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 I conducted surveys of amphibian, reptile, and small mammal communities surrounding 4 

isolated, upland and 6 stream-connected temporary wetlands on Tombigbee National Forest and 

Noxubee National Wildlife Refuge in north Mississippi from May 2001 - March 2006. Trap 

captures yielded 17 amphibian species (n = 11,142), 21 reptile species (n = 541), and 10 small 

mammal species (n = 472). Upland pools supported greater diversity of Ambystomatid 

salamanders, anurans, lizards, and mice (Peromyscus spp.), than floodplain pools. Factors 

including landscape position of pools, proximity to alternate water sources, and barriers to 

dispersal potentially influenced faunal communities of temporary wetlands. 

 Infrared-triggered cameras were used to monitor mammalian activity surrounding 

ephemeral wetlands to determine potential depredation of pitfall traps. Raccoons (Procyon lotor) 

accounted for most images (35% total images). I assessed relative effectiveness of sampling 

techniques to capture and retain herpetiles in presence of depredation. I tested pitfall trap, funnel 

trap, and pitfall trap combined with exclusion cover along drift-fence arrays. Overall, pitfall traps 

of both designs produced more captures than funnels, and excluded-pitfalls yielded greater 

captures than un-excluded pitfalls for most amphibians. Overall mortality rates were <2% of total 

captures with anurans accounting for most (63.30%) mortality. I submit that in long-term studies, 



 

 

pitfall traps with exclusion are prudent to limit sampling bias and mortality occurring with 

depredation of captured herpetofauna. 

 During trapping, pit-traps of both designs yielded incidental captures of small mammals. 

Capture rates for small mammals were similar in un-excluded pitfall traps and excluded pitfall 

traps. Southern short-tailed shrews (Blarina carolinensis) and mice accounted for 93% of total 

captures and suffered 76% and 52% mortality, respectively, potentially due to exposure, 

starvation, flooding, and/or depredation. Additionally, one species listed as rare in Mississippi 

was captured during herpetofaunal surveys, oldfield mouse (Peromyscus polionotus). Due to 

potential impact of pitfall trapping on small mammals, I recommend that researchers either alter 

trapping methods to address non-target hazards (frequency of checking traps, providing shelter) 

or work cooperatively using an integrated survey approach for herpetiles and small mammals to 

limit trap mortality.  
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CHAPTER I 

INTRODUCTION 
 
 
 

 Wetlands are of international conservation importance as they provide critical habitat for 

aquatic and semi-aquatic plant and animal species. Many species of terrestrial fauna use them 

opportunistically for foraging and drinking water. In addition to the biodiversity they support, 

wetland functions such as aquifer replenishment, storm surge protection, filtration of 

contaminants, and fish and wildlife recreation solidify their value as an essential landscape 

component (Mitsch and Gosselink 2000). Anthropogenic changes to the landscape have resulted 

in extensive losses and degradation of wetlands. It is estimated that >60 % of wetlands and >80 % 

of bottomland hardwood ecosystems have been lost in the United States during the past 200 years 

(USEPA 2003). Given these losses and degradation of existing habitat, conservation and 

restoration of wetlands have gained considerable interest due to their influence on biotic 

communities.  

 Wetland conservation and restoration has become important on a national and regional 

level due to wetland habitat value to migratory waterfowl, shorebirds, waterbirds and neotropical 

migrant passerines (Muller-Schwarze and Sun 2003). In recent decades, wetland ecosystems have 

been studied increasingly due to their role in the life cycles of many reptiles and amphibians. 

However, because wildlife conservation and management has traditionally focused on game 

species and their associated habitats, little attention has been given to nongame species, such as 

herpetofauna and small terrestrial mammals (Bury 1988; Gibbons 1988; deMaynadier and Hunter 

1995). Because wetlands are critically important in the life cycle of most amphibians and many 
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reptiles, increased information is needed on wetland habitat conditions that support indigenous  

herpetofauna (Wellborn et al. 1996; Alford 1999; Skelly 2001; Skelly and Kiesecker 2001).  

 The Southeastern region of the United States supports the greatest diversity of 

herpetofauna in North America, particularly within the Atlantic and Gulf Coastal Plains (Gibbons 

and Buhlmann 2001). Reptiles and amphibians play a significant role in the structuring of 

vertebrate communities through trophic interactions, and amphibians, in particular, serve as 

principle indicator species to monitor integrity of freshwater ecosystems (Wyman 1998; Russell 

et al. 2002). In the absence of fish, amphibians may represent top predators in freshwater systems, 

consuming invertebrates, other vertebrates, and aquatic vegetation. They also serve as important 

prey sources (Reaser 2000). Most are found within forested ecosystems and directly depend on 

forests for either all or part of their life cycles (Gibbons and Buhlmann 2001). Many salamanders 

and all anurans in the Southeast depend upon wetlands for reproduction. However, many aspects 

concerning reptile and amphibian ecology are still lacking such as key environmental elements 

that may affect their abundance and distribution (Wellborn et al. 1996; Skelly 1997, 2001; Alford 

1999; Skelly and Kiesecker 2001). 

 Concern over the global decline of reptiles and amphibians has led to proactive 

conservation measures regarding habitat protection and restoration. In the Southeastern Coastal 

Plain, isolated, seasonal wetlands are an integral habitat component for many aquatic and semi-

aquatic herpetofauna species, particularly pool-breeding amphibians.  These temporary wetlands 

are depressional in nature and maintain no permanent surface-water connection with lotic 

systems. Hydrologic filling of pools is from precipitation, surface runoff, groundwater, or 

overbank flooding from nearby waterbodies. During normal rainfall years in the Southeast, 

ephemeral pools contain water during winter (November-February) and spring (March-May) 

(Jones and Taylor 2005). Summer through early fall is generally characterized by a dry period 

due to lesser seasonal rainfall and water recharge from lotic systems (Jones and Taylor 2005). 
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During a single season, pools may fill and dry several times, and in years of drought, pools may 

remain dry (USEPA 2003). However, sediments may remain saturated at or near the surface when 

pools have dried. Though isolated wetlands can be found at high densities in managed forests, 

their tendency to remain dry for periods of time coupled with their small size, often make these 

pools inconspicuous and not included on topographic maps or included in management decisions 

(Kirkman et al.1999; Wigley 1999; Semlitsch 2005).   

Protection of isolated temporary wetlands has been proposed to address breeding habitat 

requirements for most amphibians (Gibbons 2003). These temporary wetlands support widely 

distributed species as well as unique species assemblages not found within permanent wetlands. 

Unique and rare species that depend on temporary wetlands include endemic or endangered 

species such as the Mississippi gopher frog, Rana sevosa (Wellborn et al. 1996; Snodgrass et al. 

2000). These wetlands provide important sites for amphibian reproduction and recruitment, 

because they generally lack an abundance of predaceous fish (Semlitsch and Bodie 1998). While 

the wetlands proper play an essential role in the reproductive success of many species, most 

amphibians spend their adult life along wetland ecotones or in surrounding terrestrial habitat. 

Many anuran species occupy underground burrows or “forms” during most of their adulthood, 

surfacing occasionally to feed and migrate to ponds for breeding (Jones and Taylor 2005). 

Ambystomatid salamanders are known to spend most of adulthood in terrestrial habitat, returning 

to the pools for breeding. In addition to pond-breeding amphibians, other groups such as  

terrestrial woodland salamanders (Plethodon spp.), utilize leaf litter, downed woody debris, and 

decaying logs for foraging, laying eggs, and development (Petranka 1998). Numerous reptile 

species also use wetlands and associated ecotones. Aquatic turtles, such as mud turtles 

(Kinosternon spp.), require well-drained terrestrial habitat for nesting and egg-laying (Jones and 

Taylor 2005). Burke et al. (1993) found that female mud turtles (Kinosternon subrubrum) 

remained dormant on land several meters from wetland edge for days or weeks prior to egg-
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laying. Water snakes (Nerodia spp.) inhabit aquatic habitat but require terrestrial habitat for 

nesting and overwintering. Woody debris, stumps, and leaf litter provide foraging sites for snakes 

and lizards whereas downed wood provides basking sites for many species including northern 

fence lizard (Sceloporus undulatus), green anole (Anolis carolinensis), and eastern cottonmouth 

(Agkistrodon piscivorus) (Jones and Taylor 2005).  

 Creation of small artificial wetlands has been proposed to address population declines in 

pool-breeding amphibians due to alteration of suitable breeding habitat and disruption of 

connectivity between habitat patches (Semlitsch 2005; Bailey et al. 2006). Studies have suggested 

that number of created palustrine wetlands may be increasing due to construction practices such 

as pond development for livestock, fish and wildlife, and public works projects. Wetland 

construction and restoration has been used for mitigation to compensate for the degradation or 

loss of original wetlands (Porej and Hetherington 2005). However, the role that constructed 

wetlands play in supporting amphibian communities is largely unknown.  

 Although some studies have recommended wetland construction to supplement existing 

wetlands, information about the colonization of constructed wetlands by herpetofauna is limited 

and existing studies have yielded conflicting results about the role of these wetlands for 

supporting pool-breeding amphibians. For example, Porej and Hetherington (2005) found that 

created ponds resembling traditional farm ponds containing fish supported only a limited number 

of amphibian species. In contrast, Quinn et al. (2001) found that species richness of amphibians 

was similar in artificial and natural ponds. Current information suggests that landscape position, 

pool hydroperiod, and occurrence of predaceous fish within constructed wetlands may influence 

amphibian richness, survival, and recruitment over time (Semlitsch 2005). Other factors that may 

influence the suitability of constructed wetlands for amphibians include water basin morphology, 

water source, surrounding landscape matrix, connectivity to lotic and riparian ecosystems, and 
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occurrence of non-native species (Jones and Taylor 2005). Increased information is needed to 

assess the value of constructed wetlands for conservation of herpetofauna.  

 Much of the research of temporary wetlands has concentrated on pool-breeding 

amphibians but comparatively little is known about the extent to which other faunal groups use 

these habitat types. Few comprehensive studies have been conducted to quantify use of ephemeral 

wetlands by small terrestrial mammals and no mammals have been found to be indicative of these 

habitats (Colburn 2004). Small terrestrial mammals including insectivores (shrews and moles) 

and rodents (chipmunks, mice, rats, and voles) are a fundamental component of forest ecosystems 

in the Southeast but limited information exists on their role in wetland ecosystems within a 

forested matrix. Small mammals play an important role in trophic dynamics by the consumption 

of primary productivity and forest-floor invertebrates, dispersion of plant seed, and serving as 

prey for numerous avian and mammalian predators (Dickson 2001; Schmidt et al. 2002). 

Additionally, some fossorial species, such as eastern moles (Scalopus aquaticus) aid in aeration 

of soil and dispersal of fungal spores by extensive tunneling (Dickson 2001).   

Given the limited information available on faunal communities of ephemeral wetlands, 

forest managers are faced with the difficult task of protecting wildlife habitat and maintaining 

biodiversity while managing for the production of forest products (Hunter 1990; Sharitz et al. 

1992; Moore and Allen 1999). To make informed decisions investigators must rely on appropriate 

study design and census methods to limit potential survey bias and make sound management 

recommendations. To gain reliable information on species richness and distribution of 

herpetofauna, multiple sampling methods are recommended (Fogarty and Jones 2003). Various 

techniques are used to survey populations or reptiles and amphibians including anuran call 

counts, refugia pipes in trees, pitfall traps of various designs, time or area constrained searches, 

artificial cover boards, and funnel traps (Heyer et al. 1994). Funnel traps were more effective than 

pitfall traps at capturing salamanders, including both semiaquatic and terrestrial species at Big 
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Shoals and Joe Budd Wildlife Management Areas, Florida (Enge 2001). Hylid frogs (Hyla, Acris, 

and Pseudacris) always were captured more frequently in funnel traps than in pitfall traps (Enge 

2001). Also, greater numbers of snakes were captured in funnel traps than in pitfall traps (Enge 

2001). Ryan et al. (2002) supports the contention that pitfall traps are the best method for short-

term monitoring, and that these traps may reveal the presence of poorly represented species and 

capture a significantly larger sample size of more abundant species (Ryan et al. 2002). In addition 

to herpetofauna, pitfall traps also are a common and effective technique used to capture small 

terrestrial mammals (McComb et al. 1991; Kalko and Handley 1992). However, protocol differs 

for capturing herpetofauna and small mammals using pitfall traps and potential hazards exist for 

increased trap mortality of target and non-target species with less selective trapping methods, 

such as pitfalls. Increased trap mortality must be recognized as a serious concern because of the 

possible detrimental impact it can have on populations, especially when surveying rare species. 

Year-round sampling for herpetofauna increases the likelihood of incidental capture of small 

mammals and intensive sampling may result in increased trap mortality of less resilient species 

and populations of rare or sensitive mammalian species.  

Another potential cause of bias is increased trap mortality caused by meso-mammal 

depredation, though few published studies have addressed this issue. Fogarty and Jones (2003) 

reported frequent raccoon presence at pitfall traps on public forest lands in Mississippi. They also 

found a disparity in richness and abundance of herpetofauna in the same sampling sites using area 

searches and pitfall traps. They attributed those differences to detectability differences between 

the two sampling methods and depredation of captured herpetofauna by raccoons. Vasconcelos 

and Calhoun (2006) also found evidence of depredation of adult wood frogs by raccoons, red fox 

(Vulpes vulpes), garter snake (Thamnophis sirtalis), and birds using pitfall traps along drift-fence 

arrays. Depredation of taxa caught in pitfalls and funnels can lead to increased mortality of target 

and non-target species. Two locally rare amphibian species, the southern red salamander 
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(Pseudotriton ruber vioscai) and Webster’s salamander (Plethodon websteri), which are normally 

found along streams, can potentially occur at ephemeral pools (Edwards 2007). By comparing the 

frequency of visitation by meso-mammals and documenting any occurrence of depredation, one 

could determine the degree of trapping mortality in sensitive and rare species, and also, the 

potential for data loss and bias associated with depredation.  

 Increased knowledge of pool-dependent fauna and conservation of temporary wetlands 

and adjacent terrestrial habitats can create proactive management that addresses population 

declines in species that inhabit seasonal wetlands. This knowledge is especially important due to 

the current status of small temporary wetlands following the U.S. Supreme Court’s SWANCC 

decision in 2001. Under traditional guidelines of the Clean Water Act, the United States Army 

Corp of Engineers (USACE) has used size as the primary criteria to establish jurisdiction over 

wetlands, implementing regulatory and protection measures for wetlands larger than 0.13 ha. 

However, USACE has generally allowed development of wetlands < 4.0 ha in size under a 

blanket permit (Snodgrass et al. 2000).  Following SWANCC, temporary wetlands defined as 

intrastate, isolated waters not connected to navigable waterways and tributaries or waters used for 

commerce were deemed non-jurisdictional wetlands and not afforded protection by Section 404 

of the Clean Water Act (U.S. DOE 2003). Due to this designation, temporary wetlands of < 2 ha 

that were isolated from floodplains were vulnerable to degradation or loss.   

 This study was designed to provide baseline information on the long-term use of natural 

and constructed temporary wetlands by nongame species on public forested lands in north 

Mississippi. The primary objective when establishing survey protocol was to quantify reptile and 

amphibian communities and assess faunal-habitat relationships of ephemeral wetlands >40 years 

of age. Wetlands of this study included isolated, upland ephemeral pools constructed as water 

sources for livestock and wildlife and naturally-occurring temporary floodplain pools filled 

through lotic overflow from proximal creeks and streams. I hypothesized that information gained 
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on herpetofaunal occurrence and abundance and associated influential habitat variables would 

provide insight into the design and construction of mitigation ponds for conservation of faunal 

communities that depend on temporary forested wetlands. As a secondary objective, information 

gathered on incidental vertebrate captures during herpetofaunal surveys was used to quantify 

small terrestrial mammal communities and habitat associations within temporary wetland 

habitats. Furthermore, the latter half of the study also sought to compare three sampling 

techniques: pitfall trap, “predator guarded” pitfall, and funnel traps, in terms of trap success and 

mortality of captured herpetiles and small mammals. This information could be useful to future 

researchers in conducting faunal research by suggesting a best trapping method for selected 

species, including species with low detectability and sensitive species. 

This study addressed the following objectives: 

1) Compare occurrence, species richness, and relative abundance of herpetile species 

surrounding ephemeral wetlands on Tombigbee National Forest and Noxubee National 

Wildlife Refuge over a five-year period. 

2) Compare habitat conditions (vegetation, weather, hydrologic, and edaphic characteristics) 

of upland and floodplain temporary pools over a five-year period. 

3) Using habitat data, develop predictive models for richness and abundance of amphibians, 

reptiles, and small mammals surrounding ephemeral wetlands. 

4) Develop predictive models to determine occurrence and or abundance of selected species 

of herpetofauna as related to measured habitat variables in floodplain and upland pools,  

5) Estimate capture and mortality rates for reptiles and amphibians associated with three 

sampling methods in the presence of mammalian depredation: pitfall trap, funnel trap, 

and “predator-guarded” pitfall trap. 
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6) Estimate incidental capture and mortality rates of small mammals associated with 

different herpetofauna trapping methods: pitfall traps, funnel traps, and predator guarded 

pitfall traps. 

7) Ascertain frequency of visitation to pitfall traps and funnels by meso-mammals, such as 

raccoons (Procyon lotor).  

8) Develop guidelines to improve effectiveness of long term studies of herpetofaunal 

communities of temporary wetlands in southeastern public forests with emphasis on 

timing and periodicity of sampling, improved sampling methodologies to reduce trap 

mortality of targeted and incidentally captured fauna, and identification of influential 

habitat and climatic factors in these biocommunities.  

