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This project evaluated the influence of habitat parameters and distance from
low-order streams on herpetofauna communities, in addition to evaluating the efficacy of
2 sampling methods.
Amphibians were associated with mature hardwood forests with high density of
large, highly decayed woody debris. Reptiles were associated with mixed pine-hardwood
forests, woody debris, and vertical canopy structure. Overall, woody debris was an
important habitat feature for amphibians and reptiles.
Amphibians were detected in greater abundance and species richness near the
stream. Reptiles were similar in abundance and species richness as distance increased
from low-order streams. I recommend a SMZ width ≥50 m on each side of the low-order
streams in east-central Mississippi.

Area-constrained and funnel-pitfall traps each detected species that the other
method was unable to sample due to inherent biases. I recommend the use of both survey
methods when investigating the entire terrestrial herpetofauna community in mature,
riparian and upland forests.
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CHAPTER I
INTRODUCTION
In the past few decades the federal government has passed several acts to
conserve ecosystems, protect biological diversity, and promote multiple uses of public
forestlands of the United States. These acts included the National Environmental Policy
Act of 1969 (NEPA), the Public Rangeland Improvement Act of 1978, the National
Forest Management Act of 1976 (NFMA), and the Federal Land Policy and Management
Act of 1976 (Scalet et al. 1996). Federal forestlands comprise about 31% of all public
forests, of which 19% are managed by the U.S. Department of Agriculture Forest Service
(FS). The Multiple Use and Sustained Yield Act of 1960 set specific regulations that
required fish and wildlife to be considered equally with other renewable resources when
developing forest management plans. The FS focuses its management of public forests
on extractive timber and mineral use, outdoor recreation, livestock grazing, water quality
protection, fish and wildlife conservation, and protection of sensitive ecosystems and
native biological diversity (Stockwell 1990).
The Endangered Species Act (ESA) of 1973, the NFMA, and the NEPA further
encourage management practices that consider conservation of biological diversity
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(Stockwell 1990). The NFMA requires environmental assessments of proposed projects
or land management assessing potential impacts of natural resource management
activities on cultural and natural resources on national forest lands (Cubbage et al. 1993).
The ESA requires all federal and state agencies protect and conserve all species listed by
the U.S. Fish and Wildlife Service as threatened or endangered (Stockwell 1990). The
assessment of potential impacts of proposed timber management activities required by
NFMA includes impacts on federal and state protected species as designated by the ESA
(Rholf 1989). In further compliance with these acts, the FS delineates PETS (Protected,
Endangered, Threatened, and Sensitive) species as plants and animals that are state-listed,
federally listed, and/or candidate species of the ESA. On FS lands, such as the
Tombigbee National Forest (TNF), PETS are given special consideration prior to any
management activity to conserve biodiversity (Fogarty 2005). Currently, 14 state and/or
federally listed species potentially occur on Tombigbee National Forest (TNF) and
Noxubee National Wildlife Refuge (NNWR) lands (Mississippi Natural Heritage
Program 2002). Biological surveys of these sensitive species communities as well as
associated habitat measurements are generally being conducted in forest lands before
timber management operations. Historically, pre-timber management surveys were
conducted. However, limited funding has impeded monitoring of rare species and their
habitats following timber management activities. Pre- and post-management surveys
could provide vital information on how environmental impacts (i.e., timber management
activities) affect sensitive species’ short-term and long-term survival. These surveys
could be used in developing conservation plans for rare species and sensitive ecosystems
2

in updated forest management plans. Consequently, FS forest managers have begun to
fund studies that monitor rare species’ populations prior to and following land
management activities (Fogarty 2005).
NFMA requires agencies to develop management plans that will “…maintain or
improve biological diversity at the genetic, species, and ecosystem levels” (Stockwell
1990). Conducting surveys of indicator species before, during, and after management
activities could help the FS ensure these requirements are being met. Indicator species
are the primary focus of forest management, because these animal communities represent
habitat specialist species with narrow distributional ranges that show more immediate
responses to management practices, thus indicating environmental health (Hunter 2002).
Many amphibians can be useful as indicator species for broad scale and local
perturbations because of their life histories and relatively limited capabilities for dispersal
(Cooke 1981, Kiesecker et al. 2001). Animals of the Class Amphibia are widely
distributed, abundant, and functionally important in aquatic and terrestrial habitats in
many regions. Many amphibian species occur in wide distributional ranges, and if
communities are monitored, they can provide key information on broad geographical
and/or climatic changes affecting environmental health. Other amphibian species are
habitat specialists with limited ranges. Monitoring these communities can demonstrate
effects of microhabitat health or perturbations before other wildlife are affected (Heyer et
al. 1994, Yarrow and Yarrow 1999).
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There is a global consensus that amphibians are declining (Vitt et al. 1990,
Wyman and Jancola 1992, Alford and Richards 1999, Reaser 2000, Houlahan et al.
2000). These declines may be because amphibian life histories and habits expose them to
terrestrial and aquatic habitats. Also they have very permeable skins that cause higher
levels of sensitivity to toxins and changes in the environment than terrestrial vertebrate
groups (Alford and Richards 1999). Potential contributing causes of amphibian declines
may include UV-B radiation as an outcome of the depletion of atmospheric ozone
(Blaustein 2003), introduction of predators (Alford and Richards 1999), acid deposition
(Dunson et al. 1992), environmental toxicants (Carey and Bryant 1995), diseases (Carey
et al. 1999), climate and weather shifts (Pounds and Crump 1994), and habitat loss
(Alford and Richards 1999, Gibbons et al. 2000). Additionally, studies have shown that
specific forest management practices can have severe and rapid impacts on reptile and
amphibian populations (Alford and Richards 1999, Gibbons et al. 2000). The following
forest management practices have been shown to negatively impact herpetofauna:
clearcut harvesting (Blymer and McGinnes 1977, Ash 1988, Petranka et al. 1993, Phelps
and Lancia 1995, Chazal and Niewiarowski 1998), even-aged forests (Bennett et al. 1980,
Hansen et al. 1991), and long-term disturbance effects (Bury 1983, Pough et al. 1987,
Corn and Bury 1989, Means et al. 1996).
Scientific study that requires animal capture and collection of amphibians also can
have detrimental impacts on local amphibian populations (Gibbons et al 2000). Whenever
sampling any animal population, considerations of detrimental affects the sampling
technique might impose, as well as any potential biases these sampling techniques might
4

incur should be considered. Fogarty and Jones (2003) found that raccoons (Procyon
lotor) depredated herpetofauna captured in pitfall traps. Depredation poses several
problems that should be addressed. First, if there are rare species being caught in pitfall
traps, mammalian predators could significantly increase mortality rates in species with
low population numbers. Secondly, the loss of animals by mammalian predators could
introduce significant bias in population data. These are a few of the potential impacts of
depredation on pitfall traps that need to be addressed in any project using this survey
technique.
The primary objective of this study was to measure herpetofaunal communities in
varying forest stand compositions (i.e., hardwood and mixed pine – hardwood), and at
varying distances from a stream. I conducted analyses to determine relationships
between abundance and distribution of herpetofauna species with specific habitat
parameters. This information should provide the FS with the needed information to
protect local herpetofaunal diversity, as well as providing information to monitor
herpetofaunal communities that serve as indicator species for selected forest or ecosystem
types. The secondary objective was to evaluate catch per unit effort between funnelpitfall trap surveys and area-constrained transect surveys. The last objective of this study
was to determine the occurrence of predator species at pitfall trap arrays during trapping
periods at varying distances from the stream. Additionally, I attempted to test the
efficiency of a predator guard and the potential impact on predation on captured animals
in pitfall traps by comparing open buckets to buckets with predator guards in relation to
number of visits by predators, which were detected by game cameras.
5
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CHAPTER II
STUDY AREA AND FIELD METHODS
STUDY AREA
The study was conducted on 18 sites that are located on Tombigbee National
Forest (TNF), Ackerman Unit, including Jones Creek Project Area, Township 16 N,
Range 13 E and 14 E, Mill Creek Project Area, Township 15 N and 16 N, Range 13 E,
and Noxubee Crest Project Area, Township 16 N, Range 12 E in Winston County,
Mississippi. Three additional sites were located on adjacent Noxubee National Wildlife
Refuge (NNWR) on lands adjacent to TNF Jones Creek Project Area, Township 16 N,
Range 14 E. All streams were a part of the Tombigbee River drainage system (Fogarty
2005).
The Jones Creek and NNWR project areas were located within the Interior
Flatwoods soil region of Mississippi (Fogarty 2005). Parent material of the Interior
Flatwoods consists of a heavy deposit of gray, acidic shale, also known as soapstone.
The soils in the region were developed from soapstone with silty and sandy deposits in
upper horizons. The soils were poorly drained and very acidic, usually resulting in poor
productivity. The major soil types in the region were Adaton, Longview, Wilcox,
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Mayhew, Savannah, Arkabutla, and Falkner. Due to the acid soil conditions and
prolonged periods of soil saturation during winter and spring months, land use was
dominated by pine timber production (Pettry 1977).
The Mill Creek and Noxubee Crest project areas were located in the Upper
Coastal Plain soil region of Mississippi (Fogarty 2005). The soils in the Upper Coastal
Plain consisted of sands, clays, shale, and gravel. Although a few areas of land in the
flood plain dominated by well-drained brown and sandy loams were suited for
agriculture, most of the land was well-suited for pine timber production. The soils were
acidic with a pH ranging from 5.0 to 5.8, and ranged from loamy sands to heavy clays in
texture. The major soils in this region were Smithdale, Ora, Savannah, Sweatman,
Prentiss, and Providence (Pettry 1977).

FIELD METHODS

Study Site Selection
Study sites and pitfall trap arrays were adopted from Jarrod Fogarty’s research of
the Distribution and Habitat Associations of Reptiles, Amphibians, and Fishes on Public
Lands of East-Central Mississippi (Fogarty 2005). Each of the 21 study sites was
characterized as a mature (>25 years of age), upland forest stand, which contained one
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first- or second-order stream. This study was part of a long-term study investigating the
effects of long-term pine management (>25 years) on herpetofauna populations, thus
forest stands were selected based on a range of overstory pine composition averaged
27%, ranged 3-66% pine basal area (Fogarty 2005).

Survey Design and Faunal Surveys
At each study site, four points were placed along the stream approximately 75 m
apart within each selected forest stand. This distance allowed the 50 m transects to be
centered at each point with a 25 m buffer between transects. If stand shape (ie., distance
to edge) allowed, the transect center points were placed on alternating sides of the stream.
To determine differences in habitat use by reptiles and amphibians at varying distances
from the streams, five 50 m transects were placed parallel to the stream at distances of 0,
25, 50, 75, and 100 m from each center point (Figure 2.2). This approach provided 20,
50 m transects per site for area-constrained surveys (Fogarty and Jones 2003).
Herpetofauna surveys were conducted by walking all transects in each transect
group and recording every reptile or amphibian sighted within 3 m transect width of each
transect. This created an area of 150 m2 that were covered for each transect and 3,000 m2
or 0.3 ha at each study site. Transects were walked slowly and any refugia site (i.e.,
brush piles, decaying logs, rocks, etc.) were investigated for presence of reptiles and
amphibians (Heyer et al. 1994, Jaeger 1994, Fogarty and Jones 2003). All refugia sites
were returned to the original position after checking for the presence of animals to
preserve microhabitats. Transects were surveyed in fall, 2004, spring and fall, 2005, and
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spring, 2006. Spring surveys occurred in March or April through June, fall surveys in
October through November. Surveys were conducted between 900 and 1500 hours
without regard to rainfall events or other weather related variables (Fogarty and Jones
2003). Due to winter temperatures and the consequential behavioral adaptations of
amphibians and reptiles, several sites could not be sampled in 2004; therefore study sites
were sampled unevenly for area-constrained surveys (Table 2.1).
In addition, at each site 3 pitfall trap array configurations with funnel traps were
used to survey herpetofaunal communities (Figure 1.1). Each configuration included a
straight line of 4 19 L buckets placed flush with the ground 5 m apart (Gibbons and
Semlitsch 1981, Bury and Corn 1987; Figure 1.2). Holes were drilled in each bucket to
avoid water accumulation (Heyer et al. 1994). Alternate buckets had a predator guard
placed over the bucket to prevent predation by mesopredators, such as Procyon lotor and
Didelphis virginiana. The predator guards were made of 5.08 X 10.16 cm wire fencing
folded into a box with the dimensions of 30.48 X 30.48 X 10.16 cm. The bottom of the
box was opened and secured to the pitfall trap with zip ties. Silt fencing was placed in
between each bucket, as a lead fence, and was approximately 0.7 m in height. Each array
was 15 m in length. There were 3 arrays positioned randomly per site located at 0, 50,
and 100 m from the stream. Each array had 2 double-opening funnel traps placed
between buckets 1 and 2 and between buckets 3 and 4 on alternating sides of the silt
fence. The funnel traps were approximately 0.610 m long with a diameter of 20.32 cm
with a funnel attached to each end. Each funnel trap was covered with a 30.48 X 30.48
cm board to protect the animals from weather. Lids were placed on buckets and one end
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of the funnel traps was opened except during survey periods. Survey periods were
conducted for 10 days in spring and fall months, within 48 hours following precipitation
events when feasible and within 30 days of area-constrained surveys (Fogarty and Jones
2003). Buckets and funnels were checked every 2 days during survey periods (Heyer et
al. 1994). Due to prescribed burns, one site could not be sampled one month during
2006; consequently, study sites were sampled unevenly for funnel-pitfall surveys (Table
2.1).
Infrared-triggered cameras (DeerCam® DC-100, Non Typical, Inc.) were used to
monitor predator activity around pitfall trap arrays. Cameras were placed at randomly
chosen study sites in late spring and early fall for 10-day survey periods during funnelpitfall trap surveys (Table 1). Sites with heavy human traffic (e.g., hunting pressure)
were not included as a potential camera site due to the possibility of theft and/or
vandalism of cameras. A subsample of sites was surveyed due to limited availability of
cameras. Cameras were positioned on tree trunks about 0.5 m above ground at 0 m and
100 m funnel-pitfall trap arrays. The film from the cameras was developed and evaluated
at the end of each 10-day trapping period. The number of predator visits per species, trap
night, and distance at site were recorded.

Weather and Habitat Data Collection
Several weather parameters were recorded each time faunal surveys were
conducted. Measurements of daily precipitation, temperature, and relative humidity were
recorded using the Mississippi State University National Oceanic and Atmospheric
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Administration (MSU NOAA) station. These weather conditions were evaluated to
assess sampling period, seasonal, and annual weather conditions.
All habitat measurements were recorded during summer of each study year. Two
of 4 transect groups were selected randomly for habitat surveys using a random number
generator. Percent coverage, composition, and structure of overstory, midstory, and
understory were measured at the center and end points of each transect in the selected
transect group (10 transects X 3 points = 30 sample points per site; Figure 1.1). Overstory trees (>6 m), snags, and downed decaying logs were measured in 100 m2 plots.
Species and diameter at breast height (dbh) of each over-story tree within the plot were
recorded. The snags and downed decaying logs within the plot were enumerated,
recorded, and classified by log type (pine or hardwood) and decay status as follows: 1 =
Still retains dead or dying leaves, 2 = No leaves but bark is still intact, 3 = Bark
beginning to slough in places but heartwood still hard, 4 = Most of the bark has fallen
and heartwood soft but still retains shape, 5 = Very soft and has lost most of original
shape (Maser et al. 1979). Length and diameter also were recorded for downed decaying
logs. The midstory trees (1-6 m) were measured in 10 m2 plots. Species and dbh were
recorded for each tree located within the plot (Fogarty 2005). Understory (<1 m)
vegetation data were measured in 1 m2 plots. Within these plots, percentage of cover of
each vegetation type (forb, grass, legume, lichen and moss, woody-vine, shrub, bare
ground/debris) using modified Daubenmeyer scale and a list of all species were recorded
as follows: 1 = 0 – 4%, 2 = 5 – 24%, 3 = 25 – 49%, 4 = 50 – 74%, 5 = 75 – 94%, and 6 =
95 – 100% coverage (Pachkowski 2001). In each of the 1 m2 plots, leaf litter type (pine,
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hardwood, or mixed) and depth by category were recorded as follows: <2 cm, 2-5 cm,
and >5 cm. Canopy closure readings using a densiometer (GRS ®) also were recorded in
the 1 m2 plots during the summer and winter to account for variation of deciduous tree
canopy during different seasons (Fogarty, 2005).
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Table 2.1. Faunal surveys by study site on Tombigbee National Forest and Noxubee
National Wildlife Refuge in east-central Mississippi, USA, November 2004 –
June 2006.
Study Sites
CC1
CC2
CT1
CT2
JC1
JC2

JC3
JC4
JT1
JT2
JT3
JT4
MC1
MC2
MC3
MC4
MT1
MT2
NC1
NC2
NT1

# Area-constrained Surveys
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
11
11
11
10
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# Funnel-Pitfall Trap Surveys
10
10
9
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

Figure 2.1 Eighteen study sites were located within Tombigbee National Forest, Ackerman Unit and 3 sites were located within
Noxubee National Wildlife Refuge in east-central Mississippi, USA, November 2004 – June 2006.
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Figure 2.2. Experimental design for herpetofauna community study on Tombigbee
National Forest and Noxubee National Wildlife Refuge, 2004 – 2006.
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Figure 2.3. Funnel-pitfall trap array design for herpetofauna community study on
Tombigbee National Forest and Noxubee National Wildlife Refuge, 2004 2006.
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CHAPTER III
HABITAT TRENDS INFLUENCING AMPHIBIANS AND REPTILES
IN UPLAND FORESTS IN EAST-CENTRAL MISSISSIPPI

Historically, wildlife and fisheries management has focused on upland game
mammals and game birds due to the importance for consumptive uses and the associated
funding base (Yarrow and Yarrow 1999). Thus, the southeastern United States has
emphasized the importance in studying the ecology of and developing habitat
associations and models for game species because of harvest-related management goals
(Gibbons and Buhlmann 2001). This long-term work has led to a better understanding of
habitat management, life requirements, general ecology, predator-prey relationships, and
prediction of harvest regulation outcomes for many game species (Yarrow and Yarrow
1999). The classes Reptilia and Amphibia have gone largely unnoticed in the wildlife
management community in the past, although they represent the highest diversity and
abundance of vertebrate fauna in the southeast. More recently, due to paradigm shifts
that include conservation of biodiversity and landscape-level ecology, emphasis on
conservation of herpetofauna has grown (Gibbons and Buhlmann 2001).
Except for federally listed species in Mississippi, such as gopher tortoises
(Gopherus polyphemus; Epperson and Heise 2003), Mississippi gopher frog (Rana capito
serosa; Jensen et al. 2003), and yellow-blotched map turtles (Graptemys flavimaculata;
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Horne et al. 2003), there is a lack of basic ecological knowledge for a large number
herpetofauna species in Mississippi. This is not to say that there is not any research on
herpetofauna; in recent years, researchers have begun concerted efforts to understand
herpetofauna communities (Fogarty 2005).
In the past, researchers and managers have neglected amphibians and reptiles
because of several factors. The study of biodiversity of herpetofauna can offer challenges
due to their fossorial and secretive nature (Fogarty 2005). There are approximately 116
amphibian species and 104 reptile species found in the southeast, with many species
being endemic to specific ecosystems. Many of these species are highly secretive, only
emerging during breeding season. Thus, adequate survey efforts are often very difficult
without special techniques, especially if the species are rare or fossorial for most of its
life cycle. Another contributing factor to the limited ecological knowledge is public
perception of herpetofauna. The general public does not see an immediate benefit
derived from these species such as food, medicine, clothing, or sport hunting with few
exceptions (Gibbons and Buhlmann 2001), such as some marine turtles (Eretmochelys
imbricata; Meylan 1999) and their eggs (Campbell 1998), 5 species of rattlesnakes
(Crotalus spp.; Fitzgerald and Painter 2000), and alligators (Alligator mississippiensis;
Dutton et al. 2004). In contrast, many game species (e.g., white-tailed deer, Odocoileus
virginianus, and waterfowl), are linked to historic conservation successes, and often the
public views them as important due to immediate benefits (e.g., food, clothing, and
recreation). Therefore, continuous funding has been available via state and federal
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sources (Yarrow and Yarrow 1999, Kellert and Smith 2000). Herpetofauna, as a group,
have not been judged as important biologically or economically as other taxon, and
therefore, less public funds have been contributed to their research and management
(Simon et al. 1995).
Through recent news releases and research findings relating global population
declines, public perception has become more aware of the complex and diverse
amphibian and reptile communities (Gibbons and Buhlmann 2001). These findings
highlighted declines due to a plethora of causes, such as ultraviolet radiation, predation,
habitat modification, environmental acidity and toxicants, diseases, and changes in
climate or weather patterns (Wilbur 1990, Alford and Richards 1999, Blaustein 2003,
Collins and Storfer 2003). Studies also investigated the suitability of amphibians and
reptiles as indicator species (Cooke 1981, Heyer et al. 1994, Hager 1998). Furthermore,
amphibians and reptiles are now viewed as important organisms in terms of ecosystem
functions and structure (Gibbons and Buhlmann 2001). The new awareness surrounding
herpetofauna has produced more public funds for monitoring, research, and management
to improve biodiversity and protect sensitive species on public lands.
Government agencies have made funds available with the primary goal of
herpetofauna research on public forest lands in Mississippi, making this and other
projects possible. For this project, I continued a survey of amphibian and reptile
communities using 2 sampling techniques and measured habitat parameters on 2 public
land bases in east-central Mississippi (Fogarty 2005). I then developed predictive models
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and habitat associations of abundance and species richness for amphibians and reptiles by
group and species, which were applicable to mature, upland forests in east-central
Mississippi. My primary objective in this chapter was to determine the relationships
between abundance and species richness of amphibian and reptile species with specific
habitat conditions.
Reptiles and amphibians are often grouped together, because these two groups are
ectothermic (i.e., acquire the energy needed to raise body temperature either directly, by
basking in the sun, or indirectly, laying on a warm surface). This disaggregation
separates amphibians and reptiles from mammals and birds that are endothermic (i.e.,
acquire energy needed to raise body temperature through chemically metabolizing
carbohydrates, lipids, and proteins from their diet). Reptiles and amphibians are
generally smaller than most mammals and birds. For example, ∃80% of frogs,
salamanders, and lizards weigh less than 20 grams compared to most mammals weighing
more than 20 grams. Most amphibians and reptiles also reproduce by laying eggs, unlike
mammals, which reproduce by live births (Pough et al. 2001). Aside from these few
common characteristics, amphibians and reptiles are uniquely different in many aspects
of their ecology, physiology, and behavior. Amphibians’ eggs are unshelled and
gelatinous with little protection against abiotic and biotic factors. In contrast, reptiles’
eggs are shelled and tough, allowing them to withstand harsher, xeric environments.
Amphibians have skin that is permeable to moisture, gasses, and ions present in the
environment, unlike reptiles that have tough, dry skin allowing them to inhabit mesic and
xeric habitats (Freda 1991, Frisbie 1992, Blaustein 2003). Because of these biotic
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limitations, amphibians are more restricted to areas with water sources, making them
more sensitive to environmental water gradients then reptiles. If water is limiting,
amphibians will often change their behavior (i.e., seek refugia under logs or under
ground) until the water is again available (Spotila 1972, Grover 2000). Thus, to eliminate
confounding effects due to different habitat associations among species in each class
caused by their differing ecology, physiology, and behavior, I chose to analyze
amphibian and reptile data separately by class.
Dodd (1991) found some species of herpetofauna were able to climb or hop over
the drift fence, biasing relative abundance and species richness estimates. Pitfall trap
surveys also were found to be inefficient in trapping large snakes, turtles, and some
salamanders. Trapping inefficiency for large snakes probably involved their ability to
escape the pitfall trap, whereas, it is hypothesized that turtles avoid pitfall traps. Because
of salamander’s dependence on water, behavioral adaptations, such as finding refugia
under logs, streamside salamanders are more effectively sampled by hand (Gibbons and
Semlitsch 1981, Petranka et al. 1993, Crosswhite et al. 1999). Many small amphibian
and reptile species are easily trapped by pitfall traps (Crosswhite et al. 1999). Pitfall trap
method also can be a useful technique to survey rare species, whereas hand survey
methods can be ineffective at sampling these species (Heyer et al. 1994). Because of
potential biases of the different techniques, I separated area-constrained surveys and
funnel-pitfall trap surveys during analysis in order to concisely discern possible species
habitat associations.
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STUDY AREA
The study was conducted on 18 sites that are located on Tombigbee National
Forest (TNF), Ackerman Unit, in Winston County, Mississippi. An additional 3 sites
were located on adjacent Noxubee National Wildlife Refuge (NNWR) on lands adjacent
to TNF. A more complete study area description is provided in Chapter II. Each study
site was characterized as a mature (>25 years of age), upland forest stand, which
contained one first- or second-order stream. This study was part of a long-term study
investigating effects of long-term pine management (>25 years) on herpetofauna
populations, thus forest stands were selected based on a range of overstory pine
composition (averaged 27%, ranged 3-66% pine basal area; Fogarty 2005).

