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Abstract:

An inventory of the Broad River Basin in South Carolina documented distribution and

species richness of amphibians and reptiles of the area, focusing primarily on riparian zones. A list of 92
potentially occurring species was assembled for the area. Multiple survey methods were used including
active searches, manual anuran calling surveys, and turtle trapping to document the herpetofauna. Using
these techniques, 14 anuran, 9 salamander, 7 lizard, 16 snake, and 8 turtle species were documented.
Seven of these species were of conservation concern in South Carolina. The Broad River Basin supports
a diverse array of amphibian and reptile species associated with both wetland and riverine habitats. As
water resources, energy demand, and urbanization continue to increase in the Piedmont region, these
baseline data have important implications for conservation and future land management.
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INTRODUCTION

Amphibians and reptiles are currently experiencing
rapid population declines and are generally considered
among the most threatened animal groups in North
America (Gibbons et al. 2000; Semlitsch 2003; Wake and
Vredenburg 2008). Of the 450 species that occur in the
United States, half are found in the Southeast (Gibbons
1993; Palmer and Braswell 1995; Conant and Collins 1998;
Tuberville et al. 2005), where they play critical roles in
ecosystems. Amphibians and reptiles are ectotherms with
higher energy conversion efficiencies than other verte-
brates, which allow them to devote high proportions of
assimilated energy to growth and reproduction (Pough
1980). Thus, in some ecosysterms they can exceed the
biomass of all other vertebrate species combined (Godley
1980; Congdon and Gibbons 1989; Petranka and Murray
2001). Amphibians and reptiles play important roles as
both predators and prey because of their high abundances,
serving as crucial trophic links within ecosystems (Taylor
et al. 1988; Gibbons and Dorcas 2004). Consequently, the
status of herpetofaunal populations is often suggested as
an indicator of environmental integrity (Gibbons 1988;
Vittetal 1990; Knutson et al. 1999; Gibbons et al. 2000).

Study Area
The Broad River Basin in the Western Piedmont of

Herpetofauna; Herpetological Inventory; Pacolet River; Piedmont, Southeast; Wetlands.

million stream miles. Approximately 60% of the basin is
forested upland, with relatively small areas of agriculture
(23.8%) and urban land (9.8%; SCDHEC 2011) com-
pared to other areas in the Piedmont of the Southeastern
U.S. (Griffith et al. 2003; Price et al. 2006). The South
Carolina State Assembly recognized the Broad River as a
State Scenic River in 1991 (SCDNR 2009) because of the
high percentage of relatively undisturbed riverine and
riparian habitats. Such habitats provide critical environ-
ments for many amphibian and reptile species (Burbrink
et al. 1998; Eskew et al. 2012). Riparian habitats within
the Broad River Basin likely contain a high diversity of
amphibians and reptiles; however, like most of South
Carolina (Dorcas et al. 2006), little is known about the
distribution of herpetofauna in these areas. This study
documented distribution, species richness, and abundanc-
es of amphibians and reptiles in riparian zones within the
Broad River Basin in South Carolina. Data resulting from
this investigation can provide a useful baseline for future
studies of herpetofauna in the area and can help with land
management decisions within this region.

METHODS
Study Sites

The Broad River Basin is situated in western North
Carolina and northern and central South Carolina;

South Carolina covers over 600,000 ha and more than 4 however, we restricted our study sites to eight counties
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Fi6. 1. Map of the Broad River Basin in South Carolina showing the location of each study site. The black circles represent anuran calling

survey sites, the white represent active search sites, and the grey represent sites where turtle trapping was conducted.

in the Piedmont of South Carolina (Fig, 1). During 2010
and 2011 we sampled 42 riparian sites along both the
Broad and Pacolet rivers (Fig. 1); these sites represented
several habitat types including riverbanks, forested
riparian zones, reservoirs, emergent wetlands, and ephem-
eral wetlands. A geographic information system (ArcGIS
9.1; ESRI 2009) was used with layers from the National
Wetland Inventory (NWI 2011) and the National Land
Cover Database (NLCD 2011) to identify approximately
200 riparian wetlands within the basin. After groundtruth-
ing each of the sites to determine accessibility, we used a
stratified random design to select 42 study sites at which to
conduct surveys (see Eskew et al. 2012 for more
information on study site selection). Survey sites were an
average of 125.12 m (SE 26.49) from the river channel.