9) Summarize study results to aide federal resource managers in land use planning that 

integrates timber management with wetland protection and herpetofauna conservation.  
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CHAPTER II 
 

STUDY AREA AND FIELD METHODS 

 
STUDY AREA 

 The study included 10 ephemeral pool sites located on Tombigbee National Forest, 

Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north Mississippi (33°12’N, 88°54’W), Township 16N, 14 E. Upland pools 

were impounded or constructed as water sources for livestock and wildlife during the mid-1950’s 

and were hydrologically isolated from streams, rivers, or other perennial waterbodies. Upland 

pools varied in size with surface areas ranging from 243 m2 to 2,291 m2 and total volumes from 

146 m3 to 1,293 m3 (Asmus 2003). Upland pools were located within mixed pine-hardwood forest 

(>65 years of age) dominated by loblolly pine (Pinus taeda L.), persimmon (Diospyros virginiana 

L.), oaks (Quercus spp.), sweetgum (Liquidambar styraciflua L.), and tupelo gums (Nyssa spp.; 

Asmus 2003). Six floodplain pools were selected, 5 of which were on Tombigbee National 

Forest, Ackerman Unit, in the Mill Creek floodplain (33°11’N, 88°58’W), Township 16N, Range 

13E and one located in the Yellow Creek floodplain, Township 16N, Range 14E within Noxubee 

National Wildlife Refuge in Winston County, MS. Floodplain pools were shallow oxbows and 

sloughs formed through floodwater scouring from adjacent creeks and streams. Surface areas of 

floodplain pools ranged from 590 m2  to 1,715 m2 and total volumes from 159 m3 to 570 m3 

(Asmus 2003). Floodplain pools were located within bottomland hardwood forest (>65 years of 

age) dominated by oaks, hickories (Carya spp.), tupelos, sweetgum, yellow poplar (Liriodendron 
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tulipifera L.), and green ash (Fraxinus pennsylvanica Marshall). All pools became dry during 

summer to early fall at 1 to 3 year intervals (Asmus 2003). 

 

FIELD METHODS 
 
 

Faunal Trapping 
 
 Sampling methods included use of pitfall traps from May 2001 - April 2003 and three 

trap designs from March 2004 - March 2006: pitfall traps, double-ended funnel traps, and pitfall 

traps combined with a wire anti-predator exclusion cover along straight-line silt drift-fence arrays 

(Figure 2.1). Ten 22 L buckets were used as standard pitfall traps on ephemeral pools sites for 

sampling from 2001 - 2003. Pitfall traps were installed by burying a 22 L bucket until the top 

openings’ were even with ground surface. Buckets were installed 10 m apart in a line conforming 

to the perimeter of the pool. Silt fencing was installed between the buckets and the bottom portion 

of the fence was partially buried to direct travel of amphibians into the pitfall traps (Heyer et al. 

1994). Fences were installed typically within one meter of the pool’s high water mark (Asmus 

2003). For sampling from 2004 - 2006, five traps of each of the three designs were placed along 

the same silt drift fence arrays. Using random selection, 50% of the pitfall traps received no 

exclusion cover and 50% for placement of an exclusion cover attached over the bucket’s top. 

Pitfall trap exclusions were constructed using welded utility wire (Range Master 14 Gauge) to 

form a cover measuring 30 cm x 30 cm x 10 cm over the top of traps. Two holes were drilled into 

the bucket, approximately 2.5 cm from the top on opposite sides of the bucket for attachment of 

the exclusions. One side of the guard was attached permanently by securing it with a non-

removable cable tie. The other side was attached by using a reversible cable tie to allow easy 

access in checking traps and removal of organisms. Due to periodic flooding, all pitfall traps had 

a rafting object (a small piece of 5.08 cm x 10.16 cm wood) to allow for the floatation of 
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organisms caught in the traps. Open un-excluded pitfall traps were shaded by propping up the 

bucket lid with a piece of wood. Excluded traps were shaded by placing the bucket lid on top of 

the predator guard while leaving the sides open and accessible for traveling organisms. Funnel 

traps were randomly placed along the drift fence at each site between pitfall traps and secured in 

place against the fence with a wooden stake and shaded coverboard. Funnel traps were 

constructed of mesh insect netting with a body length of 60.96 cm and diameter of 20.32 cm 

(Heyer et al. 1994; Enge 1997). During non-survey periods, lids were placed on the buckets to 

prevent capture of animals and funnel ends were closed. All traps were opened simultaneously for 

1-10 consecutive days approximately every 30 days, from May 2001 - April 2003 and from 

March 2004 - March 2006, without regard to events or other weather related events. Traps were 

checked once daily, and all captured animals were counted, identified to genus (species when 

feasible), and incidence of mortality was recorded.  

 
 
Vegetation Structure and Composition  
 
 Habitat characteristics were measured at each site to determine vegetation structure and 

composition. This information was used to determine relationships between habitat features and 

amphibian communities. Systematically placed, nested sampling plots were established to 

measure plant community characteristics (Asmus 2003). Four baseline starting points were 

determined at each site by first estimating the center of the pool and aligning this point with the 4-

cardinal directions of a compass. From these starting points, vegetation was measured using a 30- 

m transect in summer 2002 and a 20-m transect in summer 2005 (Figure 2.2). Starting at zero, the 

center location of the nested plots was established 5 meters from (perpendicular) the baseline 

every 10 meters out to the end of the transect (20 or 30 meters depending on sampling year). A 

circular 1- m2  hoop made of plastic piping was placed over each sampling point to measure 
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understory cover. Ten- m2 and 100- m2 square plots were centered over the measuring hoop to 

measure midstory and overstory, respectively. Understory (<1m tall) species composition and 

percent coverage were recorded within each 1- m2 hoop. Forest floor litter depth (cm) was 

measured using a metric ruler at the center of each 1- m2 plot. Midstory (>1m and <6m tall) 

species composition and heights were recorded in the 10- m2 plots. Overstory (>6m tall) species 

composition and diameter at breast height (dbh) were recorded within each 100- m2 plot (Hays et 

al.1981). Within 100- m2 plots, snags and downed logs were identified by log type (pine or 

hardwood) and their diameter and decay category recorded using techniques described by Hunter 

(1990). Vegetation identification was accomplished using Miller and Miller (1999). Visual 

obscurity was measured using a Nudd’s density board. Four visual obscurity classes (0-0.5 m, 

0.5-1.0 m, 1.0-1.5 m, and 1.5-2.0 m high) were measured at 30 m from a randomly chosen 

bearing in summer 2002. Six visual obscurity classes (0-0.3 m, 0.3-0.6 m, 0.6-0.9 m, 0.9-1.2 m, 

1.2-1.5 m, and 1.5-1.8 m high) were measured 20 m from two randomly chosen bearings in 

summer 2005. Canopy closure was measured with a spherical densiometer at 4 systematically 

located points on the edge of each 100- m2 plot and converted to percent coverage in summer 

2002 (Hays et al 1981). In summer 2005, canopy closure was measured with a densitometer along 

the transect line at 0 m, 10 m, and 20 m and at points perpendicular to these measurements on the 

outer edge of the 100- m2 plot in each of four directions in summer 2005 (Hays et al.1981).  

 

Pond Morphology and Water Quality  

 Pool volumes and surface area were calculated at each site. A surveying baseline was 

created over each pool’s long axis. Transects were then established using surveyors’ twine 

perpendicular to the baseline where significant changes in basin morphology were evident. 

Vegetation and stained detritus that had been submerged were used to delineate wetland edges. 
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The line was then leveled using a line level to simulate the water’s surface at the pool’s maximum 

stage height. The depth of bottom contours were measured in centimeters at 1 m intervals along 

each transect and the distance between transects in meters. Pool volumes were calculated using 

geometric formulas for a trapezoid, rectangle, and triangle (Asmus 2003). 

 From 2004 - 2006, data on water pH, water temperature (°C), and clarity (clear or 

stained) were recorded daily at each site during sampling periods (Heyer et al. 1994). Pool depth 

(cm) was measured by placing a centimeter-graduated PVC pipe over a length of rebar driven 

into each ephemeral pool at its deepest point. Depth was recorded monthly during larval 

amphibian sampling periods (Asmus unpublished data; Edwards 2007). 

 
 
Edaphic Conditions  

 From 2004- 2006, data on soil temperature (°C), soil moisture, and pH were recorded 

daily at each site during pitfall-funnel sampling periods according to methods described by Heyer 

et al. (1994). 

 

Weather  
 
 Weather data including maximum and minimum daily and monthly air temperatures (ºC), 

daily rainfall, monthly rainfall, annual rainfall (cm) and relative humidity (%) were obtained from 

the Mississippi state climatologist for the National Oceanic and Atmospheric Administration 

(NOAA) weather stations in Louisville, MS and Columbus Air Force Base, Columbus, MS for 

the survey period. This information was used to compare weather metrics and relative abundance 

of selected species across sampling seasons and study years to ascertain the effects of weather 

conditions on biocommunities associated with ephemeral pools, including faunal capture rates 

and pool habitat conditions. 
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Camera Surveys 

Camouflaged DeerCam ® DC-100 (Non-Typical, Inc.) infrared-triggered scouting 

cameras with an Olympus Infinity XB 35 mm camera were used to record meso-mammal activity 

of 10 temporary wetlands used by pool-breeding amphibians. Twenty DeerCam ® DC-100 

cameras were installed on 10 ephemeral pool sites for 9 herpetofaunal sampling periods between 

February 2005 and March 2006 totaling 90 camera-nights. Two cameras were placed at each 

study site on opposite sides of the wetland. Cameras were secured at 0.5 m in height on a nearby 

tree on the interior of each drift-fence facing pitfall and funnel traps and monitored for the 

duration of each trapping session. All cameras were operational 24 h/day and checked at least 

once or twice during each 5-10 day trapping session for proper functioning. I used 24-exposure 

200-speed indoor/outdoor print film. A minimum time delay of 10 minutes was programmed 

between recordings to reduce duplicated events when animals stayed within the image detection 

zone. Additionally, understory vegetation within the detection zone of the sensor was removed in 

an effort to prevent moving branches and foliage from triggering camera activity. Film was 

developed following each trapping period and number of faunal species and number of visitations 

was recorded. 
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Figure 2.1.   Design of sampling techniques, pitfall trap (without exclusion), pitfall trap with  
        “predator-guard”, and funnel trap, along drift fence array for herpetofaunal study          
         on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, from     
         2004-2006. 

 
 

 
 
Figure 2.2.   Plot design of vegetation sampling at ephemeral pools on Tombigbee National  
                    Forest and Noxubee National Wildlife Refuge, MS, 2004-2005. 
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CHAPTER III 

HABITAT ASSOCIATIONS OF POOL-BREEDING AMPHIBIANS SURROUNDING 

TEMPORARY WETLANDS IN NORTH MISSISSIPPI 

 

INTRODUCTION 

 Over the past few decades, evidence of global amphibian extinctions and global decline 

in populations has led to increased effort among biologists and natural resource managers to 

develop proactive conservation strategies to protect existing populations. For effective 

conservation and management of amphibian communities to occur we need a thorough 

understanding of their ecology and the determination of specific habitat requirements needed at 

each stage of their life histories.  However, factors including small size coupled with the secretive 

and fossorial nature of many species make amphibians difficult to detect and as a result, a paucity 

of knowledge exists regarding amphibian ecology and mechanisms affecting their distribution 

and abundance compared to other faunal groups such as mammals and birds. Most research 

concerning effects of forest management on herpetofauna has focused on stream-associated 

amphibians, whereas, information on pool-breeding amphibians remains sparse (deMaynadier 

and Hunter 1995).  

 Protection and restoration of isolated temporary wetlands has been proposed to address 

breeding habitat requirements for most amphibians (Gibbons 2003). In the Southeastern Coastal 

Plain, isolated temporary wetlands provide primary breeding habitat for many aquatic and semi-

aquatic amphibian species. These temporary wetlands are small, depressional wetlands that fill 

seasonally and dry annually or every few years or may remain dry in drought years (USEPA 
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2003). Temporary wetlands support widely distributed species as well as unique species 

assemblages not found within permanent wetlands, including endangered species such as the 

Mississippi gopher frog, Rana sevosa (Wellborn et al. 1996; Snodgrass et al. 2000). These 

wetlands provide important sites for amphibian reproduction and recruitment, because they 

generally lack an abundance of predaceous fish (Semlitsch and Bodie 1998). While most research 

on amphibian habitat requirements has emphasized the role of aquatic habitat for supporting 

amphibians, terrestrial habitat remains equally important for longevity of amphibian populations. 

Wetlands proper play an essential role in the reproductive success of many species, however, 

most amphibians spend most of their lifetime along wetland ecotones or in surrounding terrestrial 

habitat for nonbreeding activities such as migration, dispersal, foraging, and overwintering 

(Semlitsch 1998, 2000, 2008). Due to the biphasic nature of most amphibians, important habitat 

components should be identified and conservation measures targeted at not only the protection of 

ephemeral pools but also upland habitat adjacent to breeding sites.  

 Creation of small artificial wetlands has been proposed to address population declines in 

pool-breeding amphibians due to alteration of suitable breeding habitat and disruption of 

connectivity between habitat patches (Semlitsch 2005; Bailey et al. 2006). Wetland construction 

and restoration are required frequently as mitigation for filling or draining legally protected 

wetlands. Section 404 and Section 401 of the Clean Water Act mandate that actions including 

filling, draining, or degradation of natural wetlands in the United States be offset by the 

construction of replacement wetlands to compensate for wetland loss. Mitigation wetlands are 

built with the intent of restoring wetland function, including providing wildlife habitat for 

selected faunal groups.  

 Monitoring efforts of constructed wetlands have been haphazard and limited data exist on 

whether constructed wetlands serve as ecological equivalents to natural systems in supporting 

amphibian communities over time. Monitoring of mitigation wetlands has generally documented 
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the short-term colonization of amphibians in <10 years post-construction, with the success of 

many projects being assessed within the first 3-5 years (Pechmann et al. 2001; Lichko and 

Calhoun 2003; Vasconcelos and Calhoun 2006). Little data is available on the long-term use of 

constructed wetlands and whether created ponds continue to serve as suitable habitat for 

amphibians after decades. Additionally, studies have largely focused on mitigation efforts 

constructed “on-site” in areas where historic pools were located allowing for remnant populations 

of target species to colonize pools.  

 This study was designed to provide baseline ecological information on amphibian 

communities of older age-class anthropogenic wetlands in areas of no known historic or remnant 

water source. I sought to determine if constructed wetlands >40 years of age supported similar 

community structure of pool-breeding amphibians compared to natural seasonal wetlands located 

on public forest lands; isolated, upland ephemeral pools which were constructed as water sources 

for livestock and wildlife in the mid-1950’s and floodplain ephemeral pools which were filled 

through lotic overflow of adjacent creeks and streams. Naturally occurring upland depressional 

wetlands would be the preferred wetland type to compare with constructed wetlands; however, 

none were found within or proximal to the study area. Additionally, I sought to quantify faunal-

habitat relationships associated with the pool proper and upland habitat surrounding wetlands 

based on measures of vegetation structure and composition, water quality, and soil properties. 

With this information, I can offer land managers community characteristic trends and approaches 

for prioritization of pools and habitat conditions that support amphibian communities. The data 

collected during this study may be used to aid resource managers in future land-use planning 

aimed to conserve amphibians and forest biodiversity. Habitat variables identified in this study 

may provide insight into the design and construction of mitigation ponds that incorporate quality 

habitat management for faunal communities surrounding temporary wetlands and identification of 

key habitat components to be retained on public lands. 
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STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  

 

METHODS 
 
 

Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from May 

2001 through March 2006 using straight-line drift fence arrays combined with three trap designs; 

pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended funnel trap. 

Data on species richness and abundance in this chapter were obtained from 37 pitfall-funnel trap 

surveys. Habitat measurements for all sites were completed during the summer growing seasons 

of 2002 and 2005. Water quality and edaphic measurements were taken during trapping periods 

from 2004-2006.  

 
 
Statistical Analyses 
 
 Faunal response variables included species richness and abundance of amphibians and 

individual species abundance. Species richness was calculated as total number of amphibian 

species at each study site detected by pitfall-funnel trap surveys. Sampling effort varied by site 
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due to an unequal number of traps on 3 upland sites, and weather-related disturbances and 

management practices which restricted sampling and site access (i.e., prescribed burning, 

flooding). Counts were standardized using catch-per-unit effort (CPUE) to adjust for sampling 

biases among sites. To account for differences in sampling intensity, total number of traps 

available for each site were calculated and then multiplied by number of trap days each site was 

opened. CPUE was calculated for each species as total number of captured individuals per site 

divided by the adjusted number of trap days for that site (Fogarty 2005).  

 

Differences Between Pool Types 
 

Study sites (n = 10) were categorized according to pool type as either upland (isolated 

from floodplain) or floodplain pools (located within stream floodplain). I conducted Kruskal-

Wallis tests (PROC NPAR1WAY, SAS 9.1) to determine if amphibian species richness and 

CPUE varied significantly by pool type and if measured habitat variables differed between pool 

types. Kruskal-Wallis is considered a non-parametric equivalent to a one-way Analysis of 

Variance, yet relaxes the assumptions of normality and homogeneity of variance required for 

parametric analyses (Conover 1980). Kruskal-Wallis tests were conducted for total amphibian 

species richness and CPUE, taxonomic Order categorized as anurans (Order Anura) or 

salamanders (Order Caudata), and individual species with total counts ≥20. All statistics were 

considered significant at P ≤ 0.05. 

I used Renkonen’s Index to quantify the similarity of the amphibian community between 

floodplain and upland pools (Krebs 1989).  The index is a percentage similarity index defined as 

P = ∑ minimum (p1i, p2i); where, P = percentage similarity between upland and floodplain sites; 

p1i = percentage of species i in floodplain pools; p2i = percentage of species i in upland pools.  

Renkonen’s Index can be viewed as a scale from 0 (no similarity between pool types) to 100 

(complete similarity between pool types) (Krebs 1989). 
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Faunal-Habitat Relationships 
 
 For modeling analyses, I used study site as the experimental unit yielding an 

experimental sample size of 10. Faunal response variables included species richness and 

abundance of amphibians and individual genera abundance. Species richness was calculated as 

the total number of amphibian species at each study site detected by pitfall-funnel trap surveys. 

Genera with statistically negligible capture numbers (<20 individuals totaled across study sites) 

were omitted from individual analyses. Twenty-nine habitat variables were included in analyses 

that were averaged or summed by site based upon vegetation data collected during summers 2002 

and 2005 and water quality and edaphic characteristics measured from 2004 - 2006 (Table 3.4). 

  Determination of potential relationships between habitat conditions and amphibian 

species richness and abundance was a multiple-step process. I used data reduction techniques to 

eliminate environmental variables exhibiting little variance among ephemeral pool sites and 

variables that were correlated (Fogarty 2005). First, I used Principal Components Analysis (PCA) 

to reduce the habitat data set to a smaller number of variables that limited amount of redundancy 

among variables and represented most of the variation in habitat characteristics among pool sites 

(PROC PRINCOMP, SAS 9.1; McCune and Grace 2002). PCA is a basic eigenvector analysis 

that requires one data matrix, in this case, habitat variables by pool site, and determines which 

variables contribute most to the overall variance of the data set relative to one another (Johnson 

1998; Fogarty 2005).  Each component that is extracted is represented by an eigenvalue that 

represents amount of variance accounted for by a given component. Every variable then has a 

loading on each axis indicating it’s significance within each principal component with the square 

of the loading equaling the percentage of variation in the variable explained by that axis 

(McGarigal et al. 2000). Significant axes were determined by Kaiser’s criterion where 

components with an eigenvalue >1 were retained and interpreted (Hatcher 1994).  Within each 
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component, variables with eigenvector loadings >0.30 and <-0.30 were considered meaningful. 