METHODS

Field Methods
Collection of faunal and habitat data was accomplished from November of 2004
through June of 2006. Detailed field methods are described in Chapter II. Faunal data
reported in this chapter was collected during 213 area-constrained surveys and 209
funnel-pitfall trap surveys on 21 study sites. Habitat data were collected from 630
sample plots (30 plots/site) from 21 study sites.
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Statistical Analyses
I performed all data analyses using study sites as my experimental unit. This
produced an experimental sample size of 21. For the faunal response variables, there
were amphibian abundance and species richness for area-constrained surveys and funnelpitfall trap surveys, reptile abundance and species richness for area-constrained surveys
and funnel-pitfall trap surveys, and individual species abundance for area-constrained
surveys and funnel-pitfall trap surveys. For the habitat response variables, I used 22
variables averaged or summed by the 21 experimental units (study sites). I chose to
perform all statistical tests at a significance level of α = 0.05.

Faunal Data
Throughout this study, I reported data for amphibians and reptiles separately due
to their different classes and life requirements. During analysis, I analyzed areaconstrained survey method and funnel-pitfall trap method data separately to eliminate
confounding effects of the biases of the two field techniques.
I was unable to sample the study sites an equal number of times for areaconstrained surveys and funnel-pitfall trap surveys (Table 2.1). Therefore, I adjusted for
sampling bias by deriving catch-per-unit effort for each sampling method. Catch-per-unit
effort was calculated as follows: the number of individuals divided by the number of
area-constrained surveys or funnel-pitfall trap surveys. For example at site CC1, I
recorded 22 amphibians by the funnel-pitfall trap method. I performed 10 funnel-pitfall
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trap surveys at site CC1 over the sampling period. The response variable for amphibian
abundance for funnel-pitfall trap surveys for this study site was calculated as follows:
(22 amphibians / 10 funnel-pitfall trap surveys) =
(2.2 amphibians / funnel-pitfall trap survey)
The catch-per-unit adjustment also was applied to individual species with counts of >20
across all study sites. I detected 4 amphibian and 2 reptile species with the areaconstrained survey method and 7 amphibian and 5 reptile species with the funnel-pitfall
trap survey method, which had counts of >20 across all study sites (Table 3.2). The
species with counts of <20 supplied too little information, and the resulting models’
explanatory power was not significant (i.e., R2 < 0.100) and were omitted from analysis
by modeling.
To calculate species richness, I calculated total number of species detected by
area-constrained survey and funnel-pitfall trap methods separately for each site during the
study. Species richness also was calculated separately for amphibians and reptiles.

Habitat Data
I began my analyses with 22 habitat variables (Table 3.3). To reduce variables
with high correlation, I performed a Spearman rank correlation analysis to derive a
correlation matrix (PROC CORR SPEARMAN, SAS Institute 1999). This derived
correlation coefficients and P-values associated with the paired variables (Cody and
Smith 1997). With these numbers I chose paired variables, if the correlation coefficient
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was ≥0.900 and P-value was at least α = 0.05. I then chose to eliminate the variable with
the least biological significance of the two. I then constructed one habitat matrix with 21
variables to combine with the faunal matrices to model habitat associations.

Habitat Associations by Class and Method
I performed all habitat association analyses in STATISTIX 7.0 (Analytical
Software 2000). For each species class and method, I first performed a stepwise
regression to build a multiple regression equation with explanatory habitat variables.
Both entry and exit tests were selected at a significance level of α = 0.10. After
completion of stepwise regression and selection of the best candidate variables, I
performed multiple linear regression analyses for each species class by faunal survey
method with each respective group of significant habitat variables. This allowed me to
create habitat models using multiple linear regression that potentially accounted for
gradients in abundance and species richness across multiple stands (Block 1998). I tested
for the assumptions of normality, linear relationship between independent and dependent
variables, and homoscedasticity (Draper and Smith 1998, Osborne and Waters 2002). I
used the Shapiro-Wilks test to examine normality of data (Shapiro-Wilk 1965). To test
the assumption of linear relationship between independent and dependent variables and
homoscedaticity, I looked at a plot of studentized residuals by standardized predicted
values (Osborne and Waters 2002). In some cases there were violations of normality,
nonlinear relationships between independent and dependent variables, and
homoscedasticity. These characteristics could lead to an under-estimation of the true
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relationships of independent and dependent variables, increasing the risk of a Type II
error for the independent variable and increasing the risk of a Type I error (or overestimation) for collinear independent variables. Also, this trend could lead to misleading
interpretations of relationships and weaken the analysis leading to an increase in the
possibility of a Type I error (Osborne and Waters 2002). To correct for these violations I
performed a log transformation on the data; however, this amplified the existing
violations in all field data. I decided to use the raw data with the caveat that I may be
under- or over-estimating effects of independent variables. I also tested for
multicollinearity using variance inflation factors (VIF). Variables with a VIF ≥5
indicates some multicollinearity problem, and the variable with the greatest VIF value
should be removed (Draper and Smith 1998). However, in my data analyses no
collinearity among independent variables were detected, and thus, no variables were
discarded.

Habitat Associations by Species and Method
I repeated the stepwise regression analysis for 4 amphibian and 2 reptile species
with the area-constrained survey method and 7 amphibian and 5 reptile species with the
funnel-pitfall trap survey method to determine the explanatory habitat variables (Table
3.2). I then produced abundance models using multiple linear regression analyses in
relation to the habitat variables that were significant in the stepwise regression analysis
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for each species-faunal method combination. I followed the same diagnostics for the
multiple linear regression analyses for modeling abundance of each species as previously
described for habitat associations by class and method.

RESULTS
Throughout this study, I detected 17 amphibian species (304 individuals) and 20
reptile species (514 individuals) using the area-constrained survey technique. I detected
19 amphibian species (519 individuals) and 28 reptile species (816 individuals) using the
funnel-pitfall trap survey technique. Combining the data from both survey techniques, I
detected 31 reptile species (1,330 individuals) and 19 amphibian species (823 individuals;
Table 3.1).
I derived summary statistics from data on all 22 habitat variables (Table 3.4).
After I performed Spearman rank correlation analysis, I found only one pair of habitat
variables that fit my constraints for removal: percentage bare-ground and percentage
vegetative cover (BGRND and VEGCVR). I chose to remove BGRND, because it had
less biological significance than VEGCVR for herpetofauna when considering cover and
food (Petranka 1998, Gibbons and Buhlmann 2001). I derived models for the remaining
21 habitat variables with amphibian and reptile abundance and species richness data from
each survey technique.
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Habitat Associations by Class and Area-constrained Survey
Multiple linear regression analyses yielded significant models for amphibian
abundance and species richness for area-constrained surveys. For the area-constrained
survey method, the habitat model with 3 predictive habitat variables for amphibian
abundance was significant with an adjusted R2 = 0.534 (P = 0.001). Amphibian
abundance data derived from area-constrained surveys were not related positively to any
habitat variables. The variable reduced model for amphibian abundance based on areaconstrained data was as follows: Amphibian abundance = 8.175 – 2.835 (midstory tree
species [MIDSPP]) – 1.030 (log decay [LDCAY]) – 0.364 (log length [LLGTH]; Table
3.5).
Multiple linear regression analysis using the area-constrained survey data yielded
a significant model with 2 predictive habitat variables for amphibian species richness
with an adjusted R2 = 0.484 (P = 0.001). The variable reduced model for amphibian
species richness based on area-constrained data was as follows: Amphibian species
richness = 3.531 + 0.818 (log diameter [LDIAM]) – 1.594 (LLGTH; Table 3.6).
Multiple linear regression analyses yielded significant models for reptile
abundance for both survey methods and species richness for area-constrained surveys.
There were no significant predictive variables detected by funnel-pitfall trap surveys for
reptile species richness. Multiple linear regression analysis yielded a model with 3
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predictive habitat variables for reptile abundance for area-constrained surveys with an
adjusted R2 = 0.633 (P < 0.001). The variable reduced model for reptile abundance based
on area-constrained data was as follows: Reptile abundance = - 2.387 + 2.213 (LDCAY)
– 3.406 (MIDSPP) – 0.797 (LLGTH; Table 3.7).
For area-constrained surveys, multiple linear regression analysis yielded a
significant model with one predictive habitat variable for reptile species richness with an
adjusted R2 = 0.200 (P = 0.024). The variable reduced model for reptile species richness
based on area-constrained data was as follows: Reptile species richness = 5.494 – 0.448
(midstory tree stem count [MIDCNT]; Table 3.8).

Habitat Associations by Class and Funnel-pitfall Trap Survey
The multiple linear regression analyses yielded significant models for amphibian
abundance and species richness for funnel-pitfall trap surveys. The model for amphibian
abundance yielded an adjusted R2 = 0.422 (P < 0.001) was as follows: Amphibian
abundance = 7.389 – 0.039 (total woody debris [LOGS]; Table 3.9).
The significant model with 2 predictive habitat variables for amphibian species
richness from funnel-pitfall trap survey data R2 = 0.411 (P = 0.003) was as follows:
Amphibian species richness = 21.032 – 6.610 (LDCAY) – 0.538 (pine snag count
[SNAGPINE]; Table 3.10).
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I produced a significant model with 2 predictive habitat variables for funnelpitfall trap survey reptile abundance with an adjusted of R2 = 0.365 (P = 0.007). The
variable reduced model for reptile abundance based on funnel-pitfall trap data was as
follows: Reptile abundance = - 5.031 + 0.016 (LOGS) + 1.893 (LDCAY; Table 3.11).
I was unable to detect any predictive habitat variables to create a model with the
funnel-pitfall trap survey method for reptile species richness.

Habitat Associations by Species and Area-constrained Survey
Four amphibian and 2 reptile species for area-constrained surveys, which had
counts of >20 across all study sites, were used in multiple linear regression habitat
modeling analyses (Table 3.2).
For area-constrained surveys, I produced a model with 3 habitat variables for toad
species abundance with an adjusted R2 = 0. 244 (P = 0.052). The variable reduced model
for toad species abundance based on area-constrained data was as follows: Toad species
abundance = 0.900 – 0.005 (BAPINE) – 0.150 (LDCAY) – 0.032 (SNAGDCAY; Table
3.12). The variable reduced model analysis for area-constrained survey data for bronze
frog abundance generated an adjusted R2 = 0.170 (P = 0.036): Bronze frog abundance = 0.058 + 0.012 (SNAGDIAM; Table 3.13). The variable reduced model analysis for areaconstrained survey data for leopard frog abundance generated adjusted R2 = 0.243 (P =
0.0134): Leopard frog abundance = 0.629 – 0.025 (overstory tree height [OVHT]; Table
3.14).
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For area-constrained surveys, the variable reduced model analysis yielded a
model with 3 predictive habitat variables for three-lined salamander abundance with an
adjusted R2 = 0.442 (P = 0.005): Three-lined salamander abundance = 0.182 – 0.040
(LLGTH) – 0.172 (MIDSPP) + 0.013 (LDIAM; Table 3.15). The variable reduced model
analysis for area-constrained survey data for Mississippi slimy salamander abundance
generated an adjusted R2 = 0.136 (P = 0.056): Mississippi slimy salamander abundance
= 1.528 – 0.195 (LLGTH; Table 3.16).
Area-constrained surveys yielded 2 predictive habitat variables explaining green
anole abundance. The reduced variable model analysis generated an adjusted R2 = 0.522
(P < 0.001): Green Anoles abundance = - 1.804 + 0.745 (LDCAY) – 0.954 (MIDSPP;
Table 3.17). For area-constrained surveys, I produced a model with 5 predictive habitat
variables for ground skink abundance with an adjusted R2 = 0.776 (P < 0.001). The
variable reduced model for ground skink abundance based on area-constrained data was
as follows: Ground skink abundance = - 0.215 – 0.0245 (% overstory pine tree basal area
[BAPINE]) + 0.049 (% canopy cover [CANOPY]) + 0.044 (pine logs [LOGPINE]) –
0.006 (overstory tree stem count [OVPINE]) – 0.196 (SNAGPINE) – 0.017 (VEGCR;
Table 3.18).

Habitat Associations by Species and Funnel-pitfall Trap Survey
Seven amphibian species and 5 reptile species for funnel-pitfall trap surveys,
which had counts of >20 across all study sites, were used in multiple linear regression
habitat modeling analysis (Table 3.2).
35

The variable reduced model analysis for funnel-pitfall trap survey data for toad
species abundance generated an adjusted R2 = 0.681 (P < 0.001): Toad species abundance
= 2.289 – 0.038 (BAPINE) – 0.262 (LDIAM) + 0.670 (LLGTH) – 1.256 (MIDSPP;
Table 3.19). For funnel-pitfall trap data, the variable reduced model analysis for eastern
narrowmouth toad abundance generated an adjusted R2 = 0.279 (P = 0.020): Eastern
narrowmouth toad abundance = - 0.303 + 0.028 (LDIAM) + 0.003 (VEGCR; Table 3.20).
However, of the 2 predictive habitat variables neither was significant. The variable
reduced model analysis for funnel-pitfall trap survey data for bronze frog abundance
generated an adjusted R2 = 0.238 (P = 0.0145), and was as follows: Bronze frog
abundance = 1.242 – 0.007 (LOGS; Table 3.21). The variable reduced model analysis for
funnel-pitfall trap survey data for leopard frog abundance generated an adjusted R2 =
0.652 (P < 0.001), and was as follows: Leopard frog abundance = 2.253 – 0.016 (LOGS)
– 0.203 (OVHT) +0.340 (snag length [SNAGLGTH]; Table 3.22).
For funnel-pitfall trap survey data, multiple linear regression analysis yielded a
model for Mississippi slimy salamander abundance with an adjusted R2 = 0.308 (P =
0.014). The variable reduced model for Mississippi slimy salamander was as follows.
Mississippi slimy salamander abundance = 1.336 – 0.010 (BAPINE) – 1.036 (OVSPP;
Table 3.23). I was unable to detect any predictive habitat variables to create a model with
the funnel-pitfall trap survey method for three-lined salamander.
The variable reduced model analysis for funnel-pitfall trap survey data for green
anole abundance generated an adjusted R2 = 0.242 (P = 0.032), and was as follows:
Green anole abundance = 0.656 – 0.014 (BAPINE) + 0.055 (OVHT; Table 3.24). For
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funnel-pitfall trap survey data, multiple linear regression analysis yielded a model for
five-lined skink abundance with an adjusted R2 = 0.340 (P = 0.003). The variable
reduced model for five-lined skink was as follows: five-lined skink abundance = 0.114 +
0.043 (snag count [SNAG]; Table 3.25). For funnel-pitfall trap data, multiple linear
regression analysis yielded a model for broadhead skink abundance with an adjusted R2 =
0.334 (P = 0.010). The variable reduced model for broadhead skink was as follows:
Broadhead skink = 0.426 + 0.003 (LOGPINE) – 0.008 (VEGCR; Table 3.26). The
variable reduced model analysis for funnel-pitfall trap survey data for northern fence
lizard abundance generated an adjusted R2 = 0.662 (P < 0.001), and was as follows:
Northern fence lizard abundance = 0.256 + 0.041 (LOGPINE) – 0.253 (SNAGPINE) –
0.025 (BAPINE; Table 3.27). For funnel-pitfall trap data, multiple linear regression
analysis yielded a model for ground skink abundance with an adjusted R2 = 0.258 (P =
0.011). The variable reduced model for ground skink was as follows: Ground skink = 2.765 + 0.996 (LDCAY; Table 3.28).

DISCUSSION
I was relatively successful in modeling habitat variables with herpetofauna classes
and species by survey method based on an adjusted R2 > 0.300 in more than half of the
cases (Fogarty 2005). However, in some cases, habitat variables had poor explanatory
power for the dependent variable across the 21 study sites. Poor explanatory power of
the independent variables could be the result of several sources. For example, dependent
variables with low variation across sampling units might result in poor modeling
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capability and the failure to properly measure the significant habitat variables that affect
the dependent variable. In addition, most models had at least one assumption violation
which could have increased the risk of a Type II error for the independent variable’s
influence and an increasing of the risk of a Type I error (or over-estimation) for the other
independent variables that share the variance with that independent variable. This type of
violation could lead to misleading interpretations of relationships and weaken the
analysis leading to an increase in the possibility of a Type I error (Osborne and Waters
2002). With these assumption violations, caution should be used in drawing conclusions
drawn from these models.
I investigated the dependent variable’s coefficient of variance (CV) to determine
the total variation of the dependent variable across the sites. Dependent variables with a
low CV may be correlated with models with habitat variables that have poor explanatory
power (i.e., low adjusted R2 values). For the analyses by class and by survey method,
each class – dependent variable combination had relatively low CV values ranging from
0.198 – 0.608 for area-constrained surveys and 0.176 – 0.802 for funnel-pitfall trap
surveys (Table 3.2). The averages for the CV for each class by survey method are 0.440
for area-constrained surveys and 0.428 for funnel-pitfall trap surveys. The adjusted R2
values for these models were relatively high (adjusted R2>0.300; Tables 3.5-3.7 and 3.93.11). I found adjusted R2<0.300 values and could not fit models for reptile species
richness for area constrained surveys (Table 3.8) and funnel-pitfall trap surveys. The
dependent variables with the least CV values also had the least R2 value or a model could
not be fitted. For the analyses by species and by survey method, some of the species –
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survey method combinations had relatively low CV values, whereas others were high.
The CV values ranged from 0.437 – 0.796 for area-constrained surveys and 0.375 – 3.218
for funnel-pitfall trap surveys (Table 3.2). The averages for the CV for each species by
survey method are 0.712 for area-constrained surveys and 1.169 for funnel-pitfall trap
surveys. The adjusted R2 values for these models were relatively high (adjusted
R2>0.300; Tables 14, 17-18, 21-22, 24-26, and 28). The 7 exceptions with models
having an adjusted R2<0.300 were bronze frog, leopard frog, and Mississippi slimy
salamander from area-constrained survey, and green anole, ground skink, eastern
narrowmouth toad, and bronze frog from funnel-pitfall trap survey (Tables 12-13, 15-16,
19-20, and 27, respectively). The dependent variables with little variation across
experimental units (low CV values) exemplify the possibility of a resulting poor
modeling capacity or all of the sites are suitable because the species is a habitat
generalist.
The analyses may demonstrate a few examples of the failure to properly measure
the significant habitat variables that affect the dependent variable or faunal response. For
funnel-pitfall trap surveys, northern fence lizard (CV=1.446), eastern narrowmouth toad
(CV=1.118), bronze frog (CV=1.491), and leopard frog (CV=3.218) the CV for
abundance counts for species was relatively high; however, the variation explained by the
independent variables in the model are very low (R2<0.300). Although I did not
disregard these models, I exercised caution when drawing from their results.

39

Overall, I was able to detect some habitat variables that influenced abundance and
species richness more than others, and in some cases a single variable might have a
positive influence on a particular class or species abundance or species richness but a
negative influence on another. Of the total 25 habitat association analyses (8 by class and
17 by species), log decay class had significant associations in 8 models, log length and
percentage overstory tree pine basal area had significant associations in 7 models,
midstory tree species richness had significant associations in 5 models, total woody
debris had significant associations in 4 models, log diameter, pine log density, percentage
vegetation cover had significant associations in 3 models, pine snag density, overstory
tree density, overstory tree height had significant associations in 2 models, and midstory
tree density, canopy closure, snag decay, snag diameter, snag density, pine snag density,
snag length, and overstory tree species richness had significant associations in one model.
Overstory pine density, total basal area, and litter depth had no significant associations.
These differences may be due to the biases from under- or over-estimating independent
variables when assumptions of some of the models were violated in multiple linear
regression analysis. Depending on the class or the species, the type of association
(negative or positive) would change with some of the shared habitat parameters. This
trend was due, in part, to differences in classes or life requirements of the species.
Woody debris was an important habitat feature for amphibians and reptiles. Log
length, log decay class, log density, pine log density, or log diameter were found to be
important explanatory variables in 18 of 25 models. Log length and log decay class had
negative associations with several faunal response variables. As will be discussed later in
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greater detail, this potentially was an artifact of biases of the technique and technician’s
ability to detect presence or absence not true relationships of the habitat parameter and
the independent variable. For example, a positive relationship between woody debris
elements and reptiles may be associated with behaviors such as basking and moving
above the litter layer or on top of downed logs. These types of behaviors allowed the
reptiles to be more visible for detection during surveys. Negative relationships between
woody debris elements and amphibians may be associated with behaviors such as using
refugia underneath logs for increased moisture and shelter. Once amphibians detected
movement of the log or observers, these animals may have slipped farther into burrows or
into crevices in or beneath logs, escaping detection. Researchers and managers should
consider these animal behaviors and microsite use when drawing conclusions from
different types of surveys and when designing surveys to detect different species of
reptiles and amphibians.
Many other studies have emphasized the importance of woody debris for
amphibians and reptiles for food and cover (Petranka et al. 1994, Butts and McComb
2000, Maguire 2002, Felix et al. 2004, Crosswhite et al. 2004). It is important to protect
large, predominately hardwood logs of higher decay classes. These features offer moist
microsites for cover and foraging for arthropods that are preferred by salamanders and
other amphibians (Petranka 1998). Pine logs decay at faster rates and potentially change
soil chemistry in the decay process. Although this does not impact lizards (e.g., northern
fence lizard), which will bask on any log surface, pine logs are undesirable for
salamanders because of the faster decay rates, different pH qualities, and moisture
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contents. The individual species models give more specific idea of the possible habitat
requirements of the more abundant amphibians and reptiles. In general, amphibians
prefer mature forests with a high density of large, highly decayed woody debris and with
low pine density. Reptiles prefer forests with moderate to low pine density, coarse
woody debris, and some vertical canopy structure <6 m. Differences in life habits dictate
the need for different habitat types and conditions between these 2 taxonomic classes.
Thus, studies should be designed to detect these differences. Also, habitat management
plans should reflect the differences between these classes. A management plan should
incorporate areas which benefit both amphibians (i.e., mature hardwood forests with high
densities of coarse woody debris) and reptiles (i.e., younger mixed pine hardwood forests
with more open canopy for basking and some vertical structure).

