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Introduction 

At the time of European settlement in southeastern North America, longleaf pine (Pinus 

palustris) was a dominant tree species on approximately 25 million hectares (ha) of land (Stout 

and Marion 1993) and present on an additional 14.6 million ha (Frost 1993).  However, longleaf 

pine quickly became one of the most sought after timber trees because of its high quality wood.  

Subsequent logging, along with fire suppression and production for the naval stores industry, 

reduced mature forests significantly.  Today, longleaf forest acreage is limited to about 1.5 

million hectares (Kelly and Bechtold 1989).  Attempts are now made to restore longleaf pine 

forests because of their value as unique ecosystems, as sources of high quality forest products, 

and their popularity as recreation areas (Landers et al. 1995).  At the Harris Research Tract 

(HRT), east of the Shearon Harris Nuclear Plant in southern Wake County, NC, a project is 

underway to restore an even rarer subtype of this forest, the Piedmont Transitional Longleaf 

Community (PTLC).  The PTLC exists where the longleaf pine forests of the coastal plain 

transition and mix with the pines and hardwoods of the piedmont (Schafale and Weakley 1990; 

Schafale 1994).  Remnants of this community were documented at the HRT in the mid-1990s 

(Blank et al. 1998; Parker 1998).    

While initial efforts have been made to survey and restore the rare floral community at 

the HRT, no faunal studies have been undertaken (Blank et al. 1998).  To gauge the success of a 

restoration project, it is important to monitor fauna as well as flora.  Such monitoring helps to 

determine the extent to which ecosystem processes are rehabilitated (Litt et al. 2001; Palmer et 

al. 1997).  If the restored flora of a site will not support the expected faunal species and 

associated ecological functions, new management strategies and restoration techniques may be 

needed. 
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In particular, amphibian and reptile communities have been cited as significant indicators 

of environmental integrity (Gibbons et al. 2000; Gibbons and Stangel 1999) and would, 

therefore, be of interest to the HRT restoration project.  Several aspects of the physiology, life 

history, and trophic position of amphibians contribute to their suitability as environmental 

indicators (Environmental Protection Agency 1992): 

 Many amphibian species have complex life cycles which include both aquatic and 

terrestrial phases; 

 Amphibians have highly permeable skin which can rapidly exchange materials 

with the environment, including substances contained in water, air, and soils; 

 When the eggs and larval stages are aquatic, they are particularly susceptible to 

water pollution; and 

 Amphibians feed at many trophic levels during their life cycle in the aquatic and 

terrestrial habitats they occupy. 

Knowledge of existing and desired herpetofaunal communities has proven useful in 

determining appropriate longleaf restoration methods (Litt et al. 2001) and should be considered 

in future management decisions at the HRT.  Litt et al. (2001) showed that using fire to restore 

longleaf pine in fire suppressed, hardwood dominated forests created the most favorable 

conditions for natural re-establishment of herpetofaunal communities when compared to 

felling/girdling and treatment with granular hexazinone.  Moseley et al. (2003) determined that 

low intensity fire appears to increase the area available for thermoregulatory activity of reptiles, 

resulting in an increase in abundance and diversity of reptile species.  Harpole and Haas (1999) 

found that after even partial removal of the forest canopy, salamander populations declined 

significantly within three years on south facing slopes while populations within herbicide treated 
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areas did not.  Surface temperature increases and moisture decreases following canopy 

disturbance were indicated as the factors responsible for the subsequent declines.  The authors 

concluded that ―if even slight canopy disturbance has strong negative effects on salamander 

populations, then forests managed by clearcutting [as opposed to shelterwood, group selection, 

and leave-tree harvests] may maintain larger populations of salamanders, because a smaller area 

is disturbed in any given year to obtain the same volume of wood.‖  Similar results were 

obtained by McLeod and Gates (1998).  Enge and Marion (1986) suggested that forest 

management should take into consideration whether the herpetofauna present at a site are xeric 

adapted species or mesic adapted species.  Xeric adapted species may be better adapted to deal 

with the rise in temperatures and decrease in plant litter resulting from clearcutting or fire, 

whereas mesic adapted species may be negatively impacted. 

Though often overlooked in longleaf pine restoration, the composition of amphibian and 

reptile communities should be an important consideration for natural resource managers and 

restoration ecologists.  At the HRT the need for herpetofaunal data is increased because of the 

existence of the increasingly rare PTLC.  Moreover, the complex hydrology of the HRT, as 

described by Carr et al. (2006), suggests an array of herpetofaunal niche habitats may occur 

within this landscape.  There is particular interest in the potential presence of several rare species 

within the HRT.  The four-toed salamander (Hemidactylium scutatum), a state Species of Special 

Concern, has been observed downstream from the HRT in the Buckhorn Creek watershed (North 

Carolina Natural Heritage Program 2006).  In the mid-1990s a breeding population of eastern 

tiger salamanders (Ambystoma tigrinum), a State listed Threatened species, was found in Middle 

Creek just outside of nearby Holly Springs, NC (Robert J. Goldstein and Associates 2000).  The 

North Carolina Gap Analysis Project (NCGAP 2007) also lists the southern hog-nosed snake 
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(Heterodon simus) (State Species of Special Concern, Federal Species of Concern) and the dwarf 

salamander (Eurycea quadridigitata) (State Species of Special Concern) as possibly occurring in 

the area, although the southern hog-nosed snake has not been found in Wake County in several 

decades (Palmer and Braswell 1995).   

This project was intended as a pilot study with the goal of determining the reptile and 

amphibian species richness within the longleaf pine restoration area at the HRT.  The results of 

this study will be useful in determining future management strategies and for judging the success 

of the restoration efforts at the HRT.  Results also will serve as baseline data for future 

monitoring efforts on the site, and provide an initial description of the reptile and amphibian 

species found in the PTLC. 
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Materials and Methods 

Study Area  

 

 The 513-ha HRT lies in southwestern Wake County, NC in the Buckhorn Township 

(Figure 1).  The property is within the Cape Fear River Basin and is drained primarily by White 

Oak and Little White Oak Creeks.  The elevation of the site ranges between 245 and 361 feet 

above mean sea level and the topography consists of broad, sloping ridges.  Most of the 

drainages are low gradient resulting in a number of long narrow wetlands and sporadically 

intermittent streams in addition to several perennial streams flowing easterly and westerly (Carr 

et al. 2006).  Deep gullies and washouts are present on the property and the soils tend to be 

eroded because of land use practices.  Until the 1970s, much of the HRT was used for row crops, 

pastureland and timber production (Bode 1997).  Portions of the property continue to be 

managed for timber production though it currently is leased to North Carolina State University 

for research and teaching purposes. 

 The longleaf restoration area consists of approximately 69-ha located at the northern end 

of the HRT (Figure 2).  The restoration area is divided into two stands, which have undergone 

different restoration treatments.  Site 1 is approximately 13-ha and was clearcut before longleaf 

seedlings were planted with 8’ x 10’ spacing in 1999 and treated with Arsenal in 2002 (Blank 

2004).  Site 2 is approximately 56-ha and underwent a restoration harvest in 2000 (Blank 2004).  

Site 2 was then burned in 2001, and over 400 mature longleaf pines remained on the site (Blank 

2004).  Seedlings were under planted on Site 2 in 2002 with a 12’ x 12’ spacing and an Arsenal 

treatment was applied in 2003 (Blank 2004). 

 In 1998, Douglas Parker established 56 permanent 20m x 50m plots on the HRT for the 

purpose of conducting North Carolina Vegetation Surveys (Peet et al. 1998).  Nine of these plots 



 6 

fall within the longleaf restoration area.  A significant effort was made to relocate these plots so 

that they could be resurveyed but none of the stakes marking the sites could be found.  As an 

alternative, the GPS point specified for each plot in Parker (1998) was navigated to and the 

species present in the general area were recorded (Appendix 2). 

 Restoration Site 1 currently is dominated by Pinus palustris that range in height from 

about 4 – 7m tall.  Young Liquidambar styraciflua, Pinus taeda, and Acer rubrum are scattered 

throughout, becoming more prominent on the southern end of the site.  A narrow wetland runs 

north to south through the center of the site with Myrica cerifera and Quercus nigra present on 

the wetland edges and dense patches of Juncus spp. and Scirpus spp. within.  Baccharis 

halimifolia is prominent in the wet areas and dense patches of Rubus sp. are present throughout.  