Sampling Methods

Unfortunately, there were no publications or docu-
ments that provided detailed distribution records for
amphibians and reptiles in South Carolina. Thus, to
create an accurate potential species list prior to surveys,

1) all amphibian and reptile records were requested for 8
counties (Cherokee, Chester, Fairfield, Newberry, Rich-
land, Spartanburg, Union, York) in South Carolina
from 64 museums, universities, and other appropriate
organizations (ie., participants in Herpnet), 2) the
Carolina Herp Atlas (www .carolinaherpatlas.org; Price
and Dorcas 2011) was searched for the same areas, and
3) the range maps from Conant and Collins were
examined (1998). Federally- and state-listed Threatened
or Endangered species and South Carolina Species of
Special Concern were of particular interest.

We used time-constrained active searches, anuran
calling surveys, and turtle trapping to document reptiles
and amphibians at each study site. Three anuran calling
surveys were conducted per season (winter, spring, and
summer) at all 42 sites between 1845 and 0130 hrs.
Simultaneous calling surveys were conducted by two
persons listening for five min and recording all species
heard. Surveys of this duration are sufficient to detect
most anuran species found in the North Carolina
Piedmont (Gooch et al. 2006). In totally, 15 anuran
surveys were conducted at each study site.
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Fi6. 2. Number of potentially occurring and documented species for herpetofaunal groups in the Broad River Basin in South Carolina.

Active searches were conducted at 21 sites over the
course of two years. Two searches were conducted at
each site in the fall and three in the summer of 2010.
Additionally, three searches of each site were made
during the spring of 2011, resulting in a total of 13
searches per site. Each survey consisted of two persons
independently searching the site for 30 min to identify
reptile and amphibian species (Crump and Scott 1994).
A few searches were made by one person, and these
lasted one hour. Each active search was conducted
during daylight. All individuals captured during this
study were released at the site of capture after
identification. Additionally, semi-aquatic turtles were
trapped at 18 sites. Three hoop net traps baited with
sardines were placed in shallow water for 24 hrs at each
site. All turtles captured were identified to species and
released (Failey et al. 2007). All species detected outside
of any survey were recorded as incidental findings.

Species observed during active searches and turtle
trapping were ranked according to their abundances,
which were determined based on the total number of
individuals detected. Anuran presence during surveys
was used rather than abundance rankings because
counts of individuals were not possible. Those species
with 1-5 observations were considered ‘“rare,” 6-20
“somewhat rare,” 21-100 ““common,” and species with
more than 100 observations were “abundant.”

Of particular interest were Species of Special Concern
and those federally- and state-listed. In South Carolina,
Acris crepitans (Northern Cricket Frog) s listed as a species
of Special Concern and was difficult to distinguish in
vocalization and appearance from Acris gryllus (Southern

Cricket Frog), a species not currently of conservation
concern. Because of the difficulty identifying these two
species, recorded vocalizations and specimens were sent to
J. Micancin who specializes in Acris identification.

RESULTS AND DISCUSSION

We determined that 92 reptile and amphibian species
(24 anuran, 20 salamander, 9 lizard, 31 snake, and 8
turtle species) potentially occurred in the Broad River
Basin in South Carolina. Our surveys recorded 54
species, specifically 14 anuran, 9 salamander, 7 lizard, 16
snake, and 8 turtle species (Fig. 2, Tables 1 and 2).
Eleven potentially occurring species were either of
Special Concern or were priority species for South
Carolina (SCDNR 2005), and seven of these 12 species
were documented during surveys (Table 3).

Our sampling methods were designed to detect as many
species of amphibians and reptiles as possible and not to
estimate relative or absolute abundances. However,
based on extensive surveying, qualitative comments can
be made on their abundances within the Broad River
Basin (Fig. 2). Of the 54 total species documented, 17 are
considered to be rare, 15 somewhat rare, 13 common, and
9 abundant (Tables 1 and 2). Species requiring wetlands
or temporary ponds (which are numerous within the
Broad River Basin) for breeding and foraging, such as
Anaxyrus fowleri, Ambystoma opacum, and Acris crepi-
tans (Martof et al. 1980), were abundant. Other species
which do not necessarily require wetland habitat, such as
Anolis carolinensis, Sceloporus undulatus and Terrapene
carolina (Martof et al. 1980; Conant and Collins 1998),
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Documented amphibians of the Broad River Basin in South Carolina and the counties in which each was found. Species are classified

as rare (1-5 observations), somewhat rare (6-20 observations), common (21100 observations), or abundant (101 or more observations). Active
searches (AS), anuran calling surveys (CS) and turtle trapping (TT) were conducted in Cherokee (Ck), Chester (Cs), Fairfield (F), Newberry (N),
Richland (R), Spartanburg (S), Union (U), and York (Y) counties (In—incidental findings, Rk—roadkill).