Habitat Associations by Class and Area-constrained Surveys
For amphibian abundance, I found a greater number of amphibians on sites with
lesser mean number of midstory tree species, few logs of higher decay classes, and fewer
numbers of logs of longer lengths. Log decay and log length may have negative
associations due to poor detectability of animals during surveys, and may not be related
to actual presence or absence of the targeted animal. At the beginning of the study, I
made the decision to preserve the microhabitat of highly decayed logs (decay class 4 and
5) by not thoroughly investigating the log, which would destroy the log microhabitat. In
these cases, I was most likely missing some amphibians that prefer refugia of highly
decayed logs, such as southern red salamander (Pseudotriton ruber vioscai), a locally rare
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species (Conant and Collins 1999). Additionally, overturning large, long logs were
difficult and yielded impediments to timely observations of animals beneath them. In
general, the shorter the log length, the easier it was for one individual to ‘catch’ any
amphibian before it could find new refuge in a hole or escape from view into
underground burrows. Thus, in conclusion the negative association for log decay and log
length might be demonstrating a bias associated with survey technique related to observer
bias and not true presence or absence of amphibians in the area. I recommend using
funnel-pitfall trap surveys to compliment area-constrained surveys given these biases that
I have detected during this study.
For area-constrained surveys, I found a greater species richness of amphibians on
sites with lesser logs of higher decay classes and greater number of logs with wider
diameters. The negative association is likely due to a bias related to survey technique not
a true representation of the relationship of log decay and amphibian species richness.
Butts and McComb (2000) reported that greater species richness of amphibians was
associated with greater numbers of downed logs that were in advanced decay classes. I
failed to detect this relationship between decay class of logs and amphibian species
numbers potentially due to an ‘a priori’ decision concerning limited searching and
destruction of decayed logs. However, I found similar trends related to log diameter. As
log diameters increased, amphibian species richness also becomes greater. This finding
further supports studies that have found coarse woody debris to be important for
amphibians as a source for food and microhabitat (Petranka et al. 1994, Butts and
McComb 2000, Maguire 2002, Felix et al. 2004). These studies have found terrestrial
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amphibian abundance was correlated positively with abundance of coarse woody debris
in the form of downed logs (Petranka et al. 1994, Maguire 2002, Felix et al. 2004).
Downed logs provide amphibians with a food source (e.g., arthropods) and a moist
microhabitat beneath or in the interior of highly decayed logs. This moist microhabitat is
especially important to salamanders, which require moist habitat conditions (Maguire
2002).
For area-constrained surveys, I found that reptile abundance was greater with an
increase in number of logs with higher decay classes and decrease in mean midstory trees
species richness. The log length association may reflect the same bias on reptile
abundance as on amphibian abundance. Downed logs provide a food source (e.g.,
arthropods) and a moist microhabitat beneath or in the interior of highly decayed logs
(Maguire 2002). Crosswhite et al. (2004) found reptile abundance to be associated
positively with large, woody debris, which may have been contributed by the increased
prey abundance. Detection of greater numbers of reptile species on large decaying logs
was related to the tendency of reptiles to forage and bask on log surfaces (Conant and
Collins 1998). This life habit is in contrast to most amphibians that tend to take refuge
within and beneath decaying logs (Conant and Collins 1998).
For area-constrained surveys, reptile species richness was associated negatively
with midstory tree density. This relationship could possibly indicate that reptiles are
more abundant in forests with a more open midstory vegetation layer. An open midstory
would allow more sunlight to penetrate to the forest floor, stimulating understory
vegetation, which might indirectly increase diversity and abundance of prey species (e.g.,
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arthropods). Another study found similar results associated with active gopher tortoise
burrows that were associated negatively with midstory density (Jones and Dorr 2004).
The negative relationship between active burrows and the midstory density was due to
the canopy closure limiting food availability to the gopher tortoises near nesting sites
(Jones and Dorr 2004). Of the class – survey technique combinations I considered,
reptile species richness detected by area-constrained surveys had the second least CV
among sites (CV = 0.198), and the model only accounted for approximately 20% of the
variation (Table 3.2 and 3.8, respectively). This finding may demonstrate poor modeling
capability, and/or my failure to measure the proper habitat variables; with this caveat,
caution must be used when drawing conclusions from these model relationships.

Habitat Associations by Class and Funnel-pitfall Trap Survey
For amphibian abundance, I detected a negative association with log density
(33% pine logs and 67% hardwood logs). This negative association may represent a bias
of the survey technique. As mentioned above, other studies have found positive
associations with coarse woody debris and amphibian abundance and species richness
(Petranka et al. 1994, Butts and McComb 2000, Maguire 2002). The funnel-pitfall trap
survey technique relies on animals to fall in the trap for detection. If there are a large
number of logs surrounding the funnel-pitfall trap array, this creates a large amount of
microhabitat for amphibians, especially the high percentage of hardwood woody debris.
If there is a below average amount of local precipitation in the area, the logs might create
the needed moist microhabitat for amphibians to escape xeric conditions. Downed logs
45

provide amphibians with a moist microhabitat beneath or in the interior of highly decayed
logs, which is especially important to salamanders (Maguire 2002). This is just one
potential cause for the negative association for logs and amphibian abundance detected
by funnel-pitfall trap surveys.
For funnel-pitfall trap surveys, amphibian species richness was associated
negatively with log decay and pine snag density. The log decay association may reflect
the same bias on amphibian species richness as on area-constrained survey’s amphibian
abundance and reptile abundance. The pine snag density negative association with
amphibian species richness may be partly due to the increased soil acidity and decrease
soil moisture in the area of the pine snag. Pine snag density also is very correlated with
overstory pine density (r = 0.915, P < 0.001). Studies have shown that pine silviculture
management, which explains pine dominance on these sites, has been shown to
negatively affect herpetofauna. In particular, Wyman and Jancola (1992) found the
conversion of hardwood forests to pine forests sometimes increases soil and water
acidity. Also, evapotranspiration caused by the rapid growth rate of pine trees can create
xeric conditions (Teskey and Sheriff 1996). Shifts toward drier microsite conditions
could negatively impact amphibians due to their need for soil moisture and certain soil
pH at my study sites. I was not able to say with certainty that pine snags, which were
correlated with pine density, altered soil moisture and soil pH at study sites, because I did
not measure these parameters. However, I recommend that future research address these
soil moisture and chemistry conditions as they relate to amphibian communities.
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For funnel-pitfall trap surveys, reptile abundance was associated positively with
log density and log decay. As log density and log decay increased, reptile abundance
also increased. These findings were similar to those other studies that have found down
wood to be important for reptiles as a source for food and microhabitat (Maguire 2002,
Crosswhite et al. 2004). Reptiles are more abundant in forests with a high density of logs
with higher decay classes commonly found in mature forests. Thus, mature forest with
abundant downed logs and open canopy and midstory conditions appeared to favor reptile
numbers in my study.
For funnel-pitfall trap surveys, I was not able to develop a model for reptile
species richness. Of all class – survey technique combinations I considered, reptile
species richness detected by funnel-pitfall trap surveys had the least CV among sites (CV
= 0.176; Table 3.2).

Habitat Associations by Species
For area-constrained surveys, ground skink was associated negatively with
percentage of overstory pine basal area, pine snag density, and percentage vegetation
cover. Ground skink was associated positively with percentage canopy cover and pine
log density. This model accounted for 78% of the variation in abundance, and had a CV
among sites of a 0.776. Biologically, this may indicate that ground skinks were more
abundant in forests with few mature pine trees creating few pine snags and relatively
closed canopy that would prevent dense vegetation cover. Ground skinks prefer forests
with an increased volume of downed logs, in particular pine logs and inhabit forest floors
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with abundant leaf litter (Conant and Collins 1998). Ground skinks also have been found
to be associated positively with litter depth and associated negatively with midstory tree
density and percentage canopy cover, which indicates that this species are more abundant
in forests with relatively open canopy and thick litter layer (Fogarty 2005). Models
indicate ground skink abundance is associated positively with characteristics of mature
forests (i.e., thick litter layer and downed woody debris). However, my model showed a
positive association with closed canopy and Fogarty (2005) showed a negative
association with closed canopy habitats. This could be because this species can be found
in both types of canopy cover.
For funnel-pitfall trap surveys, Bufo species was associated negatively with
percentage of overstory pine basal area, log diameter, midstory species richness, and was
associated positively with log length. This model accounted for 68% of the variation in
abundance of toads and had a CV among sites of 0.814. This model indicates toads
preferred forests with open canopy with a pine component and smaller diameter, long
woody debris. Bufo species range from suburban back yards to forestlands requiring only
shallow bodies of water for breeding, refugia with some moisture, and an abundant food
supply of insects (Conant and Collins 1998). Fogarty (2005) was only able to detect a
negative affect with midstory tree density with Fowler’s toad abundance. However, he
stated that these species are habitat generalists and/or he failed to measure the habitat
parameters that truly affect Fowler’s toad abundance and thus the analyses may have
produced spurious relationships.
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For funnel-pitfall trap surveys, northern fence lizard was associated negatively
with percentage of overstory pine basal area and pine snag density, and was associated
positively with pine log density. This model accounted for 66% of the variation in the
abundance of northern fences lizards and had a relatively high CV among sites of 1.446.
This indicates that northern fences lizards were more abundant in forests with few
overstory pines, and few pine snags and with a greater density of pine logs. Northern
fence lizards frequently occur in open pine forests with rotting logs and stumps (Conant
and Collins 1998).
For funnel-pitfall trap surveys, leopard frog was associated negatively with log
density and overstory height, and associated positively with snag length. This model
accounted for 66% of the variation in abundance of leopard frogs and had a relatively
high CV among sites of 3.218. This indicates that leopard frogs were more abundant in
forest with fewer downed logs and tall standing snags. Leopard frogs can be found in all
types of fresh water habitats and in the summer can be found far from water when weeds
and other vegetation can provide shelter and shade (Conant and Collins 1998). Fogarty
(2005) found leopard frog abundance to be associated positively with slope, stream
width, and percentage canopy cover, which explained the conditions of a forest with wide
streams, steeper topography and dense canopy cover.
For area-constrained surveys, I detected a negative association for green anole
abundance with midstory tree species richness and a positive association with log decay.
This model accounted for 52% of the variation in abundance of green anoles, and the CV
among sites was 0.522. In the literature, green anoles were found also to be more
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abundant in forests with a high percentage of highly decayed logs and were favored in
more open stand conditions that created good structure, foraging, and basking conditions
(Conant and Collins 1998). Fogary (2005) found no significant habitat association for
green anole, most likely due to these reptiles being extreme habitat generalists.
For area-constrained surveys, three-lined salamander was associated negatively
with log length and midstory tree species richness. This model explains 44% of the
variation, and had a CV among sites of 0.437. The negative association related to log
length might be associated with a bias due to the technician’s inability to detect
salamanders under long logs. Other studies have found woody debris to be important for
amphibians as a source for food and microhabitat (Petranka et al. 1994, Butts and
McComb 2000, Maguire 2002, Felix et al. 2004). In a similar study, slope, litter depth,
and snag density was positively associated and overstory tree density was negatively
associated with three-lined salamander abundance (Fogarty 2005). These findings are
coherent with most findings that these semiaquatic species are often found near firstorder streams in older age class forests.
For funnel-pitfall trap surveys, five-lined skink was associated positively with
snags. The model accounted for 34% of the variation in five-lined skink abundance, and
had a CV among sites of 0.715. This indicates that five-lined skinks were more abundant
in forests with a high density of snags. Five-lined skink has been found in clearcuts with
rotting stumps and logs, abandoned board or sawdust piles, rock piles, and decaying
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debris in or near woods, ideally in moist microsite conditions (Conant and Collins 1998).
In a similar study, five-lined skink was associated negatively with stream width; however
it was a weak association (Fogarty 2005). This is most likely because this species is a
habitat generalists.
For funnel-pitfall trap surveys, broadhead skink was associated negatively with
percentage vegetation cover and associated positively with pine log density. The model
explained 33% of the broadhead skink abundance and had a CV among sites of 0.926.
This indicates that broadhead skinks are more abundant in forests with moderate or little
vegetation cover and a high density of pine logs for basking. Broadhead skink habitat has
been found to vary from swamp forests to abandoned urban lots. As one of the most
arboreal skinks, this species uses hollow trees and snags (Conant and Collins 1998).
Fogarty (2005) found broadhead skinks to be associated negatively with percentage basal
area of pine, over-story tree density, and percentage canopy cover.
For funnel-pitfall trap surveys, Mississippi slimy salamander was associated
negatively with percentage of overstory pine basal area and overstory tree species
diversity. The model explained 31% of the variation in Mississippi slimy salamander
abundance and had a CV among sites of 0.987. This indicates that Mississippi slimy
salamanders were more abundant in forests with a low pine component and with lesser
overstory tree species diversity. The overstory tree species diversity may be an indication
of forest age, where as the stand matures fewer species are maintained in the dominant
and codominant canopy layers, especially in a stand that is periodically managed by
prescribed fire. This species of salamander also has been found to prefer moist woodland
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ravines or hillsides (Conant and Collins 1998). Fogarty (2005) found that Mississippi
slimy salamander abundance was associated positively with snag density and litter depth
and associated negatively with overstory tree density and percentage basal area.
Although our models differed slightly, both models described characteristics of older
forest stands without the presence of pine.
For funnel-pitfall trap surveys, I found no significant habitat associations for
eastern narrowmouth toad abundance. Of the anuran species I encountered, eastern
narrowmouth toads are habitat generalists, with a CV among sites of 1.118 and the model
explained 28% of the variation in eastern narrowmouth abundance. This possibly
indicates that not all of the significant variables were measured, or that those found on all
sites in similar abundance have little habitat preference among mature upland forest stand
types. Eastern narrowmouth toads can be found in a variety of habitats that include
shelter (e.g., logs and debris) and moisture (Conant and Collins 1998).
For funnel-pitfall trap surveys, ground skink was associated positively with log
decay. This model accounted for 25% of the variation in abundance, with a CV among
sites of 0.608. This may indicate that ground skinks were more abundant in forests with a
high percentage of highly decayed logs. However, there may be a weak association
between this variable and abundance. Thus, there are 2 equally probable alternatives,
either ground skink is a habitat generalist and all study sites were relatively suitable, or I
failed to measure and model the habitat parameters that truly affect abundance creating
spurious relationships.
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For area-constrained surveys, Bufo species were associated negatively with
percentage pine basal area. The model accounted for 24% of the variation in abundance
with a CV among sites of 1.205. This model indicates that toads were more abundant in
forests with few overstory pines. However, with the low adjusted R2 value and large CV
value, I potentially failed to properly measure the significant habitat variables that affect
toad abundance or toads are habitat generalists and all study sites are suitable.
For area-constrained surveys, leopard frog was associated negatively with
overstory height. This model accounted for 24% of the variation in abundance with a CV
among sites of 0.769. This model indicates that leopard frogs were more abundant in
forests with few mature overstory trees. However, there may be a weak association
between this variable and abundance. Thus, most likely using this method I failed to
measure and model the habitat parameters that truly affect abundance creating spurious
relationships.
For funnel-pitfall trap surveys, green anole abundance was associated negatively
with percentage of overstory pine basal area. This model accounted for 24% of the
variation in abundance with a CV among sites of 0.375. This indicates that green anoles
were more abundant in forests with few overstory pine trees. This is an abundant lizard
that is primarily arboreal, found on shrubs, vines, and trees (Conant and Collins 1998).
However, there may be a weak association between this variable and abundance. Thus,
there are 2 equally probable alternatives, either green anole is a habitat generalist and all
study sites were relatively suitable, or I failed to measure and model the habitat
parameters that truly affect abundance creating spurious relationships.
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For funnel-pitfall trap surveys, bronze frog was associated negatively with log
density. This model accounted for 24% of the variation in abundance with a CV among
sites of 1.491. For area-constrained survey, bronze frog was associated positively with
snag diameter. This model accounted for 17% of the variation in abundance with a CV
among sites of 0.170. The funnel-pitfall trap model indicated that bronze frogs were
more abundant in forests with fewer logs, whereas area-constrained model indicated that
bronze frogs were more abundant in older forests with larger diameter snags. Conant and
Collins (1998) state that this is a secretive frog found in streamside habitats, which
usually finds shelter in logs and stumps, crevices, etc. Even with the possible weak
associations, biologically these models seem sensible with the trapping methods’
weaknesses. If this frog is secretive and uses logs as refugia, it is possible that habitats
with more woody debris would lower capture rates in funnel-pitfall traps, whereas during
area-constrained surveys technicians are specifically searching under these refugia.
For area-constrained surveys, Mississippi slimy salamander was associated
negatively with log length. This model had the least explanatory power of all the models
with an adjusted R2 of 14% and CV among sites of 0.375. The negative association of
log length is most likely based on a technique bias. As discussed above, overturning
large, long logs were difficult and yielded impediments to timely observations of animals
beneath them before it could find new refuge in a hole or escape from view into
underground burrows. Thus, in conclusion the negative association for log length might
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be demonstrating a bias associated with survey technique related to observer bias and not
true presence or absence of amphibians in the area. In future studies, it might be
beneficial for multiple technicians to observe while rolling large, long logs to increase
chances of visually detecting these species.

CONCLUSIONS AND IMPLICATIONS
Many times amphibians and reptiles are grouped together as herpetofauna based
on their superficial likeness when making habitat management decisions. However,
studies have shown that amphibian and reptile species respond differently to habitat
parameters even within each class (Conant and Collins 1998, Fogarty 2005). I found
similar trends between reptiles and amphibians with amphibians requiring more
closedcanopy and moist microsite conditions and reptiles requiring more open canopy
conditions for basking. Forest management practices (i.e., thinning, herbicide
application, prescribed fire) may influence composition of living trees and density of
standing snags and woody debris. I had a limited knowledge of past forest management
practices on my study sites. In the past 5 years, the FS conducted prescribed burns on a
2-3 year rotation. I did not perform any measurements examining the impacts of specific
forest management practices on herpetofaunal communities, so I cannot make any direct
conclusions. However, the frequency of disturbance in mixed pine – hardwood habitats
due to herbicide drift or prescribed fire may cause a shift over time to a pine-dominated
habitat, thus potentially creating more pine snags and pine logs. Additionally, prescribed
burns create a loss of leaf litter, soil moisture, and wood debris that will negatively
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impact amphibian communities, especially salamanders (Petranka et al. 1994, Petranka
1998). All of these forest management actions would not necessarily be negative to
reptile communities; however, amphibians require woody debris, moist soils, and moist
leaf litter due to their physiology and life history habits (Petranka et al. 1994, Petranka
1998, Butts and McComb 2000, Maguire 2002, Felix et al. 2004, Crosswhite et al. 2004)
I recommend several considerations for improving future research on amphibian
and reptile communities in forested ecosystems of the southeastern United States.
Because different survey techniques resulted in different capture rates for different
species and classes, I recommend that multiple survey methods be used to obtain a more
complete profile of herpetofauna communities. It also is important to know the possible
biases that the survey techniques might impose on the data, to formulate more informed
conclusions. Also, one survey technique might be more suited for some species whereas
another survey technique would be better suited for another species. For example, with
the area-constrained survey technique I was able to accurately explain 77% of the
variation in the model for ground skinks; however, with the funnel-pitfall trap survey
technique, I was only able to explain 26% of the variation in the model for ground skinks.
Thus, multiple survey techniques are recommended for research studies and for surveys
conducted to address biological evaluations for rare species conservation or
environmental impact assessment as required by NEPA.
Multiple linear regression has proven to be a useful tool in describing habitat use
by amphibians and reptiles (Block 1998). In this study, I was able to produce predictive
models for each class and species within classes. However, I often failed to meet one or
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both of the following assumptions: normality and homoscedasticity. These violations
increased my chances of making a Type II or Type I error, which also possibly created
under- or over-estimated associations. Transforming the data only worsened these
results. Using multiple linear regression, I was able to get a reasonable approximation of
the relationships between amphibian and reptile abundance to the habitat parameters. To
create a better understanding of the relationships between the independent and dependent
variables the information-theoretic approach based on the AICc criteria would be a better
option (Burnham and Anderson 1998).
The habitat models developed for amphibian and reptile abundance and species
richness in this study can aid managers in predicting potential impacts management
activities may have on local reptile and amphibian communities. These habitat models
also may help managers identify key parameters to actively monitor in the communities
and/or habitat, and possibly adapt management activities based on success or failure of a
particular management action in regard to maintaining biological diversity. This is
especially important in a growing value of integrative management of biological diversity
and silviculture of natural forests or plantations with limited funds and personnel in
public forests. My study focused on reptiles and amphibians of mature mixed pine
hardwood forests of east-central Mississippi and is applicable to species that evolved in
mixed hardwood forests. Species of herpetofauna that are adapted to forests of different
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physiographic regions within the state may exhibit different responses to pine dominance
and forest influences, such as prescribed fire. For example, herpetofauna, such as
Flatwoods salamander (Ambystoma cingulatum) of the longleaf pine savannahs, require
wetland and terrestrial habitats located within open canopy and pine forests that are
shaped by fire (Petranka 1998).
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Subtotal
Species Richness

Heterodon platirhinos
Lampropeltis getula holbrooki
Nerodia erythrogaster flavigaster
Regina septemvittata
Sistrurus miliarius barbouri
Storeria dekayi d.
Tantilla coronata
Thamnophis sirtalis s.
Virginia striatula

Agkistrodon piscivorus p.
Caphophis amoenus
Coluber constrictor c.
Diadophis punctatus p.
Elaphe guttata g.
Elaphe obsoleta spiloides

Agkistrodon contortix c.

