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Abstract—Due to heavy fuel loads resulting from years of fire suppression, upland pine and mixed pine hardwood forests in
the Upper Piedmont of South Carolina are at risk of severe wildfire. The National Fire and Fire Surrogate Study (NFFS) was
conducted on the Clemson Experimental Forest to study the effects of prescribed burning and thinning on a multitude of
factors, including herpetofauna and small mammals. Drift fence/pitfall arrays, modified pitfalls, unmodified pitfalls, and hand
captures were used to sample herpetofauna. We captured 1,317 reptiles and amphibians representing 40 species from
September 9, 2000 to January 9, 2002. There were no significant treatment effects on abundance within five major taxa
(frogs/toads, salamanders, turtles, lizards, and snakes). However, there were treatment effects on two lizard species. When
comparing richness, the thin treatment had a significantly higher number of snake species than the burn treatment. Live
traps, snap traps, and herpetofauna traps were used to sample small mammals. No small mammals were caught in live traps
for 9,600 trap nights. Snap trap success was 0.10 percent for 27,000 trap nights. Small mammals were captured at low levels
in herpetofuana traps (0.06 percent trap success) for 163,968 trap nights. Treatment effects could not be determined for small
mammals due to the low number of captures. Although treatment effects were limited, prescribed burning and thinning have
been found to alter herpetofauna and small mammal communities.

INTRODUCTION
Herpetofauna response to forest management practices is
an important issue in current wildlife research (Bury and
others 1980, deMaynadier and Hunter 1995, Gibbons
1988, Lyon and others 2000, Russell and others 1999).
This interest is partly due to reported declines in amphibian
and reptile populations across the United States and other
countries (Gibbons and others 2000, Pechmann and Wilbur
1994, Wyman 1990). The natural history and physiology of
herpetofauna makes them valuable research subjects alone
or in conjunction with avifauna, mammals, plants, and
arthropods. Some amphibians are completely aquatic obligates while others use aquatic and terrestrial habitat in
their life cycles. Consequently, forest management activities in terrestrial areas may affect the amphibian component
(Bennett and others 1980). Amphibian’s permeable skin is
sensitive to acid rain, herbicides, pesticides, and other
pollutants. This sensitivity, their use of aquatic and terrestrial environments, short life spans, and small home ranges
makes amphibians good indicators of environmental quality
(Pechmann and Wilbur 1994).

the quantity of forest fuels has increased greatly. Fuel
accumulation is mostly due to successful fire suppression
efforts, which degraded ecosystem integrity and increased
the risk of large-scale wildfires. Each year, South Carolina
suppresses nearly 4,500 wildfires. Most of these fires (80
percent) are caused by negligent debris burning or by
arson. Since 1970, an average of one catastrophic wildfire
of 1,000 acres or more has occurred each year in South
Carolina. This average increases during droughty years. In
1985, there were 10 wildfires that averaged over 2,000
acres in size.
The NFFS was initiated on the Clemson Experimental
Forest (CEF) in spring 2000 to study the ecological and
economic consequences of four fuel reduction treatments
over a 5 year period. The NFFS is a national study, taking
place on 13 replicated study sites in the United States. It
has been proposed that fuel reduction treatments, such as
prescribed fire, and fire surrogates, such as cutting and
mechanical fuel treatments, could restore historical ecosystem processes and increase forest sustainability. The
objective of the NFFS is to use prescribed fire and thinning
to understand how fuel reduction treatments affect vegetation, fuel and fire behavior, soils, wildlife, entomology,
pathology, and treatment cost and utilization economics.
The goal of this paper was to assess the effects of prescribed fire and thinning for fuel reduction on herpetofauna
and small mammals in the Upper Piedmont of South
Carolina.

More than 130 species of reptiles and amphibians have
been documented in South Carolina (Conant and Collins
1998, Martof and others 1980). High species density
(Kiester 1971) coupled with extensive forest management
in a variety of habitats (Sharitz and others 1992) makes
South Carolina ideal for the study of herpetofauna response
to forest management. This issue has been studied in the
Coastal Plain and Appalachian Mountains but is lacking in
the South Carolina Piedmont.

METHODS

Southeastern forests with historically short interval, low- to
moderate- severity fire regimes, have become denser and

Twelve treatment areas were established in the CEF during
spring 2000 based on stand age, size, tree composition,
and wildfire vulnerability. Treatment areas ranged in age
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from 15 to 60 years and were blocked by tree size to reduce
variability. Each of three blocks contains four treatment
areas composed primarily of pulpwood sized trees diameter
at breast height (d.b.h.) (15 to 25 cm), sawtimber sized
trees (d.b.h. > 25 cm), and a mixture of pulpwood and sawtimber sized trees.
Minimum block size was 14 ha to accommodate the 10-ha
study plot and a buffer area of about 20 m. Tree composition was primarily planted loblolly pine (Pinus taeda L.) with
some shortleaf pine (Pinus echinata Mill.), Virginia pine
(Pinus virginiana Mill.), and various hardwood species. The
last thinning occurred at least 10 years ago, and the last
prescribed or wild fire occurred at least 5 years ago.