Rhus copallina, Solidago odora, Solidago rugosa, Solidago microcephala, Apocynum 

cannabinum, and Panicum spp. are all prevalent throughout the tract.  Three small, managed 

stands of Pinus taeda are located in the center of the tract. 

 Site 2 contains a number of scattered mature Pinus palustris on the ridgetops.  The 

younger Pinus palustris on this site are generally about 3-5m tall on the northern end of the tract.  

Pinus taeda is much more prevalent on the southern end of this tract where many Pinus palustris 

remain suppressed in the grass stage.  Dense patches of Rubus sp. are present throughout but are 

especially abundant on the southern end of the tract.  Liquidambar styraciflua, Acer rubrum, 

Quercus alba, Quercus falcata, Quercus velutina, Quercus phellos, Diospyros virginiana, Carya 

glabra, Carya tomentosa, Cornus florida, Baccharis halimifolia, Liriodendron tulipifera, 

Oxydendrum arboreum, Prunus serotina, Nyssa sylvatica, and Ulmus alata are all common 

throughout the site.  The drainages in this site are densely vegetated with Juncus spp., Carex 

spp., Scirpus spp., Typha latifolia, Rubus sp., and Baccharis halimifolia.  Other common species 
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include Vitis rotundifolia, Smilax glauca, Solidago microcephala, Solidago odora, Rhexia 

mariana, Eupatorium capillifolium, Andropogon spp., Phytolacca americana,  Lespedeza 

cuneata, Lespedeza procumbens, Vaccinium pallidum, Aster rugosa, Desmodium spp., 

Gnaphalium obtusifolium, Toxicodendron radicans, Hypericum hypercoides, Gaylussacia 

frondosa, and Lobelia glandulosa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Harris Research Tract location map. 
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Figure 2  Harris Research Tract longleaf pine restoration area. 

 

Sampling Approach 

 

 Developing an estimate of herpetofaunal species richness for a site may be complicated 

by a number of factors.  Many reptile and amphibian species are secretive, fossorial, low 

abundance, low activity/active only under certain climatic conditions, or have limited home 

ranges.  These factors result in a low probability of detection for many species and require 

surveys that accumulate data over a number of years, or even decades (Scott 1994; Gibbons et al. 

1997).  However, such long-term projects may present problems as well.  First, these efforts are 

often prohibitively expensive, requiring significant commitments of time, labor and expertise.  

Second, they may create a problem opposite to the one they seek to solve.  That is, over time, 
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species lists may accumulate species that no longer exist at a site due to the dynamic nature of 

the landscape (Heyer et al. 1990).  This may be especially true of managed sites.  One potential 

solution to this paradox may be to sample intensively in the time available using a variety of 

standard sampling methods, as well as using opportunistic sampling targeting rare species 

assumed to exist within the site (Gibbons et al. 1997; Crosswhite et al. 1999; Corn 1994; 

Greenburg et al. 1994).  This was the approach used for this project. 

Possible Species List 

 

 NCGAP (2007) range maps were used to develop a list of reptile and amphibian species 

that may occur within the restoration site at the HRT (Appendix 1).  All species classified by 

NCGAP as ―Possible‖ (likelihood of occurrence between 10 and 80%), ―Predicted‖ (likelihood 

at least 80%), or ―Confirmed‖ (>95% likelihood) in the area of the HRT were included in the list.  

It should be noted that difficulties may be encountered when using NCGAP to generate estimates 

of species richness for sites < 1000-ha.  The NCGAP final report states, ―applications of these 

data to site- or stand- level analyses (site—a microhabitat, generally 10 to 1000 ha) will likely 

reveal the limitations of this process to incorporate differences in habitat quality (e.g., understory 

condition) or necessary habitat features such as standing dead trees‖ (McKerrow et al. 2006).  

This likely resulted in the inclusion of a number of species in the list that would not find suitable 

habitat  within the restoration site.  However, this method should be more accurate than the 

alternative of using much smaller scale range maps.  This method resulted in a list of 44 reptiles 

and 35 amphibians.  

Sampling Methods 
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 Five different sampling techniques were chosen for this inventory.  These methods were 

selected by observing the list of species that may occur at the restoration site and, with 

consideration of the habitat at the site, choosing methods that targeted the range of species in the 

list.  Sampling consisted of drift fence arrays (with single-ended funnel traps, double-ended 

funnel traps, and pitfall traps), calling amphibian surveys, polyvinyl chloride (PVC) pipe refugia, 

plastic cover sheets, and opportunistic sampling.  The following sections provide a discussion of 

how each of these methods was implemented and the species targeted with each.   

 Sampling was conducted between 30 March 2007 and 03 October 2007.  Voucher 

photographs were taken of each species collected during the survey if possible.  An attempt was 

also made to take voucher photographs of individuals of different sexes, age classes, and color 

phases.  

Drift Fence Arrays 

 

 A drift fence is simply a barrier constructed to impede the natural movements of 

herpetofauna through the landscape and divert them into traps.  A variety of trapping schemes 

have been developed, using this basic concept, by varying the construction materials, the 

configuration of the fences, and the type or number of traps used.  Drift fences, in combination 

with pitfall or funnel traps, are one of the most commonly used methods for surveying reptiles 

and amphibians (Jones 1986; Corn 1994).  

 Drift fences have been constructed from a variety of materials though most researchers 

use aluminum/galvanized valley flashing or silt fencing (Enge 1997a; Enge 1997b).  These 

materials have produced similar results though there is some evidence that arboreal lizards may 

be less susceptible to trapping in arrays with silt fence (Enge 1997b). 



 12 

 Generally, drift fences are arranged in an array so that they intercept animals moving in 

any direction.  Common array designs include four-fence arrays with arms at 90-degrees, three-

fence arrays with arms at 120-degrees, and fences that completely enclose breeding areas (Dodd 

and Scott 1994; Enge 1997a; Enge 1997b).  Corn (1994) indicates three-fence arrays perform 

similarly to four fence arrays and require significantly less material to install.   

 Fence length has been found to impact sampling success (Vogt and Hine 1982), although 

this also may be affected by habitat (Corn 1994).  Fence arms constructed of flashing are 

commonly 7.6-m long because the material comes in 15.2-m rolls that can be cut in half to 

provide sufficient material for two fences.  Silt fencing can be purchased in 30.5-m rolls with 

stakes attached.  This allows for the construction of three-fence arrays with arms that are ~10-m 

long once the material has been cut and reattached at the center stake. 

 Drift fence arrays commonly utilize two types of traps:  funnel traps and pitfall traps 

(Vickers et al. 1985; Campbell and Christman 1982; Greenburg et al. 1994; Enge and Marion 

1986; Litt et al. 2001; McLeod and Gates 1998; Moseley et al. 2003; Tuberville et al. 2005; 

Phelps and Lancia 1995; Enge and Wood 2001; Bury and Corn 1987).  A funnel trap consists of 

a rolled cylinder (popular materials are 63.5-mm hardware cloth or aluminum window screening) 

with an inverted funnel inserted, and stapled into either one, or both, ends.  The trap is then 

shaped so that it fits flush with the ground and the drift fence, ensuring that no animals pass 

under, or between, the trap and the fence.  Funnel traps typically are supplied with a shade cover 

to prevent overheating of trapped animals and a sponge or rag that can be saturated to prevent 

desiccation. 

 Pitfall traps generally consist of some sort of impenetrable container, such as 19-liter 

buckets, large diameter PVC pipes, or tin cans that are sunk into the ground so that the lip of the 
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container is flush with the ground and tangential to, or bisected by, the fence.  Sponges and shade 

covers also are used with pitfall traps.  Small holes can be drilled into the sides of the pitfall traps 

2-3 cm from the bottom to allow rainwater to drain out of the trap and prevent drowning of 

captures.  Small pieces of floating material, such as Styrofoam, also may be placed in the pitfall 

traps to serve as rafts for captive animals when the traps collect water (Enge 1997b). 