This method allowed for the selection of variables that represent approximately 10% of the 

variance explained by that axis (Hair et al. 1987; McGarigal et al. 2000). Of the measured 

environmental variables, three variables, including water temperature, soil temperature, and 

visual obscurity from Nudd’s board surveys were omitted at this stage of analysis. Temperature 

measurements for water and soil were taken daily during trapping periods. However, given the 

variable amounts of time spent at each pond, measurements were not taken at the same time each 

day, and therefore, were not standardized and comparable across study sites. Additionally, 

Nudd’s readings were not standardized across study years. For sampling from 2001 - 2003, 

vegetation density and visual obscurity was measured among four height categories, whereas 6 

categories were used for sampling 2004 - 2006. Given these discrepancies in sampling methods 

and inability to summarize across sites, these variables were omitted from analysis. A list of 

habitat variables included in analysis can be found in Table 3.4. All variables were square-root 

transformed prior to PCA, except for percentage data, which was arcsine square-root transformed.  

 Next, I used the habitat variables reduced by PCA to develop models for amphibian 

richness and abundance using multiple linear regression (PROC REG, SAS Institute 1999). 

Variables were examined for collinearity using Pearson correlation coefficients which evaluated 

relationships among explanatory variables (Myers 1990). If two variables had a coefficient >0.75, 

they were evaluated as candidates for exclusion from the data set. The variable with the greatest 

biological significance for amphibians based upon current knowledge and literature was retained 

for inclusion in final regression analyses. 

 I then used stepwise linear regression (PROC REG, SAS Institute 1999) to identify 

variables that were related (P ≤ 0.15) to amphibian species richness and abundance. Separate 

regression analyses were conducted for wetland variables occurring within each pool proper and 

terrestrial habitat variables of surrounding forests. Significant variables from each of the 
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regression analyses were then combined and the full model was analyzed using stepwise linear 

regression (P ≤ 0.05). 

 

RESULTS 

 

Pitfall-Funnel Trapping  

 Pitfall-funnel trap arrays were opened simultaneously at all 10 ephemeral pool sites for 

37 trap periods that varied from 1 to 10 days long (317 days total) and produced 3,161 trap days. 

Trap captures yielded 17 amphibian species and 11,142 individuals during the study. Upland 

pools yielded 7 salamander species (n = 1,539) and 10 anuran species (n = 7,533), whereas 

floodplain pools yielded 5 salamander species (n = 365) and 10 anuran species  

(n = 1,705; Table 3.1).  

 

Kruskal-Wallis Tests 

 Kruskal-Wallis test indicated that anuran species richness (H = 4.500, df = 1, P = 0.034), 

anuran CPUE (H = 6.546, df =1, P = 0.011), and total amphibian CPUE (H = 6.546, df = 1,  

P = 0.011) were significantly greater at isolated, upland pools than floodplain pools (Table 3.2).  

 Of individual amphibian species, 3 salamanders and one anuran differed significantly by 

catch/unit effort between upland and floodplain pools. Mole salamander CPUE (Ambystoma 

talpoideum, H = 29.245, df = 1, P ≤ 0.001), central newt CPUE (Notophthalmus viridescens 

louisianensis, H = 10.053, df = 1, P = 0.002), and eastern spadefoot toad CPUE (Scaphiopus 

holbrookii holbrookii,  H = 8.713, df = 1, P = 0.003) were greater at upland pools, whereas 

Mississippi slimy salamander CPUE (Plethodon mississippi, H = 8.722, df = 1, P = 0.003) was 

greater at floodplain pools (Table 3.3). 
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 Kruskal-Wallis test yielded 3 habitat variables that differed between isolated, upland and 

floodplain pools. Mean log diameter (H = 5.500, df = 1, P = 0.019) was greater surrounding 

floodplain pools than upland pools. Mean pool depth (H = 4.546, df = 1, P = 0.033) and mean 

water pH (H = 4.546, df = 1, P = 0.033) were greater at upland pools than floodplains.  

 
 
Renkonen’s Index 
 

The Renkonen’s Index value for amphibians was 0.5169 indicating that amphibian 

communities were 51.69 % similar between upland and floodplain ephemeral pools. 

 
 
Principal Components Analysis 
 
 Principal components analysis of the 28 environmental variables yielded 5 significant 

axes (eigenvalues >1) that explained 85.67 % of the total variation in habitat conditions between 

study sites. From these 5 axes, 15 environmental variables had eigenvector loadings >0.30 and <-

0.30 (Tables 3.5). The first principal axis (PC1) had an eigenvalue of 9.380 and explained 33.49 

% of the variation with loadings for mean number of overstory species (OVERSP ф = 0.310), 

total number of overstory trees (OVCNT ф = 0.307), and percentage of overstory canopy closure 

(CANOPY ф = 0.298). The second principal axis (PC2) had an eigenvalue of 5.504 and explained 

an additional 19.66 % of variation with loadings for maximum pool volume (POOLVOL ф = 

0.307) and mean percentage soil moisture (SOILMOIST ф = -0.344). The third principal axis 

(PC3) had an eigenvalue of 3.550 and explained an additional 12.68 % of variation with loadings 

for mean number of understory plant species (GRNDCVR ф = -0.402), mean height of midstory 

trees (MIDHT ф = -0.305), and total number of overstory pine trees (OVPINE ф = 0.317). The 

fourth principal axis (PC4) had an eigenvalue of 2.881 and explained an additional 10.29 % of 

variation with loadings for GRNDCVR (ф = 0.318), basal area (BA ф = 0.382), mean diameter of 
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standing snags (SNAGDIAM ф = 0.292), mean water pH (WATERPH ф = 0.325), and mean soil 

pH (SOILPH ф = -0.323). The fifth principal axis (PC5) had an eigenvalue of 2.675 and 

explained an additional 9.55 % of variation with loadings for mean diameter of downed woody 

debris (LOGDIAM ф = 0.432), mean pool depth (MEANPOOL ф = -0.321), and maximum pool 

depth recorded (MAXPOOL ф = -0.485). Average habitat measurements for variables included in 

PCA can be found in Table 3.6. 

 

Stepwise Regression Analyses  

 Variables included in initial wetland regression analysis for amphibian species richness 

and CPUE were mean pool depth (MEANPOOL), pool volume (POOLVOL), and mean water pH 

(WATERPH).   

 Variables included in initial terrestrial regression analysis for amphibian species richness 

and CPUE were mean species richness of understory  vegetation (<1 m height) (GRNDCVR), 

overstory basal area (BA), mean diameter of downed woody debris (LOGDIAM), mean 

percentage soil moisture (SOILMOIST), mean height of midstory trees (MIDHT), mean soil pH 

(SOILPH), and mean number of overstory species (OVERSP). 

 Significant environmental variables identified from the separate wetland and terrestrial 

regressions were combined to produce specific models for amphibians overall, amphibians by 

Order, and select species. Model combinations can be found in Table 3.7. 

 

Habitat Associations by Group 

 Amphibian Species Richness. The model contained two variables, OVSP and LOGDIAM, 

and a R2 value of 0.808 (Table 3.7). OVSP (β-hat = -0.161, SE = 0.039, F = 10.25, df = 2,7, P = 
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0.013) and LOGDIAM (β-hat = -0.061, SE = 0.020, F = 9.01, df = 2,7, P = 0.020) both had 

significant negative associations with amphibian species richness. 

 Amphibian CPUE.  The model contained one variable, MEANPOOL, and a R2 value of 

0.760 (Table 3.7). MEANPOOL (β-hat = 0.008, SE = 0.002, F = 25.34, df = 1,8, P = 0.001) had a 

significant positive association with amphibian CPUE.  

 Salamander Species Richness. The model contained two variables, OVSP and 

WATERPH, and a R2 value of 0.688 (Table 3.7). OVSP (β-hat = -0.116, SE = 0.047, F = 6.00, df 

= 2,7, P = 0.044) and WATERPH (β-hat = -0.480, SE = 0.175, F = 5.80, df = 2,7, P = 0.042) 

showed significant negative associations with salamander species richness. 

 Salamander CPUE. The model contained one variable, SOILPH, and a R2 value of 0.508 

(Table 3.7).  SOILPH (β-hat = 0.594, SE = 0.207, F = 8.26, df = 1,8, P = 0.021) had a positive 

association with salamander CPUE. 

 Anuran Species Richness. The model contained two variables, MIDHT and LOGDIAM, 

and a R2 value of 0.822 (Table 3.7). MIDHT (β-hat = -0.508, SE = 0.113, F = 20.41, df = 2,7, P = 

0.003) and LOGDIAM (β-hat = -0.046, SE = 0.019, F = 5.82, df = 2,7, P = 0.047) showed 

significant negative associations with anuran species richness.  

 Anuran CPUE. The model contained one variable, MEANPOOL, and a R2 value of 0.825 

(Table 3.7).  MEANPOOL (β-hat = 0.008, SE = 0.001, F = 37.81, df = 1,8, P < 0.001) had a 

significant positive association with anuran CPUE. 

 

Habitat Associations by Species 

 Mole Salamander (Ambystoma talpoideum). The model contained one variable, 

MEANPOOL, and a R2 value of 0.426 (Table 3.7).  MEANPOOL (β-hat = 0.002, SE = 0.001, F = 

5.93, df = 1,8, P = 0.041) had a significant positive association with mole salamander CPUE.  
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 Marbled Salamander (A. opacum). No variables met the 0.05 significance level for entry 

into the model. 

 Spotted Salamander (A. maculatum). No variables met the 0.05 significance level for 

entry into the model. 

 Central Newt (Notophthalmus viridescens lousianensis). No variables met the 0.05 

significance level for entry into the model. 

 Upland Chorus Frog (Pseudacris feriarum). The model contained one variable, 

GRNDCVR, and a R2 value of 0.491 (Table 3.7).  GRNDCVR (β-hat = -0.010, SE = 0.003, F = 

7.72, df = 1,8, P = 0.024) had a significant negative association with upland chorus frog CPUE. 

 Spring Peeper (Pseudacris crucifer). No variables met the 0.05 significance level for 

entry into the model. 

 True Toads (Bufo spp). The model contained one variable, MEANPOOL, and a R2 value 

of 0.569 (Table 3.7).  MEANPOOL (β-hat = 0.002, SE < 0.001, F = 10.57, df = 1,8, P = 0.012) 

had a significant positive association with true toad CPUE. 

 Eastern Narrowmouth Toad (Gastrophryne carolinensis). The model contained one 

variable, MEANPOOL, and a R2 value of 0.443 (Table 3.7).  MEANPOOL (β-hat = 0.003, SE = 

0.001, F = 6.36, df = 1,8, P = 0.036) had a significant positive association with eastern 

narrowmouth toad CPUE. 

 Bronze Frog (Rana clamitans clamitans). The model contained two variables, 

LOGDIAM and SOILPH, and a R2 value of 0.770 (Table 3.7). LOGDIAM (β-hat = -0.010, SE = 

0.003, F = 7.99, df = 2,7, P = 0.022) showed a significant negative association with bronze frog 

CPUE, whereas SOILPH (β-hat = 0.102, SE = 0.036, F = 8.22, df = 2,7, P = 0.024) showed a 

significant positive association.  

 Southern Leopard Frog (Rana sphenocephala). No variables met the 0.05 significance 

level for entry into the model. 
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 American Bullfrog (Rana catesbeiana). No variables met the 0.05 significance level for 

entry into the model. 

 Eastern Spadefoot Toad (Scaphiopus holbrookii holbrookii). The model contained one 

variable, MEANPOOL, and a R2 value of 0.640 (Table 3.7).  MEANPOOL (β-hat = 0.008, SE = 

0.002, F = 14.20, df = 1,8, P = 0.006) had a significant positive association with eastern 

spadefoot toad CPUE. 

 

DISCUSSION 

This study demonstrated that constructed wetlands >40 years of age in upland forests 

supported a diversity of amphibians on public lands in north Mississippi. Approximately 48% of 

the amphibian community differed between upland and floodplain ephemeral pools. Total 

amphibian abundance, anuran richness and abundance, and captures of mole salamanders (A. 

talpoideum), central newts, and eastern spadefoot toads occurred in greater numbers in 

constructed pools of uplands when compared to natural stream-connected floodplain pools. 

Central newts were detected solely in constructed upland pools. Furthermore, one locally rare 

species, the Southern red salamander was detected at constructed upland pools. Although this 

species does not require temporary pools for completion of life cycles, it may use terrestrial areas 

surrounding pools for foraging or seeking cover, especially during drought or where other water 

sources are unavailable (Conant and Collins 1998).  

 Constructed upland pools supported a greater abundance of terrestrial anurans than 

floodplain pools and may serve as important reproductive areas for species such as the Eastern 

spadefoot toad. Explosive breeding events were documented at only one upland pond from 2003 - 

2005 with >170 adults captured during each event by pitfall-funnel trap surveys. Similar results 

were reported by Greenberg and Tanner (2005) in which >175 adults were captured in only 1-2 

ponds per breeding season of 8 ponds sampled during 4 years of a 9-year study. Lack of frequent 
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detection can be attributed to the fossorial nature of Eastern spadefoot toads and their tendency to 

engage in explosive breeding events typically lasting 1-2 days during summer following heavy 

rains (Greenberg and Tanner 2005).  

 Constructed pools in upland forests of my study area may constitute better habitat 

conditions for Eastern spadefoot toads due to the availability of well-drained soils for burrowing 

(Conant and Collins 1998). I submit that the upland pool in our study where Eastern spadefoot 

toads were detected in high numbers should be protected from perturbations, such as drainage, 

road construction, or forest harvest operations. Furthermore, forested buffers and corridors should 

be maintained to facilitate dispersal and survival of adults and metamorphs as recommended by 

Semlitsch (2005).  

 Constructed wetlands in my study were >40 years of age. Constructed pools of my study 

were established originally to provide watering sources for livestock and game species, such as 

wild turkey, on public lands (Noxubee National Wildlife Refuge, unpublished data). I do not have 

information about initial colonization of these pools, and thus, cannot offer insight about initial 

pioneering or use by herpetofauna. However, I can report that constructed upland pools have 

supported anurans and salamanders for the past 5 years (Asmus 2003). I did not conduct mark-

recapture studies or genetic studies, and therefore, I cannot offer insight into whether these 

wetlands are functioning as source or sink habitats for pool-breeding amphibians.  

 Study results should be interpreted cautiously and conclusions about the role of 

constructed wetlands for supporting pool-breeding amphibians and potential habitat requisites 

should be based on further study. For amphibian species detected in my study, reported 

conditions that are conducive to retain habitat quality for amphibians generally include closed 

canopy, older age-class hardwood forest that provide abundant invertebrate food resources, moist 

microsite conditions, and increased structural cover (Fitch 1954; Petranka 1998). Given previous 

research, I expected to find a greater diversity of amphibians surrounding floodplain pools 
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relative to upland pools (Petranka 1998). In contrast, I found that >80 % of total salamander and 

anuran captures were at upland pools. Additionally, habitat associations based on regression 

analyses conflicted with most published reports on favorable habitat conditions for pool-breeding 

amphibians. Results of my study would infer that areas dominated by loblolly pine forest with 

reduced overstory canopy closure and more xeric soils constitute favorable habitat conditions for 

pool-breeding amphibians though I do not believe this to be the case. While habitat modeling 

efforts appeared successful, results may be confounded by extraneous factors affecting wetland-

dependent fauna in upland and floodplain forests.  

 I believe the discrepancy between habitat models produced in this study and published 

reports from other authors may have resulted from limitations in my survey design. Sample size 

recommendations in multiple regression are typically a function of the number of predictors in the 

model. Model selection procedures generally recommend sample sizes > 40 times the number of 

total parameters (Burnham and Anderson 2004). In my study, experimental units were pool sites 

yielding a sample size of 10 sites evaluated against 3-4 environmental variables on average 

depending on species model. Such a low sample size relative to number of parameters may have 

been too small to accurately determine microhabitat features affecting amphibians that would 

only become evident with an increased number of study sites. Additionally, there were an unequal 

number of pool sites within each wetland type and variability among wetlands within each pool 

type so that there was no true “ecological” replication of experimental units. With such a limited 

number of available pools and considerable variability between them, statistical analyses may 

have only detected coarse habitat typing overall.  

Significant relationships were found between several environmental factors and pool-

breeding amphibian diversity even with a low number of study ponds. Regression analyses 

indicated that mean pool depth was the strongest explanatory variable for predicting amphibian 

richness and abundance. Several species also were found to have negative associations with 
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overstory species diversity and mean diameter of downed woody debris. Many of the species 

exhibiting these associations also were correlated with upland pools. Thus, the relationship 

between environmental variables and fauna may be indicative of conditions experienced by 

amphibians inhabiting upland sites but not necessarily characteristics that should be used to 

predict quality habitat for supporting amphibians. 

Mean pool depth was associated positively with amphibian CPUE, anuran CPUE, and 

captures of 1 salamander and 3 anuran species. Mean depth of water was significantly greater in 

constructed upland pools than floodplain pools with average depths in upland pools being 2-6 

times those found in the most shallow floodplain pool. The ability of upland ponds to hold more 

water on average may result from deeper basin morphology due to excavation when pools were 

created >40 years ago. These conditions may produce greater potential for attracting amphibians 

for breeding and loafing. Mean basin depth and maximum water depth have been correlated to 

pond hydroperiod (Brooks and Hayashi 2002; Skids and Golet 2005). Hydroperiod was not 

specifically measured during this study; however, field observations during the study supported 

the hypothesis that presence of deeper water in combination with pool surface area would be an 

important indicator of the pool’s potential to retain surface water over time.  Existing pools often 

fill and dry in response to seasonal weather patterns that vary among sites and years (Alford 

1999). Use of aquatic habitats varies among species and is determined by factors such as length 

of larval period, that may range from 12 days for spadefoot toads to 1-2 years for bullfrogs  

(Semlitsch 2002). Due to different larval periods, ponds are favored differentially by certain 

amphibians depending on hydroperiod length. Pools that maintain deeper water-levels on average 

may constitute a more reliable source for supporting reproduction. Additionally, some species 

such as Ambystoma talpoideum, may survive as paedomorphic adults requiring presence of 

pooled water during their entire lifetime (Petranka 1998). In my study, three upland pools were 

characterized by a mixture of metamorphic and paedomorphic mole salamanders (Edwards 2007). 
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Although, paedomorphism is common in certain species of Ambystoma, gilled adults were found 

solely within constructed upland pools and may represent a locally distinct population (Petranka 

1998; Denoël et al. 2005).  