Scientific Name Common Name Abundance Counties Method of Detection
Acris crepitans Northern Cricket Frog Abundant Ck,Cs,FN,R,S,UY AS,CS
Anaxyrus americanus American Toad Common Ck,Cs,FN,R,S,UY AS.CS
Anaxyrus fowleri Fowler’s Toad Abundant Ck,Cs,FN,R,SSUY AS,CSIn
Anaxyrus terrestris Southern Toad Rare R AS,CS
Gastrophryne carolinensis Eastern Narrowmouth Toad Common Ck,FN,R,U AS
Hyla chrysoscelis Cope’s Gray Treefrog Abundant Ck,Cs,F.N,R,S,UY ASCS
Hyla cinerea Green Treefrog Common Ck,Cs,FNR,SSUY AS,CS
Lithobates catesbeianus Bullfrog Abundant Ck,FN,R,SUY AS,CS)In
Lithobates clumitans Green Frog Abundant Ck,Cs,FN,R,SUY AS.CSIn
Lithobates palustris Pickerel Frog Somewhat Rare Ck,Cs,N,S,U,Y AS.CS
Lithobates sphenocephalus Southern Leopard Frog Abundant Ck,Cs,FN,R,S,UY AS,CSRk
Pseudacris crucifer Spring Peeper Common Ck,Cs,FN,R,S,UY AS.CS
Pseudacris feriarum Upland Chorus Frog Common Ck,Cs,FN,R,SUY AS,CS
Scaphiopus holbrookii Eastern Spadefoot Toad Somewhat Rare N,R AS,In
Ambystoma maculatum Spotted Salamander Common S AS
Ambystoma opacum Marbled Salamander Abundant Ck,Cs,NR,U,Y AS
Desmognathus fuscus Northern Dusky Salamander Common Ck,R,S AS
Eurycea chamberlaini Chamberlain’s Dwarf Salamander Rare R AS
Eurycea cirrigera Southern Two-lined Salamander Common Ck,Cs,S AS
Eurycea guttolineata Three-lined Salamander Somewhat Rare Ck,N,S AS
Gyrinophilus porphyriticus Spring Salamander Rare S AS
Notophthalmus viridescens Eastern Newt Common Ck,S,U AS
Plethodon cylindraceus ‘White-spotted Slimy Salamander Somewhat Rare Ck,S AS

were also relatively common in the riparian zones
surveyed.

Thirty-eight of the 92 potential species were not
observed (Appendix 1). The lack of observations of
many salamanders and snakes is likely because of low
detection probability. Many salamanders are fossorial
and difficult to detect (Bailey et al. 2004). Snakes are
well known for being extremely secretive and not readily
observed even after intensive searching (Steen 2010),
partly because their low energetic demands allow them
to sustain long periods of inactivity (Willson et al. 2011).
Still other species may have gone undetected as a result
of our sampling methods. For example, many salaman-
ders are active mainly during winter and early spring
(Conant and Collins 1998), and we did not sample
extensively at these times. We also focused primarily on
riparian areas and may have failed to detect certain
species such as the Slender Glass Lizard (Ophisaurus
attenuatus), which typically inhabits dry grasslands
(Conant and Collins 1998). Finally, undetected but
potentially occurring species might have gone unob-
served because they are experiencing local declines or
extirpations in the area. Such declines, however, seem
unlikely given that much of the area is relatively
undisturbed habitat well suited to the requirements of
a diverse array of amphibians and reptiles. Yet, recent
research in the Broad River Basin (Eskew et al. 2012)
and elsewhere (Voelz and Ward 1991; Nilsson and
Svedmark 2002; Haxton and Findlay 2008) highlights

the importance of flow regulation through damming
determining species’ distribution and abundances. The
Broad River contains numerous dams which may affect
the distributions of some species in the area.