Construction of Arrays and Traps 

 The drift fence array design used in this project was first implemented by Enge and 

Wood (2001).  Each array consisted of three ~10-m x 92-cm silt fences arranged in a ―Y‖ 

formation (Figure 3).  The fences were prepared and installed as described by Enge (1997a).  The 

bottom of each fence was buried 10-15 cm to prevent animals from passing beneath.  At the end 

of each fence there were two single-ended funnel traps.  Double-ended funnel traps were placed 

on each side of each fence about 3m from the center of the array.  All funnel traps were 

constructed of aluminum window screen and built to the specifications of Enge (1997a).  The 

single-ended funnel traps were 86 cm long and 25 cm in diameter with a funnel opening 6 cm in 

diameter.  Double-ended funnel traps were 86 cm long and 20 cm in diameter with a funnel 

opening 5 cm in diameter.  A pitfall trap was then installed between the single-ended and double-

ended funnel traps by burying a black, 19-L bucket underneath the fence so that the fence ran 

through a slit cut in the center of the bucket top (Enge and Wood 1997). 
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Figure 3.  Configuration of drift fence arrays. 

 

 

 All traps were shaded with 41 cm squares of 0.5 cm tempered hardboard propped over 

each trap.  The shade covers also served to hold the funnel traps tightly against the fence.  Each 

funnel trap was shaped so that the entrance was flat against the ground.  Sponges were provided 

for all traps and small holes were drilled 2 cm from the bottom of all pitfalls. 

Drift Fence, Funnel, and Pitfall Trap Bias  

 Drift fences are an extremely effective technique for detecting the presence of small, 

surface active herpetofauna (Gibbons and Semlitsch 1982; Enge 1997a).  While they are an 

effective means of detecting most species present in an area (Corn 1994; Enge 1997a), they are 

generally biased against large snakes, turtles, and fossorial, arboreal, or sedentary species 

(Gibbons and Semlitsch 1982; Campbell and Christman 1982; Jones 1986; Dodd 1991).   
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  Both pitfall traps and funnel traps were used in this project because previous studies 

have revealed substantial, but complementary, capture biases between them (Greenburg et al. 

1994; Enge 2001).  Funnel traps generally are considered necessary for detecting the presence of 

large snake species (Greenburg et al. 1994; Enge 2001; Gibbons and Semlitsch 1982; Bury and 

Corn 1987).  Pitfall traps are ineffective at capturing these species because large snakes can 

readily escape them by climbing out of the traps (Gibbons and Semlitsch 1982).  Enge (2001) 

speculated that the capture of relatively few young individuals of these species, who would not 

be long enough to climb out of pitfalls, may indicate these species actively avoid pitfalls or are 

able to utilize surface adhesion to escape.     

 Conversely, studies have shown pitfall traps to be more likely than funnel traps to detect 

the presence of small fossorial or semi-fossorial herpetofauna, particularly the Tantilla spp. 

(Greenburg et al. 1994: Enge 2001).  Tantilla spp. were captured effectively in pitfalls by 

Semlitsch et al. (1981) and Mushinsky and Witz (1993).  The possible presence of Tantilla 

coronata in the HRT suggested the need to incorporate pitfalls into the array design, although 

Reynolds (1980) was successful in capturing Tantilla coronata with funnel traps in New 

Hanover County, North Carolina.  Cemophora coccinea, Virginia striatula, Virginia valeriae, 

and Heterodon simus are other small to medium size fossorial or semi-fossorial snakes listed in 

Appendix 1 that were targeted with pitfalls. 

 Greenburg et al. (1994) found that Scaphiopus holbookii, Gastrophryne carolinensis, 

Cnemidophorus sexlineatus, and Eumeces inexpectatus (all listed in Appendix 1) were captured 

in greater numbers in pitfalls rather than funnel traps.  Bury and Corn (1987) and Crosswhite et 

al. (1999) reported similar results.  However, in a survey of four different inventories, Enge 

(2001) found that funnel traps were more effective at capturing almost all herpetofauna.  Enge 
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(2001) cites different trap designs, poor trap construction and/or maintenance, improper trap 

placement (not flush, or slightly below, the soil and tight against the fence), and infrequent 

checking of traps as potential reasons for the discrepancy.  Enge does note ranid frogs as one 

important exception.  The use of pitfalls as escape refugia by some ranids may increase their 

capture probability (Shields 1985; Enge 2001).  It also should be noted that Enge used white 

buckets as pitfalls, while black buckets have been shown to increase captures of Pseudacris spp. 

and Bufo spp. (Crawford and Kurta 2000).  Black buckets were chosen for this project. 

Drift Fence Site Selection and Habitat Description 

 Three drift fence arrays were used in this project (Figure 4).  Array A (689398E 

3948478N) and Array C (689532E 3948139N) were located in restoration Site 2.  Array B 

(689050E 3948065N) was located in restoration Site 1.  Sites were chosen to maximize the 

heterogeneity of habitats sampled. 

 Array A was located on the in the edge of a small drainage.  There were no large 

overstory trees in the immediate vicinity of the array.  Most common in the understory/shrub 

layer were 3-5m tall Pinus taeda and Pinus palustris.  There also were dense patches of 

Baccharis halimifolia and Rubus sp.  Less common species were Liquidambar styraciflua, Acer 

rubrum, Quercus alba, Quercus phellos, Diospyros virginiana, Nyssa sylvatica, Ulmus alata, 

Rhus copallina, Vaccinium pallidum.  The wet areas were dominated by Juncus effusus, Juncus 

coriaceus, Typha latifolia, and Scirpus sp.  Other herbaceous species included Solidago 

microcephala, Rhexia mariana, Eupatorium capillifolium, Scutellaria integrifolia, Panicum sp., 

and Smilax glauca. 

 Array B was located approximately 20m from a small body of standing water (~3-m wide 

and <0.3m deep).  One arm of the array extended into the wetland that surrounded this body of 
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water.  The vegetation surrounding this arm was primarily Scirpus sp., Juncus effusus, and 

Juncus coriaceus.  Bordering the wet areas were Baccharis halimifolia, Myrica cerifera, and 

Quercus nigra.  Moving onto the uplands Pinus palustris up to about 7m were the most common 

tree followed by Liquidambar styraciflua, Pinus taeda, and Acer rubrum.  Large patches of Rhus 

copallina and Rubus sp. were present.  The herbaceous layer consisted of Solidago odora, 

Solidago rugosa, Solidago microcephala, Panicum sp., and Arundinaria gigantea. 

 Array C was located on a dry, upland site.  No mature trees were present in the 

immediate area.  Pinus palustris (~3-4m tall) was the most common tree in the area followed by 

Pinus taeda, Acer rubrum, Diospyros virginiana, and Carya glabra.  Baccharis halimifolia and 

Rubus sp. were very common shurbs in the area with Rhus copallina to a lesser extent.  The 

herbaceous layer was heavily dominated by Solidago microcephala and Vitis rotundifolia.  Other 

species included Eupatorium capillifolium, Solidago rugosa, and Panicum sp. 
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Figure 4  Drift fence array locations. 

 

 

Drift Fence Survey Protocol 

 Trapping was conducted continuously for 129 days from 27 May 2007 – 03 October 

2007.  All traps were checked daily between 0600 – 1100 h.  Daily checking ensured that 

sponges remained hydrated, traps and shade covers remained properly placed and in good 

condition, pathways along the fences remained free of debris and vegetation, and that mortality 

was minimized due to overheating and predation.  All captures were identified to species level 

(Conant and Collins 1998; Palmer and Braswell 1995) and released >10 m away on the opposite 

side of the fence.  Care was taken to ensure that captures were well hydrated upon release and 
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that all animals were released in appropriate cover.  The array letter (A, B or C) and trap number 

(1-15) were recorded for each capture.  For individuals caught in the immediate vicinity of an 

array, but not in a trap, a trap number of ―99‖ was assigned along with the array letter.  The sex 

and estimated age class (immature/adult) of each capture was recorded if possible.  Precipitation 

data was collected on site using a rain gauge and additional daily weather information was 

obtained from the National Oceanic and Atmospheric Administration website (NOAA 2007). 

Calling Amphibian Surveys 

 

 The males of most anuran species in North America give species-specific calls during 

their respective breeding seasons (Wells 1977).  Calling surveys can use this behavior to 

determine the presence of many species within a given site (Brander et al. 2007; Scott and 

Woodward 1994; Weir et al. 2005; Zimmerman 1994).  This can be a very powerful sampling 

method because it allows for the simultaneous detection of species of all habits (arboreal, 

fossorial, or ground dwelling), as well as cryptic and conspicuous species (Zimmerman 1994).  