 Upland pools in this study were recharged with surface water from precipitation or 

drainages from higher elevations. As rainfall amounts increased, pool depth also would be 

expected to rise. Therefore, the association between amphibians and increased water levels may 

result from an indirect relationship between amphibians and precipitation. Precipitation 

influenced positively all individual species that had a significant relationship to mean pool depth 

during at least one season or study year (Chapter 6). Eastern spadefoot toads are fossorial, 

preferring loose or sandy soils representative of upland habitats, and engage in explosive breeding 

events lasting 1-2 days typically during summer following heavy rains (Gosner and Black 1955; 

Conant and Collins 1998; Wright 2002; Greenberg and Tanner 2004). In my study, explosive 

breeding events were documented at only one upland pool during spring 2003, summers of 2004 

and 2005, and fall 2006. This upland pond also maintained the greatest average depth (115 cm) 

relative to all other wetlands in this study.  

Amphibian species richness was associated negatively with overstory species diversity. 

This finding may be related to increased diversity of amphibians at upland ponds and should not 

infer that monotypic stands are preferred habitat for pool-breeding amphibians. Both upland and 

floodplain forests in my study contained a mixture of pine and hardwood tree species. I found that 

total number of overstory pine trees was similar between upland and floodplain sites with uplands 

containing only 1 % more pine trees than bottomland forests surrounding floodplain pools. 

Whereas, upland sites contained greater numbers of mature pine trees in my study, they were not 

monotypic stands and maintained similar levels of species richness as bottomland sites though 

composition of overstory trees differed between habitat types.  
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Numerous sources have cited the importance of downed woody debris for providing 

cover, basking, reproductive, and foraging opportunities for reptiles and amphibians (Hunter 

1990; Petranka 1998; Fogarty 2005; Jones and Taylor 2005; Bailey et al. 2006). Coarse woody 

debris is beneficial for protecting against extreme weather and retaining moisture and has been 

found to contain abundant insect prey (Boddy 1983; Harmon et al. 1986; Hanula 1995). In my 

study, the association between amphibian species richness and diameter size of downed logs 

lends to a trend of greater amphibian richness in forested areas with smaller woody pieces as 

groundcover. The majority of amphibians captured during my study were pool-breeders, many of 

them fossorial in nature. Several sources have discovered that coarse woody debris may be of less 

significance for species seeking underground refuge, such as Ambystomatids, as compared to 

more surface-active species, such as terrestrial woodland salamanders (Plethodon spp.) and 

reptiles that use woody debris for cover, foraging, and basking (Williams 1970; Douglas 1981; 

Semlitsch 1983; Loredo et al. 1996; Madison 1997; Madison and Farrand 1998; Trenham 2001). 

Ambystomatid salamanders are known to utilize underground retreats in the form of subterranean 

burrows created by moles and Peromyscus spp. and preexisting cracks and crevices in the soil 

(Williams 1970; Semlitsch, 1983; Douglas 1981; Loredo et al. 1996; Madison 1997; Madison and 

Farrand 1998; Trenham 2001). Similarly, many anuran species occupy underground burrows or 

“forms” during most of their adulthood. Terrestrial anurans surface occasionally to feed and 

migrate to ponds for breeding when climatic conditions are suitable and rely on leaf litter or soil 

as refugia to provide moisture and thermal cover (Greenberg and Tanner 2005; Jones and Taylor 

2005; Baughman and Todd 2007).  

Although pool-breeding salamanders and anurans may not rely heavily on deadwood, 

woody debris may provide important cover for species in areas lacking other forms of sufficient 

ground cover such as leaf litter (Chazal and Niewiarowski 1998; Moseley et al. 2004; Rothermel 

and Luhring 2005). An experimental study by Mosely et al. (2004) found that use of coarse 
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woody debris in a 50-yr old slash pine stand was higher in treatments with low levels of pine litter 

and reduced at increased levels of litter depth presumably due to the provision of adequate 

moisture and temperature by detritus. In my study, mean litter depth was greater surrounding 

upland pools than floodplain pools though they did not significantly differ. This finding may 

support the contention that upland pools maintained sufficient amounts of detritus and use of 

coarse woody debris by select salamanders and anurans may be negligible. Mean diameter of 

downed woody was significantly greater surrounding floodplain pools than constructed upland 

pools and floodplain pools were found to be less diverse for pool-breeding amphibians with lower 

abundance of salamanders, chorus frogs, bufonids, and ranids.  The value of downed material 

may be related to declay class with larger pieces of coarse woody debris decomposing more 

slowly.  Woody debris of recent decay class may be of less importance for select species 

(deMaynadier and Hunter 1998). Additionally, areas supporting greater decomposition may 

contain increased levels of smaller diameter logs or fine woody debris when fallen trees, logs, and 

branches rot and break apart into smaller pieces at advanced stages of decay. 

The association between smaller deadwood and amphibians also may be indicative of a 

relationship between amphibians and managed forests subjected to disturbance. One viewpoint 

holds that managed forests may contribute to increased herpetofaunal diversity by increasing 

structural complexity and diversity of microhabitats (Rosenzweig, 1995; Seymour et al. 2002; 

Fox et al. 2004; Shipman et al. 2004; Loehle et al. 2005). Due to ground-level disturbance 

resulting from silvicultural activities, such as prescribed burning and mechanical site preparation, 

much of the woody debris found in managed forests is in the form of fine woody debris (Manning 

and Edge 2008). In my study, average diameter measurements of woody debris on all study sites 

was >14 cm and above the general threshold for consideration as fine woody debris (<10 cm); 

however, the association with smaller diameter logs may be an indirect relationship between 

amphibian species richness and disturbance regimes. Upland sites had greater species richness of 
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amphibians than floodplains though they did not differ at P ≤ 0.05. Upland sites were subjected to 

occasional tree harvest and prescribed burning, whereas floodplains were protected from these 

actions. Intermediate levels of disturbance such as thinning or prescribed burning may potentially 

maximize biodiversity by promoting a greater range of forest age classes and canopy structures 

and changes to forest-floor groundcover though studies present conflicting evidence of the effects 

of controlled burns. Bailey et al. (2006) recommends extending prescribed burns into seasonal 

wetland basins when water levels are low or pond is dry to reduce organic material and control 

succession. Burning has also been shown to reduce predator build-up in aquatic systems and may 

aid in maintaining a high pH needed by some larval amphibians. In contrast, several studies have 

noted the negative impacts of fire on amphibians including direct mortality and indirect effects 

such as increased soil and water temperatures, reduction of vegetation leading to greater 

ultraviolet exposure, and accelerated erosion and sedimentation of water-bodies (Schurbon and 

Fauth 2003, Pilliod et al. 2003).  

Previous studies have revealed conflicting results regarding the influence of managed 

pine forests on amphibians. Whereas, habitat conditions of upland ponds may not represent ideal 

environments for amphibians based on current knowledge, several key factors may have enabled 

populations to persist and utilize these breeding ponds making them important habitat 

components for amphibians of upland forests. Studies suggest that pine-dominated forests 

traditionally exemplify reduced quality habitat for amphibians, because they typically maintain 

more xeric conditions due to increased evapotranspiration by evergreen trees (Teskey and Sheriff 

1996). In my study, soil moisture levels were comparable between uplands and floodplains with 

floodplains being only slightly greater. Graeter et al. (2008) documented movement patterns of 

marbled salamanders to adjacent clear-cuts and found that salamanders did not restrict movement 

in these intensively managed areas when soil moisture and leaf litter were sufficiently high. Mean 

litter depth, in my study, was slightly greater at upland pools. Similar levels of moisture and 



  

 42

detritus between uplands and floodplains in my study may have allowed species that are 

associated typically with bottomland, riparian habitats, such as mole salamanders (Ambystoma 

spp.), to opportunistically use upland forests dominated by loblolly pine. Petranka (1998) states 

that Ambystomatid salamanders are most commonly associated with bottomland forests and 

associated floodplains; however, species will sporadically use uplands if suitable breeding habitat 

is present. Thus, these wetlands may provide an important biological resource even in the 

presence of pine in a mixed-forest stand.  

Habitat alternation and land-use practices surrounding upland pools may have 

concentrated amphibian assemblages at breeding sites and restricted movement between habitat 

patches. I hypothesize that factors including landscape position of pools, proximity to alternate 

water sources, and barriers to dispersal potentially influenced the composition and structure of 

amphibian communities surrounding isolated, upland pools and floodplain pools. All upland 

pools in this study were bordered on ≥1 side by a road in close proximity (≤30 m). Construction 

of forest roads has become an increasing form of natural disturbance even on lands dedicated to 

the conservation of wildlife (national forests, national wildlife refuges, parks, preserves) and 

results in a relatively permanent change in habitat and a barrier to dispersal for less mobile taxa, 

such as reptiles and amphibians (Schonewald-Cox and Buechner 1992; deMaynadier and Hunter 

2000). Most amphibians have limited mobility and cannot migrate long distances due to 

physiological constraints and are likely concentrated within 200-300 m of the breeding ponds for 

foraging and overwintering (Semlitsch 1998; Gibbons 2003). DeMaynadier and Hunter (2000) 

found that anurans were not limited by roadside barriers, whereas, significantly fewer 

salamanders crossed roads opting for travel through contiguous forest instead. Most floodplain 

pools also were located close to bulldozed fire-lanes; however, these areas were restricted from 

most vehicular use and were often grown-up in vegetation or filled with water in areas containing 

ditches or ruts, potentially making them more traversible than paved roads adjacent to upland 
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pools. In addition to roads, one upland pond was also adjacent to a regenerating clear-cut that 

may have further impeded dispersal of amphibians to better quality habitat. Isolated, upland pools 

also maintained no hydrologic connection and thus, were more restricted than permanent 

wetlands and riparian habitats that offer potential for aquatic travel for amphibians (Gibbons 

2003). I did not estimate distances to proximal water sources, but field observation did not detect 

any other temporary wetlands close to upland study sites. The degree of isolation of upland pools 

coupled with reduced mobility of amphibians may have restricted dispersal to alternate habitat 

and caused amphibians to cluster at upland breeding sites as long as water and suitable amounts 

of cover were present.  

Differences in hydrology, including seasonal flood pulses, quantities of water discharge, 

and flood duration potentially influenced amphibians in my study, and these conditions varied 

between upland and stream-connected wetlands. Floodplain pools were created typically by flood 

scour and overbank flooding from streams during periods of high rainfall. These pools were 

recharged with water during winter and spring flooding. During my study, stream connectivity 

increased flooding, and allowed introduction of predaceous fish species from lotic systems. 

In contrast, constructed upland pools were isolated from other lotic systems and were filled by 

precipitation and surface runoff. These pools typically dried at two to three year intervals. The 

temporary inundation in these pools was especially important to pool-breeding amphibians due to 

absence or limited numbers of fish. Many studies have shown many amphibians that breed in 

seasonal ponds are eliminated by predatory fish (Hecnar and M’Closkey 1997; Petranka 1998). In 

my study, fewer fish species were found in upland pools than floodplain pools potentially leading 

to less predation pressure for amphibian larvae of some species (Edwards 2007).  

Inherent hydrological characteristics of floodplains may have resulted in underestimation 

of amphibians dependent on bottomland hardwood ecosystems. Floodplain pools, in my study, 

were long, linear sloughs that ranged in size and shape depending on precipitation amounts and 
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floodwaters from adjacent lotic systems. During heavy precipitation events, floodplain pools 

would become inundated and floodwaters would spill-over into terrestrial habitat filling ditches 

and other small depressions. Water-table levels in these bottomland forests also were extremely 

high causing water to perch near the ground surface and remain saturated over time. Mesic soils 

combined with the presence of pooled surface waters may have permitted amphibians to become 

more widely distributed within bottomland forests than in upland forests. Increased availability of 

alternate habitat and flood scour created by flooding conditions may have reduced the tendency 

for amphibians to cluster at discrete breeding ponds and be more dispersed across the landscape 

(Jones and Taylor 2005). These circumstances could have resulted in reduced detectability and 

capture rates of amphibians in floodplain forests when using trapping techniques centered on 

select breeding sites; thus, making it appear as if pools of floodplains were less diverse than pools 

of uplands when this may not be true.  

 
 

MANAGEMENT IMPLICATIONS 
  
 The primary threat to the long-term viability of amphibian populations is the loss or 

degradation of suitable habitat due to human activities (Blaustein et al.1994; Dodd 1997; Alford 

and Richards 1999). Exotic species, development, silviculture, and chemical contamination may 

degrade or destroy breeding sites and peripheral terrestrial habitat. Upland pools, in this study, 

had greater species richness and abundance than floodplain pools. Although I have suggested that 

the diversity of amphibians found at upland pools may not be directly attributed to their role as 

high quality habitat, they remain valuable habitat components for amphibians of upland forests in 

my study. Constructed upland pools in my study may represent essential breeding habitat in areas 

where other water sources are unavailable or too distant for amphibians to disperse. Currently, 

isolated upland pools receive no federal protection against development or degradation aside from 

residing on public forest and refuge lands. The United States Army Corp of Engineers (USACE) 
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has used size as the primary criteria to establish jurisdiction over wetlands, implementing 

regulatory and protection measures for wetlands larger than 0.13 ha but generally allowing the 

development of those <4.0 ha in size (Snodgrass et al. 2000).  Due to recent changes following 

the U.S. Supreme Court’s SWANCC decision in 2001, additional jeopardy was placed on 

ephemeral pools defined as isolated waters that are intrastate and not connected to navigable 

waters or adjacent to navigable waterways and tributaries. Because of this designation, isolated 

temporary wetlands, such as the upland pools in my study, are not under regulatory jurisdiction of 

USACE and are not afforded protection by Section 404 of the Clean Water Act (U.S. DOE 2003).  

 On public lands, most riparian areas and floodplain pools are protected under streamside 

management zones (SMZs) that buffer streams from the potential impact of silvicultural 

activities, with the goal of leaving the streams and riparian habitat intact for fish and wildlife 

(Dickson and Wigley 2001). Therefore, floodplain pools would theoretically receive protection 

on public lands from two sources, SMZs and Section 404, as they are adjacent to waters protected 

under the Clean Water Act. On the other hand, upland pools, receive no additional protection 

from disturbance by either source.  

For a diversity of herpetofauna species to receive protection, upland and floodplain 

temporary wetlands should be considered in management plans and conservation action must be 

extended to adjacent terrestrial habitat and not only the pond itself.  I concur with Semlitsch 

(1998, 2005) who recommended the designation of core terrestrial habitat and maintenance of 

terrestrial buffers around ephemeral wetlands for amphibian conservation similar to streamside 

management zones used to protect riparian fauna. Recommended buffer widths have been 

estimated based on migration distances of amphibians from breeding ponds. For example, a 

buffer zone of 164 m was recommended by Semlitsch (1998) based on movements of 6 

Ambystomatid salamander species. Implementation of buffer zones surrounding temporary 

wetlands can protect terrestrial habitats that are essential for life-history functions of local 
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populations. Additionally, limiting human activities within these key areas would help protect 

aquatic breeding habitat from perturbations resulting in physical destruction of wetlands or 

hydrologic alternation such as changes in depth, volume, and hydroperiod making them 

unsuitable for pool-breeding amphibians. Maintenance of buffers and connective corridors in 

mature hardwood forest interspersed with mixed pine-hardwood forest could provide valuable 

habitat for amphibians. Connectivity of forest patches could be crucial for the recolonization and 

rescue of amphibian populations and especially important in fragmented landscapes where 

alternate habitat is unsuitable or unavailable. Furthermore, I support previous authors’ 

recommendation that construction sites and roads should be limited or relocated >60m from 

wetlands to prevent harmful edge effects (Keenan and Kimmins 1993; deMaynadier and Hunter 

1995). In areas where this may not be feasible, installation of culverts or tunnels may aid in 

limiting road mortality by directing travel of animals under or away from roads (Bailey et al. 

2006). Additionally, introduction of predatory fish into breeding ponds (i.e., bass, bluegill) should 

be prohibited and stocked fish should be removed to reduce predation pressure on pool-breeding 

amphibians (Bailey et al. 2006). 

 Initial objectives of this study were to identify habitat conditions and assess the role of 

constructed wetlands for supporting pool-breeding amphibians. With this information, I sought to 

offer land managers recommendations for prioritization of pools and provide information that 

may be useful in the creation of supplemental wetlands for amphibians. However, limitations in 

study design and analytical methods may have led to erroneous associations between fauna and 

environmental variables. Results of this study were based on surveys of 10 total wetlands, only 4 

of which were constructed pools. Comparisons between upland pools showed marked variability 

in pool size, depth, and composition and structure of surrounding forests even though they were 

classified according to general stand characteristics as upland, mixed pine-hardwood forest. As 
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such, limited inferences can be made as to specific recommendations for creation of artificial 

wetlands and habitat requirements of pool-breeding amphibians. Thus, while I believe results of 

my study constitute the need for protection of constructed wetlands and the potential value they 

can pose for pool-breeding amphibian, I do not believe it would be prudent to recommend 

specific management prescriptions without further study. Future research should investigate a 

greater number of upland and floodplain pools within different forest matrices of variable age 

classes and tree composition and mark-recapture studies should be conducted to determine source 

or sink roles of temporary wetlands. 
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Table 3.2.   Kruskal-Wallis results by group for pitfall-funnel trap surveys on 10 ephemeral pool   
       sites on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,  
       2001-2006. 
 

Group Chi-Square df P 
Amphibian species richness 2.326 1 0.127 

Amphibian CPUE 6.546 1 0.011 

Salamander species richness 0.053 1 0.818 

Salamander CPUE 2.227 1 0.136 

Anuran species richness 4.500 1 0.034 

Anuran CPUE 6.546 1 0.011 
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Table 3.3.   Kruskal-Wallis results by species for pitfall-funnel trap surveys on 10 ephemeral pool 
       sites on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,    
                   2001-2006. 
 