Taxon
Order Squamata
Surborder Serpentes
Snakes
Southern Copperhead
Eastern Cottonmouth
Eastern Worm Snake
Northern Black Racer
Southern Ringneck Snake
Corn Snake
Gray Rat Snake
Eastern Hog-nosed Snake
Speckled Kingsnake
Yellowbelly Water Snake
Queen Snake
Dusky Pigmy Rattlesnake
Northern Brown Snake
Southeastern Crown Snake
Eastern Ribbon Snake
Rough Earth Snake

Common Name

0
5
3
5
3
2
2
0
5
3
1
2
1
0
7
1
40
13

N

0.00%
0.61%
0.37%
0.61%
0.37%
0.24%
0.24%
0.00%
0.61%
0.37%
0.12%
0.24%
0.12%
0.00%
0.86%
0.12%
4.89%

Area-constrained Surveys
% of Capture

1
2
1
5
1
0
0
2
0
0
0
0
1
1
1
0
15
9

N

0.07%
0.15%
0.07%
0.37%
0.07%
0.00%
0.00%
0.15%
0.00%
0.00%
0.00%
0.00%
0.07%
0.07%
0.07%
0.00%
1.12%

Funnel-pitfall Traps
% of Capture

Table 3.1. Amphibian and reptile counts from area-constrained surveys and funnel-pitfall trap surveys on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Subtotal
Species Richness

Total (Reptiles)

Kinosternon subrubrum subrubrum
Terrapene carolina Carolina
Terrapene carollina triunguis
Subtotal
Species Richness

Order Testudines

Eumecese inexpectatus
Eumecese laticeps
Sceloporus undulates
Scincella lateralis

Anolis carolinensis
Eumecese fasciatus

Taxon
Suborder Lacertilia

Table 3.1. continued.
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Turtles
Eastern Mud Turtle
Eastern Box Turtle
Three-toed Box Turtle

Common Name
Lizards
Green Anole
Five-lined Skink
Southeastern Five-lined Skink
Broadhead Skink
Northern Fence Lizard
Ground Skink

514

0
1
6
7
2

62.84%

0.00%
0.12%
0.73%
0.86%

816

1
0
0
1
1

61.12%

0.07%
0.00%
0.00%
0.07%

18.28%
13.11%
0.07%
3.52%
10.56%
14.38%
59.93%

244
175
1
47
141
192
800
6

106
17
0
6
6
332
467
5

12.96%
2.08%
0.00%
0.73%
0.73%
40.59%
57.09%

Funnel-Pitfall Traps
% of Capture
N

Area-constrained Surveys
% of Capture
N

Subtotal
Species Richness

Subtotal
Species Richness
Total (Amphibians)

Order Caudata
Ambystoma maculatum
Ambystoma opacum
Ambystoma talpoideum
Desmognathus fuscus conanti
Euycea cirrigera
Euycea guttolineata
Notophthalmus viridescens louisianensis
Plethodon Mississippi
Plethodon websteri
Psuedotriton ruber vioscai

Taxon
Order Anuran
Acris gryllus
Bufo spp.
Gastrophyrun carolinensis
Hyla cinerea
Hyla versicolor
Rana catesbeiana
Rana clamitans c.
Rana sphenocephala
Rana spp.
Scaphiopus holbrookii h.

Table 3.1. continued.
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Salamanders
Marbled Salamander
Spotted Salamander
Mole Salamander
Spotted Dusky Salamander
Two-lined Salamander
Three-lined Salamander
Central Newt
Mississippi Slimy Salamander
Webster's Salamander
Southern Red Salamander

Common Name
Frogs and Toads
Southern Cricket Frog
Toad species
Eastern Narrowmouth Toad
Green Treefrog
Grey Treefrog
Bullfrog
Bronze Frog
Leopard Frog
Rana species
Eastern Spadefoot Toad

202
8
304

0
1
1
1
15
22
0
158
2
2

102
9

37.16%

24.69%

0.00%
0.12%
0.12%
0.12%
1.83%
2.69%
0.00%
19.32%
0.24%
0.24%

13.43%

119
9
519

1
7
4
1
16
24
3
58
0
5

400
9

38.88%

8.91%

0.07%
0.52%
0.30%
0.07%
1.20%
1.80%
0.22%
4.34%
0.00%
0.37%

29.95%

0.07%
15.43%
1.80%
0.07%
0.00%
0.22%
5.47%
5.77%
0.07%
1.05%

1
206
24
1
0
3
73
77
1
14

4
23
3
1
2
0
13
31
24
1

0.49%
3.78%
0.37%
0.12%
0.24%
0.00%
1.59%
3.79%
2.93%
0.12%

Funnel Pitfall Traps
% of Capture
N

Area-constrained Surveys
% of Capture
N

Table 3.2 Amphibian and reptile species counts with >20 individuals across study sites
on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,
2004-2006.
Species

Common Names
Amphibian Abundance
Amphibian Species Richness
Toad species
Eastern narrowmouth toad
Bronze frog
Leopard frog
Three-lined salamander
MS slimy salamander
Reptile Abundance
Reptile Species Richness
Green anole
Five-lined skink
Broadhead skink
Northern fence lizard
Ground skink

Scientific Names
Amphibian Abundance
Amphibian Species
Richness
Bufo species
Gastrophryne carolinensis
Rana clamitans c.
Rana sphenocephala
Euycea guttolineata
Plethodon mississippi
Reptile Abundance
Reptile Species Richness
Anolis carolinensis
Eumecese fasciatus
Eumecese laticeps
Sceloporus undulatus
Scincella lateralis

a

ACS stands for area-constrained surveys
FPTS stands for funnel-pitfall trap surveys.

b
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N

23
24
31
22
158
106
332

ACSa

CV
0.5394
0.4142

1.2054
0.7956
0.7687
0.4373
0.7708
0.6079
0.1984
0.5224
0.7262

FPTSb
N
CV
0.8021
0.3924
206
24
73
77
24
58
244
175
47
141
192

0.8140
1.1177
1.4906
3.2178
1.4454
0.9867
0.3409
0.1756
0.3751
0.7153
0.9255
1.4457
0.6079

Table 3.3. Habitat variables from study sites on Tombigbee National Forest and Noxubee
National Wildlife Refuge, MS, 2004-2005.
Variable
BGRND
VEGCR
MIDCNT
MIDSPP
OVCNT
OVSPP
OVPINE
OVHT
TTLBA
BAPINE
CANOPY
LOGS
LOGPINE
LLGTH
LDIAM
LDCAY
SNAG
SNAGPINE
SNAGLGTH
SNAGDIAM
SNAGDCAY
LITTER

Measurement
2
% of bare ground from 30 1-m sample plots
% of vegetation cover <1 m height from 30 1-m2 sample plots
2
mean # of midstory trees <6 m height from 30 10-m sample plots
mean # of midstory tree species <6 m height from 30 10-m2 sample plots
2
total # of overstory trees >6 m height from 30 100-m sample plots
mean # of overstory trees >6 m height from 30 100-m2 sample plots
2
total # of pine overstory trees >6 m height from 30 100-m sample plots
2
mean height of overstory trees >6 m height from 30 100-m sample plots
total basal area (m2) of overstory trees in 30 100-m2 sample plots
2
% overstory tree basal area accounted for by pine in 30 100-m sample plots
% canopy cover from densitometer
2
total # of downed logs in 30 100-m sample plots
total # of downed pine logs in 30 100-m2 sample plots
2
mean length of downed logs in 30 100-m sample plots
mean diameter of downed logs in 30 100-m2 sample plots
2
mean level of decay of downed logs in 30 100-m sample plots
2
total # of standing snags in 30 100-m sample plots
2
total # of standing pine snags in 30 100-m sample plots
mean length of standing snags in 30 100-m2 sample plots
2
mean diameter of standing snags in 30 100-m sample plots
mean level of decay of standing snags in 30 100-m2 sample plots
2
mean depth (cm) of litter at center of 30 1-m sample plots
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Table 3.4. Average habitat measurements from study sites on Tombigbee National Forest
and Noxubee National Wildlife Refuge, MS, 2004-2005.
Study
Site
CC1
CC2
CT1
CT2
JC1
JC2
JC3
JC4
JT1
JT2
JT3
JT4
MC1
MC2
MC3
MC4
MT1
MT2
NC1
NC2
NT1

Stand
Size
(ha)
227
60
36
17
24
43
11
39
32
18
18
49
32
24
77
16
41
23
32
42
79

% Basal
Area
Pine
12.6
6.0
43.2
25.6
17.1
37.5
23.3
31.7
73.8
42.3
27.1
45.9
14.1
22.4
18.4
24.9
26.4
24.7
47.7
38.8
50.7

%
Canopy
Coverage
91.7
97.5
90.0
91.7
100
100
89.2
95.0
65.8
80.0
100
94.2
95.8
92.5
89.2
91.7
99.2
93.3
91.0
84.2
94.2

Ground
Veg.
2
(%/1m )
19.3
28.9
55.6
29.0
46.0
45.9
41.8
63.7
82.4
16.8
41.1
43.5
33.1
32.5
35.8
29.8
54.3
37.0
18.8
72.3
65.6
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Midstory
2
( #/10 m )

Overstory
( #/100 m2)

0.6
0.73
2.9
1.9
0.6
1.3
1.7
1.87
0.7
0.53
0.87
1.6
0.43
0.4
0.73
0.9
0.47
0.27
0.23
0.5
1.27

4.8
5.37
1.43
4.43
6.17
4.57
5.47
8.7
5.33
8.9
7.23
6.6
7.93
5.3
4.17
5.87
5.87
4.93
4.8
4.93
4.3

Table 3.5. Parameters of amphibian abundance model for area-constrained surveys
produced by multiple regression analysis on Tombigbee National Forest and
Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
MIDSPP
LDCAY
LLGTH

Coefficient
8.1753
-2.8353
-1.0299
-0.3641

Regression Parameters
SE
t-value
1.9328
4.23
0.8662
-3.27
0.4770
-2.16
0.1068
-3.41

P
≤0.001
0.0045
0.0454
0.0033

Adj. R2
0.5338

Overall
F-value
8.63

P
0.0011

Table 3.6. Parameters of amphibian species richness model for area-constrained surveys
produced by multiple regression analysis on Tombigbee National Forest and
Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LLGTH
LDIAM

Coefficient
3.5307
-1.5939
0.8183

Regression Parameters
SE
t-value
1.9860
1.78
0.3500
-4.55
0.2509
3.26

P
0.0923
≤0.001
0.0043

Adj. R2
0.4843

Overall
F-value
10.39

P
0.0010

Table 3.7. Parameters of reptile abundance model for area-constrained surveys produced
by multiple regression analysis on Tombigbee National Forest and Noxubee
National Wildlife Refuge, MS, 2004-2006.
X
Constant
MIDSPP
LDCAY
LLGTH

Coefficient
-2.3868
-3.4061
2.2128
-0.3797

Regression Parameters
SE
t-value
2.5650
-0.93
1.1495
-2.96
0.6330
3.50
0.1417
-2.68

P
0.3651
0.0087
0.0028
0.0159

Adj. R2
0.6325

Overall
F-value
12.47

P
≤0.001

Table 3.8. Parameters for reptile species richness model for area-constrained surveys
produced by multiple regression analysis Tombigbee National Forest and
Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
MIDCNT

Coefficient
5.4943
-0.4480

Regression Parameters
SE
t-value
0.3212
17.10
0.1831
-2.45

P
≤0.001
0.0243
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Adj. R2
0.1996

Overall
F-value
5.99

P
0.0243

Table 3.9. Parameters for amphibian abundance model for funnel-pitfall trap surveys
produced by multiple regression analysis on Tombigbee National Forest and
Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LOGS

Coefficient
7.3889
-0.0392

Regression Parameters
SE
t-value
1.2841
5.75
0.0099
-3.95

P
≤0.001
≤0.001

Adj. R2
0.4216

Overall
F-value
15.58

P
≤0.001

Table 3.10. Parameters for amphibian species richness model for funnel-pitfall trap
surveys produced by multiple regression analysis on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LDCAY
SNAGPINE

Coefficient
21.0320
-3.6101
-0.5377

Regression Parameters
SE
t-value
5.6826
3.70
1.5742
-2.29
0.2058
-2.61

P
0.0016
0.0341
0.0176

Adj. R2
0.4106

Overall
F-value
7.97

P
0.0033

Table 3.11. Parameters for reptile abundance model for funnel-pitfall trap surveys
produced by multiple regression analysis on Tombigbee National Forest and
Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LOGS
LDCAY

Coefficient
-5.0313
0.0161
1.8930

Regression Parameters
SE
t-value
2.9801
-1.69
0.0071
2.25
0.8373
2.26

P
0.1086
0.0373
0.0364

Adj. R2
0.3654

Overall
F-value
6.76

P
0.0065

Table 3.12. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Bufo sp. on Tombigbee National Forest and
Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
BAPINE
LDCAY
SNAGDCAY

Coefficient
0.8995
-0.0052
-0.1502
-0.0321

Regression Parameters
SE
t-value
0.3936
2.29
0.0018
-2.89
0.0971
-1.55
0.0586
-0.55
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P
0.0354
0.0101
0.1405
0.5914

Adj. R2
0.2437

Overall
F-value
3.15

P
0.0522

Table 3.13. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Rana clamitans c. on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
SNAGDIAM

Coefficient
-0.0575
0.0124

Regression Parameters
SE
t-value
0.0746
-0.77
0.0055
2.26

P
0.4502
0.0359

Adj. R2
0.1701

Overall
F-value
5.10

P
0.0359

Table 3.14. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Rana sphenocephala on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
OVHT

Coefficient
0.6291
-0.0297

Regression Parameters
SE
t-value
0.1872
3.36
0.0109
-2.73

P
0.0033
0.0134

2

Adj. R
0.2434

Overall
F-value
7.43

P
0.0134

Table 3.15. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Euycea guttolineata on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LLGTH
MIDSPP
LDIAM

Coefficient
0.1824
-0.0400
-0.1717
0.0131

Regression Parameters
SE
t-value
0.0796
2.29
0.0126
-3.19
0.0709
-2.42
0.0090
1.46

P
0.0351
0.0054
0.0268
0.1633

Adj. R2
0.4422

Overall
F-value
6.28

P
0.0046

Table 3.16. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Plethodon mississippi on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LLGTH

Coefficient
1.5280
-0.1950

Regression Parameters
SE
t-value
0.4655
3.28
0.0957
-2.04

P
0.0039
0.0508
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Adj. R2
0.1361

Overall
F-value
4.15

P
0.0558

Table 3.17. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Anolis carolinensis on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LDCAY
MIDSPP

Coefficient
-1.8044
0.7454
-0.9539

Regression Parameters
SE
t-value
0.8908
-2.03
0.2230
3.34
0.4050
-2.36

P
0.0579
0.0036
0.0301

Adj. R2
0.5224

Overall
F-value
11.94

P
≤0.001

Table 3.18. Parameters of abundance model for area-constrained surveys produced by
multiple regression analysis for Scincella lateralis on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
BAPINE
CANOPY
LOGPINE
OVCNT
SNAGPINE
VEGCR

Coefficient
-.21514
-0.0245
0.0485
0.0442
-0.0056
-0.1964
-0.0171

Regression Parameters
SE
t-value
1.6845
-1.28
0.0101
-2.43
0.0168
2.88
0.0059
7.54
0.0032
-1.78
0.0858
-2.29
0.0069
-2.49

P
0.2223
0.0294
0.0120
<0.001
0.0963
0.0382
0.0258

Adj. R2
0.7760

Overall
F-value
12.55

P
≤0.001

Table 3.19. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis Bufo sp.on Tombigbee National Forest and Noxubee
National Wildlife Refuge, MS, 2004-2006.
X
Constant
BAPINE
LDIAM
LLGTH
MIDSPP

Coefficient
2.2891
-0.0381
-0.2621
0.6698
-1.2564

Regression Parameters
SE
t-value
0.7057
3.24
0.0068
-5.63
0.0796
-3.29
0.1187
5.64
0.5877
-2.14
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P
0.0051
<0.001
0.0046
<0.001
0.0483

Adj. R2
0.6814

Overall
F-value
11.69

P
≤0.001

Table 3.20. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis Gastrophryne carolinensis on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LDIAM
VEGCR

Coefficient
-0.3027
0.0280
0.0027

Regression Parameters
SE
t-value
0.1547
-1.96
0.0148
1.89
0.0014
1.87

P
0.0661
0.0743
0.0777

Adj. R2
0.2788

Overall
F-value
4.87

P
0.0204

Table 3.21. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Rana clamitans c.on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LOGS

Coefficient
1.2422
-0.0074

Regression Parameters
SE
t-value
0.3542
3.01
0.0027
-2.69

P
0.0024
0.0145

Adj. R2
0.2375

Overall
F-value
7.23

P
0.0145

Table 3.22. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Rana sphenocephala on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LOGS
OVHT
SNAGLGTH

Coefficient
2.9530
-0.0163
-0.2028
0.3404

Regression Parameters
SE
t-value
0.9580
3.08
0.0048
-3.38
0.0614
-3.30
0.0768
4.43

P
0.0068
0.0035
0.0042
≤0.001

Adj. R2
0.6521

Overall
F-value
13.50

P
≤0.001

Table 3.23. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Plethodon mississippi on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
BAPINE
OVSPP

Coefficient
1.3359
-0.0097
-1.0359

Regression Parameters
SE
t-value
0.3542
3.77
0.0034
-2.88
0.4024
-2.57
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P
0.0014
0.0099
0.0191

Adj. R2
0.3075

Overall
F-value
5.44

P
0.0142

Table 3.24. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Anolis carolinensis on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
BAPINE
OVHT

Coefficient
0.6557
-0.0141
0.0549

Regression Parameters
SE
t-value
0.4913
1.33
0.0055
-2.57
0.0291
1.88

P
0.1986
0.0191
0.0758

Adj. R2
0.2423

Overall
F-value
4.20

P
0.0319

Table 3.25. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Eumecese fasciatus on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
SNAG

Coefficient
0.1144
0.0429

Regression Parameters
SE
t-value
0.2360
0.48
0.0128
3.36

P
0.6334
0.0033

Adj. R2
0.3396

Overall
F-value
11.28

P
0.0033

Table 3.26. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Eumecese laticeps on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LOGPINE
VEGCR

Coefficient
0.4263
0.0031
-0.0077

Regression Parameters
SE
t-value
0.0990
4.31
0.0014
2.20
0.0023
-3.34

P
≤0.001
0.0409
0.0037

Adj. R2
0.3340

Overall
F-value
6.01

P
0.0100

Table 3.27. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Sceloporus undulatus on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LOGPINE
SNAGPINE
BAPINE

Coefficient
0.2561
0.0412
-0.2527
-0.0246

Regression Parameters
SE
t-value
0.2590
0.99
0.0067
6.19
0.0843
-3.00
0.0089
-2.77

P
0.3365
<0.001
0.0081
0.0131
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Adj. R2
0.6615

Overall
F-value
14.03

P
≤0.001

Table 3.28. Parameters of abundance model for funnel-pitfall trap surveys produced by
multiple regression analysis for Scincella lateralis on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
X
Constant
LDCAY

Coefficient
-2.7652
0.9963

Regression Parameters
SE
t-value
1.2956
-2.13
0.3530
2.82

P
0.0461
0.0109
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Adj. R2
0.2583

Overall
F-value
7.97

P
0.0109

CHAPTER IV
DISTANCE TRENDS INFLUENCING HERPETOFAUNA AROUND FIRST AND
SECOND ORDER STREAMS IN UPLAND FORESTS IN EAST-CENTRAL
MISSISSIPPI

Many scientists have shown that amphibian and reptile populations are declining.
Studies also have shown anthropogenic habitat loss and degradation is one of the most
important threats to amphibian and reptile populations. In particular, specific forest
management practices can have severe and rapid impacts on amphibian and reptile
populations (Alford and Richards 1999, Gibbons et al. 2000). The following forest
management practices have been shown to negatively impact herpetofauna: clearcut
harvesting (Blymer and McGinnes 1977, Ash 1988, Petranka et al. 1993, Phelps and
Lancia 1995, Chazal and Niewiarowski 1998, Grialou et al. 2000, MacCracken 2002,
Vesley and McComb 2002), creation of even-aged forests (Bennett et al. 1980, Hansen et
al. 1991), and long-term disturbance effects related to harvest and other silvicultural
management (Bury 1983, Pough et al. 1987, Corn and Bury 1989, Means et al. 1996). As
a result of these forest management practices, most conservation efforts for amphibians
and reptiles have been focused on habitat preservation particularly surrounding aquatic
ecosystems (Wilson and Dorcas 2003).
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The terrestrial ecosystems that surround water systems not only filter runoff of
soil sediments and contaminants, but also provide important habitats for many mammals,
birds, amphibians, and reptiles (Bury 1988, Semlitsch 1998, Semlitsch and Bodie 2003,
Wilson and Dorcas 2003). This study focuses on riparian zones, which are defined as
“relating to or living or locating on the bank of a natural watercourse (e.g., stream or
river…;” Merriam-Webster's Collegiate Dictionary 2002). Riparian zones have been
found to support greater animal and plant biomass than upland forested areas (Bury 1988,
Spackman and Hughes 1995).

Numerous studies have reported that semiaquatic

species, such as amphibians and reptiles, use riparian habitats to fulfill critical life history
functions. Many amphibian species will spend short periods of time in aquatic habitats to
breed and lay eggs and return to terrestrial habitats to forage and take shelter for the
remainder of their life cycle (Semlitsch and Bodie 2003). Similarly, some reptiles (i.e.,
snakes and turtles), will live and forage in aquatic habitats and move to terrestrial habitats
to breed, lay eggs, and seek refuge during winter (Semlitsch and Bodie 2003).
In the United States, guidelines are prescribed to protect buffers around water
systems from anthropogenic activities, such as timber harvest. Regulations protecting
buffer zones surrounding small watersheds have been predominately to maintain water
quality standards (e.g., regulating water temperatures within streams, filtering
contaminants, and reducing bank erosion; Maisonneuve and Rioux 2001, Wilson and
Dorcas 2003). Streamside management zones (SMZs) are long strips of uninterrupted
vegetation adjacent to water bodies and timber or land management activities (Dickson
and Wigley 2001). The goal of an SMZ is to reduce the impact of siltation loads in
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streams, prevent erosion, filter runoff of contaminants, and protect flora and fauna
communities from the direct impacts of timber and land management activities (Fogarty
2005). Guidelines for minimum requirements for SMZ widths vary state by state and
within each state’s various jurisdictional boundaries (Vesely and McComb 2002, Wilson
and Dorcas 2003, Fogarty 2005). For SMZ widths in Mississippi, best management
practices (BMP) for forestry recommends 9.1 m (30 ft) width on each side of the stream
be protected for intermittent streams and perennial streams with 0-5% slope of adjacent
land (Fogarty 2005). Idaho’s BMPs recommended minimum SMZ width is 1.5 m (5 ft)
on each side of headwater streams that are without a fishery (Belt et al. 1992). In one
part of North Carolina, small streams (draining <40.5 ha) have a minimum SMZ width of
10.7 m (35 ft) on each side of the stream (Wilson and Dorcas 2003). Oregon’s SMZ
minimum requirement width for private forestry practices in the state is 6.1 m (20 ft) for
medium streams and no SMZ is required on small permanent streams. In contrast, in
public Coast Range forests, the Bureau of Land Management and USFS were
establishing SMZs that were 79 m (260 ft) wide on permanent streams containing no
fisheries (Vesely and McComb 2002). Only one of the above-mentioned SMZ
regulations exceeded 50 m in width, with the remainder being much less.
There is a debate concerning the determination of adequate SMZ widths for
abundance and species richness for various faunal communities. Numerous studies have
documented the effects of SMZ widths on birds (Thurmond et al. 1995, Hodges and
Krementz 1996, Pearson and Manuwal 2001) and mammals (Dickson 1989, Cockle and
Richardson 2003). There are fewer studies documenting effects of SMZ widths on
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amphibians and reptiles, especially along low-order streams. In the Oregon Coastal
Range, Vesely and McComb (2002) proposed a minimum SMZ of 20-m wide along 1st
through 3rd order streams, which would extend current SMZ requirements on private and
public lands to permanent headwater streams that are not necessarily inhabited by
anadromous fish. They also recommended extending a second band of riparian reserves
that would be a limited-entry adjacent to the SMZ to protect the riparian microclimate by
using a shelterwood, further protecting habitat for salamanders and other amphibians.
Semlitsch and Bodie (2003) proposed that the SMZ be broken into 3 terrestrial zones
adjacent to the core stream and terrestrial habitats. Zone 1 should be immediately
adjacent to the stream and is protected from forest management or human perturbation.
In other words, zone 1 is supposed to buffer the amphibians’ and reptiles’ core habitat
and water resources (e.g., 30-60 m). Zone 2 (overlapping zone 1) begins adjacent to the
stream and encompasses the entire core terrestrial habitat defined by the target faunal
group (e.g., salamanders 117-218 m). Zone 3 is a buffer adjacent to zone 2, which
protects the core habitat from edge effects (e.g., 50 m). Thus, total width of SMZ
including zones 1, 2, and 3 could be as wide as 328 m depending on the targeted faunal
groups (e.g. salamanders). Wilson and Dorcas (2003) argued that simple forested habitat
buffers surrounding small streams are inadequate to maintain high salamander
abundances. Instead, they suggest that there is a need for plans that address each
watershed in order to give appropriate consideration to potential disturbance effects on
each site.
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The objective of this chapter was to determine effective SMZ width for protection
of the greatest proportion of amphibian and reptile communities on public forest lands of
central Mississippi. In addition, I also compared the SMZ width determined by this study
with Mississippi’s current SMZ recommendations. I analyzed abundance counts using 2
survey techniques (area-constrained surveys and funnel-pitfall trap surveys) from 0 to
100 m to determine distance patterns away from first and second order streams.