Numerous microhabitats over a relatively large area can also be surveyed in a short amount of 

time (Zimmerman 1994).  

Target Species and Bias 

 While many species can be detected with call surveys, detection probability may vary 

significantly among species (Bridges and Dorcas 2000, De Solla et al. 2005).  Detectability may 

be impacted by the sonic characteristics of a species call and the environment in which the 

calling occurs (e.g., high frequency callers may be obscured by high frequency insect noise, or a 

large chorus of one species may obscure lone, low volume calls of another species)  

(Zimmerman 1994).  Explosive breeders may be difficult to detect due to their short, or absent, 
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calling period in some years (De Solla 2005).  Some species may go undetected due to the survey 

timeframes specified in the most common protocols (Bridges and Dorcas 2000). 

 The main species targeted with this method were the anuran species most likely to be 

under sampled by drift fence arrays (Enge 2001).  These include the Hyla spp., Pseudacris spp., 

and Acris spp. listed in Appendix 1.  Call surveys generally have been successful at detecting 

these species (Bridges and Dorcas 2000; Crouch and Paton 2002; De Solla et al. 2005; Weir et 

al. 2005).   

Call Survey Protocol 

 Call surveys in this project generally followed the unified protocol developed by the 

North American Amphibian Monitoring Program (NAAMP 2007) and implemented by the 

North Carolina Calling Amphibian Survey Program (CASP 2007).  Ten call surveys were 

conducted at each of two sites (Figure 5) between 30 March 2007 and 15 September 2007.  

Surveys began at least 30 minutes after sunset and lasted for 15 minutes at each site.  The 

NAAMP specifies a five minute listening period, however, Crouch and Paton (2002) determined 

that, in Rhode Island, call surveys should be 10 minutes long to have a > 90% probability of 

detecting all anurans.  An attempt was made to survey soon after rainfall but surveys were not 

conducted in heavy rain or wind (i.e., Beaufort scale < 3, see Table 1 for an explanation of 

codes) (NAAMP 2007).  A calling index of 1, 2, or 3 (see Table 2 for an explanation of the 

calling index) was recorded for each species documented during a survey (NAAMP 2007).  

Additional data collected during each survey included a sky code (recorded at the start and 

finish), wind code (recorded at the start and finish), air temperature at each site, background 

noise code for each site, and whether or not moonlight was visible at each site (NAAMP 2007). 
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Beaufort Wind Codes 

0 Calm (<1mph) 

1 Light Air (1-3mph) smoke drifts, weather vane inactive. 

2 Light Breeze (4-7mph) leaves rustle, can feel wind on face. 

3 Gentle Breeze (8-12mph) leaves and twigs move around, small flags extend. 

4 Moderate Breeze (13-18mph) moves thin branches, raises loose papers. 

5 Fresh Breeze (19mph or greater) small trees begin to sway. 

Table 1  Beaufort wind code explanations. 

 

 

Amphibian Calling Index 

1 Individuals can be counted; there is space between calls. 

2 Calls of individuals can be distinguished but there is some overlapping of calls. 

3 Full chorus, calls are constant, continuous and overlapping. 

Table 2  Amphibian calling index explanations. 
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Figure 5  Call survey locations. 

 

 

PVC Pipe Refugia 

 

 Artificial refugia constructed of PVC pipe often are used as a means of sampling hylid 

frogs (Bartareau 2004; Boughton et al. 2000; Moulton et al. 1996; Phelps and Lancia 1995; 

Zacharow et al. 2003).  This method of sampling involves the placement of PVC pipes either 

upright in the ground (Bartareau 2004; Boughton et al. 2000; Moulton et al. 1996; Phelps and 

Lancia 1995; Zacharow et al. 2003) or attached to tree trunks at various heights (Boughton et al. 

2000).  Various diameters and/or lengths of pipe are used.  Once the pipes are in place, it is 

hypothesized that treefrogs are attracted to the mircrohabitat created within the pipes, where they 
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are then easily collected by the surveyor.  Frogs are not actually trapped with this method since 

they are free to enter and exit through the upper opening in the pipe.  Species that have been 

successfully sampled using this technique include Hyla cinerea, Hyla femoralis, Hyla squirella, 

Hyla chrysoscelis, Hyla versicolor, Hyla gratiosa, Pseudacris crucifer and Pseudacris ocularis. 

PVC Pipe Refugia Bias 

 Several studies have demonstrated that variation in PVC pipe design may change the 

detection probability for different species.  Zacharaow et al. (2000) found that greater numbers of 

both Hyla cinerea and Hyla squirrela were captured in 61-cm long, 1.9-cm diameter ground-

placed pipes as opposed to 5.1- or 7.7-cm pipes.  In a South Carolina clearcut, Phelps and Lancia 

(1995) showed that slightly greater numbers of Hyla cinerea were captured in 1.5-m long, 5-cm 

diameter (versus 2.5-cm) ground-placed pipes.  Conversely, within the control plots, Phelps and 

Lancia recorded greater numbers of Hyla cinerea and Hyla chrysoscelis in 2.5-cm pipes.  

Moulton et al. (1996) made 133 of 135 captures of Hyla cinerea, Hyla femoralis, and Hyla 

squirella in 1-m long, 2-cm diameter ground-placed pipes as opposed to 5-cm pipes.  Bartareau 

(2004) tested 60-cm long, 1.3, 2.5, 3.8, and 5.1-cm diameter pipes and found that most captures 

of Hyla squirella and Hyla cinerea were made in 2.5 cm pipes.  Boughton (2000) indicated a 

significant increase in treefrog captures when traps were elevated on tree trunks and capped at 

the bottom so that the pipe held a small amount of water. 

PVC Pipe Survey Protocol 

 Fifty pipes, measuring 60-cm long and 2.5-cm in diameter, were used in this study.  Pipes 

were placed upright into the ground at various sites throughout the restoration area (Figure 6).  

Pipes were placed near potential breeding areas and an attempt was made to sample sites where 

calling surveys were not feasible.  Trapping was conducted from 11 June 2007 until 01 October 
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2007.  Pipes were checked weekly and any captures were carefully shaken out of the top of the 

pipes.  Frogs were then identified (Conant and Collins 1998) and returned to the pipe. 

 

Figure 6  PVC pipe sampling locations. 

   

Artificial Cover Objects 

 

 Artificial cover objects made of various materials have been used to sample reptiles and 

amphibians.  Wooden boards, plywood sheets, particle board, corrugated tin roofing, black 

asphalt roofing, and sheets of black plastic weed block all have been used as artificial cover 

(Grant et al. 1992; Fellers and Drost 1994; Engelstoft and Ovaska 2000; Kjoss and Litvsitis 

2001a).  Cover objects may be deployed randomly (Meyers and Pike 2006), in grids (Houze and 
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Chandler 2002; Marsh and Goicochea 2003), or in transects (Kjoss and Litvitis 2001a).  

Artificial cover objects are generally cost efficient, minimizes destruction and disturbance to 

natural cover, and may increase the probability of detection by observers who are inexperienced 

in searching natural cover (Fellers and Drost 1994; Engelstoft and Ovaska 2000). 

Cover object target species 

 A wide range of species have been successfully sampled with cover objects.  Arrays of 

plywood coverboards captured four species of salamanders (Plethodon ocmulgee, Eurycea 

cirrigera, Eurycea quadridigitata, and Eurycea guttolineata) in south Georgia (Houze and 

Chandler 2002).  Bufo terrestris, Gastrophryne carolinensis, Rana clamitans, Rana 

sphenocephala, Eurycea quadridigitata, Eurycea longicauda, Desmognathus auriculatus, Siren 

intermedia, Sternotherus odoratus, Clemmys guttata, Eumeces fasciatus, Nerodia erythrogaster, 

Nerodia fasciata, Carphophis amoenus, Coluber constrictor, Diadophis punctatus, and Farancia 

abacura were captured using plywood and particle board arrays at a bottomland swamp in South 

Carolina (Phelps and Lancia 1995).  Carphophis amoenus, Diadophis punctatus, Storeria dekayi, 

Storeria occipitomaculata, and Virginia valeriae were captured with plywood arrays in the 

western North Carolina piedmont (Willson and Dorcas 2004).  In New Hampshire, Kjoss and 

Litvaitis (2001a; b) used black plastic cover sheets to capture Thamnophis sirtalis, Thamnophis 

sauritis, Opheodrys aestivus, Opheodrys vernalis, Coluber constrictor, Storeria dekayi, Storeria 

occipitomaculata, and Lampropeltis triangulum. 