Species Chi-Square df P 
Anurans    

Acris gryllus 1.128 1 0.288 

Bufo spp. 0.062 1 0.803 

Gastrophryne carolinensis 0.016 1 0.901 

Hyla chrysoscelis 3.083 1 0.079 

Pseudacris crucifer 0.231 1 0.631 

Pseudacris feriarum 0.012 1 0.912 

Rana catesbeiana 0.688 1 0.407 

Rana clamitans clamitans 0.047 1 0.829 

Rana sphenocephala 0.007 1 0.933 

Scaphiopus holbrookii holbrookii 8.713 1 0.003 

    

Salamanders    

Ambystoma maculatum 1.308 1 0.253 

Ambystoma opacum 0.008 1 0.929 

Ambystoma talpoideum 29.245 1 <0.001 

Eurycea guttolineata 0.039 1 0.843 

Notophthalmus viridescens louisianensis 10.053 1 0.002 

Plethodon mississippi 8.722 1 0.003 

Pseudotriton ruber vioscai 2.027 1 0.155 
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Table 3.4.   Habitat variables measured from 10 ephemeral pool sites on Tombigbee National   
       Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Variable Measurement 
LITTER 
GRNDCVR 
BRGRND 
DEBRIS 
MIDCNT 
MIDSP 
MIDHT 
OVCNT 
OVERSP 
OVPINE 
OVRDBH 
 
BA 
SNAGCNT 
SNAGPINE 
SNAGDIAM 
SNAGDECAY 
LOGCNT 
LOGDIAM 
LOGDECAY 
POOLSA 
POOLVOL 
CANOPY 
MEANPOOL 
MAXPOOL 
WATERPH 
SOILPH 
SOILMOIST 
FISHRICH 
SITETYPE 

Mean depth (cm) of litter at center of 1-m2 sample plots 
Mean # of plant species <1 m height from 1-m2 sample plots 
Mean percentage cover of bare ground from 1-m2 sample plots 
Mean percentage cover of debris from 1-m2 sample plots 
Mean # midstory trees <6 m height from 10-m2 sample plots 
Mean # midstory tree species <6 m height from 10-m2 sample plots 
Mean midstory tree height (m) from 10-m2 sample plots 
Total # overstory trees >6 m height from 100-m2 sample plots 
Mean # overstory tree species >6 m height from 100-m2 sample plots 
Total # overstory pine trees >6 m height from 100-m2 sample plots 
Mean diameter at breast height (ft) for overstory trees >6 m height from 
100-m2 sample plots 
Total basal area (cm2) of overstory trees in 100-m2 sample plots 
Total # standing snags in 100-m2 sample plots 
Total # standing pine snags in 100-m2 sample plots 
Mean diameter of standing snags in 100-m2 sample plots 
Mean level of decay of standing snags in 100-m2 sample plots 
Total # downed logs in 100-m2 sample plots 
Mean diameter of downed logs in 100-m2 sample plots 
Mean level of decay of downed logs in 100-m2 sample plots 
Total surface area of pool (m2) 
Maximum volume of pool (m3) 
Percentage closed canopy cover from densitometer 
Mean pool depth (cm)  
Maximum pool depth recorded (cm) 
Mean water pH  
Mean soil pH 
Mean percentage soil moisture 
Species richness of fishes detected within each study pool 
Site categorized as either upland pool or floodplain pool 
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Table 3.5.   Habitat variables reduced by principal components analysis to identify parameters   
       affecting amphibian richness and abundance on 10 ephemeral pool sites on     
       Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Variable Measurement 

GRNDCVR 
OVCNT 
OVERSP 
OVPINE 
BA 
MIDHT 
SNAGDIAM 
LOGDIAM 
CANOPY 
POOLVOL 
MEANPOOL 
MAXPOOL 
WATERPH 
SOILPH 
SOILMOIST 

Mean # of plant species <1 m height from 1-m2 sample plots 
Total # overstory trees >6 m height from 100-m2 sample plots 
Mean # overstory tree species >6 m height from 100-m2 sample plots 
Total # overstory pine trees >6 m height from 100-m2 sample plots 
Total basal area (cm2) of overstory trees in 100-m2 sample plots 
Mean midstory tree height (m) from 10-m2 sample plots 
Mean diameter of standing snags in 100-m2 sample plots 
Mean diameter of downed logs in 100-m2 sample plots 
Percentage closed canopy cover from densitometer 
Maximum volume of pool (m3) 
Mean pool depth (cm)  
Maximum pool depth recorded (cm) 
Mean water pH  
Mean soil pH 
Mean percentage soil moisture 
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Table 3.7.   Combined stepwise regression models of wetland and terrestrial variables for species  
                   richness and catch-per-unit effort of amphibians on Tombigbee National Forest and  
                   Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Taxa Stepwise Combined Model 
Amphibian species richness Y = 5.103 - 0.161 (OVSP) - 0.061 (LOGDIAM)  

 
Amphibian CPUE Y = 0.026 + 0.008 (MEANPOOL)  

 
Salamander species richness Y = 5.681 – 0.116 (OVSP) – 0.480 (WATERPH)   

 
Salamander CPUE Y = -3.558 + 0.594 (SOILPH)  

 
Anuran species richness Y = 4.575 – 0.508(MIDHT) – 0.046 (LOGDIAM)  

 
Anuran CPUE Y = -0.010 + 0.008 (MEANPOOL)  

 
Mole salamander CPUE Y = -0.008 + 0.002 (MEANPOOL)  

 
Marbled salamander CPUE No variables met the 0.05 significance level for entry into the model. 

 
Spotted salamander CPUE No variables met the 0.05 significance level for entry into the model. 

 
Central newt CPUE 
 

No variables met the 0.05 significance level for entry into the model. 
 

True toad CPUE Y = 0.080 + 0.002 (MEANPOOL)  
 

Eastern narrowmouth toad CPUE Y = 0.074 + 0.003 (MEANPOOL)  
 

Eastern spadefoot toad CPUE Y = -0.300 + 0.008 (MEANPOOL)  
 

Upland chorus frog CPUE Y = 0.102 + -0.010 (GRNDCVR)  
 

Spring peeper CPUE No variables met the 0.05 significance level for entry into the model. 
 

American bullfrog CPUE No variables met the 0.05 significance level for entry into the model. 
 

Bronze frog CPUE Y = -0.395 – 0.010 (LOGDIAM) + 0.102 (SOILPH)  
 

Southern leopard frog CPUE No variables met the 0.05 significance level for entry into the model. 
 

Note: Y = response variable of species richness or CPUE. 
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CHAPTER IV 

HABITAT ASSOCIATIONS OF REPTILES SURROUNDING TEMPORARY WETLANDS IN 

NORTH MISSISSIPPI 

 

INTRODUCTION 

 Under federal regulation of the National Environmental Policy Act of 1969 and 

Endangered Species Act of 1973, proposed actions on public forested lands in the United States, 

such as timber harvesting, must be coupled with environmental assessments of potential impacts 

to natural resources when developing forest management plans (Scalet et al. 1996). Additionally, 

the U.S. Forest Service under objectives set forth in the National Forest Management Act of 

1976, must seek to maintain viable and well-distributed populations of all native vertebrate 

species in national forests in addition to forestry objectives (Scalet et al. 1996). Forest 

management plans, however, have traditionally overlooked groups such as herpetofauna in favor 

of game species or charismatic animals such as mammals or birds, leaving a disparity of 

knowledge concerning faunal-habitat relationships for reptiles and amphibians (Gibbons and 

Buhlmann 2001). 

 Collectively, the Southeastern region of the United States supports the greatest 

herpetofaunal diversity in North America with 116 amphibian and 104 reptile species known to 

exist in this region alone (Gibbons and Buhlmann 2001). Much of the information available 

regarding habitat associations of herpetofauna in the Southeast is based on species residing within 

forested riparian zones, whereas, little attention has specifically been given to other habitat types 

such as temporary wetlands until recently (deMaynadier and Hunter 1995). Temporary wetlands 
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are abundant in many forested landscapes of North America. These wetlands are typically small, 

shallow lentic systems with no lasting surface-water connection to permanent waterbodies. Ponds 

have a cyclic regime of filling and drying and dry annually or every few years. Given their small 

size and variable hydrologic regime, seasonal ponds may be difficult to delineate as wetlands and 

as a result, they remain poorly understood in terms of species they support and environmental 

conditions that contribute to population persistence of wetland fauna. 

 Most research regarding temporary wetlands has focused on amphibian assemblages, 

particularly pool-breeding salamanders, with less attention given to reptiles. Temporary wetlands 

and associated terrestrial periphery are essential landscape components for critical life-history 

functions of aquatic and semi-aquatic reptiles including foraging, nesting, egg-laying, 

overwintering, and thermoregulation. Although amphibians and reptiles are collectively grouped 

as herpetofauna, inherent differences between classes such as physiological adaptations of skin 

and differences in mobility, thermoregulation, and reproductive strategies often result in 

differential responses to environmental conditions. In fact, studies have found that the same 

conditions that support amphibians may have negligible effects or adversely affect reptile 

populations (Greenburg 2001). 

 Forestry operations have been shown to differentially affect species based on the extent 

of habitat alteration caused by the type of silvicultural activity.  Timber harvesting causes 

reduction in overstory canopy coverage and changes availability of light reaching the forest floor 

(Greenburg 2001). Additionally, tree harvest may cause changes in soil temperatures, acidity, and 

moisture that affect ground-dwelling organisms (Johnson et al. 1985; Pough et al. 1987; Dahlgren 

and Driscoll 1994). Mechanical site preparation also can lead to soil compaction and reduction or 

removal of detritus and downed woody debris (Gent et al. 1983; Ash 1995). Practices that 

contribute to the physical destruction of pools or degradation of water quality and surrounding 

habitat may be detrimental to wetland-dependent herpetiles. Furthermore, actions that result in 
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hydrologic alteration of temporary wetlands in terms of water source, depth, volume, and 

hydroperiod may result in changes in species composition of wetlands over time or loss of 

species. Construction of roads for transportation of materials also may reduce connectivity 

between ponds potentially disrupting metapopulation dynamics of herpetofauna. In contrast, 

forestry operations also have been suggested to enhance herpetofaunal species diversity through 

development of increased structural complexity and microclimate conditions in managed forests 

(Seymour et al. 2002).  

 This study was funded primarily to conduct biological evaluations of proposed areas for 

timber management activities in national forests in Mississippi. Surveys of proposed areas were 

to provide information on the distribution of rare, threatened, or endangered species inhabiting 

public forested lands and to identify habitat parameters that support faunal groups for 

development of forest management plans. Documentation of reptile communities associated with 

ephemeral wetlands and identification of microhabitat features that support herpetofauna may aid 

land managers with increased knowledge of resources that may be impacted by silvicultural 

practices on public forestlands. This information is anticipated to advance conservation initiatives 

for the benefit of wetland-associated reptiles. 

 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 
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lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  

 

 
METHODS 

 
 

Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from May 

2001 through March 2006 using straight-line drift fence arrays combined with three trap designs; 

pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended funnel trap. 

Data on species richness and abundance in this chapter were obtained from 37 pitfall-funnel trap 

surveys. Habitat measurements for all sites were completed during the summer growing seasons 

of 2002 and 2005. Water quality and edaphic measurements were taken during trapping periods 

from 2004-2006.  

 
 
Statistical Analyses 
 
 For modeling analyses, I used study site as the experimental unit yielding an 

experimental sample size of 10. Faunal response variables included species richness and 

abundance of reptiles and individual species abundance. Species richness was calculated as total 

number of reptile species at each study site detected by pitfall-funnel trap surveys. Sampling 

effort varied by site an unequal number of traps on 3 upland sites, and weather-related 

disturbances and management practices which restricted sampling and site access (i.e., prescribed 

burning, flooding). Counts were standardized using catch-per-unit effort (CPUE) to adjust for 

sampling biases among sites. To account for differences in sampling intensity, total number of 

traps available for each site were calculated and then multiplied by number of trap days each site 
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was opened. CPUE was calculated for each species as total number of captured individuals per 

site divided by adjusted number of trap days for that site (Fogarty 2005).  

 

Differences Between Pool Types 
 

Study sites (n = 10) were categorized according to pool type as either upland (isolated 

from floodplain) or floodplain pools (located within stream floodplain). I conducted Kruskal-

Wallis tests (PROC NPAR1WAY, SAS 9.1) to determine if reptile species richness and CPUE 

varied significantly by pool type and if measured habitat variables differed between pool types. 

Kruskal-Wallis is considered a non-parametric equivalent to a one-way Analysis of Variance yet 

relaxes the assumptions of normality and homogeneity of variance required for parametric 

analyses (Conover 1980). Kruskal-Wallis tests were conducted for total reptile species richness 

and CPUE, taxonomic Order/Suborder categorized as lizards (Suborder Lacertilia), turtles (Order 

Testudines), and snakes (Suborder Serpentes), and individual species with total counts ≥ 20. All 

statistics were considered significant at P ≤ 0.05. 

I used Renkonen’s Index  to quantify the similarity of the reptile community between 

floodplain and upland pools (Krebs 1989).  The index is a percentage similarity index defined as 

P = ∑ minimum (p1i, p2i); where, P = percentage similarity between upland and floodplain sites; 

p1i = percentage of species i in floodplain pools; p2i = percentage of species i in upland pools.  

Renkonen’s Index can be viewed as a scale from 0 (no similarity between pool types) to 100 

(complete similarity between pool types) (Krebs 1989). 

 
Faunal-Habitat Relationships 
 
 For modeling analyses, I used study site as the experimental unit yielding an 

experimental sample size of 10. Faunal response variables included species richness and 

abundance of reptiles and individual genera abundance. Species richness was calculated as total 
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number of reptile species at each study site detected by pitfall-funnel trap surveys. Species with 

statistically negligible capture numbers (<20 individuals totaled across study sites) were omitted 

from individual analyses. Twenty-nine habitat variables were included in analyses that were 

averaged or summed by site based upon vegetation data collected during summers 2002 and 2005 

and water quality and edaphic characteristics measured from 2004-2006 (Table 4.4). 

  Determining if habitat conditions influenced reptile species richness and abundance was a 

multiple-step process. I used data reduction techniques to eliminate environmental variables 

exhibiting little variance among ephemeral pool sites and variables that were correlated (Fogarty 

2005). First, I used Principal Components Analysis (PCA) to reduce the habitat data set to a 

smaller number of variables that limited the amount of redundancy between variables and 

represented most of the variation between pool sites (PROC PRINCOMP, SAS 9.1; McCune and 

Grace 2002). PCA is a basic eigenvector analysis that requires one data matrix, in this case, 

habitat variables by pool site, and determines which variables contribute most to the overall 

variance of the data set relative to one another (Johnson 1998; Fogarty 2005).  Each component 

that is extracted is represented by an eigenvalue that represents amount of variance accounted for 

by a given component. Every variable then has a loading on each axis indicating it’s significance 

within each principal component with the square of the loading equaling the percentage of 

variation in the variable explained by that axis (McGarigal et al. 2000). Significant axes were 

determined by Kaiser’s criterion where each component with an eigenvalue >1 was retained and 

interpreted (Hatcher 1994).  Within each component, variables with eigenvector loadings >0.30 

and <-0.30 were considered meaningful. This method allows for the selection of variables that 

represent approximately 10 % of the variance explained by that axis (Hair et al. 1987; McGarigal 

et al. 2000). Of the measured environmental variables, three variables, including water 

temperature, soil temperature, and visual obscurity from Nudd’s board surveys were omitted at 

this stage of analysis. Temperature measurements for both water and soil were taken daily during 
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trapping periods. However, given the variable amounts of time spent at each pond, measurements 

were not taken at the same time each day, and therefore, were not standardized and comparable 

across study sites. Additionally, Nudd’s readings were not standardized across study years. For 

sampling from 2001 - 2003, vegetation density and visual obscurity was measured among four 

height categories, whereas 6 categories were used for sampling 2004 - 2006. Given these 

discrepancies in sampling methods and inability to summarize across sites, these variables were 

omitted from analysis. A list of habitat variables included in analysis can be found in Table 4.5. 

All variables were square-root transformed prior to PCA, except for percentage data, which was 

arcsine square-root transformed.  

 Next, I used the habitat variables reduced by PCA to develop models for reptile richness 

and abundance using multiple linear regression (PROC REG, SAS Institute 1999). Variables were 

examined for collinearity using Pearson correlation coefficients which evaluated relationships 

among explanatory variables (Myers 1990). If two variables had a coefficient >0.75, they were 

evaluated as candidates for exclusion from the data set. The variable with the greatest biological 

significance for reptiles based upon current knowledge and literature was retained for inclusion in 

final regression analyses. 

 I then used stepwise linear regression (PROC REG, SAS Institute 1999) to identify 

variables that were related (P ≤ 0.15) to reptile species richness and abundance. Separate 

regression analyses were conducted for wetland variables occurring within each pool proper and 

terrestrial habitat variables of surrounding forests. Significant variables from each of the 

regression analyses were then combined and the full model was analyzed using stepwise linear 

regression (P ≤ 0.05). 

  

 

 



  

 68

RESULTS 

 

Pitfall-Funnel Trapping  

 Pitfall-funnel trap arrays were opened simultaneously at all 10 ephemeral pool sites for 

37 trap periods that varied between 1 to 10 days long (317 days total) and produced 3,161 trap 

days. Trap captures yielded 21 reptile species and 541 reptiles during the study. Upland pools 

yielded 5 lizard species (n = 323), 7 snake species (n = 29), and 5 turtle species (n = 28), whereas 

floodplain pools yielded 5 lizard species (n = 141), 5 snake species (n = 13), and 4 turtle species 

(n = 7; Table 4.1).  

 

Kruskal- Wallis Tests 

 Kruskal-Wallis test indicated that reptile species richness (H = 4.630, df = 1, P = 0.031), 

snake species richness (H = 3.721, df = 1, P = 0.054), reptile CPUE (H = 6.546, df = 1, P = 

0.011), lizard CPUE (H = 6.546, df = 1, P = 0.011), turtle CPUE (H = 5.672, df = 1, P = 0.017), 

and snake CPUE (H = 6.750, df = 1, P = 0.009) were all significantly greater at isolated, upland 

pools than floodplain pools (Table 4.2).  

 For individual reptile species, one lizard, one snake, and one turtle species differed 

significantly by CPUE between upland and floodplain pools. Northern fence lizard CPUE 

(Sceloporus undulatus, H = 28.761, df = 1, P < 0.001), eastern cottonmouth CPUE (Agkistrodon 

piscivorus,  H = 4.434, df = 1, P = 0.035), eastern mud turtle CPUE (Kinosternon subrubrum 

subrubrum, H = 4.687, df = 1, P = 0.030), and eastern ribbon snake (Thamnophis sauritus 

sauritus, H = 4.168, df = 1, P = 0.041) were significantly greater at isolated, upland pools than 

floodplain pools (Table 4.3). 