STUDY AREA
The study was conducted on 18 sites that were located on Tombigbee National
Forest (TNF), Ackerman Unit, in Winston County, Mississippi. An additional 3 sites
were located on Noxubee National Wildlife Refuge (NNWR) lands adjacent to TNF. A
more complete study area description is provided in Chapter II. Each study site was
characterized as a mature (>25 years of age), upland forest stand, which contained one
first- or second-order stream, which were part of the Tombigbee River drainage system.

METHODS

Field Methods
Faunal data collection was accomplished from November, 2004 through June,
2006. Detailed field methods are described in Chapter II. Faunal data reported in this
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chapter were measured from 213 area-constrained surveys and 209 funnel-pitfall trap
surveys on 21 study sites. Study sites were surveyed once each month in the spring and
fall months when feasible.

Statistical Analyses
I performed all data analyses using study sites as my experimental unit. This
produced an experimental sample size of 21. For the faunal response variables, there
were amphibian abundance and species richness for area-constrained surveys and funnelpitfall trap surveys and reptile abundance and species richness for area-constrained
surveys and funnel-pitfall trap surveys from streams extending out 100 m.
I measured abundance and species richness for amphibians and reptiles at 0, 25,
50, 75, and 100 m away from the stream with area-constrained surveys and 0, 50, and 100
m away from the stream with funnel-pitfall trap surveys. Abundance counts were
summed across surveys by site, and then catch-per-unit effort was calculated due to
unequal sampling (refer to Chapter III). Species counts also were summed across surveys
by site (refer to Chapter III).
For my null hypothesis, I hypothesized that distance from the streams would not
influence abundance and species richness of amphibians and reptiles on my study sites.
For my alternative hypothesis, I hypothesized that some of the species of amphibians and
semi-aquatic reptiles would be more abundant nearer streams. I chose to perform all
statistical tests at a significance level of α = 0.05.
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I began the analyses by first determining if the dependent variables (abundance
and species richness) differed between stand type (stands actively managed for pine
versus stands with no pine management plan) using the Kruskal-Wallis test (PROC
NPAR1WAY, SAS Institute 1999). After I determined that stand type did not affect the
dependent variables, I analyzed the effect of varying distances from first and second
order streams on the dependent variables using the Kruskal-Wallis test (Conover 1980).
If the test was significant, I then used LSD multiple comparisons to distinguish the
ranking of distances with the greatest to the least abundance or species richness (PROC
RANK, PROC GLM, SAS Institute 1999).

RESULTS
I detected 17 amphibian species (304 individuals) and 20 reptile species (514
individuals) using the area-constrained survey technique during the study period. I
detected 19 amphibian species (519 individuals) and 28 reptile species (816 individuals)
using the funnel-pitfall trap survey technique. Combining the data from both survey
techniques, I detected 31 reptile species (1,330 individuals) and 19 amphibian species
(823 individuals; Table 3.1).
For area-constrained surveys, I found no significant differences between
2

2

amphibian abundance ( Χ 1 = 0.453, P = 0.501) and species richness ( Χ 1 = 0.634, P =
2

0.426) and reptile abundance ( Χ 2 = 1.104, P = 0.293) and species richness ( Χ 1 = 0.006,
P = 0.941) and forest stand type. For funnel-pitfall trap surveys, I found no significant
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2

differences between amphibian abundance ( Χ 1 = 0.437, P = 0.835) and species richness
2

2

( Χ 1 = 0.521, P = 0.470) and reptile abundance ( Χ 1 = 0.024, P = 0.878) and species
2

richness ( Χ 1 = 1.576, P = 0.209) and forest stand type.
For area-constrained surveys, amphibian abundance differed significantly
2

between 0, 25, 50, 75, and 100 m from first and second order streams ( Χ 4 = 47.249, P <
0.001; Table 4.1). The LSD ranked mean amphibian abundance was greatest at 0 m
( x =4.8010) from the stream and differed significantly from 25, 50, 75, and 100 m
(Figure 4.1). The LSD ranked mean amphibian abundance did not differ significantly
between 25 and 50 m ( x =2.833 and x =3.310, respectively) or between 75 and 100 m
( x =1.929 and x =2.119, respectively; Figure 4.1).
Amphibian species richness differed significantly between 0, 25, 50, 75, and 100
2

m from first and second order streams ( Χ 4 = 39.967, P < 0.001) for area-constrained
surveys (Table 4.1). The LSD ranked mean amphibian species richness was greatest at 0
m ( x =4.786) from the stream and differed significantly from 25, 50, 75, and 100 m. The
LSD ranked mean amphibian species richness did not differ significantly between 25 and
50 m ( x =2.833 and x =3.071, respectively) or between 75 and 100 m ( x =2.143 and

x =2.167, respectively; Figure 4.2).
For area-constrained surveys, reptile abundance differed significantly between 0,
2

25, 50, 75, and 100 m from first and second order streams ( Χ 4 = 12.398, P = 0.013;
Table 4.1). The LSD multiple comparisons were not clear. There was no significant
difference between 0, 25, and 50 m ( x =4, 3.238, and x =2.881, respectively); 25, 50, and
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75 m ( x = 2.810); or between 50, 75, and 100 m ( x = 2.071) for mean reptile abundance.
The LSD multiple comparisons found a significant difference between 0 m and 75 and
100 m and between 25 m and 100 m (Figure 4.3).
Reptile species richness differed significantly between 0, 25, 50, 75, and 100 m
2

from first and second order streams ( Χ 4 = 10.694, P = 0.030) for area-constrained
surveys (Table 4.1). The LSD multiple comparisons are not clear. There was no
significant difference between 0, 25, and 50 m ( x =3.714, x =3.357, and x =2.929,
respectively); 25, 50, and 75 m ( x = 2.548); or between 50, 75, and 100 m ( x = 2.452)
for reptile species richness. The LSD multiple comparisons found a significant
difference between 0 m and 75 and 100 m and between 25 m and 100 m (Figure 4.4).
For funnel-pitfall trap surveys, amphibian abundance did not differ between 0, 50,
2

and 100 m from first and second order streams ( Χ 2 =5.320, P = 0.168; Table 4.1). No
LSD multiple comparisons were needed. Amphibian species richness did not differ
2

between 0, 50, and 100 m from first and second order streams ( Χ 2 = 3.572, P = 0.070)
for funnel-pitfall trap surveys (Table 4.1). No LSD multiple comparisons were needed.
For funnel-pitfall trap surveys, reptile abundance differed significantly between 0,
2

50, and 100 m from first and second order streams ( Χ 2 = 6.146, P = 0.046; Table 4.1).
For the LSD multiple comparisons, there is no significant difference between 100 and 50
m ( x = 2.405 and x = 2.000, respectively) or between 50 and 0 m ( x = 1.595). The LSD
multiple comparisons found a significant difference between 0 and 100 m (Figure 4.5).
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Reptile species richness did not differ significantly between 0, 50, and 100 m
2

from first and second order streams ( Χ 2 = 1.253, P = 0.534) for funnel-pitfall trap
surveys (Table 4.1). Therefore, LSD multiple comparisons were not conducted.

DISCUSSION
Area-constrained surveys resulted in detection of differences between the
dependent variables and 0, 25, 50, 75, and 100 m along first and second order streams.
The LSD multiple comparisons developed from the area-constrained survey, amphibian
abundance and species richness data were informative concerning distribution trends of
amphibians and reptiles along streams. The LSD multiple comparisons developed from
the area-constrained survey, reptile abundance and species richness data was variable and
produced less definitive comparisons among reptiles’ use of habitats. Funnel-pitfall trap
surveys could only detect a difference between reptile abundance and 0, 50, and 100 m
from first and second order streams. The LSD multiple comparisons developed from the
funnel-pitfall trap survey demonstrated reptile abundance data was variable and produced
less definitive comparisons among reptiles’ use of streamside habitats.
Amphibian abundance and species richness as detected by area-constrained
surveys declined as distance increased from the stream with a significant decline between
0 and 25 m (Figure 4.6 and 4.7, respectively). I was unable to detect any change in
amphibian abundance with data from funnel-pitfall trap surveys (Figure 4.8). A marginal
(statistically insignificant) decline in species richness (Figure 4.9) was detected as
distance increased from low-order streams.
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Many amphibians require aquatic habitats for breeding and laying eggs.
Amphibians often require the surrounding terrestrial habitats to fulfill the remainder of
the life history requirements, such as foraging and shelter (Semlitsch and Bodie 2003,
Fogarty 2005). In addition to these life history requirements in the various habitats, there
are biotic limitations based on the biology of amphibians. For example, amphibians’ skin
is permeable to moisture, gases, and ions present in the environment (Freda 1991, Frisbie
1992, Blaustein 2003). These biotic limitations restrict amphibians to areas with water
sources, making them more sensitive to environmental water gradients and quality
(Spotila 1972, Grover 2000).
Based on the biology of amphibians, trends detected by area-constrained surveys
were predictable based on past herpetofaunal studies. Several amphibian species were
found rarely over a few meters from streams or drainages (e.g., two-lined salamander
(Eurycea cirrigera), southern red salamander (Pseudotriton ruber vioscai), and
Webster’s salamander (Plethodon websteri). In addition, three-lined salamanders
(Eurycea guttolineata) were found rarely more than 25 m from streams or drainages.
Comparisons of data from area-constrained surveys indicated that reptile
abundance and species richness declined gradually as distance increased away from the
stream (Figure 4.6 and 4.7, respectively). Data from funnel-pitfall trap survey
comparisons indicated that reptile abundance increased significantly as distance increased
from the stream (Figure 4.8); whereas, I found no significant increase in reptile species
richness as distance increased from the stream (Figure 4.9).
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Adaptations, such as hard-shelled eggs and scaled skin, allow most reptile species
to survive in a range of environmental conditions; including xeric habitats of upland
forests (Gibbons et al. 2000). The slight increase in reptile abundance and species
richness for area-constrained surveys found near streams is probably due to aquatic
snakes found exclusively in and around water sources, such as eastern cottonmouth
(Agkistrodon piscivorus) and yellowbelly water snake (Nerodia erythrogaster

flavigaster). The opposite trend found with funnel-pitfall trap surveys is possibly
because this survey method is inefficient at trapping large, aquatic snakes.
Many other studies have investigated buffer zone widths needed to protect birds,
mammals, and herpetofauna. Spackman and Hughes (1995) found riparian buffers
needed to be at least 150 m wide in Vermont to include 90% of the bird species along
mid-order streams. Dickson (1989) in Texas found very few gray squirrels or squirrel
nests in SMZs <40 m wide, but both were common in SMZs >50 m. In the Oregon
Coastal Range, Vesely and McComb (2002) proposed a minimum SMZ of 20 m wide
along 1st through 3rd order streams to protect salamanders and other amphibians. In
Texas, Rudolph and Dickson (1990) recommended SMZs needed to be at least 30 m wide
to benefit amphibians, reptiles, and other vertebrates. Around low-order streams in
Mississippi, Fogarty (2005) recommended SMZ width of 25 m on each side of the stream
to protect 80% of the amphibian community or 50 m on each side of the stream to protect
90% of the amphibian community. An additional buffer of 5 m was recommended to
protect the SMZ from edge effects (e.g., erosion and windfall).
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CONCLUSIONS AND IMPLICATIONS
Amphibians were detected in greater abundance and more species of amphibians
were found near the stream (Figure 4.6 and 4.7, respectively). This trend further supports
amphibians’ biological requirement for aquatic habitat for breeding, laying eggs, as well
as their sensitivity to environmental water gradients. Two of the species of amphibians
that depend on riparian habitats also are locally and globally rare species, southern red
salamander and Webster’s salamander, respectively (Mississippi Natural Heritage
Program 2002). In cases where timber is being harvested, the protected buffers created
by SMZs are the only refugia for these amphibians. Part of the objective of this chapter
was to determine effective SMZ width for the study area to protect the greatest proportion
of the amphibian community. Within 100 m of the low-order streams, 58.9% of all
amphibians and 45.3% of all species were found in or <1 m from streams; 71.4% of all
amphibians and 61.3% of all species were found within 25 m of the streams; and 85.9%
of all amphibians and 78.7% of all species were found within 50 m of the streams. A
SMZ of 50 m would be needed to protect approximately 85% all of the amphibians and
over 75% of all species found within 100 m from low-order streams. A SMZ of 25 m
would protect approximately 70% all of the amphibians and just over 60% of all species
found within 100 m from low-order streams. All of these recommendations are only for
one side of the stream, and a buffer would need to be extended to each side of the stream.
Reptiles were found to be similar in abundance and species richness (Figure 4.6
and 4.7, respectively) from 0 to 100 m from low-order streams, with a minor decrease
away from the stream. There are only a few species (e.g., aquatic snakes) that depend on
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water systems to fulfill their life history requirements. In general, reptiles depend less on
riparian habitats than amphibians because of their water impermeable skin and terrestrial,
shelled eggs. Therefore, they may be able withstand narrower SMZs without succumbing
to the same negative side effects as amphibians in similar areas with narrow SMZ
requirements by migrating to undisturbed, non-riparian terrestrial habitats (Fogarty
2005). In this study, within 100 m of the low-order streams, 29.8% of all reptiles and
25% of all species were found in or <1 m from streams; 50.1% of all reptiles and 44% of
all species were found within 25 m of the streams; and 69.4% of all reptiles and 64% of
all species were found within 50 m of the streams. A SMZ of 50 m would be needed to
protect approximately 69% all of the reptiles and 64% of all species found within 100 m
from low-order streams. A SMZ of 25 m would protect approximately 50% all of the
reptiles and 44% of all species found within 100 m from low-order streams. All of these
recommendations are only for one side of the stream, and a buffer would need to be
extended to each side of the stream.
Dendritic drainages and seepages were common throughout most of the 21 study
sites, between 0 m and 100 m away from the low-order streams. Current BMPs for
forestry do not protect dendritic drainages or seepages unless these smaller riparian areas
naturally occur within the recommended or selected SMZ. Dendritic drainages and
seepages can offer important habitat for species, such as southern red salamander,
southern two-lined salamander, and three-lined salamander (Conant and Collins 1998).
Future research is needed to determine amphibian’s dependence on dendritic drainages
and seepages, in addition to the distance into habitat surrounding these smaller riparian
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areas these amphibians travel. This approach would allow modifications in forestry
BMPs in areas with species of concern and threatened and endangered species that may
depend on these habitats (e.g., southern red salamander).
Mississippi’s BMP for forestry recommend 9.1 m (30 ft) width on each side of the
stream be protected for intermittent streams and perennial streams with 0-5% slope of
adjacent land. The BMPs recommend increasing SMZ width with the increasing slope of
adjacent land to protect from potential erosion. For example, slopes of >40%, a
maximum of an 18.3 m buffer should be retained and protected (Fogarty 2005).
However, this study supports the findings of Fogarty (2005) in that SMZs should be
wider to compensate for the dispersal and habitat requirements of amphibians.
I recommend a SMZ width of 50 m on each side of low-order streams in eastcentral Mississippi to protect approximately 85% of the amphibian community in riparian
area from the direct impacts of timber harvest. To protect over 90% of the amphibian
community, I recommend a SMZ width of 75 m on each side of low-order streams. I
also recommend adding an additional buffer on the outer edge of the SMZ with limited
access to protect from edge effects such as erosion and decreased soil moisture (Vesely
and McComb 2002, Semlitsch and Bodie 2003, Fogary 2005). However, further research
is needed to identify the effective width of an additional buffer, and to identify the
impacts of partial canopy removal on the forest floor environment.
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Table 4.1. Kruskal-Wallis test results for the effect of distance away from first and
second order streams on the dependent variables on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
Method
ACSa

Dependent Variable
Amphibian - Abundance
Amphibian - Species Richness
Reptile - Abundance
Reptile - Species Richness

Χ2
47.2491
39.9670
12.6980
10.6938

d.f.
4
4
4
4

P
<0.0001
<0.0001
0.0128
0.0302

FPTSb

Amphibian - Abundance
Amphibian - Species Richness
Reptile - Abundance
Reptile - Species Richness

5.3203
3.5723
6.1457
1.2533

2
2
2
2

0.0699
0.1676
0.0463
0.5344

a

ACS stands for area-constrained surveys
FPTS stands for funnel-pitfall trap surveys.

b
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Figure 4.1. LSD multiple comparison results of the mean amphibian abundance from 0 m – 100 m from streams detected by areaconstrained surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.2. LSD multiple comparison results of the mean amphibian species richness from 0 m – 100 m from streams detected by
area-constrained surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.

97

Mean Reptile Abundance
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0

4.00

A

25

3.24

A
B

Distance from Stream

50

2.88

B
C

A

75

2.81

B
C

100

C
2.07

Figure 4.3. LSD multiple comparison results of the mean reptile abundance from 0 m – 100 m from streams detected by areaconstrained surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.4. LSD multiple comparison results of the mean reptile species richness from 0 m – 100 m from streams detected by areaconstrained surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.5. LSD multiple comparison results of the mean reptile abundance from 100 m – 0 m towards streams detected by funnelpitfall trap surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.6. Amphibian and reptile abundance from 0 m – 100 m from streams detected by area-constrained surveys on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.7. Amphibian and reptile average species richness per site from 0 m – 100 m from streams detected by area-constrained
surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.8. Amphibian and reptile abundance from 0 m – 100 m from streams detected by funnel-pitfall trap surveys on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 4.9. Amphibian and reptile species richness from 0 m – 100 m from streams detected by funnel-pitfall trap surveys on
Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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CHAPTER V
A COMPARISON OF SAMPLING METHODS FOR HERPETOFAUNA

There are a variety of survey techniques used to survey amphibian and reptile
communities, such as pitfall-traps, funnel-traps, area-constrained surveys, artificial cover
boards, anuran call counts, refugia pipes, etc (Heyer et al. 1994). Pitfall trap surveys with
funnel traps (Corn 1994) and area-constrained surveys (Jaeger 1994) are 2 of the most
commonly used techniques. Although both of these techniques are effective at sampling
a wide variety of species, they have been shown to yield variable results, because each
differently detects herpetofauna. Pitfall traps with funnel traps consist of stationary
arrays using drift fences that guide animals towards underground buckets and funnel traps
placed flush with the drift fence (Figure 5.1; Corn 1994). In contrast, area-constrained
surveys use linear or belt transects to search natural cover objects (i.e., rocks, logs,
leaves) for animals (Jaeger 1994). Many studies have compared these methods together
or against other methods in an attempt to find the most efficient and cost effective tool to
survey herpetofaunal communities. Studies have shown that biases may exist with
different survey methods due to different capture vulnerability, trap retention, and
detectability among herpetile species (Heyer et al. 1994, Crosswhite et al. 1999, Fogarty
2005). Factors that may influence the detection of herpetofauna by these two methods
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may include animal size, mobility, behavior, activity patterns, home range size, weather,
and survey design (Brown 1997, Crosswhite et al. 1999, Enge 2001).
Efficiency of detection and biases for area-constrained surveys has been
documented (Anderson et al. 1979, Burnham et al. 1985, Pearman et al. 1995, Smith and
Petranka 2000, Bailey et al. 2004). Researchers can use area-constrained surveys to
effectively measure species richness, relative abundance, and density across habitat
gradients (e.g., elevation or water gradients; Jaeger 1994). Because of salamanders’
dependence on water and behavioral adaptations, such as finding refugia under logs, this
species group is more effectively sampled by other sampling methods (e.g., areaconstrained surveys; Gibbons and Semlitsch 1981, Petranka et al. 1993, Crosswhite et al.
1999). Enge (2001) reported that searches and other methods were more effective in
detecting arboreal or highly mobile animals (tree frogs or large snakes) because of their
ability to escape pitfall traps. Also, area searches were more effective for sampling
relatively sedentary or secretive species than pitfall trap methods (Smith and Petranka
2001).
The efficiency of detection and biases for pitfall and funnel traps has been well
documented (Gibbons and Semlitsch 1981, Bury and Corn 1987, Dodd 1991, Brown,
1997, Crosswhite et al. 1999, Enge 2001). Pitfall traps with funnel traps can be used to
determine species richness of an area, detect presence or absence of rare species, relative
abundance, and habitat use by selected species (Corn 1994). The pitfall trapping method
easily traps many small amphibian and reptile species (Crosswhite et al. 1999). It also
can be a useful technique to survey rare species, which can be ineffectively sampled by
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other survey methods, such as area searches (Heyer et al. 1994). Also, the pitfall trapping
method can sample a large number of sites simultaneously, which will reduce the
variation in activity due to weather during trapping periods (Bury and Corn 1987). Smith
and Petranka (2000) reported that pitfall trap surveys were more efficient at surveying
relatively mobile or seasonally migratory species than other methods. Pitfall traps, if
established surrounding breeding pools, were generally effective for sampling toads
(Bufonids), true frogs (Ranids), and pond-breeding salamanders (Ambystomids,

Notophthalmus spp.; Gibbons and Semlitsch 1981). Enge (2001) found double-ended
funnel traps constructed out of aluminum window screening to be as or more effective
than other methods at sampling most herpetofauna, especially snakes (Bury and Corn
1987). There are several disadvantages that can create biases associated with pitfall
traps. Studies have found some species of herpetofauna were able to jump, climb over, or
climb under the drift fence, biasing relative abundance and species richness estimates
(Gibbons and Semlitsch 1981, Dodd 1991). Pitfall trap surveys also were inefficient at
trapping large snakes, turtles, and some salamanders. Trapping inefficiency for large
snakes probably resulted from their ability to escape the pitfall trap (Crosswhite et al.
1999). Gibbons and Semlitscht (1981) reported that turtles avoided pitfall traps because
of their awareness of topographic relief and behavior of avoiding natural pitfalls.
One potential bias associated with pitfall traps is depredation, although it is rarely
documented in the literature. There were a few studies that mentioned predation as a
possible bias, and only 2 of those studies specifically mentioned the species involved in
depredation of pitfall traps (Brown 1997, Houze and Chandler 2002, Fogarty and Jones
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2003). I found no study that reported potential magnitude of bias caused by trap
depredation. Possible predators for pitfall traps include raccoons (Procyon lotor),
Virginia opossums (Didelphis virginiana), shrews (Sorex spp.), snakes (Agkistrodon spp.,

Nerodia spp., Elaphe spp.), mustelids (Family Mustelidae), and spiders (Order
Arachnida). In the southeast, raccoons may be the most likely predator of pitfall traps
because of their high densities and diverse diet (Fogarty and Jones 2003). Densities for
raccoons range from 1.2 raccoons/10 ha in Alabama to 0.1–1.8 raccoons/10 ha in
Tennessee. Raccoons eat a wide range of food items including plant and animal matter
(Chamberlain and Leopold 2001). Raccoons also may become habituated to a
consistently available food source, such as pitfall traps retained for long term studies
(Fogarty 2005).
The primary objectives of this study were to determine if captures of amphibians
and reptiles differed significantly among pitfall traps, funnel traps, and “predatorguarded” pitfall traps, to compare amphibian and reptile abundance and species richness
detected between funnel-pitfall traps and area-constrained surveys, and to report potential
sources of biases discovered with funnel-pitfall traps.