 Grant et al. (1992) found that wet skinned amphibians were found more often beneath 

wooden cover objects while reptiles were found more often underneath tin.  Wooden cover 

objects tended to hold more water underneath them than tin, which likely accounted for 

increased numbers of amphibians.  Tin created a high temperature, low humidity environment 
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underneath, favorable to thermoregulation by reptiles.  The cover objects used in this project 

were black plastic cover sheets (Kjoss and Litvaitis 2001a; b).  This method likely creates an 

elevated temperature environment underneath that is more similar to tin than wood cover objects.  

Kjoss and Litvaitis (2001a; b) found that the use of black plastic cover sheets in early 

successional habitat produced comparable captures of snake species as drift fences.    

Artificial Cover Object Protocol 

 Twenty black plastic cover sheets (1.5 m x 1.5 m x 0.1 mm) with 5 metal stakes each 

were used in this project (Kjoss and Litvaitis 2001a; b).  The cover sheets were placed non-

systematically throughout the restoration sites on 12 June 2007 (Figure 7).  The sheets were 

checked every two weeks (4 times in the morning and 4 times in the evening) between 26 June 

2007 and 02 October 2007.  Kjoss and Litvaitis (2001a) recommended these checking times 

because of a tendency for animals to avoid the sheets during the warmest parts of the day.  When 

checking the sheets a corner stake was removed and half of the sheet was lifted at a time.  Any 

animals under the sheet were then captured by hand and the trap number and species information 

were recorded. 
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Figure 7  Cover sheet sampling locations. 

 

Opportunistic Methods 

  

 Opportunistic visual surveys were conducted during the spring and summer of 2007.  

Habitats were sampled by turning natural cover objects (e.g., large logs, moss, piles of bark, 

etc.), checking underneath loose bark, searching hollow trees and stumps, dip-netting any aquatic 

habitats, and identifying any calling amphibians.  If possible, any displaced cover was returned 

to its natural position.  The location and duration of each search was recorded.  An effort was 

made to survey throughout the entire restoration area and during periods of high herpetofaunal 

activity (e.g., during or immediately after rainfall). 
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 Reptiles and amphibians also were collected while driving the dirt/crushed brick road that 

bisects the restoration area.  This road was driven frequently while in the process of other 

sampling (e.g., at least once per day when checking drift fences and once at night when 

conducting calling amphibian surveys).  The locations of animals encountered opportunistically 

were recorded with a GPS unit (UTM/NAD83).  Species and individual capture information was 

documented as with all other sampling methods.  Any reptiles or amphibians encountered 

incidentally during any other aspect of this project were recorded. 
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Results 

Sampling success 

 

 This project documented 38 reptile and amphibian species within the longleaf restoration 

area at the HRT (Table 3).  Twenty-three reptile species were captured or observed, including six 

lizard, 13 snake, and four turtle species.  Fifteen amphibian species were captured or observed 

including three salamander and 12 anuran species.  A total of 257 amphibians (42 salamanders 

and 215 anurans) and 217 reptiles (147 snakes, 53 lizards, and 17 turtles) were captured or 

observed. 

 Table 3 also shows the number of captures or observations for each species relative to the 

sampling methods used.  Most species (32 of 38) were documented using drift fences including 

12 species that were not detected by other methods.  Five species not detected by any other found 

opportunistically method.  One species (Pseudacris crucifer) was only detected by call surveys. 

 Anurans were the most frequently observed taxon accounting for 45% of all observations.  

Most anurans (73%) were captured along drift fences.  Drift fences captured two unique anuran 

species while call surveys and opportunistic searching identified one unique species each.  The 

most commonly encountered species were Gastrophryne carolinensis and Bufo americanus 

representing 32 and 25% of all anurans, respectively.  One species (Rana palustris) was 

documented by a single occurrence. 

 Snakes represented 31% of all observations.  Eighty-five percent of all snake captures 

were made along drift fences, while 10% were made during opportunistic searching and 5% were 

made by cover sheets.  Six unique snake species were identified by drift fences while one was 

identified by opportunistic searching.  The most commonly captured snakes were Coluber 

constrictor and Carphophis amoenus, which accounted for 36 and 21% of all snakes, 
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respectively.  Two species (Nerodia erythrogaster and Lampropeltis getula) were documented 

with a single observation. 

 Lizards accounted for 11% of all observations.  Sixty-eight percent of lizards were 

captured by drift fences while 33% were encountered opportunistically.  Both methods 

documented all of the lizard species found with the exception of Eumeces fasciatus, which was 

trapped along drift fences.  Scincella lateralis and Eumeces inexpectatus were the most 

frequently encountered lizards at 34 and 23% of all lizards, respectively. 

 Forty-two salamanders were captured during this project.  The large majority of these 

were captured in two breeding pulses of Ambystoma opacum that were captured by drift fences.  

Three Nophthalmus viridescens and one Ambystoma maculatum also were captured by drift 

fences. 

 Seventeen turtles were observed in this study.  Eleven were observed along drift fences 

and six were found opportunistically.  Of the four species documented, Kinosternon subrubrum 

was only encountered along drift fences, Chelydra serpentina and Clemmys guttata were only 

encountered opportunistically, and Terrapene carolina was observed with both methods.  

Chelydra serpentina was documented by a single observation. 

Taxon Common Name 
Drift 

Fence 

Call 

Survey 

Cover 

Sheets 

PVC 

Pipes 

Opportunistic 

Searching 

Salamanders       

Ambystoma maculatum 
Spotted 

salamander 
1 --------- ---------- --------- ------------------ 

Ambystoma opacum 
Marbled 

salamander 
33 --------- ---------- --------- 5 

Notophthalmus 

viridescens 
Red-spotted newt 3 --------- ---------- --------- ------------------ 

 Total: 37 -------- --------- -------- 5 

Frogs and Toads       
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Taxon Common Name 
Drift 

Fence 

Call 

Survey 

Cover 

Sheets 

PVC 

Pipes 

Opportunistic 

Searching 

Bufo americanus 
Eastern American 

toad 
50 1 ---------- --------- 2 

Bufo fowleri Fowler’s toad 24 --------- ---------- --------- 15 

Acris crepitans 
Eastern cricket 

frog 
3 --------- ---------- --------- 1 

Hyla chrysoscelis 
Cope’s gray 

treefrog 
1 9 ---------- 2 ------------------ 

Hyla cinerea Green treefrog 3 --------- ---------- --------- ------------------ 

Hyla femoralis 
Pine woods 

treefrog 
------- 7 ---------- 3 ------------------ 

Pseudacris feriarum 
Southeastern 

chorus frog 
4 3 ---------- --------- ------------------ 

Pseudacris crucifer 
Northern spring 

peeper 
------- 4 ---------- --------- ------------------ 

Gastrophryne 

carolinensis 

Eastern narrow-

mouthed toad 
61 3 ---------- --------- 5 

Rana catesbeiana 
American 

bullfrog 
------- --------- ---------- --------- 2 

Rana clamitans Green frog 10 --------- ---------- --------- 1 

Rana palustris Pickerel frog 1 --------- ---------- --------- ------------------ 

 Total: 157 27 ---------- 5 26 

Turtles       

Chelydra serpentina 
Eastern snapping 

turtle 
------- --------- ---------- --------- 1 

Kinosternon subrubrum 
Eastern mud 

turtle 
6 --------- ---------- --------- ------------------ 

Clemmys guttata Spotted turtle ------- --------- ---------- --------- 2 

Terrapene carolina Eastern box turtle 5 --------- ---------- --------- 3 

 Total: 11 --------- ---------- --------- 6 

Lizards       

Anolis carolinensis Green anole 1 --------- ---------- --------- 3 

Sceloporus undulatus 
Northern fence 

lizard 
5 --------- ---------- --------- 6 

Eumeces fasciatus 
Common five-

lined skink 
4 --------- ---------- --------- ------------------ 

Eumeces inexpectatus 
Southeastern five-

lined skink 
9 --------- ---------- --------- 3 

Scincella lateralis 
Little brown 

skink 
14 --------- ---------- --------- 4 
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Taxon Common Name 
Drift 