 Kruskal-Wallis test yielded 3 habitat variables that differed between isolated, upland and 

floodplain pools. Mean log diameter (H = 5.500, df = 1, P = 0.019) was greater surrounding 
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floodplain pools than uplands. Mean pool depth (H = 4.546, df = 1, P = 0.033) and mean water 

pH (H = 4.546, df = 1, P = 0.033) were greater at upland pools than floodplains.  

 

Renkonen’s Index 

 The Renkonen’s Index value for reptiles was 0.6922 indicating that reptile communities 

were 69.22 % similar between upland and floodplain ephemeral pools.  

 

Principal Components Analysis 

 Principal components analysis of the 28 environmental yielded 5 significant axes 

(eigenvalues >1) that explained 85.67 % of the total variation in habitat conditions between study 

sites. From these 5 axes, 15 environmental variables had eigenvector loadings >0.30 and       <-

0.30 (Table 3.5). The first principal axis (PC1) had an eigenvalue of 9.380 and explained 33.49 % 

of the variation with loadings for mean number of overstory species (OVERSP ф = 0.310), total 

number of overstory trees (OVCNT ф = 0.307), and percentage of overstory canopy closure 

(CANOPY ф = 0.298). The second principal axis (PC2) had an eigenvalue of 5.504 and explained 

an additional 19.66 % of variation with loadings for maximum pool volumes (POOLVOL ф = 

0.307) and mean percentage soil moisture (SOILMOIST ф = -0.344). The third principal axis 

(PC3) had an eigenvalue of 3.550 and explained an additional 12.68 % of variation with loadings 

for mean number of understory plant species (GRNCVR ф = -0.402), mean height of midstory 

trees (MIDHT ф = -0.305), and total number of overstory pine trees (OVPINE ф = 0.317). The 

fourth principal axis (PC4) had an eigenvalue of 2.881 and explained an additional 10.29 % of 

variation with loadings for GRNDCVR (ф = 0.318), basal area (BA ф = 0.382), mean diameter of 

standing snags (SNAGDIAM ф = 0.292), mean water pH (WATERPH ф = 0.325), and mean soil 

pH (SOILPH ф = -0.323). The fifth principal axis (PC5) had an eigenvalue of 2.675 and 
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explained an additional 9.55 % of variation with loadings for mean diameter of downed woody 

debris (LOGDIAM ф = 0.432), mean pool depth (MEANPOOL ф = -0.321), and maximum pool 

depth recorded (MAXPOOL ф = -0.485). Average habitat measurements for variables included in 

PCA can be found in Table 4.6. 

 

Stepwise Regression Analyses 

 Variables included in initial wetland regression analysis for reptile species richness and 

CPUE were mean pool depth (MEANPOOL), pool volume (POOLVOL), and mean water pH 

(WATERPH).   

 Variables included in initial terrestrial regression analysis for reptile species richness and 

CPUE were mean species richness of understory  vegetation (<1 m height) (GRNDCVR), 

overstory basal area (BA), mean diameter of downed woody debris (LOGDIAM), mean 

percentage soil moisture (SOILMOIST), mean height of midstory trees (MIDHT), mean soil pH 

(SOILPH), and mean number of overstory species (OVERSP). 

 Significant environmental variables identified from the separate wetland and terrestrial 

regressions were combined to produce specific models for reptiles overall, reptile by Order, and 

select species (Table 4.7).  

 

Habitat Associations by Group 

 Reptile Species Richness. No variables met the 0.05 significance level for entry into the 

model. 

 Reptile CPUE. The model contained one variable, MIDHT, and a R2 value of 0.424 

(Table 4.7).  MIDHT (β-hat = -0.093, SE = 0.038, F = 5.89, df = 1,8, P = 0.042) had a significant 

negative association with reptile CPUE.  
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 Lizard Species Richness. The model contained one variable, MIDHT, and a R2 value of 

0.491 (Table 4.7).  MIDHT (β-hat = -0.507, SE = 0.183, F = 7.72, df = 1,8, P = 0.024) had a 

significant negative association with lizard species richness. 

 Lizard CPUE. The model contained one variable, MIDHT, and a R2 value of 0.472 (Table 

4.7).  MIDHT (β-hat = -0.090, SE = 0.033, F = 7.15, df = 1,8, P = 0.028) had a significant 

negative association with lizard CPUE. 

 Snake Species Richness. The model contained two variables, SOILPH and GRNDCVR, 

and a R2 value of 0.693 (Table 4.7).  SOILPH (β-hat = 2.126, SE = 0.695, F = 5.37, df =2,7, P = 

0.049) had a significant positive association with snake species richness, whereas GRNDCVR (β-

hat = -0.167, SE = 0.065, F = 6.64, df = 2,7, P = 0.037) had a negative association. 

 Snake CPUE. No variables met the 0.05 significance level for entry into the model. 

 Turtle Species Richness. No variables met the 0.05 significance level for entry into the 

model. 

 Turtle CPUE. No variables met the 0.05 significance level for entry into the model. 

 

Habitat Associations by Species 

 Green Anole (Anolis carolinensis). The model contained one variable, MEANPOOL, and 

a R2 value of 0.414 (Table 4.7).  MEANPOOL (β-hat = 0.001, SE < 0.001, F = 5.65, df = 1,8, P = 

0.045) had a significant positive association with green anole CPUE. 

 Five-lined Skink (Eumeces fasciatus). The model contained one variable, MIDHT, and a 

R2 value of 0.624 (Table 4.7).  MIDHT (β-hat = -0.051, SE = 0.014, F = 13.28, df = 1,8, P = 

0.007) had a significant negative association with five-lined skink CPUE. 

 Broadhead Skink (Eumeces laticeps). No variables met the 0.05 significance level for 

entry into the model. 
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 Northern Fence Lizard (Sceloporus undulatus). The model contained one variable, 

MEANPOOL, and a R2 value of 0.532 (Table 4.7).  MEANPOOL (β-hat = 0.001, SE < 0.001, F = 

9.10, df = 1,8, P = 0.017) had a significant positive association with northern fence lizard CPUE. 

 Ground Skink (Scincella lateralis). The model contained one variable, WATERPH, and a 

R2 value of 0.499 (Table 4.7).  WATERPH (β-hat = 0.071, SE = 0.025, F = 7.98, df = 1,8, P = 

0.022) had a significant positive association with ground skink CPUE. 

 Eastern Mud Turtle (Kinosternon subrubrum subrubrum). No variables met the 0.05 

significance level for entry into the model. 

 Eastern Cottonmouth (Agkistrodon piscivorus). The model contained one variable, 

POOLVOL, and a R2 value of 0.564 (Table 4.7).  POOLVOL (β-hat < 0.001, SE < 0.001, F = 

10.33, df = 1,8, P = 0.012) had a significant positive association with eastern cottonmouth CPUE. 

 

DISCUSSION 

 Isolated, upland pools and associated terrestrial habitat supported greater species richness 

and abundance of most species than stream-connected floodplain pools by at least one analysis 

method. Several characteristics of upland sites used in this study may have increased their 

propensity to support more diverse and abundant reptile communities. Both upland and floodplain 

pool sites were surrounded by mature forest >65 years of age. Overstory canopy closure varied 

among individual study sites but was high overall with upland sites averaging 84 % closed 

canopy and floodplain sites averaging 88 % closed canopy. Although they did not differ at P ≤ 

0.05, upland sites were found to have slightly greater open canopy conditions than floodplain 

sites. This finding may be attributable to the prevalence of coniferous trees and silvicultural 

activities on upland sites.  

 Forest stands containing greater interspersion of pine trees typically allow greater 

sunlight penetration during the growing season because of the cylindrical crown shape of pine 
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species and the lower surface area of needles compared to most hardwood leaves (Reifsnyder et 

al. 1971). This relationship is especially true in older managed pine stands because of the 

increased growing area due to thinning practices compared to most hardwood stands along 

streams that are not typically managed by timber harvest. Both upland and floodplain forests in 

my study contained a mixture of pine and hardwood tree species. I found that total number of 

overstory pine trees was similar between upland and floodplain sites with uplands containing only 

1 % more pine trees than bottomland forests surrounding floodplain pools. These results conflict 

with personal observations, however, that upland sites contained greater composition of mature 

loblolly pine than floodplain sites. Differences in quantitative results and field observations may 

be attributed to forestry practices at upland study sites. Prescribed burning and occasionally stand 

thinning were used to manage timber in the pine-dominated uplands. These activities may have 

increased mortality in some trees resulting in removal of mature pine trees and subsequent 

underestimation of overstory pine in forest stand composition.  

 Timber management on upland sites also may have created favorable habitat conditions 

for reptiles by producing an abundance of snags surrounding upland pools and more open canopy 

conditions as trees were harvested or snags decayed over time (Hunter 1990). Mean number of 

snags (41.25) and snag decay category (3.796) were greater on upland sites but did not differ 

significantly from floodplains at P ≤ 0.05. Areas containing numerous snags likely produce 

warmer and drier microsite conditions as more light would penetrate and reach the forest floor 

due to lack of crown closure in areas containing snags. Reptiles would likely benefit from these 

conditions as greater light levels lead to increased prey abundance and warmer temperatures 

required for thermoregulation, egg incubation, and development of hatchlings (Goin and Goin 

1971; Blake and Hoppes 1986; Deeming and Ferguson 1991; Petranka 1998). Greenburg (2001) 

found that lizard and snake abundance was greatest in forests containing canopy gaps compared 

to mature forest with closed-canopy conditions. Additionally, Todd and Andrews (2008) found 
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that thinned-canopy forests supported greater relative abundance of small snakes and attributed 

this finding in part to warmer microhabitats and increased habitat heterogeneity due to forest 

management.  

Areas containing numerous snags would likely contribute to abundant downed woody 

debris on the forest floor over time which has been cited as an important habitat component for 

herpetofauna by providing cover, basking, reproductive, and foraging opportunities (Hunter 1990; 

Petranka 1998; Fogarty 2005; Jones and Taylor 2005; Bailey et al. 2006). Coarse woody debris is 

known to be beneficial for protecting against extreme weather and retaining moisture and has 

been found to contain abundant insect prey (Boddy 1983; Harmon et al. 1986; Hanula 1995). 

Prey availability also has been linked to litter depth with shallow litter containing fewer 

arthropods compared to deeper litter (Seastedt and Crossley 1981; Shure and Phillips 1991; Siira-

Pietikainen et al. 2003). Mean litter depth was similar between upland and floodplain pools in my 

study with litter depth being slightly greater at upland pools and averaging 1.46 cm.  

Forest management practices on uplands also may have produced better quality habitat 

conditions for reptiles through control of midstory shrubs and trees. In my study, mean height of 

midstory vegetation was related negatively to overall reptile capture rates, lizard diversity, and 

captures of five-lined skinks. Midstory height was greater on floodplain sites but did not differ 

significantly from uplands at P ≤ 0.05. Taller midstory vegetation may increase canopy closure 

by restricting sunlight at ground level. These habitat characteristics have been found to negatively 

influence nesting, basking, and foraging conditions for reptiles, such as gopher tortoises (Jones 

and Dorr 2004). As midstories mature, reptile food plants, basking sites, and nesting sites may be 

degraded over time. Therefore, habitat management, such as prescribed burning on upland sites, 

may be beneficial to stimulate growth of herbaceous groundcover and set back midstory 

succession. 
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 Mean pool depth was associated positively with northern fence lizard and green anole 

CPUE. Upland pools in my study were on average 3 cm deeper than floodplain pools. Pool depth 

may be an indicator of hydroperiod with deeper pools providing a more stable water source over 

time. These pools may contribute to greater invertebrate abundance that support lizard 

populations in surrounding uplands leading to greater diversity of species. From field observation, 

floodplain pools not only maintained more shallow conditions but were dry more often than 

upland ponds. Associations between reptiles and pool depth are unclear but may infer that 

presence of surface water is an important factor but may not differentiate between pools of 

different habitat types or specific water levels preferred by reptile species. 

 While habitat modeling efforts were moderately successful for many reptile groups and 

species, limitations in study design may have reduced some of the explanatory power of faunal-

habitat associations. Sample size recommendations in multiple regression are typically a function 

of the number of predictors in the model. Model selection procedures generally recommend 

sample sizes > 40 times the number of total parameters (Burnham and Anderson 2004). However, 

in my study, experimental units were pool sites yielding a sample size of 10 modeled against 3 

predictor variables on average. Relative sample size to number of parameters may have been too 

small to reveal significant effects that would only become evident with increased sample size. 

 None of the reptile species detected in my study were obligate species of ephemeral 

wetlands. Aquatic and semi-aquatic species such as eastern mud turtles, water snakes, and 

cottonmouths use these wetlands opportunistically depending on pool hydroperiods. However, 

fewer captures were found for snake and turtle taxa compared to generalist terrestrial lizards. 

Poorer explanatory power of modeling efforts for these taxonomic groups may have been 

compounded by reduced captures of snakes and turtles in addition to low number of study sites. 

Pitfall and funnel-trapping methods used in this study had an obvious bias against capture and 

retention of larger fauna. Larger snakes have been known to escape open pitfall traps. Use of the 
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exclusion cover in combination with pitfalls in this study may have increased potential for escape 

of snakes by providing a conduit on which to maneuver. The width of openings on the wire cage 

also may have impeded movements preventing larger individuals from falling into pitfall traps. 

The dimensions of the wire cage certainly prohibited capture of medium to large testudines which 

could account for my overall low number of captures. Furthermore, modeling efforts for turtles 

and snakes may have been biased towards specific species due to the relative contribution of 

these species to total captures. Eastern cottonmouth and eastern mud turtle captures accounted for 

a disproportionately large percentage of snake and turtle captures (57 % and 62 %, respectively) 

relative to other species detected in my study and were the only species from these taxonomic 

groups with enough captures (≥20) to warrant quantitative analysis.  

Several modifications to my study design may have improved robustness and inferential 

power of my findings. I believe the most important limitation to my study was the low number of 

study ponds. I recognize that with so few ponds and the habitat variability among them, my 

study’s results should be interpreted cautiously. However, rarity of forested temporary wetlands 

within the study area precluded a larger sample size (Asmus 2003).  Few significant measurable 

differences were found between environmental variables of upland and floodplain ephemeral pool 

sites although these finding conflict with personal observations in the field. Sampling efforts were 

concentrated within 20-30 m of wetland edge. Differences in habitat composition and structure 

may only have been evident at greater distances from the pond and sampling efforts should have 

been extended to confirm variation between these habitat types. I recommend that transect lengths 

be extended to > 50 m from pond edge as this distance would likely give a more accurate picture 

of forest stands surrounding ephemeral ponds. I also recommend use of additional sampling 

methods, such as area searches or use of box traps, to quantify reptiles that may be selected 

against with use of pitfall or funnel traps due to size restrictions or behaviors. 
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MANAGEMENT IMPLICATIONS 

 Based on my study, I recommend protection of upland and floodplain ephemeral pools 

and associated terrestrial habitats to promote and conserve reptile diversity on public forested 

lands in Mississippi. Whereas, upland pools supported more diverse reptile communities, I would 

not discount the importance of terrestrial habitat surrounding floodplain pools as most habitat 

conditions investigated in this study fell within similar ranges between upland and floodplain 

sites. Protective measures targeting reptile assemblages surrounding temporary ponds should 

focus on retaining key habitat characteristics, such as those identified in my study, within core 

use areas as these elements are essential for forage, moisture, reproduction, overwintering, and 

cover for numerous herpetofauna species. I concur with Semlitsch (1998, 2005) who 

recommended maintenance of terrestrial buffers and designation of core use areas around 

ephemeral wetlands similar to streamside management zones in riparian habitats. Maintenance of 

buffers and connective corridors in mature hardwood forest interspersed with mixed pine-

hardwood forest could provide valuable habitat for herpetofauna. 

 To maintain forest patches in multiple stages of succession, forest management 

techniques including prescribed burning and mechanical site preparation may be necessary 

though the impact of these practices on herpetofauna remains unclear. Several authors have 

supported the contention that managed forests may contribute to increased herpetofaunal diversity 

by increasing structural complexity and diversity of microhabitat (Rosenzweig 1995; Seymour et 

al. 2002; Fox et al. 2004; Shipman et al. 2004; Loehle et al. 2005). Mixed pine-hardwood and 

pine forests in the Southeastern U.S. are managed largely for production of timber on public 

lands, though intensity of silvicultural practices vary among agencies and cooperators. Prescribed 

burning is a tool commonly used in pyric ecosystems of the Southeastern Coastal Plain to reduce 

forest fuel loads, stimulate vegetative growth, and enhance wildlife habitat. Burning on 

shortened-intervals (≤3 years) may reduce forest floor components, such as deadwood cover and 
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leaf litter, found to be important for thermoregulation, moisture, forage, and reproduction of 

herpetiles. However, intermediate levels of disturbance such as thinning or prescribed burning 

may potentially maximize biodiversity by promoting a greater range of forest age classes and 

canopy structures and changes to forest-floor vegetation structure and composition though studies 

present conflicting evidence of the effects of controlled burns. Based on my findings and 

experience, I suggest that future studies investigate the influence of disturbance on herpetofauna 

surrounding ephemeral wetlands, including the effects of prescribed fire, timber harvesting and 

site preparation techniques, such as disking and piling of slash on these assemblages. 
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Table 4.2.   Kruskal-Wallis results by group for pitfall-funnel trap surveys on 10 ephemeral pool   
       sites on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,   
       2001-2006. 
 

Group Chi-Square df P 
Reptile species richness 4.630 1 0.031 

Reptile CPUE 6.546 1 0.011 

Lizard species richness 2.500 1 0.114 

Lizard CPUE 6.546 1 0.011 

Snake species richness 3.721 1 0.054 

Snake CPUE 6.750 1 0.009 

Turtle species richness 2.450 1 0.118 

Turtle CPUE 5.672 1 0.017 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

 86

Table 4.3.   Kruskal-Wallis results by species for pitfall-funnel trap surveys on 10 ephemeral pool  
                   sites on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,   
                   2001-2006. 
 