STUDY AREA
The study was conducted on 18 sites that were located on Tombigbee National
Forest (TNF), Ackerman Unit, in Winston County, Mississippi. An additional 3 sites
were located on Noxubee National Wildlife Refuge (NNWR) lands adjacent to TNF. A
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more complete study area description is provided in Chapter II. Each study site was
characterized as mature (>25 years of age), upland mixed pine hardwood forest
transected by a first- or second-order stream of the Tombigbee River drainage system.

METHODS

Field Methods
Faunal data collection was conducted from November, 2004 through June, 2006.
Detailed field methods are described in Chapter II. Faunal data reported in this chapter
were measured from 213 area-constrained surveys and 209 funnel-pitfall trap surveys on
21 study sites (Figure 5.2). Study sites were surveyed once each month in the spring,
summer, and fall, when feasible.
Through this study I used area-constrained and funnel-pitfall trap survey
techniques. In addition to using separate funnel and open pitfall traps, I introduced
modified or “guarded-pitfall” traps resulting in 3 sub-techniques. Separate statistics were
maintained for each survey technique and each of the 3 sub-techniques within the funnelpitfall trap survey technique.

Statistical Analyses
I performed all data analyses using study sites as my experimental unit. This
produced an experimental sample size of 21. Faunal response variables were amphibian
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and reptile abundance for pitfall traps, funnel traps, and “predator-guarded” traps, and
amphibian and reptile abundance and species richness for area-constrained surveys and
funnel-pitfall trap surveys.
Abundance counts were summed across surveys by site and divided by number of
surveys at each site to standardize the data for statistical comparisons (catch-per-unit
effort). Species counts also were summed across surveys by site and divided by number
of surveys for an average number of species detected per survey by each method.
My first null hypothesis was that trap type within the funnel-pitfall trap type
survey method (pitfall traps, funnel traps, or “predator-guarded” traps) would not
influence abundance of amphibians and reptiles on my study sites. My second null
hypothesis was that trapping methods (area-constrained survey and funnel-pitfall trap
survey) would not influence abundance and species richness of amphibians and reptiles
on my study sites. I chose to perform all statistical tests at a significance level of α =
0.05.
I used the Friedman’s test (PROC RANK, PROC GLM, SAS Institute 1999) to
analyze the affect of different trap types within the funnel-pitfall trap surveys on the
dependent variables. If the test was significant, I then examined the least squares means
(LSMean) multiple comparisons to distinguish the ranking of trap types with the greatest
to the least rank mean trap type. I analyzed the effect of different survey methods on
dependent variables using the Kruskal-Wallis test (PROC NPAR1WAY, SAS Institute
1999; Conover 1980).
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To monitor possible predator activity around the 0m and 100m funnel-pitfall trap
arrays I used infrared-triggered cameras (DeerCam® DC-100, Non Typical, Inc.). All
sites and arrays could not be monitored at the same time because of a limited and variable
number of cameras. During each survey period that cameras were available, sites were
chosen randomly based on number of available cameras. At each randomly chosen site
one camera was placed on the 0 m and on the 100 m funnel-pitfall trap array (2
cameras/study site) at 0.5 m in height on a nearby tree. Cameras were available for 7
trapping periods (May – June, November 2005 and March – June 2006) and number of
available cameras ranged from 5 to 25, which allowed for 2.5 to 12.5 sites (0 m and 100
m arrays) to be sampled, respectively. If there were an odd number of cameras, a sitedistance combination was chosen randomly for the last camera placement. My objective
was to determine presence of potential predators along funnel-pitfall trap arrays.

RESULTS
I detected 17 amphibian species (304 individuals) and 20 reptile species (514
individuals) using the area-constrained survey technique. Overall, using the funnel-pitfall
trap survey technique I detected 19 amphibian species (519 individuals) and 28 reptile
species (816 individuals). I captured 3 reptile species (1 snake, 1 lizard, 1 turtle) and 3
amphibian species (1frog, 2 salamanders) in open pitfall traps that were not found in
“guarded-pitfall” or funnel traps. With “guarded-pitfall” traps, I captured 2 reptile
species (2 snakes) not found with open pitfall or funnel traps. I captured 5 reptile species
(5 snakes) and 3 amphibian species (2 frogs, 1 salamander) with funnel traps that were
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not found with open pitfall or “guarded-pitfall” traps (Table 5.1). With area-constrained
surveys, I detected 2 amphibian species (1 frog, 1 salamander) and 9 reptile species (7
snakes, 2 turtles) that were not found with funnel-pitfall trap surveys. With funnel-pitfall
trap surveys, I detected 3 amphibian species (1 frog, 2 salamanders) and 5 reptile species
(3 snakes, 1 lizard, 1 turtle) not found with area-constrained surveys. Combining the data
from both survey techniques, I detected 31 reptile species (1,330 individuals) and 19
amphibian species (823 individuals; Table 5.2).
There were significant differences among trap types within funnel-pitfall trap
surveys for the average number of amphibians detected (F4,89=11.12, P<0.001) and
average number of reptiles detected (F4,89=12.58, P<0.001; Table 5.3). The LSMeans
multiple comparisons for open pitfall, funnel, and “guarded-pitfall” traps and ranked
mean amphibian abundance showed funnel traps were differed significantly from open
pitfall and “guarded-pitfall” traps (P<0.001), and there was no significant difference
between open pitfall traps and “guarded-pitfall” traps (P=0.061; Figure 5.5). When
comparing open pitfall, “guarded-pitfall”, and funnel traps to ranked mean reptile
abundance, the LSMeans multiple comparison showed funnel traps (P<0.001) differed
significantly from open pitfall and “guarded-pitfall” traps, and there was a significant
difference between open pitfall and “guarded-pitfall” traps (P=0.033; Figure 5.4). In all
of the comparisons, mean abundance was significantly greater for both types of pitfall
traps than funnel traps and reptile abundance was significantly greater for open pitfall
traps than “guarded-pitfall” traps (Figures 5.3 and 5.4, Table 5.5).
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For the comparisons between area-constrained surveys and funnel-pitfall trap
surveys, with the Kruskal-wallis test I found significant differences for average number
of amphibians detected (N=21, Χ 2 =8.4583, P=0.004), average number of amphibian
species detected (N=21, Χ 2 =6.6085, P=0.010), average number of reptiles detected
(N=21, Χ 2 =11.4551, P=0.001), and the average number of reptile species detected
(N=21, Χ 2 =4.7931, P=0.029; Table 5.4). Mean numbers were greater for funnel-pitfall
trap surveys for all variables of interest (Table 5.6).
Fourteen mammals were detected near pitfall trap arrays by cameras during 7
trapping periods (3 in 2005, 4 in 2006). The images consisted of 2 pictures each with one
raccoon at a 0 m and 100 m arrays, one picture of a Virginia opossum at a 0 m array, 6
pictures each with one nine-banded armadillo (Dasypus novemcinctus) at 0 m arrays, 2
pictures each with one fox squirrel (Sciurus niger) at 0 m arrays, one picture of a gray fox
(Urocyon cinereargenteus) at a 100 m array, 2 pictures each with one white-tailed deer
(Odocoieus virginianus) at a 0 m and a 100 m array, and one picture of a unknown man
(Homo sapiens sapiens) at a 0 m array.

DISCUSSION
Several studies have shown that multiple sampling methods are needed to survey
comprehensively amphibian and reptile communities found in forests in the United States
(Brown 1997, Crosswhite et al. 1999, Enge 2001, Fogarty and Jones 2003, Fogarty
2005). For this study, I used area-constrained surveys and pitfall trap surveys. As
suggested by Fogarty (2005), I investigated pitfall trap design modifications, which
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included 2 funnel traps on each array and 2 predator guards systematically placed on 2
pitfall traps per array. Based on Fogarty (2005), I hypothesized that predator guards
could prevent mammalian predators from depredating pitfall traps; however, I theorized
that predator guards also might prevent some amphibians and reptiles from being
captured in the pitfall traps. My results were similar to other studies that reported
different methods differed in success of sampling herpetofaunal communities (Bury and
Corn 1987, Heyer et al. 1994, Enge 2001, Fogarty and Jones 2003, Fogarty 2005). I
found the different types of traps associated with the pitfall trap surveys (open pitfall,
“guarded-pitfall”, and funnel traps) had differential success of sampling herpetofaunal
communities. By implementing both area-constrained surveys and funnel-pitfall trap
surveys each study site, I was also able to detect a greater variety of species than either
method detected alone.
In this study, I found open pitfall and “guarded-pitfall” traps to be superior to
funnel traps for estimating amphibian and reptile abundance. I found no difference
between the 2 pitfall trap types for amphibian abundance. Use of open pitfall traps
yielded greater reptile abundance than “guarded-pitfall” traps.
During the study, I captured 186 anurans (Order Anura) in open pitfall traps and
183 anurans in “guarded-pitfall” traps (Table 5.1). Gibbons and Semlitsch (1981) found
pitfall traps surrounding breeding ponds could be highly effective for capture of ranids
and bufonids. My results suggest that pitfall trap arrays also were effective to capture
anurans in streamside habitats. However, estimates of abundance have the potential of
biases associated with life habits and adaptations of targeted fauna based on trespass that
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occurred at drift fence arrays and escape from pitfall traps as stated by several studies.
For example, studies found some species of amphibians (Rana spp. and Hyla spp.) were
able to jump, climb over, or burrow under drift fences, or climb or jump out of traps
(Gibbons and Semlitsch 1981, Dodd 1991, Enge 2001). During my study, I captured 31
anurans in funnel traps, which was approximately 0.167 times the number captured in
either type of pitfall trap (Table 5.1). These results demonstrated that funnel traps were
not an effective sampling method for anurans in mature, upland forest stands in eastcentral Mississippi. However, of the 2 amphibian groups, funnel traps sampled anurans
more effectively than salamanders. Enge (2001) found that funnel traps were more
effective at capturing ranid frogs and bufonid toads than pitfall traps, which differed from
my results as well as the results of other researchers (e.g., Bury and Corn 1987).
I captured 42 salamanders (Order Caudata) in open pitfall traps, whereas I
captured 50 salamanders in “guarded-pitfall” traps (Table 5.1). Although the number of
salamander caught by these to different traps did not differ statistically, I recommend
using the “guarded-pitfall” traps when sampling for rare or endangered salamanders, such
as Webster’s salamanders or southern red salamanders. If using open pitfall traps and
one or 2 reproductive females are depredated during trapping, this could negatively
impact the population. However, if a predator guard is installed on pitfall traps, it will
provide insurance that captured salamanders will not succumb to predation. Overall, my
results demonstrated that pitfall traps were reasonably effective at capturing salamanders.
Two species, Mississippi slimy salamander (51%) and three-lined salamander (Eurycea

guttolineata, 22%), constituted most of the individuals caught by the 2 pitfall trap
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methods combined. Both pitfall trap types caught the remaining species no more than 8
times each. The Mississippi slimy salamander commonly occurs on moist woodlands
and hillsides and the three-lined salamanders are common in streams, seepages, and can
be at considerable distances from water as long as it is a damp environment (Conant and
Collins 1998). These 2 species are found commonly above ground allowing them to be
captured more easily. However, Ambystomadae primarily stay below ground,
congregating above ground temporarily for breeding in pools or wetlands, and they also
may occasionally move above ground during precipitation events taking shelter under
woody debris, stones, etc (Conant and Collins 1998). These occasional movements
above ground limit the ability for either sampling technique to ‘capture’ these species of
salamander in high numbers. Another potential hypothesis to explain these results is that
these study sites may have supported low numbers of pond-breeding or “migratory”
salamanders (Ambystoma spp. and Notopthalmus spp.), which may have influenced the
number of individuals of these species captured in pitfall traps (Fogarty 2005). Other
studies have shown that pitfall traps, especially those surrounding pools, can be effective
for sampling salamanders (Gibbons and Semlitsch 1981, Bury and Corn 1987, Heyer et
al. 1994, Enge 2001). During my study, I captured 27 salamanders by funnel traps,
which was approximately 1.7 times less than the number captured in either type of pitfall
trap (Table 5.1). My results support other studies that reported funnel traps do not
effectively capture salamanders (Bury and Corn 1987, Enge 2001).
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For snakes (Order Squamata) captured during funnel-pitfall trap surveys, I
captured 2 snakes in open pitfall traps, and caught 3 snakes in “guarded-pitfall” traps
(Table 5.1). Pitfall trap surveys were found to be inefficient in trapping large snakes due
to their ability to avoid and escape traps (Crosswhite et al. 1999). During my study, I
caught 10 snakes in funnel traps, which were 4 times more snakes than caught with either
type of pitfall trap (Table 5.1). This capture rate was less than anticipated; however, large
snakes were able to escape through the small openings in the ends of the funnels
(personal observation). I acknowledge that this created a bias in estimates of my funnel
trap surveys. Other studies have found double-ended funnel traps to be as or more
effective for sampling snakes than other sampling methods (Bury and Corn 1987, Enge
2001).
For lizards (Order Squamata, Suborder Lacertilia) captured during funnel-pitfall
trap surveys, I caught 404 lizards in open pitfall traps, whereas I caught 330 lizards in
“guarded-pitfall” traps (Table 5.1). Capture rates for lizards supported the findings of
other studies, which reported pitfall traps as an effective method for capturing Sauruids
(Bury and Corn 1987, Crosswhite et al. 1999). However, some lizards (e.g., five-lined
skink) were able to use the predator guards as a tool to by-pass pitfall traps (personal
observation), thus potentially reducing the number of individuals caught in guardedpitfall traps. In addition, the predator guard may have deterred some larger species of
lizards. I caught 66 individual lizards in funnel traps (Table 5.1). It is possible that the
low numbers of lizards in funnel traps was due to their ability to circumvent these traps
by climbing over, under, and out of the funnel traps (personal observation).
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Only one turtle (Order Testudines) was captured with the funnel-pitfall trap
surveys, and it was caught in an open pitfall trap. I did not expect to capture any turtles
in the “guarded-pitfall” or funnel traps and only a few turtles in the open pitfall traps
because of the ineffectiveness of these methods in surveying turtles (Crosswhite et al.
1999). It is hypothesized that turtles are able to avoid pitfall traps because of their
awareness of topographic relief and the behavior of avoiding natural pitfalls (Gibbons
and Semlitsch 1981). Predator guards prevented turtles from being captured in the pitfall
traps because the gaps in the wire were only 5 cm. wide. The funnel trap ends also
precluded the turtles from entering the traps because of the size of the entrance.
During this study, I found funnel-pitfall traps to be superior to area-constrained
surveys for estimating amphibian and reptile abundance and species richness. Although
funnel-pitfall traps were more efficient, both methods were more effective at capturing
some taxon than others due to each method’s biases. Funnel-pitfall traps were relatively
ineffective for snakes and turtles. Capture rates from this study as well as other studies
indicate that funnel-pitfall trap surveys were an ineffective trapping technique for snakes
and turtles. Using area-constrained surveys, I captured 13 species of snakes for a total of
40 individuals, and 2 species of turtles for a total of 7 individuals (5% and 0.9% of the
total 818 herpetofauna caught by this method, respectively). Using funnel-pitfall trap
surveys, I captured 9 species of snakes for a total of 15 individuals, and one species of
turtle for a total of one individual (1% and 0.07% of the total 1,332 herpetofauna caught
by this method, respectively; Table 5.2). Most of the mid-sized to large snakes could
escape from the pitfall traps and turtles have been found to avoid natural pitfalls as
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discussed above (Gibbons and Semlitsch 1981). My results support the findings of others
studies that reported the majority of snake and turtle species and individuals were
captured during area-constrained surveys (Gibbons and Semlitsch 1981, Enge 2001,
Fogarty 2005).
During my study I found that funnel-pitfall trap surveys were relatively more or
equally efficient at capturing anurans, salamanders, and lizards than area-constrained
surveys. I captured 9 species of anurans with area-constrained surveys for a total of 102
individuals (13% of 818 total herpetofauna caught by this method). I caught 9 species of
anurans with funnel-pitfall trap surveys for a total of 400 individuals (30% of the total
1,332 herpetofauna caught by this method; Table 5.2). During funnel-pitfall trap surveys,
I captured approximately 1.94 times more toads (Bufo spp.) than other anurans, whereas
area-constrained surveys had a much more even distribution of individual counts across
species that were trapped (Table 5.2). As discussed above, I do acknowledge that there
was some trespass occurring at the drift fence arrays, in addition to the ability of some
species to escape from the pitfall traps as reported by other studies (personal observation;
Gibbons and Semlitsch 1981, Enge 2001). These factors likely biased abundance
estimates for some species. Most of the true frog species that I detected during areaconstrained surveys were either in or extremely close to streams. Thus, area-constrained
surveys were ideal for detecting these species; whereas, funnel-pitfall trap arrays were
less effective due to being placed at 0m, 50m, and 100m away from the stream, which
limited the numbers of individuals that could be caught at the stream. However, I
hypothesize the funnel-pitfall traps were ideal for capturing toads that did not depend on
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water resources and could travel much farther from water during periods of drought.
Research has found pitfall trap surveys were efficient at surveying relatively mobile or
seasonally migratory species (e.g., ranids) than other methods (Smith and Petranka 2000).
In support of area searches, research has reported that searches were more effective in
detecting arboreal or highly mobile animals (e.g., tree frogs) because of their ability to
escape pitfall traps (Enge 2001). Using area-constrained survey method, I detected 2
grey tree frogs (Hyla versicolor) that were not found using funnel-pitfall trap surveys.
I detected 8 species of salamanders for a total of 202 individuals using areaconstrained surveys (25% of the total 818 herpetofauna captured by this method). With
funnel-pitfall trap surveys, I captured 9 species of salamanders for a total of 119
individuals (9% of the total 1,332 herpetofauna captured by this method; Table 5.2). The
difference between the 2 methods can be attributed to the capture rates of one species,
Mississippi slimy salamanders. I detected 158 Mississippi slimy salamander individuals
using area-constrained surveys and 58 individuals using funnel-pitfall trap surveys. One
potential explanation for this pattern may be that this species of salamander reaches its
greatest densities in mature hardwood forests, mixed hardwood forests, or are more
common in older pine stands than pine stands <3 years of age (Petranka 1998). These
species, as well as other salamanders, also use large fallen logs as important refugia and
foraging sites, which may explain why area-constrain surveys resulted in detection of
more individuals than funnel-pitfall trap surveys. (Gibbons and Semlitsch 1981, Petranka
et al. 1993, Petranka 1998, Crosswhite et al. 1999). The remainder of the salamander
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species were captured in relatively equal numbers between the 2 methods. This finding is
similar to other studies’ that report pitfall traps as an effective sampling method for
surveying salamanders (Gibbons and Semlitsch 1981, Bury and Corn 1987, Heyer et al.
1994, Enge 2001).
Based on capture rates of lizards from this study and others, funnel-pitfall trap
surveys were an effective trapping technique (Bury and Corn 1987, Crosswhite et al.
1999). I caught 6 species of lizards during funnel-pitfall trap surveys for a total of 800
individuals (60% of the total 1,332 herpetofauna caught by this method). During areaconstrained surveys, I captured 5 species of lizards for a total of 467 individuals (57% of
the total 818 herpetofauna caught by this method; Table 5.2). The funnel-pitfall trap
surveys were able to capture approximately 1.7 times more lizards than the areaconstrained surveys. This difference might be because the funnel-pitfall traps were open
over night allowing all of the lizards that were active at different times and that traveled
under the surface litter to have an equal chance of being ‘caught’. Conversely, capture
during area-constrained surveys was limited to lizards’ activity periods and resulting
detectability and visibility. Also during my surveys, I found that funnel-pitfall trap
surveys appeared to sample lizard species more equally across species than areaconstrained surveys, which tended to bias estimates for some species. For example, I
found less than 20 individuals for 3 of the 5 species captured by area-constrained surveys;
whereas, for ground skink and green anole, I found 106 and 332 individuals, respectively.
Use of funnel-pitfall traps resulted in only 2 species where I detected less than 50
individuals. The other 4 species I detected with the funnel-pitfall trap surveys displayed
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a more even distribution of captured individuals with a range of 141-242 individuals. It
is possible that the difference between each method’s ability to capture individuals within
species reiterates how each species’ behavior affects capture rates and potential biases
within each survey technique.
Based on lack of evidence of depredation and limited number of predators
detected by infrared-triggered cameras during my study, I suggest that predation was
most likely not as significant of a problem with funnel-pitfall traps on these study sites as
I anticipated. Fogarty (2005) reported raccoons to be a common predator at 0-m pitfall
trap arrays. I compared an average catch-per-unit effort between Fogarty (2005) and my
amphibian and reptile abundance data to better understand possible impacts of raccoon
depredation to my study’s results. Fogarty (2005) captured an average of 5 amphibians
and 6 reptiles during area searches (average of 6.3) per site, and an average of 3
amphibians and one reptile during pitfall trap surveys (average of 4.4) per site during
2000-2003. I captured an average of one amphibian and 2 reptiles during areaconstrained surveys (average of 10.1) per site, and an average of 2 amphibians and 4
reptiles during funnel-pitfall trap surveys (average of 9.9) per site during 2004-2006.
Fogarty (2005) detected more amphibians and reptiles than me during area searches;
whereas, I detected more amphibians and reptiles than Fogarty (2005) with the funnelpitfall trap survey method during my study period. Fogarty (2005) experienced
depredation during pitfall trap surveys; whereas, evidence of depredation was lacking
during my study period. This resulted in Fogarty (2005) pitfall survey results to be
negatively biased. The average monthly precipitation statewide for Mississippi during
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Fogarty’s research (2000-2003) was slightly greater than during my research period
(November 2004 through June 2006; Table 5.7). According to the National Oceanic
Atmospheric Administration (2007), 2000-2003 had greater precipitation amounts during
summer and fall (13.04 cm and 13.56 cm, respectively) than 2004-2006 (12.50 cm and
11.62 cm, respectively). However, on average 2004-2006 did have more precipitation
during spring and winter (13.17 cm and 12.95 cm, respectively) than 2001-2003 (11.14
cm and 12.05 cm, respectively; NOAA 2007). When only considering months when
herpetofauna survey data was collected, 2000-2003 still has slightly greater precipitation
during summer and fall ( 11.40 cm and 13.56 cm, respectively) than 2004-2006 (6.72 cm
and 9.80 cm, respectively), whereas 2004-2006 continued to have greater precipitation
during spring (10.77 cm) than 2000-2003 (10.09 cm). Although these differences are not
statistically significant, this might account for the fewer amphibians being detected by
both survey techniques during my study. It might also potentially explain for the fewer
visits by predators. If predators were visiting the pitfall traps during 2004-2006, and
were not being rewarded with food, over time mesopredators (e.g., raccoons) might
slowly learn to not associate pitfall traps as an easy food source (Fogarty and Jones
2003). In addition, I implemented a predator guard, which potentially made half of the
pitfall traps available as a food source.
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CONCLUSIONS AND IMPLICATIONS
Both survey methods were beneficial to my study. Although area-constrained
surveys required less intensive physical labor and were less expensive to maintain, they
did require more time to survey than funnel-pitfall trap surveys. For example, it required
about 3 – 4 hours for 1 person to search all transects for one site depending on the
location of transects in the site and how many animals were detected during that
particular survey, or an approximately 63 – 84 for all 21 sites. Conversely, an average of
15 hours for one person was required to check all of the funnel-pitfall traps at all 21 sites.
Most species in all classes were more detected with open pitfall and “guarded-pitfall”
traps, with the exception of snakes. More snakes were detected with funnel traps than
with the other 2 pitfall trap types because of their ability to escape. However, most of my
data for snakes were from area-constrained surveys. Between the 2 survey techniques
(area-constrained surveys versus funnel-pitfall trap surveys), several species were more
detectable with the use of area-constrained surveys, including ground skink (Scincella