Fence 

Call 

Survey 

Cover 

Sheets 

PVC 

Pipes 

Opportunistic 

Searching 

Cnemidophorus 

sexlineatus 

Six-lined 

racerunner 
3 --------- ---------- --------- 1 

 Total: 36 --------- ---------- --------- 17 

Snakes       

Carphophis amoenus 
Eastern 

wormsnake 
25 --------- 3 --------- 3 

Coluber constrictor 
Northern black 

racer 
46 --------- 2 --------- 6 

Diadophis punctatus 
Ring-necked 

snake 
4 --------- 1 --------- ------------------ 

Elaphe obsoleta Black ratsnake 6 --------- ---------- --------- 2 

Heterodon platirhinos 
Eastern hog-

nosed snake 
6 --------- ---------- --------- ------------------ 

Lampropeltis calligaster Mole kingsnake 9 --------- ---------- --------- ------------------ 

Lampropeltis getula Eastern kingsnake 1 --------- ---------- --------- ------------------ 

Nerodia erythrogaster 
Red-bellied 

watersnake 
------- --------- ---------- --------- 1 

Opheodrys aestivus 
Northern rough 

greensnake 
1 --------- ---------- --------- 1 

Storeria dekayi 
Dekay’s 

brownsnake 
17 --------- 1 --------- 2 

Thamnophis sirtalis 
Eastern 

gartersnake 
6 --------- ---------- --------- ------------------ 

Virginia valeriae 
Eastern smooth 

earthsnake 
2 --------- ---------- --------- ------------------ 

Agkistrodon contortix Copperhead 2 --------- ---------- --------- ------------------ 

 Total: 125 --------- 7 --------- 15 

All Species Totals: 366 27 7 5 69 

Table 3  Number of individuals observed or captured by each sampling method. 

 *Bold numbers indicate species documented by only a single method. 

 **Call survey numbers represent the number of unique calling occurrences for each species and 

 likely represent multiple individuals. 

 

Rare species 
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 No State or Federally listed Endangered, Threatened, or Special Concern species were 

found during this project.  However, several of the species found at the HRT are listed in the 

North Carolina Wildlife Resources Commission’s (NCWRC) Wildlife Action Plan (WAP) as 

priorities for conservation (NCWRC 2005).  The WAP lists Ambystoma maculatum and 

Ambystoma opacum as priorities because of concerns over population trends.  Clemmys guttata 

and Terrapene carolina are listed because of concerns over habitat loss and road mortality.  

Heterodon platirhinos, Lampropeltis calligaster, and Virginia valeriae are listed because of a 

general lack of knowledge concerning population status, distribution, and/or limiting factors 

affecting these species.  

Spatial Distribution 

 

 While this project was not meant to provide conclusive evidence of habitat associations, 

the spatial distribution of captures may give an initial indication of habitats that are being used.  

Because most of the captures were made by drift fence arrays, and because each array was in a 

very different habitat type, these results may be of particular interest.  Overall, the total number 

of captures and species richness for Arrays A, B, and C was 123(23), 272(26), and 71(15) 

respectively (Table 4).  All salamanders were captured at Array B and salamanders that were 

captured opportunistically were captured in the immediate vicinity.  Gastrophryne carolinensis 

was also captured much more frequently at Array B than either of the other sites.  Array A 

produced higher numbers of Rana clamitans, Coluber constrictor, Heterodon platirhinos, and 

Storeria dekayi than either of the other two arrays.  However, 10 of the Storeria dekayi records 

for Array A came from neonates that were birthed from one female inside a trap.  Array C 

produced higher numbers of Bufo americanus and Lampropeltis calligaster and lower numbers 

of Carphophis amoenus than either of the other two arrays.   
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Species Array A Array B Array C 

Ambystoma maculatum --- 1 --- 

Ambystoma opacum --- 33 --- 

Notophthalmus viridescens --- 3 --- 

Bufo americanus 12 12 26 

Bufo fowleri 7 9 8 

Acris crepitans --- 3 --- 

Hyla chrysoscelis --- 1 --- 

Hyla cinerea --- 2 1 

Pseudacris feriarum 1 2 1 

Gastrophryne carolinensis 9 44 8 

Rana clamitans 10 --- --- 

Rana palustris 1 --- --- 

Kinosternon subrubrum 2 4 --- 

Terrapene carolina 4 --- 1 

Anolis carolinensis --- 1 --- 

Sceloporus undulatus 3 --- 2 

Eumeces fasciatus 2 2 --- 

Eumeces inexpectatus 3 4 2 

Scincella lateralis 5 6 3 

Cnemidophorus sexlineatus 1 2 --- 

Carphophis amoenus 11 10 4 

Coluber constrictor 25 15 6 

Diadophis punctatus 1 3 --- 

Elaphe obsoleta 1 3 2 

Heterodon platirhinos 4 1 1 

Lampropeltis calligaster 2 2 5 

Lampropeltis getula 1 --- --- 

Opheodrys aestivus --- 1 --- 

Storeria dekayi 16 1 --- 

Thamnophis sirtalis 1 5 --- 

Virginia valeriae 1 --- 1 

Agkistrodon contortix --- 2 --- 

Total 123 272 71 

Table 4  Species caught by drift fence arrays. 
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Discussion 

 This project documented a diverse herpetofaunal community in the restoration area, with 

representation in all families.  However, only 43% (15 of 35) of the amphibians and 52% (23 of 

44) of the reptiles listed by NCGAP as possibly occurring in the area were found.  This may be 

partially explained by a lack of available habitat (e.g., significant permanent aquatic habitats) for 

many of the listed species and the relatively small area of the restoration project (McKerrow et 

al. 2006).  In a survey of southeastern U.S. National Parks, Tuberville et al. (2005) showed that 

reptile and amphibian species richness was positively correlated with land area.  The NCGAP 

error rate of commission (25.1%) for herptiles is also significantly higher than the error rate of 

omission (2.1%) (NCGAP 2007).  Many species listed as ―Predicted‖ or ―Possible‖ by NCGAP 

have ranges that overlap minimally with the HRT and do not appear to be common in the area 

(e.g., Ambystoma tigrinum, Plethodon cinereus, Bufo quercicus, Bufo terrestris, Acris gryllus, 

Heterodon simus, Nerodia fasciata, Regina septemvittata, Agkistrodon piscivorus, Pseudemys 

floridana, and Kinosternon baurii) (Palmer and Braswell 1995).  These species may not occur on 

the site or may occur in such low numbers that long term sampling will be required for detection 

(Gibbons et al. 1997). 

Adequacy of Sampling 

 

 The cumulative number of species found versus cumulative sampling days was graphed 

for the drift fence method to estimate the adequacy of the sampling effort for this method (Figure 

8) (Scott 1994).  The drift fence method was by far the most productive sampling method used 

and targeted most of the species at the site.  The last addition to the species list using this method 

was made on day 111 of 129.  The curve appears to approach the asymptote suggesting the 

inventory may have been nearing completion for this method during the sampling period.  When 
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considered with the species contributed by other methods, the drift fence accumulation curve 

gives some assurance that a reasonable inventory was completed. 

 However, the use of species accumulation curves for estimating species richness may 

present some difficulties (Soberón and Llorente 1993).  The difficulty in assessing the 

completeness of this inventory project arises from the short sampling period employed.  

Extrapolation beyond the species accumulation curve data set is a dangerous procedure (Ugland 

et al. 2003) that is compounded in this instance by the sampling period (<1 yr) and the activity 

patterns of reptiles and amphibians.  These animals are extremely seasonal and are generally 

much more active under optimum climatic conditions.  The bulk of the intensive survey work in 

this project was completed from the late spring through the early fall.  Many reptiles and 

amphibians are highly active throughout the spring and sampling during this period would likely 

reveal additional species.  
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Figure 8  Species accumulation curve for drift fence sampling. 
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Rainfall Effects 

 

 Precipitation, as reported by NOAA (2007) and measured on site, before and throughout 

the inventory was well below normal.  This likely impacted the results of the project as there 

were noticeable increases in activity, especially among amphibians, after rainfall.  From January 

through September 2007, only April, June, and July experienced average, or slightly above 

average, rainfall (NOAA 2007).  Overall, rainfall was about 7.6 inches below normal for the 

same period (NOAA 2007).  It is likely these conditions would have significantly impacted the 

activity of any terrestrial or semiaquatic salamanders.  The drought also may have caused 

Scaphiopus holbrookii to forego breeding, and therefore avoid detection, because this species 

only leaves its burrows to breed after heavy summer downpours. 