Species Chi-
Square 

df P 

Lizards    

Anolis carolinensis 3.421 1 0.064 

Eumeces fasciatus 0.740 1 0.340 

Eumeces laticeps 1.793 1 0.181 

Sceloporus undulatus 28.761 1 <0.001 

Scincella lateralis 3.061 1 0.080 

    

Snakes    

Agkistrodon piscivorus 4.434 1 0.035 

Coluber constrictor priapus 0.307 1 0.580 

Diadophis punctatus stictogenys 2.027 1 0.155 

Heterodon platirhinos 1.000 1 0.317 

Lampropeltis getula 1.000 1 0.317 

Lampropeltis triagulum syspila 1.000 1 0.317 

Nerodia erythogaster flavigaster 3.083 1 0.079 

Nerodia sipedon pleuralis 1.000 1 0.317 

Storeria dekayi wrightorum 1.000 1 0.317 

Thamnophis sauritus sauritus 4.168 1 0.041 

    

Turtles    

Chelydra serpentina 0.381 1 0.537 

Pseudemys concinna 1.000 1 0.317 

Kinosternon subrubrum subrubrum 4.687 1 0.030 

Terrapene carolina triunguis 0.011 1 0.918 

Sternotherus odoratus 1.000 1 0.317 

Trachemys scripta elegans 1.000 1 0.317 
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Table 4.4.   Habitat variables measured from 10 ephemeral pool sites on Tombigbee National     
       Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Variable Measurement 
LITTER 
GRNDCVR 
BRGRND 
DEBRIS 
MIDCNT 
MIDSP 
MIDHT 
OVCNT 
OVERSP 
OVPINE 
OVRDBH 
 
BA 
SNAGCNT 
SNAGPINE 
SNAGDIAM 
SNAGDECAY 
LOGCNT 
LOGDIAM 
LOGDECAY 
POOLSA 
POOLVOL 
CANOPY 
MEANPOOL 
MAXPOOL 
WATERPH 
SOILPH 
SOILMOIST 
FISHRICH 
SITETYPE 

Mean depth (cm) of litter at center of 1-m2 sample plots 
Mean # of plant species <1 m height from 1-m2 sample plots 
Mean percentage cover of bare ground from 1-m2 sample plots 
Mean percentage cover of debris from 1-m2 sample plots 
Mean # midstory trees <6 m height from 10-m2 sample plots 
Mean # midstory tree species <6 m height from 10-m2 sample plots 
Mean midstory tree height (m) from 10-m2 sample plots 
Total # overstory trees >6 m height from 100-m2 sample plots 
Mean # overstory tree species >6 m height from 100-m2 sample plots 
Total # overstory pine trees >6 m height from 100-m2 sample plots 
Mean diameter at breast height (ft) for overstory trees >6 m height from 
100-m2 sample plots 
Total basal area (cm2) of overstory trees in 100-m2 sample plots 
Total # standing snags in 100-m2 sample plots 
Total # standing pine snags in 100-m2 sample plots 
Mean diameter of standing snags in 100-m2 sample plots 
Mean level of decay of standing snags in 100-m2 sample plots 
Total # downed logs in 100-m2 sample plots 
Mean diameter of downed logs in 100-m2 sample plots 
Mean level of decay of downed logs in 100-m2 sample plots 
Total surface area of pool (m2) 
Maximum volume of pool (m3) 
Percentage closed canopy cover from densitometer 
Mean pool depth (cm)  
Maximum pool depth recorded (cm) 
Mean water pH  
Mean soil pH 
Mean percentage soil moisture 
Species richness of fishes detected within each study pool 
Site categorized as either upland pool or floodplain pool 
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Table 4.5.   Habitat variables reduced by principal components analysis to identify parameters  
       affecting reptile richness and abundance on 10 ephemeral pool sites on        
       Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Variable Measurement 

GRNDCVR 
OVCNT 
OVERSP 
OVPINE 
BA 
MIDHT 
SNAGDIAM 
LOGDIAM 
CANOPY 
POOLVOL 
MEANPOOL 
MAXPOOL 
WATERPH 
SOILPH 
SOILMOIST 

Mean # of plant species <1 m height from 1-m2 sample plots 
Total # overstory trees >6 m height from 100-m2 sample plots 
Mean # overstory tree species >6 m height from 100-m2 sample plots 
Total # overstory pine trees >6 m height from 100-m2 sample plots 
Total basal area (cm2) of overstory trees in 100-m2 sample plots 
Mean midstory tree height (m) from 10-m2 sample plots 
Mean diameter of standing snags in 100-m2 sample plots 
Mean diameter of downed logs in 100-m2 sample plots 
Percentage closed canopy cover from densitometer 
Maximum volume of pool (m3) 
Mean pool depth (cm)  
Maximum pool depth recorded (cm) 
Mean water pH  
Mean soil pH 
Mean percentage soil moisture 
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Table 4.7.   Combined stepwise regression models of wetland and terrestrial variables for species  
                   richness and catch-per-unit effort of reptiles on Tombigbee National Forest and  
                   Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Taxa Stepwise Combined Model 
Reptile species richness No variables met the 0.05 significance level for entry into the model. 

 
Reptile CPUE Y = 0.285 – 0.093 (MIDHT)  

 
Lizard species richness Y = 3.076 – 0.507 (MIDHT )  

 
Lizard CPUE Y = 0.272 – 0.090 (MIDHT)  

 
Snake species richness Y = -10.914 + 2.126 (SOILPH) – 0.167 (GRNDCVR)  

 
Snake CPUE No variables met the 0.05 significance level for entry into the model. 

 

Turtle species richness No variables met the 0.05 significance level for entry into the model. 
 

Turtle CPUE No variables met the 0.05 significance level for entry into the model. 
 

Green anole CPUE Y = 0.010 + 0.001 (MEANPOOL)  
 

Five-lined skink CPUE Y = 0.150 – 0.051 (MIDHT)  
 

Broadhead skink CPUE No variables met the 0.05 significance level for entry into the model. 
 

Northern fence lizard CPUE Y = -0.011 + 0.001 (MEANPOOL)  
 

Ground skink CPUE Y = -0.417 + 0.071 (WATERPH)  
 

Eastern cottonmouth CPUE Y = -0.001 + 0.001 (POOLVOL)  
 

Eastern mud turtle CPUE No variables met the 0.05 significance level for entry into the model. 
 

Note: Y = response variable of species richness or CPUE.
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CHAPTER V 

HABITAT AND WEATHER ASSOCIATIONS OF SMALL MAMMAL COMMUNITIES  

AT TEMPORARY WETLANDS IN NORTH MISSISSIPPI 

 

INTRODUCTION 

 Intensive land use including agriculture, pine plantation forestry, and other anthropogenic 

activities has greatly altered the natural landscape within the southeastern Coastal Plain of the 

United States during the last 100 years. Ecosystem conversion has resulted in the loss and 

fragmentation of old-growth forests, bottomland hardwood forests, wetland and riparian habitats 

that once dominated this region (Abernethy and Turner 1987; Dickson 2001; Gibbons and 

Buhlmann 2001). It is estimated that >60 % of wetlands have been lost in the contiguous United 

States. Given these losses and degradation of existing habitat, conservation and restoration of 

wetlands and peripheral habitat have gained considerable interest due to their influence on biotic 

communities. 

 Forest management on public lands often involves the challenges of combining multiple 

use missions of timber production and silvicultural management with the conservation of 

biological diversity, wildlife, and habitat (Bunnell et al.1999). In the past, most management 

strategies and conservation efforts have focused on game species with little attention given to the 

nongame species. As a result, limited information exists for many species regarding basic life-
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history strategies and factors influencing population dynamics.  This study was designed to 

provide baseline information on the long-term use of natural and constructed temporary wetlands 

by nongame vertebrates on public forested lands in north Mississippi.  

 Temporary pools have been extensively studied regarding amphibian ecology, but 

relatively little information is known about the contribution of these wetlands for supporting other 

faunal communities such as mammals. Small mammals of the forest floor play integral roles in 

forest ecosystem dynamics.  Through trophic interactions, small mammals influence numerous 

organisms by their consumption of invertebrates, plants, fruit, and fungi (Gunther et al. 1983; 

Carey et al. 1999). They disperse seeds and fungal spores that may contribute to the vegetative 

structure and composition of ecosystems (Maser et al 1978; Maser and Maser 1988; Vander Wall 

1993; Pyare and Longland 2001; Vander Wall et al. 2001). Additionally, they serve as prey for 

mammalian, avian, and reptilian predators (Zielinski et al. 1983; Forsman et al. 1984; Carey et al. 

1992; Verts and Carraway 1998). Furthermore, some fossorial species, such as eastern moles 

(Scalopus aquaticus) impact ecosystems through aeration of soil by extensive tunneling (Dickson 

2001).  Few studies have addressed the influence of wetland habitats and ecotones on small 

mammal communities. From existing studies, there are no known mammalian species that are 

obligates or indicators of ephemeral wetlands. However, studies have speculated that 

microhabitat conditions that characterize temporary wetlands including abundance of invertebrate 

prey, moist soil, detritus, and downed woody debris may provide preferred habitat for 

insectivores and rodents (Winfield et al. 1981; DeGraaf and Rudis 1986).  

 Baseline information about small mammal biota is needed to develop predictive models 

of mammalian richness and abundance in wetland habitats of public forested lands. With a greater 

understanding of small mammal habitat associations, important habitat components could 

potentially be identified and retained in these habitats. Furthermore, this information could 

provide resource managers with development of effective guidelines for future land-use planning 
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aimed at conservation of forest biodiversity. To address the paucity of information on small 

mammals of temporary wetlands, I documented forest-floor small mammal species richness and 

relative abundance surrounding isolated, upland temporary wetlands and stream-connected 

floodplain pools on public lands in north Mississippi. This study was funded with the primary 

objective of investigating herpetofaunal diversity of temporary wetlands and sampling 

methodology was established according to monitoring guidelines for amphibians and reptiles. 

Small mammals captured during this study were incidental captures from herpetofaunal trapping 

efforts. With the information collected, I sought to model small mammal richness and abundance 

with habitat characteristics surrounding temporary wetlands including vegetation structure and 

composition, water quality, soil properties, and weather conditions.   

  
 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  
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METHODS 
 
 

Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from 

March 2004 through March 2006 using straight-line drift fence arrays combined with three trap 

designs; pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended 

funnel trap. Data on species richness and abundance in this chapter were obtained from 23 pitfall-

funnel trap surveys. Habitat measurements for all sites were completed during the summer 

growing seasons of 2002 and 2005. Water quality and edaphic measurements were taken during 

trapping periods from 2004-2006. Weather data were obtained from the Mississippi state 

climatologist for the National Oceanic and Atmospheric Administration (NOAA) weather stations 

in Louisville, MS and Columbus Air Force Base, Columbus, MS from 2001-2006. 

 

Statistical Analyses 

 
 
Differences Between Pool Types 
 

Study sites (n = 10) were categorized according to pool type as either upland (isolated 

from floodplain) or floodplain pools (located within stream floodplain). I conducted Kruskal-

Wallis tests (PROC NPAR1WAY, SAS 9.1) to determine if small mammal species richness, 

small mammal catch-per-unit-effort (CPUE), and CPUE by genera varied significantly by pool 

type and if measured habitat variables differed between pool types. Kruskal-Wallis is considered 

a non-parametric equivalent to a one-way analysis of variance that does not require the 

assumptions of normality and homogeneity of variance required for parametric analyses (Conover 

1980). Analyses with Kruskal-Wallis tests were conducted for mammal genera that exhibited ≥20 

captured individuals. All statistics were considered significant at P ≤ 0.05.  
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I used Renkonen’s Index to quantify the similarity of the small mammal community 

between floodplain and upland pools (Krebs 1989).  The index is a percentage similarity index 

defined as P = ∑ minimum (p1i, p2i); where, P = percentage similarity between upland and 

floodplain sites; p1i = percentage of species i in floodplain pools; p2i = percentage of species i in 

upland pools.  Renkonen’s Index can be viewed as a scale from 0 (no similarity between pool 

types) to 100 (complete similarity between pool types) (Krebs 1989). 

 

Faunal-Habitat Relationships 
 
 
Habitat Associations 
 
 For modeling analyses, I used study site as the experimental unit yielding an 

experimental sample size of 10. Faunal response variables included species richness and 

abundance of small mammals and individual genera abundance. Species richness was calculated 

as total number of small terrestrial mammal species at each study site detected by pitfall-funnel 

trap surveys. Sampling effort varied by site due to an unequal number of traps on 3 upland sites, 

and weather-related disturbances and management practices which restricted sampling and site 

access (i.e., prescribed burning, flooding). Counts were standardized using CPUE to adjust for 

sampling biases among sites. To account for differences in sampling intensity, total number of 

traps available for each site were calculated and then multiplied by number of trap days each site 

was opened. CPUE was calculated for each species as total number of captured individuals per 

site divided by the adjusted number of trap days for that site (Fogarty 2005). Genera with 

negligible capture numbers (<20 individuals totaled across study sites) were omitted from 

individual analyses. Twenty-nine habitat variables were included in analyses that were averaged 

or summed by site based upon vegetation data collected during summers 2002 and 2005 and 

water quality and edaphic characteristics measured from 2004-2006 (Table 5.2). 
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  Determination of habitat conditions that potentially influenced small mammal species 

richness and abundance was a multiple-step process. I used data reduction techniques to eliminate 

environmental variables exhibiting little variance among ephemeral pool sites and variables that 

were correlated (Fogarty 2005). First, I used Principal Components Analysis (PCA) to reduce the 

habitat data set to a smaller number of variables that limited the amount of redundancy between 

variables and represented most of the variation between pool sites (PROC PRINCOMP, SAS 9.1; 

McCune and Grace 2002). PCA is a basic eigenvector analysis that requires one data matrix, in 

this case, habitat variables by pool site, and determines which variables contribute most to the 

overall variance of the data set relative to one another (Johnson 1998; Fogarty 2005).  Each 

component that is extracted is represented by an eigenvalue that represents amount of variance 

accounted for by a given component. Every variable then has a loading on each axis indicating 

it’s significance within each principal component with the square of the loading equaling the 

percentage of variation in the variable explained by that axis (McGarigal et al. 2000). Significant 

axes were determined by Kaiser’s criterion where each component with an eigenvalue >1 was 

retained and interpreted (Hatcher 1994).  Within each component, variables with eigenvector 

loadings >0.30 and <-0.30 were considered meaningful. This method allows for the selection of 

variables that represent approximately 10 % of the variance explained by that axis (Hair et al. 

1987; McGarigal et al. 2000). Of the measured environmental variables, three variables, including 

water temperature, soil temperature, and visual obscurity from Nudd’s board surveys were 

omitted at this stage of analysis. Temperature measurements for water and soil were taken daily 

during trapping periods. However, given the variable amounts of time spent at each pond, 

measurements were not taken at the same time each day, and therefore, were not standardized and 

comparable across study sites. Additionally, Nudd’s readings were not standardized across study 

years. For sampling from 2001-2003, vegetation density and visual obscurity was measured 

among four height categories, whereas 6 categories were used for sampling 2004-2006. Given 
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these discrepancies in sampling methods and inability to summarize across sites, these variables 

were omitted from analysis. A list of habitat variables included in analysis can be found in Table 

5.2. All variables were square-root transformed prior to PCA, except for percentage data, which 

was arcsine square-root transformed.  

 Next, I used the habitat variables reduced by PCA to develop models for small mammal 

species richness and abundance using multiple linear regression (PROC REG, SAS Institute 

1999). Variables were examined for collinearity using Pearson correlation coefficients which 

evaluated relationships among explanatory variables (Myers 1990). If two variables had a 

coefficient >0.75, they were evaluated as candidates for exclusion from the data set. The variable 

with the greatest biological significance for small mammals based upon current knowledge and 

literature was retained for inclusion in final regression analyses. 

 I then used stepwise linear regression (PROC REG, SAS Institute 1999) to identify 

variables that were related (P ≤ 0.15) to small mammal species richness and abundance. Separate 

regression analyses were conducted for wetland variables occurring within each pool proper and 

terrestrial habitat variables of surrounding forests. Significant variables from each of the 

regression analyses were then combined and the full model was analyzed using stepwise linear 

regression (P ≤ 0.05). 

  

Weather Associations 

 Spearman rank correlation coefficients (at 95 % CI) were used to determine associations 

between daily small mammal CPUE and weather data for the preceding 24-hour period including 

total precipitation, maximum air temperature (ºC), minimum air temperature (ºC), mean relative 

humidity (%), mean barometric pressure, and mean wind speed (mph) (PROC CORR, SAS 

Institute 1999). Separate Spearman rank correlation analyses were generated for each study year 

and season. Genera counts were totaled by year and season for the 2004-2006 study period. 
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Seasons were defined as summer (June-August), fall (September-November), winter (December-

February), and spring (March-May). All tests were considered significant at P ≤ 0.05 (Freund and 

Wilson 2003). 

 

RESULTS 

 

Pitfall-Funnel Trapping 

 Pitfall/funnel trap arrays were opened simultaneously at all 10 ephemeral pool sites for 

23 trap periods that ranged in duration from 5-10 days (222 days total) and produced 2,211 trap 

days. I captured 10 small mammal species and 472 individuals during the study. Upland pools 

yielded 10 small mammal species and 216 individuals, whereas floodplain pools yielded 8 species 

and 256 individuals. Species captured at upland pools included southern short-tailed shrew 

(Blarina carolinensis), least shrew (Cryptotis parva), pine vole (Microtus pinetorum), wood rat 

(Neotoma floridana), white-footed mouse (Peromyscus leucopus), deer mouse (Peromyscus 

maniculatus), oldfield mouse (Peromyscus polionotus), eastern harvest mouse (Reithrodontomys 

humulis), hispid cotton rat (Sigmodon hispidus), and southeastern shrew (Sorex longirostris). All 

of the aforementioned species with the exceptions of least shrew and southeastern shrew also 

were captured on floodplain sites. Due to low number of captures for most species, they were 

grouped according to genus for statistical analyses. Blarina spp. and Peromyscus spp. accounted 

for >93% of total captures, with 73.1 % (n = 345) of captures and 20.3 % (n = 96) of captures, 

respectively (Table 5.1). These two genera were the only ones with large enough sample sizes to 

be included in analyses that evaluated influences of habitat and weather conditions.   
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Kruskal-Wallis Tests 

 I found that Peromyscus spp. had significantly greater abundance at upland ephemeral 

pool sites than at floodplain sites (χ2 = 4.309, df = 1, P = 0.038). Small mammal species richness 

(χ2 = 1.576, df = 1, P = 0.209), small mammal CPUE (χ2 = 1.636, df = 1, P = 0.201), and Blarina 

CPUE (χ2 = 0.006, df = 1, P = 0.941) did not differ between upland and floodplain pool sites.  