lateralis), three-toed box turtle (Terrapene carollina triunguis), and Mississippi slimy
salamander. Data for these species would have declined significantly. Additionally, data
for 8 snake species, one turtle species, and a globally rare salamander (Webster’s
salamander, Plethodon websteri; Mississippi Natural Heritage Program 2002) would have
been absent with the omission of area-constrained surveys from this study. Areaconstrained surveys were able to detect Webster’s salamanders that were absent from
funnel-pitfall trap surveys through investigations under woody debris, leaf letter, and
rocky substrates near dendritic seepages and drainages. Area-constrained surveys were
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important in the detection of these more secretive rare species. Several species were
more detectable with the use of funnel-pitfall trap surveys, including green anole (Anolis

caroliniensis), five-lined skink (Eumeces fasciatus), broadhead skink (Eumeces laticeps),
fence lizard (Sceloporus undulatus), and toad species (Bufo spp.). I recommend the use
of both survey techniques for terrestrial herpetofaunal community studies in mature,
upland forests in east-central Mississippi.
Predation of captured herpetofauna in pitfall traps during my study did not appear
to be a source of potential bias. However, during the first part of this study, Fogarty
(2005) did find that raccoons were depredating the pitfall traps. It is important that
researchers assess each study that implements pitfall traps as a survey method for the
potential risk of depredation by mid-sized mammalian predators that use streams and
wetland edges as travel corridors. If there is a strong risk of predation in the area,
precautions need to be taken to minimize the risk and associated bias. For example,
predator guards could be placed on the pitfall traps to limit the predators’ access to the
pitfall trap. I attempted to test predator guards during my study. I found no difference
between the “guarded-pitfall” and open pitfall traps for amphibians. This lack of
difference may demonstrate that this predator guard design did not limit most
amphibians’ access into the trap. In addition, the lack of difference also reiterates that
predation did not appear to be a concern at my study sites during 2004 through 2006.
When looking at reptile abundance, I did find that open pitfall traps were more effective
than and “guarded-pitfall” traps. The predator guards might allow more lizards and
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possibly more snakes to by-pass the pitfall traps, as well as preventing turtles from being
captured in pitfall traps. These biases may not outweigh the benefits of decreased
predation in an area with high predation risks. More research needs to be conducted to
determine rates of predation and by which predators. In addition, more research needs to
be conducted to determine potential biases associated with predator guards and benefits
of the potential reduction of predation due to predator guards.
An additional concern for researchers with predation risks associated with the
pitfall trap design is associated with the mortality of species of concern. At my study
sites, I had habitat for one locally rare species, the southern red salamander (Pseudotriton

ruber viosai) and one globally rare species, the Webster’s salamander (Plethodon
websteri; Mississippi Natural Heritage Program 2002). These species are found along
streams, seepages, and drainages, and could potentially be caught in pitfall traps. If
mammalian predators had visited my traps in high frequency, this would have made these
species vulnerable to depredation and increased mortality for a rare species with low
population numbers. Future studies should test different types of predator guards at
varying distances from water sources. I recommend long-term studies to test potential
effects of natural fluctuations in capture rates in amphibian and reptile abundance in
relation to abiotic factors (e.g., precipitation) that may be associated with mid-sized
predator visits to pitfall trap arrays.
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Subtotal
Species Richness

Agkistrodon contortix c.
Agkistrodon piscivorus p.
Caphophis amoenus
Coluber constrictor c.
Diadophis punctatus p.
Heterodon platirhinos
Storeia dekayia wrightorium
Tantilla coronata
Thamnophis sirtalis

Taxon
Order Squamata
Surborder Serpentes
Southern Copperhead
Eastern Cottonmouth
Eastern Worm Snake
Northern Black Racer
Southern Ringneck Snake
Eastern Hog-nosed Snake
Midland Brown Snake
Southeastern Crown Snake
Eastern Garter Snake

Snakes

Common Name

0
0
0
0
0
1
0
0
1
2
2

0.00%
0.00%
0.00%
0.00%
0.00%
0.16%
0.00%
0.00%
0.16%
0.31%

Open Pitfall
% of Capture
N

0
0
1
0
1
0
0
1
0
3
3

0.00%
0.00%
0.18%
0.00%
0.18%
0.00%
0.00%
0.18%
0.00%
0.53%

Guarded-Pitfall
% of Capture
N

1
2
0
5
0
1
1
0
0
10
5

N

0.75%
1.49%
0.00%
3.73%
0.00%
0.75%
0.75%
0.00%
0.00%
7.46%

Funnel
% of Capture

Table 5.1. Amphibian and reptile counts from open pitfall, “guarded-pitfall”, and funnel traps detected during funnel-pitfall surveys
on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Total (Reptiles)

Subtotal
Species Richness

Kinosternon subrubrum subrubrum

Order Testudines

Subtotal
Species Richness

Anolis carolinensis
Eumecese fasciatus
Eumecese inexpectatus
Eumecese laticeps
Sceloporus undulatus
Scincella lateralis

Taxon
Suborder Lacertilia

Table 5.1 continued.
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Five-lined Skink
Southeastern Five-lined Skink
Broadhead Skink
Northern Fence Lizard
Ground Skink

Eastern Mud Turtle

407

1
1

1

109
106
1
24
76
88
404
6

Green Anole

Turtles

N

Common Name
Lizards

64.09%

0.16%

0.16%

16.69%
0.16%
3.78%
11.97%
13.86%
63.62%

17.17%

% of Capture

Open Pitfall

333

0
0

0

65
0
15
62
83
330
5

105

58.83%

0.00%

0.00%

11.48%
0.00%
2.65%
10.95%
14.66%
58.30%

18.55%

% of Capture

Guarded-Pitfall
N

76

0
0

0

4
0
8
3
21
66
5

30

N

56.72%

0.00%

0.00%

2.99%
0.00%
5.97%
2.24%
15.67%
49.25%

22.39%

% of Capture

Funnel

Subtotal

Order Caudata
Ambystoma maculatum
Ambystoma opacum
Ambystoma talpoideum
Desmognathus fuscus conanti
Euycea cirrigera
Euycea guttolineata
Notophthalmus viridescens louisianensis
Plethodon mississippi
Psuedotriton ruber vioscai
Subtotal
Species Richness
Total (Amphibians)

Species Richness

Taxon
Order Anura
Acris gryllus
Bufo sp.
Gastrophryne carolinensis
Hyla cinerea
Rana catesbeiana
Rana clamitans c.
Rana sphenocephala
Ranid
Scaphiopus holbrookii h.

Table 5.1 continued.
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Salamanders
Marbled Salamander
Spotted Salamander
Mole Salamander
Spotted Dusky Salamander
Two-lined Salamander
Three-lined Salamander
Central Newt
Mississippi Slimy Salamander
Southern Red Salamander

Common Name
Frogs and Toads
Southern Cricket Frog
Toad species
Eastern Narrowmouth Toad
Green Treefrog
Bullfrog
Bronze Frog
Leopard Frog
Unknown Ranid
Eastern Spadefoot Toad

0
4
4
1
4
9
1
16
3
42
8
228

6

186

0
98
9
0
3
33
39
0
4

N

35.91%

0.00%
0.63%
0.63%
0.16%
0.63%
1.42%
0.16%
2.52%
0.47%
6.61%

29.29%

0.00%
15.43%
1.42%
0.00%
0.47%
5.20%
6.14%
0.00%
0.63%

Open Pitfall
% of Capture

0
2
0
0
4
11
0
31
2
50
5
233

6

183

0
94
13
0
0
32
33
1
10

41.17%

0.00%
0.35%
0.00%
0.00%
0.71%
1.94%
0.00%
5.48%
0.35%
8.83%

32.33%

0.00%
16.61%
2.30%
0.00%
0.00%
5.65%
5.83%
0.18%
1.77%

Guarded-Pitfall
% of Capture
N

1
1
0
0
8
4
2
11
0
27
6
58

6

31

1
14
2
1
0
8
5
0
0

N

43.28%

0.75%
0.75%
0.00%
0.00%
5.97%
2.99%
1.49%
8.21%
0.00%
20.15%

23.13%

0.75%
10.45%
1.49%
0.75%
0.00%
5.97%
3.73%
0.00%
0.00%

Funnel
% of Capture

Subtotal
Species Richness

Heterodon platirhinos
Lampropeltis getula holbrooki
Nerodia erythrogaster flavigaster
Regina septemvittata
Sistrurus miliarius barbouri
Storeria dekayi d.
Tantilla coronata
Thamnophis sirtalis s.
Virginia striatula

Agkistrodon piscivorus p.
Caphophis amoenus
Coluber constrictor c.
Diadophis punctatus p.
Elaphe guttata g.
Elaphe obsoleta spiloides

Agkistrodon contortix c.

Taxon
Order Squamata
Surborder Serpentes
Snakes
Southern Copperhead
Eastern Cottonmouth
Eastern Worm Snake
Northern Black Racer
Southern Ringneck Snake
Corn Snake
Gray Rat Snake
Eastern Hog-nosed Snake
Speckled Kingsnake
Yellowbelly Water Snake
Queen Snake
Dusky Pigmy Rattlesnake
Northern Brown Snake
Southeastern Crown Snake
Eastern Ribbon Snake
Rough Earth Snake

Common Name

0
5
3
5
3
2
2
0
5
3
1
2
1
0
7
1
40
13

N

0.00%
0.61%
0.37%
0.61%
0.37%
0.24%
0.24%
0.00%
0.61%
0.37%
0.12%
0.24%
0.12%
0.00%
0.86%
0.12%
4.89%

Area-constrained Surveys
% of Capture

1
2
1
5
1
0
0
2
0
0
0
0
1
1
1
0
15
9

N

0.07%
0.15%
0.07%
0.37%
0.07%
0.00%
0.00%
0.15%
0.00%
0.00%
0.00%
0.00%
0.07%
0.07%
0.07%
0.00%
1.12%

Funnel-pitfall Traps
% of Capture

Table 5.2. Amphibian and reptile counts from area-constrained surveys and funnel-pitfall trap surveys on Tombigbee National
Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Subtotal
Species Richness

Total (Reptiles)

Kinosternon subrubrum subrubrum
Terrapene carolina carolina
Terrapene carollina triunguis
Subtotal
Species Richness

Order Testudines

Eumecese inexpectatus
Eumecese laticeps
Sceloporus undulatus
Scincella lateralis

Anolis carolinensis
Eumecese fasciatus

Taxon
Suborder Lacertilia

Table 5.2. continued.
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Turtles
Eastern Mud Turtle
Eastern Box Turtle
Three-toed Box Turtle

Common Name
Lizards
Green Anole
Five-lined Skink
Southeastern Five-lined Skink
Broadhead Skink
Northern Fence Lizard
Ground Skink

514

0
1
6
7
2

62.84%

0.00%
0.12%
0.73%
0.86%

816

1
0
0
1
1

61.12%

0.07%
0.00%
0.00%
0.07%

18.28%
13.11%
0.07%
3.52%
10.56%
14.38%
59.93%

244
175
1
47
141
192
800
6

106
17
0
6
6
332
467
5

12.96%
2.08%
0.00%
0.73%
0.73%
40.59%
57.09%

Funnel-Pitfall Traps
% of Capture
N

Area-constrained Surveys
% of Capture
N

Subtotal
Species Richness
Total (Amphibians)

Order Caudata
Ambystoma maculatum
Ambystoma opacum
Ambystoma talpoideum
Desmognathus fuscus conanti
Euycea cirrigera
Euycea guttolineata
Notophthalmus viridescens louisianensis
Plethodon mississippi
Plethodon websteri
Psuedotriton ruber vioscai

Salamanders
Marbled Salamander
Spotted Salamander
Mole Salamander
Spotted Dusky Salamander
Two-lined Salamander
Three-lined Salamander
Central Newt
Mississippi Slimy Salamander
Webster's Salamander
Southern Red Salamander

Frogs and Toads
Southern Cricket Frog
Toad species
Eastern Narrowmouth Toad
Green Treefrog
Grey Treefrog
Bullfrog
Bronze Frog
Leopard Frog
Rana species
Eastern Spadefoot Toad

Order Anuran
Acris gryllus
Bufo spp.
Gastrophyrun carolinensis
Hyla cinerea
Hyla versicolor
Rana catesbeiana
Rana clamitans c.
Rana sphenocephala
Rana spp.
Scaphiopus holbrookii h.
Subtotal
Species Richness

Common Name

Taxon

Table 5.2. continued.
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202
8
304

0
1
1
1
15
22
0
158
2
2

102
9

4
23
3
1
2
0
13
31
24
1

37.16%

24.69%

0.00%
0.12%
0.12%
0.12%
1.83%
2.69%
0.00%
19.32%
0.24%
0.24%

13.43%

0.49%
3.78%
0.37%
0.12%
0.24%
0.00%
1.59%
3.79%
2.93%
0.12%

% of Capture

Area-constrained Surveys
N

119
9
519

1
7
4
1
16
24
3
58
0
5

400
9

1
206
24
1
0
3
73
77
1
14

38.88%

8.91%

0.07%
0.52%
0.30%
0.07%
1.20%
1.80%
0.22%
4.34%
0.00%
0.37%

29.95%

0.07%
15.43%
1.80%
0.07%
0.00%
0.22%
5.47%
5.77%
0.07%
1.05%

% of Capture

Funnel Pitfall Traps
N

Table 5.3. Friedman’s test results examining the difference between open-pitfall,
“guarded-pitfall”, and funnel traps within funnel-pitfall trap surveys on the
dependent variables on Tombigbee National Forest and Noxubee National
Wildlife Refuge, MS, 2004-2006.
Dependent Variables
Amphibian Abundance
Reptile Abundance

F4,89
11.12
12.58

P
<0.001
<0.001

Table 5.4. Kruskal-Wallis test results examining the difference between area-constrained
surveys and funnel-pitfall trap surveys on the dependent variables on
Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,
2004-2006.
Dependent Variables

N

Χ2

P

Amphibian Abundance
Amphibian Sp. Richness

21
21

8.4583
6.6085

0.004
0.010

Reptile Abundance
Reptile Sp. Richness

21
21

11.4551
4.7931

0.001
0.029
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Table 5.5. Average number of individuals of amphibians and reptiles detected by open
pitfall, “guarded-pitfall”, and funnel traps during funnel-pitfall surveys on
Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,
2004-2006.
Amphibians
Trap Type
Open Pitfall
Guarded- Pitfall
Funnel

Reptiles

x

N
63
63
63

SE
0.50
0.53
0.16

3.62
3.70
0.92

x

N
63
63
63

SE
0.46
0.46
0.20

6.46
5.29
1.21

Table 5.6. Average number of individuals and species of amphibians and reptiles detected
by site during area-constrained and funnel-pitfall trap surveys on Tombigbee
National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
Reptiles

Amphibians
Survey Type

N

SE

N

x

SE

ACSa - Abundance
FPTSb - Abundance

x

21
21

1.20
2.49

0.21
0.44

21
21

2.40
3.90

0.28
0.29

ACSa– Sp. Richness
FPTSb – Sp. Richness

21
21

0.47
0.67

0.04
0.06

21
21

0.48
0.56

0.02
0.02

a

ACS stands for area-constrained surveys
FPTS stands for funnel-pitfall trap surveys.

b
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9.73

13.69

13.44

9.16

12.57
6.72

12.78

24.92
8.76
4.67

14.38

14.36

June
11.94
16.82
8.28
20.42

11.49

10.31
15.80
8.36

8.43

11.71

July
4.72
12.14
14.61
15.37

12.49

9.80
18.24
9.42

10.76

Aug
5.03
15.06
10.39
12.57

*All numbers in black text indicates months that included herpetofauna surveys.

9.34

17.00

12.42

12.08

2004-2006 Mean
Sampling Period
Mean

19.41
8.41
9.91

10.39
18.14
8.74

7.54
10.74
9.73

10.95
9.25
16.05

2004
2005
2006

21.31
13.69
16.00

8.99

May
6.20
8.76
12.01
15.24

11.18

15.22

April
17.25*
9.09
7.21
13.36
10.55

12.65

Mar
13.39
19.71
18.75
9.04
11.73

10.95

Feb
4.67
14.63
8.74
22.56

2000-2003 Mean
Sampling Period
Mean

Jan
8.33
15.29
15.52
4.65

Year
2000
2001
2002
2003

7.76

4.29
8.94
10.06

13.77

Sept
7.06
13.13
24.46
10.41

0.18

10.58

13.08
0.18
18.47

11.02

11.02

Oct
2.54
14.55
20.52
6.45

14.28

12.67

20.93
7.62
9.47

16.10

16.10

Nov
22.99
16.64
11.33
13.46

14.96

13.83

14.96
11.28
15.24

13.15

Dec
11.07
15.06
17.85
8.61

10.27

12.08

167.90
131.04
136.12

11.68

12.66

Annual
115.19
170.89
169.67
152.15

Table 5.7. Statewide average monthly precipitation (cm) for Mississippi taken from the National Oceanic Atmospheric
Administration during Fogarty’s (2005) research from 2000-2003 and this study from 2004-2006 conducted on
Tombigbee National Forest and Noxubee National Wildlife Refuge, MS.
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Figure 5.1. Funnel-pitfall trap array design for herpetofauna community study on
Tombigbee National Forest and Noxubee National Wildlife Refuge, 20042006.
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Figure 5.2. Experimental design for herpetofauna community study on Tombigbee
National Forest and Noxubee National Wildlife Refuge, 2004-2006.
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Figure 5.3. LSMeans multiple comparison results of the ranked mean amphibian abundance detected by various trap types used during
funnel-pitfall trap surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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Figure 5.4. LSMeans multiple comparison results of the ranked mean reptile abundance detected by various trap types used during
funnel-pitfall trap surveys on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2004-2006.
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CHAPTER VI
SUMMARY AND CONCLUSIONS
From November 2004 through June 2006, I conducted area-constrained surveys
and funnel-pitfall trap surveys of amphibian and reptile communities on Tombigbee
National Forest (TNF) and Noxubee National Wildlife Refuge (NNWR). My first
objectives of this study were to determine relationships between abundance and
distribution of herpetofauna and propose a streamside management zone (SMZ) width to
protect amphibian and reptile communities. My secondary objective was to evaluate
catch per unit effort between area-constrained surveys and funnel-pitfall trap surveys.
My last objective was to test the efficiency of predator guards and the potential impact on
predation on captured animals in pitfall traps within funnel-pitfall trap surveys.
The study was conducted on 21 sites located in forest stands that were >25 years
of age and were transected by a first or second-order stream of the Tombigbee River
drainage system. All sites were part of a 6-year study and were adopted from Fogarty
(2005). The only anthropogenic disturbance that occurred at these sites during the study
was prescribed fire on a 2-3 year rotation (Fogarty 2005). In the past 30-40 years, 12 of
the study sites were subjected to limited timber management activities. Hardwood trees
species dominated these sites with limited pine presence (2.9-46.5% stand composition,
mean pine basal area = 20.0%). These sites had no current prescribed management plan
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(Fogarty 2005). The remaining 9 sites were actively managed for pine with prescribed
management plans and were dominated by loblolly pine trees (17.2-66.4% stand
composition, mean pine basal area=35.9%). Management activities included tree
plantings in the last 25-40 years, commercial thinning 20 years post planting, and
prescribed fire conducted on almost all sites (Fogarty 2005).
Amphibians and reptiles were surveyed using area-constrained surveys and
funnel-pitfall trap surveys over a 2-year period. For area-constrained surveys, I placed
20, 3 x 50 m transects at 0, 25, 50, 75, and 100 m intervals from streams and searched
during fall 2004, spring and fall 2005, and spring 2006. For funnel-pitfall trap surveys, I
used straight-line pitfall trap configurations with 2 funnel traps and 2 predator guards
located at 0, 50, and 100 m from the stream. These arrays also were searched during fall
2004, spring and fall 2005, and spring 2006. This chapter contains a brief summary of
conclusions and management recommendations from Chapters III-V and further
discussion and management recommendations with considerations of every aspect of the
study.