Breeding Activity 

 

 Over the course of this project, breeding activity was documented for several species.  At 

about 7:00am on 25 August 2007 a dead hatchling Terrapene carolina was found beside Trap 4 

of drift fence Array A.  The hatchling had been unable to free itself from the egg shell that was 

attached to its foot.  This hindrance may have lead to sun exposure and death the previous day.  

Further investigation revealed a nest by trap 4 out of which two more hatchlings emerged within 

a few minutes.  Photos were taken of the hatchlings and they were released into appropriate 

cover.  The nest was checked for more hatchlings or eggs but none were found.  Interestingly, the 

female responsible for the nest may also have been documented.  On 13 June 2007 at about 

6:15am a female Terrapene carolina was collected at the exact location of the nest.  At that time 

it was not likely that a nest would have been noticed due to the disturbance created by the newly 

installed drift fence array.  If the nest was laid on this day, then the gestation period for this nest 
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would have been 73 days.  The details of this nest appear to be similar to others described by 

Palmer and Braswell (1995). 

 On 16 July 2007 at 6:45am a female Storeria dekayi was found in Trap 9 of drift fence 

Array A along with 8 neonate Storeria dekayi.  The female was removed and placed in a bucket.  

While removing the neonates the female gave birth to two additional young while in the bucket.  

Photos were taken of the young and the snakes were released under a nearby log.  The date of 

birth for these snakes was earlier than all but one clutch listed by Palmer and Braswell (1995).  

That clutch was born on July 7 and was also in Wake County. 

 A number of other hatchlings were trapped during this study.  A Sceloporus undulatus 

hatchling was found in Trap 15 of Array A on 22 July 2007.  A Eumeces fasciatus hatchling was 

found in Trap 4 of Array A on 02 August 2007.  An Opheodrys aestivus hatchling was found in 

Trap 5 of Array B on 11 September 2007.  A hatchling Kinosternon subrubrum was found in 

Trap 11 of Array B on 21 September 2007.  A Scincella lateralis hatchling was found in Trap 3 

of Array C on 15 September 2007.  Coluber constrictor hatchlings were found in various traps 

on 5 August, 6 August, 8 August, 9 August, and 13 August 2007. 

 Additionally, movements of Ambystoma opacum towards a breeding pool near drift fence 

Array B were detected after heavy rains on 15 and 21 September 2007.  Fifteen and 17 

individuals, respectively, were captured at the array on these two days. 
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Conclusion 

 The longleaf pine restoration areas of the HRT currently support a large assemblage of 

reptiles and amphibians.  While no Threatened or Endangered species were identified on the 

property during the course of this study, their existence should not be ruled out because of the 

short term nature of this project.  Furthermore, as the restoration progresses the site may become 

suitable for reintroduction of several listed species, such as the four-toed salamander or the 

eastern tiger salamander.  It should also be emphasized that this study represents an initial 

snapshot of the herpetofauna present on the HRT.  Further studies should be encouraged in order 

to determine changes species richness and population trends.  This study has determined that 

significant herpetological resources exist at the HRT but additional work is needed to determine 

the extent to which this may be due to longleaf restoration efforts or how these efforts may affect 

species in the future.  
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Appendix 1 – NCGAP Species List 

 

Amphibia 
Taxon Common Name NCGAP 

Caudata   

    Ambystomatidae   

Ambystoma maculatum Spotted salamander Confirmed 

Ambystoma opacum Marbled salamander Predicted 

Ambystoma tigrinum Eastern tiger salamander Predicted 

    Amphiumidae   

Amphiuma means Two-toed amphiuma Predicted 

    Plethodontidae   

Desmognathus fuscus  Northern dusky salamander Predicted 

Eurycea quadridigitata Dwarf salamander Predicted 

Eurycea cirrigera Southern two-lined salamander Predicted 

Eurycea guttolineata Three-lined salamander Predicted 

Hemidactylium scutatum Four-toed salamander Confirmed 

Plethodon cinereus Eastern red-backed salamander Predicted 

Plethodon glutinosis Northern slimy salamander Confirmed 

Pseudotriton montanus Eastern mud salamander Predicted 

Pseudotriton ruber Northern red salamander Predicted 

    Proteidae   

Necturus punctatus Dwarf waterdog Predicted 

    Salamandridae   

Notophthalmus viridescens Red-spotted newt Confirmed 

    Sirenidae   

Siren lacertina Greater siren Predicted 

Anura   

    Bufonidae   

Bufo americanus Eastern American toad Confirmed 

Bufo quercicus Oak toad Predicted 

Bufo terrestris Southern toad Predicted 

Bufo fowleri Fowler’s toad Predicted 

    Hylidae   

Acris crepitans Eastern cricket frog Predicted 

Acris gryllus Coastal plain cricket frog Possible 

Hyla chrysoscelis Cope’s gray treefrog Predicted 

Hyla cinerea Green treefrog Predicted 

Hyla femoralis Pine woods treefrog Confirmed 

Hyla gratiosa Barking treefrog Predicted 

Hyla squirrela Squirrel treefrog Predicted 

Pseudacris feriarum Upland chorus frog Confirmed 

Pseudacris crucifer Northern spring peeper Predicted 
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Amphibia 
Taxon Common Name NCGAP 
    Microhylidae   

Gastrophrynce carolinensis Easter narrow-mouthed toad Confirmed 

    Pelobatidae   

Scaphiopus holbrookii Eastern spadefoot Predicted 

    Ranidae   

Rana catesbeiana American bullfrog Predicted 

Rana clamitans Green frog Confirmed 

Rana palustris Pickerel frog Confirmed 

Rana sphenocephala Southern leopard frog Predicted 

 

 

 

Reptilia 
Taxon Common Name NCGAP 

Squamata   

    Anguidae   

Ophisaurus attenuatus Eastern slender glass lizard Confirmed 

    Polychridae   

Anolis carolinensis Green anole Predicted 

    Phrynosomatidae   

Sceloporus undulatus Northern fence lizard Predicted 

    Scincidae   

Eumeces fasciatus Common five-lined skink Predicted 

Eumeces inexpectatus Southeastern five-lined skink Predicted 

Eumeces laticeps Broad-headed skink Predicted 

Scincella lateralis Little brown skink Predicted 

    Teiidae   

Cnemidophorous sexlineatus Six-lined racerunner Predicted 

    Colubridae   

Carphophis amoenus Eastern wormsnake Predicted 

Cemophora coccinea Northern scarletsnake Predicted 

Coluber constrictor Northern black racer Confirmed 

Diadophis punctatus Ring-necked snake Predicted 

Elaphe guttata Corn snake Possible 

Elaphe obsoleta Black ratsnake Predicted 

Farancia abacura Eastern mudsnake Predicted 

Heterodon platirhinos Eastern hog-nosed snake Predicted 

Heterodon simus Southern hog-nosed snake Possible 

Lampropeltis calligaster Mole kingsnake Predicted 

Lampropeltis getula Eastern kingsnake Predicted 

Lampropeltis triangulum Scarlet kingsnake Possible 

Nerodia erythrogaster Red-bellied watersnake Predicted 

Nerodia fasciata Banded watersnake Possible 
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Reptilia 
Taxon Common Name NCGAP 
Nerodia sipedon Common watersnake Predicted 

Opheodrys aestivus Northern rough greensnake Predicted 

Regina septemvittata Queen snake Possible 

Storeria dekayi Dekay’s brownsnake Predicted 

Storeria occipitomaculata Northern red-bellied snake Confirmed 

Tantilla coronata Southeastern crowned nake Possible 

Thamnophis sauritus Common ribbonsnake Predicted 

Thamnophis sirtalis Eastern gartersnake Predicted 

Virginia striatula Rough earthsnake Predicted 

Virginia valeriae Eastern smooth earthsnake Predicted 

    Viperidae   

Agkistrodon contortix Copperhead Predicted 

Agkistrodon piscivorus Eastern cottonmouth Possible 

Testudines   

    Chelydridae   

Chelydra serpentina Eastern snapping turtle Predicted 

    Emydidae   

Chrysemys picta Eastern painted turtle Predicted 

Clemmys guttata Spotted turtle Predicted 

Pseudemys concinna Eastern river cooter Possible 

Pseudemys floridana Coastal plain cooter Predicted 

Terrapene carolina Eastern box turtle Confirmed 

Trachemys scripta Red-eared slider Predicted 

    Kinosternidae   

Kinosternon baurii Striped mud turtle Possible 

Kinosternon subrubrum Eastern mud turtle Confirmed 

Sternotherus odoratus Stinkpot Predicted 
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Appendix 2 – Vegetation Plot Data 
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Vegetation Data 

 

Plot #:  156 

UTM coordinates (NAD27):  689490, 3947820 

 

Overstory: 
There are several mature Pinus palustris in the area.  Very sparse. 