Treatments
The four treatments were randomly assigned to each block
using a random number table. Treatments included thinning,
prescribed burning, and an untreated control. The prescribed
burn for the thin/burn treatment was not applied until data
collection for this study was completed; therefore thin/burn
treatments are designated as T2 in this study to distinguish
them from the thin only treatment (T1). Thinning and burning levels were prescribed that reduced fuels and followed
standard silvicultural practices for managed stands in the
Piedmont. Thinning operations were conducted in the winter
of 2000 and 2001 and prescribed burning was conducted
in the spring of 2001 and 2002.

Trapping Methods
Herpetofauna was sampled using 24 drift fence/pitfall trap
arrays, 120 modified pitfall traps, 120 unmodified pitfall
traps, and area-constrained searches. Pitfall traps were
buried 19 L plastic buckets. Two drift fence/pitfall arrays
(Crosswhite and others 1999) constructed of nylon silt
fencing were randomly located in the upper and lower half
of the treatment area. Drift fence/pitfall arrays were Yshaped with 10-m arms spaced 120o from each other. Each
array had four pitfalls, one pitfall in the center and one at
each arm end. Modified pitfalls were placed every 200 m
and alternated with unmodified pitfalls. Pitfalls were modified by burying three 1-m sections of aluminum flashing at
120o angles to the pitfall opening. Any herpetofauna captured by hand or heard vocalizing within the treatment
areas were counted as hand captures.

Marking Techniques
All herpetofauna captured were identified to species,
marked, sexed, weighed, and measured. Taxonomy
followed that of Conant and Collins (1998), Highton and
Peabody (2000), and Martof and others (1980). Frogs/
toads, salamanders, and lizards were marked by toe clipping the fourth outermost toe on the right rear foot with a
pair of small scissors (Donnelly 1989). Snakes were
marked by scale clipping the end of the fifth ventral plate.
Turtles were marked by marginal scute filing. Scale clipping
and scute notching methods were modifications of those
used by Woodbury (1953).

Statistical Analysis
Herpetofauna data were summarized for all captures from
September 9, 2000 to January 9, 2002 and for post-treat-

ment captures from April 11, 2001 to January 9, 2002.
Captures were totaled for each species within five major
taxa for each sampling period, trap type, and month. Only
captures from April 11, 2002 to January 9, 2002 were used
to test for treatment effects. Tests for treatment effects on
abundance and richness were conducted on treatment and
major taxa totals and for 11 individual species with the
highest abundance: green anole (Anolis carolinensis Voigt),
Fowler’s toad (Bufo fowleri Hinckley), eastern worm snake
(Carphophis a. amoenus Say), five-lined skink (Eumeces
fasciatus L.), eastern narrowmouth toad (Gastrophryne
carolinensis Holbrook), southern appalachian salamander
(Plethodon teyahalee Hairston), bullfrog (Rana catesbieana
Shaw), ground skink (Scincella lateralis Say), northern
fence lizard (Sceloporus undulatus hyacinthinus Green),
southeastern crowned snake (Tantilla coronata Baird and
Girard), and eastern box turtle (Terrepene c. carolina L.).
Captures from September 9, 2000 to January 9, 2002
were used for trap efficiency analysis.
The General Linear Model (GLM) procedure and Least
Significant Difference (LSD) tests in SAS (1999) were used
to test for treatment effects and differences in trap efficiency. The level of significance was set at α = 0.05 for all
statistical tests.

RESULTS AND DISCUSSION
Herpetofauna
During the overall sampling period, we captured 1,317
reptiles and amphibians representing 40 species in
163,968 trap nights. Lizards (49.1 percent) were the most
abundant taxon followed by frogs/toads (23.5 percent),
snakes (13.7 percent), salamanders (9.2 percent), and
turtles (4.6 percent). The majority of captures, 52.8 percent
reptiles and 28.6 percent amphibians, occurred from April
2001 to October 2001. Total post-treatment sampling
produced 1,146 captures representing 40 species for
92,064 trap nights. Lizards (47.7 percent) were the dominant taxon followed by frogs/toads (25.7 percent), snakes
(14.2 percent), salamanders (7.9 percent), and turtles (4.5
percent).