Our study documented several species currently
considered of Special Concern in South Carolina
(SCDNR 2010; Table 3). Acris crepitans was very
abundant across many of the study sites. At each site,
all Acris collected or recorded during call surveys were
identified as A. crepitans. Lithobates palustris was found
to be somewhat rare (Table 1) (n = 19), but occurred in
six out of the eight counties sarmpled. Several species
which the South Carolina Department of Natural
Resources recognizes as priority species were document-
ed (Table 3), including Chamberlain’s Dwarf Salaman-
der (Eurycea chamberlaini), which was observed in
Richland County and is considered a highest priority
for conservation efforts (Table 1; SCDNR 2005).
Additional species considered to be high priority by
the SCDNR are the River Cooter (Pseudemys concinna)
and the Spiny Softshell Turtle (Apalone spinifera), and
of moderate priority are the Common Snapping Turtle
(Chelydra serpentina) and Slider (Trachemys scripta).
Pseudemys concinna was abundant in most riverine
habitats and was documented in all eight counties which
were surveyed. Apalone spinifera was documented in
four counties, but it was seen infrequently (n = 6), likely
because this species is secretive, often burying itself in
soft mud and extending its neck so that only the nostrils
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Table 2. Documented reptiles of the Broad River Basin in South Carolina and the counties in which each was found. Species are classified as
rare (-5 observations), somewhat rare (6~20 observations), common (21100 observations), or abundant (101 or more observations). Active
searches (AS), and turtle trapping (TT) were conducted in Cherokee (Ck), Chester (Cs), Fairfield (F), Newberry (N), Richland (R), Spartanburg

(8), Union (U), and York (Y) counties (In—incidental findings, Rk—roadkill).

Scientific Name Common Name Abundance Counties Method of Detection
Anolis carolinensis Green Anole Abundant Ck,Cs,F,N,R,S,U,Y AS
Aspidoscelis sexlineata Six-lined Racerunner Common F AS,In
Eumeces fasciatus Five-lined Skink Somewhat rare Ck,Cs,N,R,U,Y AS
Eumeces inexpectatus Southeastern Five-lined Skink Rare F,R AS
Eumeces laticeps Broadhead Skink Somewhat rare N,U AS
Sceloporus undulatus Northern Fence Lizard Common Ck,Cs,R AS
Scincella lateralis Ground Skink Common Ck,Cs,F,N,R,U AS,In
Agkistrodon contortrix Copperhead Rare Ck,N,U In
Agkistrodon piscivorus Cottonmouth Rare R AS
Carphophis amoenus Eastern Worm Snake Somewhat rare Ck,Cs,N,S AS
Coluber constrictor Northern Black Racer Rare Ck,Cs,F.Y AS,In
Diadophis punctatus Ringneck Snake Rare Ck,Cs,S AS
Lampropeltis calligaster Mole Kingsnake Rare Y In
Lampropeltis getula Eastern Kingsnake Rare Ck,Cs AS
Nerodia erythrogaster Redbelly Watersnake Rare R AS
Nerodia sipedon Northern Watersnake Somewhat rare Ck,Cs,S, U AS,In
Nerodia taxispilota Brown Watersnake Somewhat rare Ck,Cs,F.N,R,U AS
Opleodrys aestivus Rough Green Snake Rare Cs,N,S AS,In,Rk
Pantherophis guttatus Cormn Snake Rare NY In,Rk
Pantherophis obsoletus Black Rat Snake Somewhat rare Ck,Cs,F,N,R,S,U AS,In,Rk
Regina septemittata Queen Snake Rare Ck AS
Storeria dekayi Brown Snake Rare Ck,R AS
Storeria occipitomaculata Red-bellied Snake Rare Cs AS
Apalone spinifera Spiny Softshell Turtle Somewhat rare Ck,Cs,F,U AS,TT
Chelydra serpentina Common Snapping Turtle Somewhat rare Ck,Cs,N,R,S,U AS,TT
Chrysemys picta Eastern Painted Turtle Somewhat rare Ck,F,UY AS
Kinosternon subrubrum Mud Turtle Somewhat rare Cs,R,S)Y AS
Pseudemys concinna Eastern River Cooter Abundant Ck,Cs,F,N,R,U,Y AS,TT
Sternotherus odoratus Common Musk Turtle Rare Ck,N,R,U AS,TT
Terrapene carolina Eastern Box Turtle Common Ck,Cs,F,R,S,U,Y As,In
Trachemys scripta Yellow-bellied Slider Common Ck,FN,R,UYY AS,TT,In

break the surface of the water (Webb 1962; Martof et al.
1980; Ernst et al. 1994). Chelydra serpentina was found
in Cherokee, Chester, Newberry, Richland, Spartan-
burg, and Union counties, but this species was also
observed infrequently (n = 6), likely a result of its
crepuscular activity patterns (Smith and Iverson 2004).
Chelydra serpentina also rarely basks out of water,
which may make the species difficult to detect using

some of our survey methods (Ernst et al. 1994).
Trachemys scripta was abundant and was documented
in all counties and 48% of active search sites.

Data from active searches and anuran calling surveys
suggested that a combination of sampling methods is
useful for detecting anurans. Most anurans were
detected by both methods, but two species (Gastro-
phryne carolinensis and Scaphiopus holbrookii) were

Table 3. Rare amphibians and reptiles potentially occurring (-) or documented (X) within the Broad River Basin. Species of Special Concern

(SC) are those native to South Carolina determined to be of concern.
Action Plan.