 

Understory/Shrubs (1-5m): 

Pinus taeda 

Baccharis halimifolia 

Rubus sp. 

Pinus palustris 

Acer rubrum 

Carya glabra 

Quercus alba 

Carya tomentosa 

Diospyros virginiana 

Quercus falcata 

Liquidambar styraciflua 

Cornus florida 

Oxydendron arboreum 

Vaccinium pallidum 

Phytolacca americana 

 

Herbs/Vines: 

Solidago microcephala 

Lespedeza cuneata 

Solidago odora 

Vitis rotundifolia 

Andropogon sp. 

Solidago rugosa 

Eupatorium capillifolium 
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Vegetation Data 

 

Plot #:  112 

UTM coordinates (NAD27):  689460, 3947730 

 

Overstory:   

Few mature trees in the area. Several Pinus palustris ~50m away. 

 

Understory/Shrubs (1-5m): 
Pinus palustris 

Pinus taeda 

Baccharis halimifolia 

Rubus sp. 

Acer rubrum 

Liquidambar styraciflua 

Diospyros virginiana 

Quercus falcata 

Quercus velutina 

Lyonia ligustrina 

 

Herbs/Vines: 

Juncus sp. 

Scirpus sp. 

Solidago microcephala 

Vitis rontundifolia 
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Vegetation Data 

 
Plot:  114 

UTM coordinates (NAD27):  689670, 3947490 

 

Overstory: 

Scattered mature Pinus palustris.  Many Pinus taeda (7-10m tall). 

 

Understory/Shrubs (1-5m): 

Rubus sp. 

Baccharis halimifolia 

Pinus taeda 

Acer rubrum 

Rhus copallina 

Quercus falcata 

Liriodendron tulipifera 

Quercus velutina 

Carya tomentosa 

Liquidambar styraciflua 

Oxydendron arboreum 

Pinus palustris 

Diospyros virginiana 

Ilex opaca 

Juniperus virginiana  

Vaccinium pallidum 

 

Herbs/Vines: 

Eupatorium capillifolium 

Solidago microcephala 

Lespedeza procumbens 

Phytolacca americana 

Solidago rugosa 

Scirpus sp. 

Andropogon sp. 

Vitis rotundifolia 
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Vegetation Data 

 

Plot #: 115 

UTM coordinates (NAD27):  689820, 3947580 

 

Overstory: 

Dense coverage of Pinus taeda (6-8m tall). 

 

Understory/Shrubs (1-5m): 

Rubus sp. (Extremely dense ~75-95% coverage) 

Baccharis halimifolia 

Acer rubrum 

Liquidambar styraciflua 

Pinus palustris (grass stage) 

Quercus falcata 

Prunus serotina 

 

Herbs/Vines: 

Andropogon sp. 

Gnaphalium obtusifolium 

Vitis rotundifolia 

Solidago rugosa 

Desmodium sp. 

Solidago odora 

Phytolacca americana 

Eupatorium capillifolium 
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Vegetation Data 

 

Plot #:  111 

UTM coordinates (NAD27):  689520, 3948060 

 

Overstory: 

Several mature Pinus palustris (~20-23m tall). 

 

Understory/shrubs (1-5m): 

Pinus palustris 

Baccharis halimifolia 

Pinus taeda 

Quercus falcata 

Quercus phellos 

Acer rubrum 

Diospyros virginiana 

Oxydendron arboreum 

Liquidambar styraciflua 

Carya tomentosa 

Quercus rubra 

Rubus sp. 

Cornus florida 

Rhus copallina 

 

Herbs/vines: 

Solidago microcephala 

Vitis rotundifolia 

Smilax glauca 

Panicum sp. 

Andropogon sp. 

Gnaphalium obtusifolium 

Rhexia mariana 
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Vegetation Data 

 

Plot #:  108 

UTM coordinates (NAD27):  689280, 3948150 

 

Overstory: 

Scattered mature Pinus palustris (~22-24 m tall) 

 

Understory/Shrubs (1-5m): 

Baccharis halimifolia 

Pinus taeda 

Pinus palustris 

Liquidambar styraciflua 

Liriodendron tulipifera 

Acer rubrum 

Carya glabra 

Carya tomentosa 

Diospyros virginiana 

Nyssa sylvatica 

Quercus alba 

Quercus falcata 

Quercus marilandica 

Quercus bicolor 

Salix nigra 

Lyonia ligustrina 

Rhus copallina 

Vaccinium corymbosum 

Oxydendron arboreum 

 

Herbs/vines: 

Vitis rotundifolia 

Juncus effusus 

Panicum sp. 

Scirpus sp. 

Rubus sp. 

Toxicodendron radicans 

Solidago odora 

Solidago rugosa 

Smilax glauca 

Hypericum hypercoides 

Gaylussacia frondosa 

Typha latifolia 

Lobelia glandulosa 
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Vegetation Data 

 

Plot #:  105 

UTM coordinates (NAD27):  689370, 3948450 

 

Overstory: 

A few scattered Pinus taeda ~6m tall. 

 

Understory/shrubs: 

Baccharis halimifolia 

Pinus taeda 

Pinus palustris 

Rhus copallina 

Rubus sp. 

Liquidambar styraciflua 

Acer rubrum 

Ulmus alata 

Liriodendron tulipifera 

Quercus falcata 

Quercus phellos 

Prunus serotina 

Diospyros virginiana 

 

Herbs/vines: 

Smilax glauca 

Juncus effusus 

Scirpus sp. 

Gaylussacia frondosa 

Toxicodendron radicans 

Vitis rotundifolia 

Hypericum hypercoides 

Lobelia glandulosa 

Desmodium laevigatum 

Arundinaria gigantea 

Panicum sp. 

Lespedeza cuneata 

Oxalis sp. 

Solidago microcephala 

Gnaphalium obtusifolium 

Andropogon sp. 

Solidago odora 
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Vegetation Data 

 

Plot #:  158 

UTM coordinates (NAD27):  689730, 3948030 

 

Overstory: 

A few mature Pinus palustris (22-24m tall). 

 

Understory/shrubs (1-5m): 

Pinus taeda 

Rubus sp. 

Liquidambar styraciflua 

Baccharis halimifolia 

Acer rubrum 

Pinus palustris (grass stage) 

Quercus falcata 

Carya cordiformis 

Carya tomentosa 

Quercus alba 

 

Herbs/vines: 

Solidago microcephala 

Vitis rotundifolia 

Andropogon sp. 

Smilax glauca 

Eupatorium capillifolium 

Gnaphalium obtusifolium 

Solidago rugosa 

Panicum sp. 
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Vegetation Data 

 

Plot #:  116 

UTM coordinates (NAD27):  689970, 3947460 

 

Overstory: 

A couple of mature Pinus palustris (~25m tall) and extremely dense Pinus taeda (~6-7m tall). 

 

Understory/shrubs: 

Rubus sp. (Extremely dense) 

Acer rubrum 

Oxydendron arboreum 

Baccharis halimifolia 

Quercus falcata 

Liquidambar styraciflua 

Liriodendron tulipifera 

Pinus palustris (grass stage) 

Prunus serotina 

Cornus florida 

 

Herbs/vines: 

Vitis rotundifolia 

Solidago rugosa 

Solidago microcephala 

Toxicodendron radicans 

Parthenocissus quiquefolia 

Panicum sp. 

Lespedeza sp. 

Desmodium sp. 

 