S. u. hyacinthinus was the most abundant species overall
and in post-treatment sampling, representing 25.5 percent
and 24.3 percent of total captures, respectively. B. fowleri,
A. carolinensis, E. fasciatus, and T. coronata were the next
four dominant species forming a group representing 34
percent of total captures overall and 36 percent in the posttreatment sampling period. No significant treatment effects
on abundance were found for the five major taxa (table 1).
Although post-treatment sampling occurred throughout the
peak months of activity (April to October) more sampling is
needed during this time over successive years to detect
treatment effects.
When comparing richness, T1 had significantly higher
number of snake species than the burn treatment (table 2).
However, 50 percent of snake richness was made up of
species represented by only one capture per plot. The
difference in snake richness pertained more to random
encounter with a trap rather than the effects of the burn.
There were no significant treatment effects when comparing the total treatment abundance and richness. Of the
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Table 1—Mean herpetofauna abundance (captures/treatment) for post-treatment
sampling

Treatment
Burna
Control
T1
T2

Frogs and
toads
12.6
37.3
26.0
22.0

ab
a
a
a

Salamanders
3.0
8.3
7.0
12.0

a
a
a
a

Turtles
3.6
4.3
4.0
5.0

a
a
a
a

Lizards
39.7
27.7
54.7
60.3

a
a
a
a

Snakes

Overall

9.6
14.3
18.0
12.3

13.7
18.4
21.9
22.3

a
a
a
a

a
a
a
a

T1 = thin only treatment; T2 = thin/burn treatment.
a
Burn only treatment.
b
Means not followed by the same letter within columns differ significantly at p < 0.05.

Table 2—Mean herpetofauna richness (number of species and treatment) for posttreatment sampling

Treatment
Burn
Control
T1
T2

Frogs and
toads
2.7
5.7
4.0
4.3

aa
a
a
a

Salamanders
2.0
2.0
3.7
4.0

a
a
a
a

Turtles
1.3
1.0
1.0
1.0

a
a
a
a

Lizards

Snakes

Overall

4.6
5.0
5.0
5.3

3.0
4.7
5.0
5.3

2.7
3.7
3.9
4.0

a
a
a
a

a
ab
a
ab

a
a
a
a

T1 = thin only treatment; T2 = thin/burn treatment.
a
Means not followed by the same letter within columns differ significantly at p < 0.05.

11 individual species chosen for analysis, there were
significant treatment effects on A. carolinensis and E.
fasciatus (table 3). T2 had significantly more A. carolinensis
captures than the burn or control. There were significantly
more E. fasciatus captures in the T2 and T1 than in the
control. A. carolinensis and E. fasciatus activity increased
due to the conditions created by overstory removal.
Thinning reduced basal area within the treatment area
(Phillips and others, in press). Thinning increased the
amount of sunlight reaching the forest floor resulting in a
higher proportion of area available for thermoregulation.

Much of the amphibian abundance and richness in this
study can be explained by the presence of adjacent
breeding habitat. Amphibians made up 33.6 percent of
post-treatment captures and were primarily composed of
species uncharacteristic of upland pine plantations. This
could be due to the presence of adjacent breeding habitat
to the treatment areas. Beaver ponds, perennial streams,
and intermittent streams are in close proximity to treatment
areas. Different habitat among blocks may have produced
enough variability to mask significant differences among
treatments.

Table 3—Average abundance of individual species by treatment
Species

Anolis carolinensis
Bufo fowleri
Carphophis a. amoenus
Eumeces fasciatus
Gastrophyrne carolinensis
Plethodon teyahalee
Rana catesbieana
Scincella lateralis
Sceloporus undulatus hyacinthinus
Tantilla coronata
Terrapene c. carolina

Burn
5.0
9.0
1.3
7.0
2.0
1.7
1.3
5.2
22.7
7.0
3.3

aa
a
a
ab
a
a
a
a
a
a
a

Control
2.0
2.7
4.7
4.3
3.0
8.7
9.0
3.3
14.7
5.7
4.3

a
a
a
a
a
a
a
a
a
a
a

T1
7.3
20.3
3.3
11.7
3.0
1.7
5.2
4.6
27.7
9.3
4.0

T2
ab
a
a
b
a
a
a
a
a
a
a

17.7
12.7
4.4
9.6
4.7
5.7
2.3
3.0
28.0
4.3
5.0

T1 = thin only treatment; T2 = thin/burn treatment.
a
Means not followed by the same letter within columns differ significantly at p < 0.05.
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b
a
a
b
a
a
a
a
a
a
a

