. Based on aquatic funnel captures, the Ellenton Bay
population of S. pygaea is significantly female biased during May
and June, but the sex ratio is equal during other parts of the year
(Winne et al. 2005). This seasonal change in sex ratio is strongly
correlated with sexual differences in foraging ecology. During May
and June pregnant S. pygaea contain food items significantly more
frequently than adult males (unpublished data), presumably be-
cause males are searching for mates instead of foraging for prey.
In contrast, in other months of the year, when the sex ratio at
Ellenton Bay is equal, males are frequently found with food items
(unpublished data), indicating that they have resumed foraging.

No single collection method is without biases (Fitch 1992), in-
cluding aquatic funnel trapping. Despite some inherent biases,
aquatic funnel traps are effective at capturing large numbers of
highly secretive aquatic snakes (Farancia spp., S. pygaea, and
Regina rigida; Willson et al. 2005), which are particularly diffi-
cult to collect using other conventional methods (e.g., visual en-
counter surveys, terrestrial sampling; Gibbons and Semlitsch 1991).
Further, aquatic funnel traps provide an excellent method for sys-
tematically tracking demographic changes in aquatic snake popu-

lations (e.g., Madsen and Shine 2000; Seigel et al. 1995a) because
they allow for highly repeatable sampling regimes and greatly re-
duce observer biases associated with visual observation and hand
collecting techniques (Casazza et al. 2000; Keck 1994). The re-
sults of this study clearly demonstrate that aquatic funnel traps are
most effective when baited and highlight the importance of con-
sidering some of the potential sampling biases inherent to this tech-
nique.
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