Priority Species (PS) are species listed in the South Carolina Wildlife

Common Name Scientific Name Status in South Carolina Observed
Chamberlain’s dwarf salamander Eurycea chamberlaini PS X
Four-toed Salamander Hemidactylium scutatum PS -
Southern Dusky Salamander Desmognathus auriculatus PS -
Northern Cricket Frog Acris crepitans SC X
Pickerel Frog Lithobates palustris SC X
River Cooter Pseudemys concinna PS X
Yellowbelly Slider Trachemys scripta PS X
Spiny Softshell Turtle Apalone spinifera PS X
Common Snapping Turtle Chelydra serpentina PS X
Timber/Canebrake Rattlesnake Crotalus horridus SC -
Eastern Coral Snake Micrurus fulvius SC -
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observed at some sites through active searches only.
Furthermore, active searches increased the number of
occurrence sites for some species. For example, Lithobates
sphenocephalus was detected at 18 sites during active
searches, but during calling surveys, we observed it only at
9 of those same sites. This species is known to venture
relatively far from water during summer months (Dorcas
and Gibbons 2008), which may have facilitated active
search detection. Lithobates sphenocephalus breeds during
early spring and fall in South Carolina, which is consistent
with our results, since most calling by this species was
heard in March and April, while most individuals were
found during active searches between May and September.
Lithobates sphenocephalus is also known to call after
midnight in July (Bridges and Dorcas 2000). As most of
our call surveys were completed by midnight, it is possible
that in summer months this species went undetected.

As environmental issues (e.g., human population
growth, habitat fragmentation, energy use, etc.) become
more imminent, it is critical to understand distribution,
abundance, and diversity patterns of species to ensure
responsible resource management. Data obtained from
this study represent a valuable inventory of herpetofau-
nal species in the Broad River Basin of South Carolina.
This information is particularly important because little
is known about the herpetofauna of South Carolina,
especially in the Piedmont (Dorcas et al. 2006).
Although the Broad River Basin contains relatively
low levels of development, the urban centers of
Spartanburg and Columbia are within the basin.
Furthermore, several dams occur along the Broad and
Pacolet Rivers, which have been shown to influence
patterns of anuran distribution and abundance (Eskew
et al. 2012). As water and energy demands continue to
increase, the baseline data this study provides have
important implications for conservation as well as future
land management.
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Appendix L
this study.

Potentially occurring species not documented during

Scientific name Common name

Acris gryllus Southern Cricket Frog
Anaxyrus quercicus Oak Toad

Hyla femoralis Pine Woods Treefrog
Hyla gratiosa Barking Treefrog
Hyla squirella Squirrel Treefrog

Lithobates capito
Lithobates virgatipes
Pseudacris brimleyi
Pseuducris nigrita
Pseuducris ornata
Ambystoma talpoideum
Ambystoma tigrinum
Desmognathus auriculatus

Gopher Frog

Carpenter Frog

Brimley’s Chorus Frog
Southern Chorus Frog
Ornate Chorus Frog

Mole Salamander

Eastern Tiger Salamander
Southern Dusky Salamander

Eurycea quadridigitata Dwarf Salamander
Hemidactylium scutarum Four-toed Salamander
Necturus punctatus Dwarf Waterdog

Plethodon chlorobryonis Atlantic Coast Slimy Salamander

Pseudotriton montanus
Pseudotriton ruber
Siren intermedia

Siren lacertina
Ophisaurus attenuatus
Ophisaurus ventralis
Cemophora coccinea
Crotalus horridus
Heterodon platirhinos
Heterodon simus

Lampropeltis triangulum elapsoides

Masticophis flagellum
Micrurus fulvius
Nerodia fasciata
Pituophis melanoleucus
Sistrurus miliarius
Tantilla coronata
Thamnophis sauritus
Thamnophis sirtalis
Virginia striatula
Virginia valeriae

Mud Salamander

Red Salamander

Lesser Siren

Greater Siren

Slender Glass Lizard
Eastern Glass Lizard
Scarlet Snake

Timber Rattlesnake
Eastern Hog-nosed Snake
Southern Hog-nosed Snake
Scarlet Kingsnake
Eastern Coachwhip
Eastern Coral Snake
Banded Watersnake
Northern Pine Snake
Pygmy Rattlesnake
Southeastern Crown Snake
Eastern Ribbon Snake
Common Garter Snake
Rough Earth Snake
Smooth Earth Snake
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