Trap Efficiency
Drift fence/pitfall arrays accounted for 32.3 percent of total
captures while modified pitfalls accounted for 30.4 percent.
Unmodified pitfalls and hand captures made up 19.2 and
18.0 percent of total captures, respectively. Both drift
fence/pitfall arrays and modified pitfalls caught 30 species.
Twenty-five species were caught in unmodified pitfalls and
19 species were caught by hand.
There were no significant differences in capture efficiency
among trap types for frogs/toads, salamanders, or lizards
or for overall capture abundance (table 4). Significantly
higher numbers of T. c. carolina were caught by hand than
by array, modified pitfall, and unmodified pitfall. Modified
pitfalls caught significantly more T. c. carolina than unmodified pitfalls. Arrays caught significantly higher numbers of
snakes than modified pitfalls, unmodified pitfalls, and hand
capture.
Array efficiency for snakes, especially T. coronata, supported
the findings of other trap efficiency studies. Preferred prey
for this species are centipedes and insect larvae (Conant
and Collins 1998, Martof and others 1980). Arrays may
capture more of the preferred T. coronata prey than the
other trap designs. Abundant species such as S. u. hyacinthinus were caught in all trap types with the same relative
efficiency. This may be due to the diurnal nature of this
species and the amount of area it covers during active
periods. During peak breeding activity in the spring, male
S. u. hyacinthinus are actively seeking females and cover

more area. Evidence of this increased activity was reflected
by the increase in multiple male captures per pitfall. There
were several instances where four or five different males
were caught in a single pitfall during the spring. For most of
the study, one capture per pitfall was usual.
There were no significant differences in capture efficiency
for richness among trap types for frogs/toads, salamanders,
and turtles (table 5). Unmodified pitfalls caught significantly
more lizard species than hand capture. Significantly more
snake species were caught in the array and modified pitfalls than by unmodified pitfalls and hand capture. Overall,
there were significantly fewer species caught by hand and
unmodified pitfalls than by the other two trap types.
Richness analysis found that trap efficiency varied for
lizards, snakes, and the overall number of species captured. Unmodified pitfalls were more efficient for lizards
than hand capture because this trap type consistently
caught more species of Eumeces (Wiegmann). A. carolinensis, S. u. hyacinthinus, and S. lateralis were species
common to both hand and unmodifed pitfall traps. However, unmodified pitfalls were more efficient at catching
Eumeces than hand capture. For each replication, unmodified pitfalls consistently caught two or three species of
Eumeces, but no more than one of three species was ever
caught by hand. Eumeces are alert and very active lizards
(Contant and Collins 1998) and are much more difficult to
capture by hand than A. carolinensis, S. u. hyacinthinus,
and S. lateralis.

Table 4—Capture abundance for array, hand, modified, and unmodified trap types

Treatment
Array
Hand
Modified
Unmodified

Frogs and
toads
34.3
18.7
35.0
15.0

aa
a
a
a

Salamanders
20.0 a
—
14.0 a
9.5 a

Turtles

Lizards

3.8
13.0
3.7
1.3

53.0
42.3
68.0
52.0

a
b
a
a

a
a
a
a

Snakes
32.3
5.0
13.0
9.7

b
a
a
a

Overall
30.5
19.8
26.7
17.8

a
a
a
a

— = Taxon was not present.
a
Means not followed by the same letter within columns differ significantly at p < 0.05.

Table 5—Species richness for array, hand, modified, and unmodified trap types

Treatment
Array
Hand
Modified
Unmodified

Frogs and
toads
5.3
3.7
5.0
3.7

aa
a
a
a

Salamanders
4.0 a
—
5.3 a
3.2 a

Turtles
1.5
1.0
1.0
1.0

a
a
a
a

Lizards
5.3
4.0
5.3
5.7

ab
a
ab
bc

Snakes

Overall

6.0
3.3
4.0
3.3

4.6
3.0
4.1
3.4

a
b
a
b

a
b
a
b

— = Taxon was not present.
a
Means not followed by the same letter within columns differ significantly at p < 0.05.

21

004Kilpatrick.pmd

21

2/26/2004, 1:10 PM

CONCLUSIONS
Prescribed burning and thinning for fuel reduction had
minimal effects on herpetofauna in upland pine plantations
of the Piedmont. Opening the forest canopy by thinning
(Phillips and others 2004) created favorable conditions for
two lizard species (A. carolinensis and E. fasciatus). Adjacent breeding habitat appears to have influenced the abundance and richness of amphibians in a treatment area
more than did prescribed fire and thinning. These findings
are based on intensive sampling of herpetofauna with a
variety of methods and knowledge of land use adjacent to
treatment areas. Because prescribed burning and timber
harvest have been documented as having definite effects
on herpetofauna, further post-treatment research should
be conducted to expand on the baseline data collected
thus far.
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