COMPARISON OF HERPETOFAUNA SAMPLING METHODS
I implemented multiple sampling methods (area-constrained surveys and funnelpitfall trap surveys) to increase the potential of detecting a more representative example
of the amphibian and reptile community that inhabited the study sites. Both of these
methods have inherent biases that result in unequal detection of amphibian and reptile
species, in addition, each method required a varied level of work effort. For example,
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area-constrained surveys required little effort to establish transects, whereas, funnelpitfall traps are more labor intensive on initial construction or repair (e.g., after prescribed
burn) due to the need to install drift fences and excavate holes for buckets. However,
once established, funnel-pitfall surveys require less time and effort to survey compared to
area-constrained surveys. Funnel-pitfall traps at 21 sites could be checked in
approximately 15 hours by one person, whereas, area-constrained surveys conducted by
one person required approximately 3 – 4 hours to survey one site or 63 – 84 to survey all
21 sites.
When comparing the results from both surveys, several species were more
detectable with the use of area-constrained surveys, including ground skink (Scincella

lateralis), three-toed box turtle (Terrapene carolina triunguis), and Mississippi slimy
salamander. Without the use of area-constrained searches, data for these species would
have declined significantly, and data for 8 snake species, one turtle species, and a
globally rare salamander (Webster’s salamander, Plethodon websteri; Mississippi Natural
Heritage Program 2002) would be have been absent. Area-constrained surveys were able
to detect Webster’s salamanders due to searches under woody debris, leaf litter, and
rocky substrates near dendritic seepages and drainages. Area-constrained surveys are
important in the detection of these more fossorial rare species. This method also is
essential for detecting mid- and large-sized snakes that can escape funnel and pitfall traps
and turtles that are known to avoid pitfall traps (Gibbons and Semlitscht 1981,
Crosswhite et al. 1999). Use of funnel-pitfall trap surveys resulted in detection of
approximately 62% of all individuals found during the study using both methods.
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Several species were more detectable using funnel-pitfall trap surveys. These species
included green anole (Anolis caroliniensis), five-lined skink (Eumeces fasciatus),
broadhead skink (Eumeces laticeps), fence lizard (Sceloporus undulatus), toad species
(Bufo spp.), eastern spadefoot toad (Scaphiopus holbrookii h.) and pool breeding
salamanders (Ambystoma spp.). Data for these species would have been significantly
decreased or absent with the omission of funnel-pitfall trap surveys. Funnel-pitfall trap
surveys captured stream salamanders (Eurycea spp.) and a locally rare salamander
(Pseudotriton ruber vioscai; Mississippi Natural Heritage Program 2002) with equal
efficiently as area-constrained surveys. I recommend use of both survey methods for
studies with the goal of studying the entire terrestrial herpetofauna community in mature,
riparian and upland forests. Area-constrained surveys will capture the presence of rare
and secretive salamander species, snakes, and turtles potentially missed by funnel-pitfall
trap surveys, whereas funnel-pitfall trap surveys will better capture presence of pool
breeding salamanders, skinks, lizards, toads, and some Ranid spp. By using both
sampling techniques biological assessments can be developed to incorporate
prioritization of rare species and biological diversity in integrative timber management
plans.
Often with funnel-pitfall trap surveys, trap-induced mortality is often an important
consideration. This is especially important in long-term studies in habitats with
potentially small population numbers, where trap induced mortality could be additive.
Animal mortality in pitfall traps during this study was caused by several factors. During
high periods of rain or high ground water open buckets filled with water and caused
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captured animals to drown. Some herpetofauna and small mammals expired probably
from exposure to cold temperatures during the colder months. I recommend checking
traps as frequently as possible and closing traps when frequent inspection is not possible
to reduce this trap-induced mortality. I also recommend limiting sampling during winter,
because herpetofauna movement declined and mortality of small mammals increased
during this period. Mammalian predation has been found to be a primary form of
morality for pitfall traps (Fogarty 2005). Due to mammalian depredation on pitfall traps
on these sites during a previous study (2000-2003), I tested the capture efficiency of a
predator exclusion device placed on half of the pitfall traps. The data for the predator
excluded buckets were then tested against the data for open pitfall traps and funnel traps
to see if the predator exclusion device may have limited access to, allowed some
herpetofauna to bypass the excluded pitfall traps, and/or if the trap did successfully
exclude depredation events. My results found that there was no significant difference
between the predator-excluded pitfall traps and the open pitfall traps for amphibians. I
captured significantly more reptiles in open pitfall traps than in predator-excluded pitfall
traps. For both amphibians and reptiles, I captured significantly more of the total
individuals in predator-excluded (42.4%) and open pitfall traps (48%) than the funnel
traps (10%). However, if using the pitfall trap survey method and one of the goals is to
sample the order Squamata (e.g., snakes) funnel traps should be used to sample this part
of the community. I also used infrared-triggered cameras during 7 trapping periods, and
14 mammals were detected near pitfall trap arrays. Of the 14 animals detected, 3 were
potential predators of the pitfall traps (one raccoon, Procyon lotor, one Virginia opossum,
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Didelphis virginiana, and one gray fox, Urocyon cinereargenteus). The data from the
different funnel-pitfall trap types and cameras suggested that mortality caused by
mammalian predation was probably not a factor on these sites from 2004 through 2006.
However, Fogarty (2005) reported depredation as a primary concern in amphibian
capture from 2000 through 2003 on these sites, especially in habitats with rare species. I
recommend additional research investigating the use of predator exclusion devices on
pitfall traps in short-term and long-term studies in relation to monthly and annual
precipitation events. It may be possible that precipitation events (monthly and annually)
may alter the capture rates of herpetofauna in the pitfall traps, and thus, the behavior of
mammalian predators that visit pitfall trap arrays. If predator-caused mortality is found
to be a concern in a study area, this could lead to substantial negative impacts for
herpetofauna with small populations, especially if these species are rare, threatened, or
endangered. In addition, this cause of mortality can lead to significantly biased data
resulting in errant conclusions and management recommendations.

DISTRIBUTION OF HERPETOFAUNA AROUND LOW-ORDER STREAMS
The protection of riparian forests has been the focus of many studies and
integrative forest management plans due to water quality concerns, erosion, wildlife
corridors, and habitat conservation. Public forest managers delineate SMZs using the
slope, vegetation characteristics, erosion potential, stream size, and fish and wildlife
species of the forest. Most current riparian habitat research has focused on bird and
mammal species use, although a few studies have reported herpetofauna use. There is
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limited information on the distribution of herpetofaunal communities surrounding loworder streams in public upland forests. This study is a continuation of a study that was
initiated in 2000 (Fogarty 2005), in which one objective was to address the influence of
distance from low-order streams on herpetofaunal communities.
The distribution of amphibians and reptiles differed relative to the distance from
the streams. Amphibians were detected in greater abundance and greater species richness
near the stream. Of all amphibians found within 100 m of streams, approximately 59% of
the individuals and 45% of species were found in or <1 m from streams; 71% of the
individuals and 61% of the species were found within 25 m of the streams; and 86% of
the individuals, and 79% of the species were found within 50 m of the streams. This
trend further supports amphibians’ biological requirements for aquatic or semi-aquatic
habitats for breeding, laying eggs, living, or all of the above (Semlitsch and Bodie 2003,
Fogarty 2005). Most amphibians (except toads and newts, Notohthalmus spp.) also are
sensitive to environmental water gradients because of their water permeable epidermis
that allows cutaneous respiration (Spotila 1972, Freda 1991, Frisbie 1992, Grover 2000,
Blaustein 2003, Fogarty 2005). Plethodontid salamanders have lost their lungs, and the
adults fully depend on cutaneous respiration. Thus, the skin must remain moist for
respiration to occur (Conant and Collins 1998). Intensive timber management, timber
harvest, and pine regeneration can lead to xeric conditions that become physical barriers
to amphibian species due to their requirements for moist microhabitats.
Reptiles were similar in abundance and species richness from 0 to 100 m from
low-order streams, with a minor decrease at greater distances from the stream. There are
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only a few species (e.g., aquatic snakes) that depend on water systems to fulfill their life
history requirements. In general, reptiles depend less on riparian habitats than
amphibians because of their scaly, water impermeable skin and terrestrial, shelled eggs
(Gibbons et al. 2000). Therefore, they may be able withstand narrower SMZs without
succumbing to the same negative side effects as amphibians even within the same area.
Because many reptiles are more mobile than amphibians and do not require moisture for
respiration, they may traverse drier habitats and disperse to undisturbed, non-riparian
terrestrial habitats (Fogarty 2005). In this study, within 100 m of the low-order streams,
29.8% of all reptiles and 25% of all species were found in or <1 m from streams; 50.1%
of all reptiles and 44% of all species were found within 25 m of the streams; and 69.4%
of all reptiles and 64% of all species were found within 50 m of the streams.
Riparian forests protected as SMZs with characteristics of mature hardwood
forests (e.g., abundant leaf litter, woody debris, and moist, well-shaded microclimates)
can represent important refugia and corridors for amphibian species in timber stands that
are harvested frequently or site converted to conifers (i.e., xeric sites). Currently,
dendritic drainages or seepages and the respective riparian areas are not protected unless
these areas naturally occur in the prescribed SMZs. These areas can offer important
habitat for locally rare species, such as southern red salamander. Future research is
needed to determine amphibian’s dependence on dendritic drainages and seepages, in
addition to the distance into habitat surrounding these smaller riparian areas these
amphibians travel. This approach would allow modifications in forestry BMPs in areas
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with species of concern and threatened and endangered species that may depend on these
habitats.
I recommend a SMZ width of at least 50 m on each side of low-order streams in
east-central Mississippi to protect approximately 85% of the amphibian community in
riparian area from the direct impacts of timber harvest. To protect over 90% of the
amphibian community, I recommend a SMZ width of 75 m on each side of low-order
streams. I also recommend adding an additional buffer on the outer edge of the SMZ
with limited access to protect from edge effects, such as erosion, decreased soil moisture,
and loss of retained trees from windthrow (Vesely and McComb 2002, Semlitsch and
Bodie 2003, Fogary 2005). However, further research is needed to identify the effective
width of an additional buffer, and to identify the impacts of partial canopy removal on the
forest floor environment. SMZ widths that are greater than 30 m have been shown to be
beneficial for creating habitat and travel corridors for black bears (Urus americanus),
gray and fox squirrels (Sciurus carolinensis and S. niger, respectively), wild turkey
(Meleagris gallopavo), neotropical migrant birds, winter migrant birds, and resident birds
(Yarrow and Yarrow 1999). Riparian forests also can provide important habitat for rare
plant species. In Tombigbee National Forest in Winston County, MS, at least 16 rare
plant species have been identified in SMZs, which were characterized as mature
hardwoods along streams and springs (Fogarty 2005). Several springs located on the
study sites on Tombigbee National Forest are designated as cultural resource sites due to
historical and present day use for potable spring water (Tombigbee National Forest,
unpublished data). Due to the biological diversity of SMZs, these areas support fauna and
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flora that attract both consumptive and nonconsumptive outdoor recreationists (Yarrow
and Yarrow 1999). Thus, multiple uses are encompassed in the effective protection of
springs and streams through adequate SMZ widths.

HABITAT TRENDS INFLUENCING HERPETOFAUNA
Many times amphibians and reptiles are grouped together as herpetofauna based
on their superficial likeness when making habitat management decisions. However,
studies have shown that amphibian and reptile species respond differently to habitat
parameters even within each class (Conant and Collins 1998, Fogarty 2005). Overall, I
was able to detect some habitat variables that influenced abundance and species richness
more than others, and in some cases a single variable might have a positive influence on a
particular class or species abundance or species richness but a negative influence on
another. In the total 25 habitat association analyses (8 by class and 17 by species), log
decay class had significant associations in 8 models, log length and percentage overstory
tree pine basal area had significant associations in 7 models, midstory tree species
richness had significant associations in 5 models, and total woody debris had significant
associations in 4 models. Log diameter, pine log density, percentage vegetation cover
pine, snag density, overstory tree density, overstory tree height, midstory tree density,
canopy closure, snag decay, snag diameter, snag density, pine snag density, snag length,
and overstory tree species richness had significant associations in ≤3 models. Overstory
pine density, total basal area, and litter depth had no significant associations.
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Amphibians were associated with mature forests with high density of large, highly
decayed woody debris, with low pine density. Reptiles were associated with forests with
moderate to low pine density, coarse woody debris and some vertical canopy structure <6
m. Overall, woody debris was an important habitat feature for amphibians and reptiles.
Log length, log decay class, log density, pine log density, or log diameter were found to
be important explanatory variables in 18 of 25 models. Many other studies have
emphasized the importance of woody debris for amphibians and reptiles for food and
cover (Petranka et al. 1994, Butts and McComb 2000, Maguire 2002, Felix et al. 2004,
Crosswhite et al. 2004). It is important to protect large, predominately hardwood logs of
higher decay classes (Petranka 1998). These features offer moist microsites for cover and
foraging for arthropods that are preferred by salamanders and other amphibians (Petranka
1998). Pines logs decay at faster rates and potentially change soil chemistry in the decay
process. Although this does not impact lizards (e.g., northern fence lizard), which will
bask on any log surface, pine logs are undesirable for salamanders because of the faster
decay rates, different pH qualities, and moisture contents (Wyman and Jancola 1992).
Forest management practices (i.e., thinning, herbicide application, prescribed fire)
may influence composition of living trees and density of standing snags and woody
debris. I had a limited knowledge of past forest management practices on my study sites.
In the past 5 years, the Forest Service conducted prescribed burns on a 2-3 year rotation.
I did not perform any measurements examining the impacts of specific forest
management practices on herpetofaunal communities, so I cannot make any direct
conclusions. However, the frequency of disturbance in mixed pine – hardwood habitats
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due to herbicide drift or prescribed fire may cause a shift over time to a pine-dominated
habitat, thus potentially creating more pine snags and pine logs. The conversion of
hardwood dominated forests to pine dominated forests can increase soil and water acidity
(Wyman and Jancola 1992) and create xeric conditions from evapotranspiration resulting
from the rapid growth rates of pine trees (Teskey and Sheriff 1996). Additionally,
prescribed burns create a loss of leaf litter, soil moisture, and wood debris that will
negatively impact amphibian communities, especially salamanders. All of these forest
management actions would not necessarily be negative to reptile communities, however,
amphibians require moist woody debris, leaf litter, and soils due to their physiology and
life history habits (Petranka et al. 1994, Petranka 1998, Butts and McComb 2000,
Maguire 2002, Felix et al. 2004, Crosswhite et al. 2004)
The results from the models support the physiological and life history differences
between amphibians and reptiles that allow them to exploit different habitat conditions.
Because most amphibians’ skin is unable to resist evaporative water loss, they must
inhabit microclimates that are very humid. Mature forests, primarily characterized by
hardwood species, are predominately closed canopy, which allows limited sunlight to
reach the forest floor, limiting evaporation of surface water. In mature hardwood forests,
thick leaf litter and woody debris also aid in maintaining moisture even during extended
periods of drought. Timber management and disturbance can negatively impact these
areas by rapidly decomposing the leaf litter, causing soil compaction, and leading to rapid
loss of surface moisture, which will negatively impact forest amphibians (Petranka et al.
1993). Reptiles scaly, water impermeable skin prevents water evaporation, which allows
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these species to bask in sunlight to increase body temperature prior to feeding and other
daily activities. For some reptile species, sunlight is required for incubating eggs and
hatching development (Conant and Collins 1998). Thus forests with a more open canopy
or forests with small gaps (e.g., overstory tree falling creating a gap) provide more
sunlight to pass through to the forest floor, which is beneficial for reptiles.
Different survey techniques also detected different relationships between classes
or species and habitat characteristics. It is important to know the possible biases that the
survey techniques might impose on the data, to formulate more informed conclusions.
Also, one survey technique might be more suited for some species whereas another
survey technique would be better suited for another species. For example, with the areaconstrained survey technique I was able to accurately explain 77% of the variation in the
model for ground skinks; however, with the funnel-pitfall trap survey technique I was
only able to explain 26% of the variation in the model for ground skinks. When
conducting amphibian community surveys, multiple survey techniques capturing the most
number of species well would be ideal.
The habitat models developed for amphibian and reptile abundance and species
richness in this study as well as many other studies, can aid managers in predicting
potential impacts management activities may have on local communities. These habitat
models also may help managers identify key parameters to actively monitor in the
communities and/or habitat, and possibly adapt management activities based on success
or failure of a particular management action regarding t maintaining biological diversity.
This is especially important in a growing value of integrative management of biological
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diversity and silviculture of natural forests or plantations with limited funds and
personnel in public forests. It is important to note that all conclusions and
recommendations are limited to mature, upland forest stands and the associated
herpetofaunal communities.

INTERGRATIVE MANAGEMENT
Preserving ecosystems free from human disturbance is the most favorable way to
conserve biodiversity and rare species. However, it is frequently difficult to find large
tracts of land to preserve, because today much of the land is managed for timber
production, agriculture, range land, or the land has been put into urban development.
Most landscapes that are managed for natural resource exploitation are kept in a pseudonatural state and can be valuable for protecting biodiversity. Integrative, adaptive
management is vital in maintaining sustainable natural resources and ensuring the
management maintains or improves biological diversity. Regardless, land managed for
timber production, agriculture, or livestock offers more conservation potential for
biodiversity than land that has been developed for houses or office buildings.
This study was conducted on public forest lands in east-central Mississippi that
contained a mosaic of clearcuts, seedtree cuts, gradient of even-aged pine stands, mixed
pine-hardwood stands, and small native hardwoods (Fogarty 2005). All of these areas
can be actively managed through integrated, adaptive management to maintain and even
increase biodiversity at multiple scales. Protecting forest areas, especially in riparian
areas, will allow them to mature and follow natural ecological succession and provide the
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greatest biological diversity. In the protected areas, trees will mature to older age classes,
and individual trees will ultimately die from disease or natural disturbance and either fall
or create a snag. The loss of individual trees will create openings in the forest canopy
that allow new trees to grow in their place. These changes lead to patches of early,
intermediate, and late succession forest stages for flora and fauna communities creating
an uneven-aged mosaic forest (Tanner and Hamel 2001). Silvicultural practices can
mimic natural disturbance regimes of dynamic forest systems (Hansen et al. 1991). By
using small patch clear cuts, individual selection tree harvest, and protecting forest areas,
especially surrounding wetlands such as streams, pools, and seepages, managers can
create a mixture of forest types that include small patches of early to mid-successional
seral stages to large patches of relatively undisturbed late-successional seral stages
benefiting both amphibians and reptiles. This type of silvicultural management also can
enhance the habitat for several game species, such as white-tailed deer (Odocoileus

virginianus), eastern wild turkey, and fox and gray squirrels (Yarrow and Yarrow 1999).
During this study, I found downed woody debris and snags common in older ageclass forests to be vital significant components of amphibian and reptile habitat. These
habitat characteristics also offer important cover and food sources for other wildlife
species. Amphibian abundance and species richness responded favorably to hardwood
woody debris with high decay classes indicating older age-class hardwood forests,
whereas reptile abundance and species richness responded favorably to pine or hardwood
woody debris with moderate to high decay classes indicating mid to older age-class
mixed pine-hardwood forests. Woody debris can provide moist microclimates creating
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sites for shelter, reproduction, or forage for herpetofauna, small mammals, and some
large mammals (e.g., black bears, Ursus americanus; Hagan and Grove 1999). Maser et
al. (1979) conducted a study in the Blue Mountains in Oregon, and found 179 vertebrate
species (5 amphibians, 9 reptiles, 116 birds, 49 mammals) using woody debris. Several
wildlife species also use cavities in standing dead or dying trees. There are
approximately 55 species of cavity-nesting birds that depend on standing snags or dead or
dying trees for nesting or foraging. Species, such as bluebirds (Sialia sialis), several
woodpeckers (Picadae), and wood ducks (Aix sponsa) have experienced population
declines due to the reduction in cavity trees (Fogarty 2005). Hagan and Grove (1999)
reported a study that was conducted in the Sierra Nevada forests that found the
abundance of cavity-nesting birds declined by 77% after the removal of snags. There are
also cavity nesting mammals, such as raccoons, bats (Chiroptera) and flying squirrels
(Glaucomys volans), which rely on snags and excavated cavities for denning and
reproduction. Studies have shown that gray squirrels have higher fitness when nesting in
cavities than when nesting in leaf nests in the open canopy (Yarrow and Yarrow 1999).
Fogarty (2005) found a positive association with leaf litter depth and abundance of
amphibians, reptiles, and individual species, including three-lined salamanders (Eurycea
guttolineata), Mississippi slimy salamanders (Plethodon Mississippi), northern fence
lizards (Sceloporus undulates), and ground skinks (Scincella lateralis).
Amphibians, reptiles, and other game and non-game wildlife species benefit from
hardwood dominated forests. In addition, managing for the older age-classed forests can
be more beneficial to wildlife that utilize hard and soft mast, because these forests have
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more mast producing trees. On average, most oak species (Quercus spp.) with diameter
at breast height of >25 cm tend to produce more acorns than smaller trees (Greenberg
2000) and most native oaks begin significant mast production at approximately 20-25
years of age, while reaching full mast-producing potential at >40 years of age (Yarrow
and Yarrow 1999). Mast, such as acorns, is known to be an important part of the diet for
at least 64 mammal and bird species including several game species (Trani 2002). Oak
and hickory (Carya spp.) were the dominant mast producing hardwood species on my
sites. In general, hickories are slow-growing and are not as valuable of a wildlife food
like oaks. However, the nuts and fruit are eaten by many wildlife including several game
species (Yarrow and Yarrow 1999). Forests composed of diverse hardwood species have
a greater probability of producing sustained hard mast production than single-species
managed forests because of the chance of crop failure from year to year (Greenberg
2000). Thus, management that favors the retention of mature mixed hardwood forests
can enhance conservation of many amphibian and reptile species while creating highquality habitat for many other game and nongame wildlife.
Protected hardwoods along riparian areas also offer protection for plants, provide
habitat and travel corridors for wildlife, prevent soil erosion, and protect water quality.
Studies have shown that riparian forests support disproportionately greater amounts of
animal and plant biomass than upland forest areas (Bury 1988, Spackman and Hughes
1995). The riparian forests in Tombigbee National Forest in east-central Mississippi
support many state-listed plant species such as Turk’s-cap lily (Lilium superbum),
American ginseng (Panax quinquefolius), white turtlehead (Chelone glabra), and lesser
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ladies-tresses (Spiranthes ovalis; Mississippi Museum of Natural Science 2002). In the
southeast, approximately 38 amphibian, 54 reptile, 49 mammal, and 160 fish species use
riparian forests. In addition, these areas provide winter, resting, foraging, and breeding
habitat for migratory birds (Yarrow and Yarrow 1999). Riparian buffers consisting of
mature forests aid in preventing soil erosion by providing coarse woody debris, which
can promote soil and slope stability by reducing the rate of runoff and erosion (Hagan
and Grove 1999). These areas are also essential for protecting water quality by filtering
sediments from surface runoff, transforming chemicals (e.g., nitrates, pesticides) to nontoxic forms, and storing excessive nutrients in plant tissue. Riparian forests also provide
needed shade for streams to allow optimum growth of aquatic flora and fauna (Yarrow
and Yarrow 1999).
Mature riparian forests can offer vital habitat for woodland and streamside
salamander populations. During this study, I found a locally rare and globally rare
species (southern red salamander and Webster’s salamander, respectively; Mississippi
Natural Heritage Program 2002) that evolved in old-growth hardwoods with woody
debris and clean, unsilted streams (Petranka 1998). Several of my study sites possessed
these characteristics (e.g., mature hardwoods, unsilted streams, abundant woody debris,
and thick leaf litter) and the rare salamander species were more abundant in these areas.
In general, salamanders are the most abundant vertebrate in the forest floor habitat, and
thus, play principal ecological roles in deciduous forests in the eastern United States
(Petranka 1998). Petranka (1998) reported that woodland salamanders have been found
to influence the composition of forest floor insects, leaf litter decomposition, and nutrient
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recycling. In the past few decades the federal government has passed the Endangered
Species Act (ESA) of 1973, the National Forest Management Act of 1976 (NFMA), and
the National Environmental Policy Act of 1969. These acts set specific regulations so that
management practices gave equal consideration to conservation of biological diversity,
species of concern, and promoted multiple uses of public forestlands of the U.S.
(Stockwell 1990). The NFMA requires environmental assessments of proposed projects
or land management assessing potential impacts of timber management activities for
public lands on cultural and natural resources (Cubbage et al. 1993). The assessment of
potential impacts of proposed timber management activities required by NFMA includes
impacts on federally and state protected species as required by the ESA (Rholf 1989). In
further compliance with these acts, the FS delineates Protected, Endangered, Threatened,
and Sensitive (PETS) as plants and animals that are state-listed, federally listed, and or
candidate species, such as the Webster’s salamander. On FS lands, such as the TNF,
PETS are given special consideration prior to any management activity to conserve
biodiversity (Fogarty 2005).
Because of more intensive timber and landscape management, managers and
researchers have questioned what is an appropriate width of a riparian zone or SMZ to
adequately protect habitat and thus wildlife, soil, and water quality, while still allowing
natural resource extraction or other landscape management activities. In Chapter IV, I
mention several studies that have investigated buffer zone widths needed to protect birds
and mammals, and a few for herpetofauna. Spackman and Hughes (1995) recommended
the widest riparian buffers of at least 150 m wide to 90% of the bird species along mid161

order streams. A SMZ of this width would definitely provide protection for the rare
salamanders, other amphibians, reptiles, and other streamside wildlife. The more area
protected surrounding water bodies, the more animals and habitat will be benefited, but
there are numerous economic and social considerations that are beyond this study (Hunter
1996, Burns et al 1999). It is important that the size and design of SMZs are based on the
information gained from the specific area and species targeted for protection, wellinformed biologists and managers, and well-designed scientific studies.
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