 Kruskal-Wallis test yielded 3 habitat variables that differed between upland and 

floodplain sites. Mean log diameter (H = 5.500, df =1, P = 0.019) was greater surrounding 

floodplain pools than upland pools. Mean pool depth (H = 4.546, df =1, P = 0.033) and mean 

water pH levels (H = 4.546, df =1, P = 0.033) were greater at upland pools than floodplain pools.  

 

Renkonen’s Index 

 The Renkonen’s Index value was 0.8115 indicating that small mammal communities 

were 81.15 % similar between upland and floodplain ephemeral pools. 

 

Principal Components Analysis 
 
 Principal components analysis of the 28 environmental variables yielded 5 significant 

axes (eigenvalues >1) that explained 85.67 % of the total variation in habitat conditions between 

study sites. From these 5 axes, 15 environmental variables had eigenvector loadings >0.30 and       

<-0.30 (Tables 4.3). The first principal axis (PC1) had an eigenvalue of 9.380 and explained 

33.49% of the variation with loadings for mean number of overstory species (OVERSP ф = 

0.310), total number of overstory trees (OVCNT ф = 0.307), and percentage of overstory canopy 

closure (CANOPY ф = 0.298). The second principal axis (PC2) had an eigenvalue of 5.504 and 

explained an additional 19.66 % of variation with loadings for maximum pool volume 

(POOLVOL ф = 0.307) and mean percentage soil moisture (SOILMOIST ф = -0.344). The third 
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principal axis (PC3) had an eigenvalue of 3.550 and explained an additional 12.68 % of variation 

with loadings for mean number of understory plant species (GRNCVR ф = -0.402), mean height 

of midstory trees (MIDHT ф = -0.305), and total number of overstory pine trees (OVPINE ф = 

0.317). The fourth principal axis (PC4) had an eigenvalue of 2.881 and explained an additional 

10.29 % of variation with loadings for GRNDCVR (ф = 0.318), basal area (BA ф = 0.382), mean 

diameter of standing snags (SNAGDIAM ф = 0.292), mean water pH (WATERPH ф = 0.325), 

and mean soil pH (SOILPH ф = -0.323). The fifth principal axis (PC5) had an eigenvalue of 

2.675 and explained an additional 9.55 % of variation with loadings for mean diameter of downed 

woody debris (LOGDIAM ф = 0.432), mean pool depth (MEANPOOL ф = -0.321), and 

maximum pool depth recorded (MAXPOOL ф = -0.485). Average habitat measurements for 

variables included in PCA can be found in Table 5.4. 

 

Stepwise Regression Analyses 

 Variables included in initial wetland regression analysis for small mammal species 

richness and CPUE were mean pool depth (MEANPOOL), pool volume (POOLVOL), and mean 

water pH (WATERPH).   

 Variables included in initial terrestrial regression analysis for small mammal species 

richness and CPUE were mean species richness of understory  vegetation (<1 m height) 

(GRNDCVR), overstory basal area (BA), mean diameter of downed woody debris (LOGDIAM), 

mean percentage soil moisture (SOILMOIST), mean height of midstory trees (MIDHT), mean 

soil pH (SOILPH), and mean number of overstory species (OVERSP). 

 Significant environmental variables identified from the separate wetland and terrestrial 

regressions were combined and produced the following model: Mammal species richness = 1.129 

+ 0.001 (BA). The model contained one variable, BA, and a R2 value of 0.408. BA (β-hat < 
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0.001, SE < 0.001, F = 5.50, df = 1,8, P = 0.047) was associated positively with small mammal 

species richness. No variables met the 0.05 significance level for entry into the model for 

mammal CPUE, Blarina CPUE, and Peromyscus CPUE.  

 

Spearman Rank Weather Correlations 

 Correlations between small mammal captures and weather variables varied among years 

and seasons (Tables 5.5, 5.6).  Blarina CPUE was related significantly with humidity (rS =  0.367, 

P = 0.003), barometric pressure (rS = -0.375 , P = 0.003), and precipitation (rS =  0.400, P = 0.001) 

in 2004. In 2005, Blarina was related significantly with all of the aforementioned variables, 

humidity (rS  =  0.278, P = 0.008), barometric pressure(rS =  -0.259, P =0.013), precipitation (rS = 

0.235 , P = 0.013), and minimum temperature (rS =  0.212, P = 0.025). No significant correlations 

were found in 2006. For analyses among seasons, Blarina CPUE was related significantly with 

humidity (rS =  0.424, P = 0.006) and barometric pressure (rS = -0.311, P = 0.048) in fall. In spring, 

Blarina CPUE was significantly correlated with maximum temperature (rS =  0.319, P = 0.017), 

minimum temperature (rS = 0.558 , P < 0.0001), pressure (rS =  -0.361, P = 0.013), and precipitation 

(rS =  0.396, P = 0.003). In summer, Blarina CPUE was related significantly with maximum 

temperature (rS =  -0.376, P = 0.004) and wind speed (rS =  0.341, P = 0.019). There were no 

significant associations for Blarina CPUE in winter.  

 For analyses among years, Peromyscus CPUE was related significantly with minimum 

temperature (rS =  0.327, P = 0.005), humidity (rS =  0.331, P = 0.008), and precipitation (rS = 0.447,  

P ≤ 0.001) in 2004. In 2005, Peromyscus was significantly correlated with maximum temperature 

(rS =  0.201, P = 0.034), minimum temperature (rS =  0.304, P = 0.001), and precipitation (rS = 

0.224, P = 0.018). No significant correlations were found in 2006. For analyses among seasons, 

Peromyscus CPUE was significantly correlated with humidity (rS =  0.403, P = 0.009) and 

precipitation (rS = 0.363, P = 0.010) in fall. In spring, Peromyscus CPUE was related significantly 
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with maximum temperature (rS =  0.289, P = 0.031), minimum temperature (rS = 0.458 , P ≤ 0.001), 

and precipitation (rS =  0.377, P = 0.004). No significant correlations were found in summer. In 

winter, Peromyscus CPUE was related significantly with wind speed (rS =  -0.323, P = 0.035). 

 

DISCUSSION 

 

Habitat Associations 

  Species richness and capture rates of small mammals were 81.15 % similar between 

isolated, upland pool sites and stream-connected floodplain pools indicating similar community 

structure of small mammals between habitat types. I submit that both upland and floodplain 

forests appeared to provide adequate resources for soricids and rodents in my study. Previous 

studies have reported similar findings for small mammals in Appalachian hardwood-associated 

ecosystems with no difference in species diversity between upland and riparian habitats (Laerm et 

al. 1997; Bellows and Mitchell 2000; Osbourne et al. 2005). Laerm et al. (1997) attributed these 

findings to lack of difference in vegetative structure between habitat types. Similar conclusions 

may be drawn from my study. Few measurable differences in environmental variables were found 

between upland and floodplain ephemeral pool sites. All forest stands included in my study were 

older-age class forest >65 years of age. Overstory stand conditions, including species richness 

and abundance of mature trees, total number of pine trees >6m height, basal area, and canopy 

closure did not differ between habitat types at P ≤ 0.05. Additionally, understory measurements 

including species richness of groundcover vegetation, amounts of downed woody debris, and soil 

acidity and moisture were similar between upland and floodplain sites. Similarity in mammalian 

diversity between habitat types may also be attributable to the generalist nature of many small 

mammal taxa (Dickson 2001). Select species, such as Peromyscus spp., may be able to operate 
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under a wide range of habitats including cultivated farmland, open fields, and woodlands of 

different stand types and seral classes (Whitaker, Jr. 1996; Dickson 2001).  

 Significantly greater captures of Peromyscus were found at upland pools compared to 

floodplain pools. These results conflict with several studies that report riparian areas as preferred 

habitat for insectivores and rodents due to moist microclimates, greater abundance of invertebrate 

prey, and soils conducive to excavation (Owens 1984; Merritt 1987; Doyle 1990; McShea et al. 

2003).  Peromyscus spp. are found to be early invaders of forest stands and usually have greater 

abundance in young, regeneration stands including harvested pine forests (Dickson 2001). Forests 

surrounding upland pools in my study were typified by age classes of  >65 years; however, 

forestry practices including tree thinning and prescribed burning were used to manage areas of 

mixed pine-hardwood forest. These disturbance regimes may have created favorable habitat 

conditions for rodents by setting back succession of forest floor vegetation and stimulating new 

growth of grasses and forbs (Dickson 2001). 

 Heavy inundation and soil saturation related to high water levels and flooding events may 

have contributed to reduced abundance of Peromyscus spp. surrounding floodplain pools. Heavy 

precipitation has been reported to reduce litter size in deer mice (Myers et al. 1985).  Additionally 

flooding events may have contributed to decreased abundance by reducing herbaceous vegetation, 

foraging and reproductive habitat, and increased mortality due to drowning or hypothermia 

(Ruffer 1961; Andersen et al. 2000). Ruffer (1961) and Andersen et al. (2000) found that 

Peromyscus spp. sought higher ground to escape flooding. In my study, individuals may have 

sought upland areas as refuge to avoid impacts of inundation associated with floodplains. 

Reduced abundance also may have occurred on floodplains due to mortality as a result of heavy 

saturation from precipitation or altered foraging opportunities. However, natural mortality, 

recruitment, and trophic relationships were not investigated in this study so inferences cannot be 

made concerning specific causes of abundance differences between habitat types.  
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 Habitat modeling efforts for overall small mammal richness was moderately successful, 

whereas efforts for small mammal CPUE, Blarina, and Peromyscus were unsuccessful. One 

source of variation that I was unable to address was potential difference in habitat associations 

between congeners. Given low capture rates of most species and inability to identify some 

individuals to species level (Peromyscus in particular), captures were pooled within genera for 

statistical analyses. This pooling of multiple species into genera may have masked influences of 

microhabitat features on individual species. A greater number of captures of each species may 

have yielded greater ability to estimate the influence of habitat conditions on each species.  As 

previously mentioned, trapping protocols for this study were designed according to guidelines 

established for amphibians and reptiles. While pitfall trapping is an approved and commonly used 

technique to survey small terrestrial mammals, additional methods, such as live-trapping, may 

have increased my capture success of small mammals and explanatory power of statistical 

analyses. I recommend that future studies incorporate use of multiple trapping methods such as 

Sherman and Tomahawk traps, artificial burrows, and nest boxes to broaden detection capabilities 

of mammalian species within a community (Gannon et al. 2007). 

 Sample size recommendations in multiple regression are typically a function of the 

number of predictors in the model. Model selection procedures generally recommend sample 

sizes >40 times the total number of parameters (Burnham and Anderson 2004). However, in my 

study, experimental units were pool sites yielding a sample size of 10 with 3-4 predictor 

variables. Relative sample size to the number of parameters may have been too small to reveal 

significant effects that would only become evident with increased sample size.  

 Furthermore, I may have failed to measure some microhabitat components that influence 

small mammal communities. In addition to capture methods, sampling methodology for habitat 

characteristics were designed principally to target features that may be influential for wetland-

dependent herpetofauna. As such, much of the vegetation transects and all soil measurements 
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were conducted within the immediate (10 m) perimeter of each wetland. Lack of significant 

results may indicate that small mammal species detected in this study are not influenced 

heavilyheavily influenced by wetland characteristics. Measurement of habitat characteristics in 

forests that surrounded the pools may have revealed more information on influential terrestrial 

habitat conditions of forest-wetland ecotones. However, I did measure 28 environmental 

variables, including measurements for woody debris and vegetative structure and composition, 

found to be important to small mammal communities (Dickson 2001).  

The best model for small mammal species richness showed a positive association with 

overstory basal area. The relationship with basal area may be indicative of forests containing 

increased density of overstory trees to exhibit greater crown closure. However, mature forests 

with closed canopies have been found to have reduced density of small mammals due to limited 

herbaceous groundcover due to shading (Dickson 2001). Basal area was similar between forests 

surrounding upland and floodplain ephemeral pools in my study. Disturbance associated with 

silvicultural activity on uplands and natural flooding events may have resulted in tree mortality 

creating openings in forest canopy; thus, producing more suitable habitat by allowing 

development of understory and midstory vegetation even in areas maintaining heavy forest cover 

overall. Both upland and floodplain forests, in my study, contained a diversity of forest-floor 

vegetation for producing seeds and fruits consumed by small mammals including wild grape 

(Vitis spp.), beggar-lice (Desmodium spp.), lespedezas (Lespedeza spp.) partridge-berry 

(Mitchella repens), blackberry (Rubus argutus), and panic grasses (Dicanthelium spp.).  Shrubby 

midstories also provided additional forage and vegetative material for nesting and concealment 

including sassafras (Sassafras albidum), winged sumac (Rhus copallinum), buttonbush 

(Cephalanthus occidentalis), American beautyberry (Callicarpa americana). switchcane 

(Arundinaria gigantea), and Virginia creeper (Parthenocissus quinquefolia; Edwards 2007). 

Dense forest stands also would likely include greater amounts of standing and fallen deadwood 
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providing increased physical structure for foraging, nesting, thermal and escape cover (Hunter 

1990).  

 Downed wood is an important habitat component for many small mammals by providing 

thermal cover, ground-cover substrate for foraging, moisture retention, nesting sites, cover from 

predators, and travelling and navigation (Graves et al. 1988; Wolff 1989; Planz and Kirkland 

1992; McMillan and Kaufman 1995; Verts and Carraway 1998; Hagan and Grove 1999; Wilson 

and Ruff 1999; McCay 2000; Ford and Rodrigue 2001). Studies have linked southeastern shrews, 

southern short-tailed shrews, and Peromyscus species such as deer mice to woody debris although 

studies have produced conflicting results as to the relationships between size, volume, and decay 

class of debris and species affinities (Loeb 1999; McCay and Komoroski 2003; Mengak and 

Guynn 2003; Whittaker and Feldhamer 2005; Cromer et al. 2007; Manning and Edge 2008).  

 For future studies, I recommend that transect lengths be extended to >50 m from pond 

edge as this distance would likely give a more accurate picture of forest stands surrounding 

ephemeral ponds. Differences in habitat composition and structure may have become more 

evident at greater distances from the pond and sampling efforts should be extended to identify 

variation within these habitats. A transect length of only 20-30 m may have been insufficient for 

quantifying differences in habitat at a larger scale. Furthermore, sampling effort was standardized 

regardless of differences in size or shape of each wetland, however, study pools varied greatly 

from small semi-circular ponds (243 m2) to long, linear sloughs (2,291 m2). Although total 

amount of area sampled at each site was the same, a disproportionate amount of sampling 

occurred at smaller sites in terms of sampling pool perimeter. For small pools, such as pools of 

surface area <243 m2 , the entire perimeter was sampled by this design, however, due to the 

overall length of some floodplain pools, only a portion of pond perimeters were sampled. 

Ephemeral pools typically lacked an abundance of emergent vegetation or canopy cover within 

the pool proper due to their periodicity of filling and drying. This may account for my overall 
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finding of no difference, as habitat conditions immediately surrounding ephemeral pools may be 

more similar to one another in terms of vegetative communities based on hydrology.  

 

Weather Associations 

 Weather conditions may affect small mammal activity patterns though limited 

information exists linking mammalian species to weather metrics. Most of the work that has been 

done concerning weather and population dynamics for small terrestrial mammals has implicated 

precipitation and humidity as influential forces on density and activity levels of the northern 

short-tailed shrew (Blarina brevicauda; Pruitt 1953; Getz 1961; Martinsen 1969; Smith et al. 

1974; Pankakoski 1979; Pankakoski 1985; Merritt 1986; Getz 1994; Merritt and Vessey 2000). I 

found only one documented study for weather relationships of the southern short-tailed shrew. 

Whittaker and Feldhamer (2005) found that concurrent precipitation was related to the 

number of new individuals, whereas current humidity and the humidity levels from the previous 

month were related to the minimum number of individuals known alive. Relationship between 

mean air temperature and shrew captures was shown to vary temporally (Whittaker and 

Feldhamer 2005). My study concurs with authors that precipitation and humidity are significant 

influences affecting capture rates of shrew species. Precipitation and humidity both showed a 

positive association with Blarina CPUE in two of the study years and during fall and spring. 

These seasons are reportedly marked as peak reproductive seasons for B. carolinensis (Layne 

1958; Hoffmeister 1989). Other correlates found for Blarina included a negative association with 

barometric pressure for the preceding 24-hr period in two of the study years and fall months. 

Decreasing atmospheric pressure may signal an increased chance of precipitation which further 

supports the positive relationship between shrew captures and rainfall. It has been suggested by 

several authors that precipitation is an indirect factor affecting shrew activity, and that rainfall 

increased prey density that caused increased activity responses from shrew populations (Smith et 
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al. 1974; Pankakoski 1985; Whittaker and Feldhamer 2005). Humidity may be a critical factor for 

high water-level requirements of shrews by aiding in respiratory water balance (Pruitt 1953; 

Miller and Getz 1977, Pagels et al. 1994).  

 Peromyscus spp. also were correlated positively with precipitation and humidity in my 

study during two of the study years and fall and spring. Similar explanations as those for shrews 

also probably justify these associations. Elliott and Root (2006) found conflicting results that 

Peromyscus capture rates were correlated negatively with spring-summer precipitation. Authors 

postulated that heavy inundation and flooding events associated with greater rainfall may have 

reduced abundance due to changes in structure and composition of foraging and reproductive 

habitat. In my study, Peromyscus captures were greater at upland pool sites which were not 

connected to floodplains of streams.  Because of the lack of stream and floodplain connectivity, 

deer mice at upland pools were not subjected to negative impacts of overbank flooding and 

associated floodwater scour during and following precipitation events.  

 

MANAGEMENT IMPLICATIONS 

 Based on my study, I recommend protection of upland and floodplain temporary 

wetlands and associated terrestrial habitats to promote and conserve small mammal diversity on 

public forested lands in Mississippi. Small mammal species detected in my study have been 

found to utilize a variety of habitat types and were found mostly to be similarly distributed 

between upland and floodplain areas in my study. Whereas, many studies have found that small 

mammal diversity decreases as forest stands mature, my study found mixed pine-hardwood forest 

and bottomland hardwood forest >65 years supported ≥ 6 mammal species on public lands in 

north Mississippi. Additionally, one species listed as locally rare in the state of Mississippi, 

oldfield mouse (Peromyscus polionotus), was captured on study sites. Oldfield mice are listed as 

a tier 2 species of concern in Mississippi by the Mississippi Natural Heritage Program due to 
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rarity, restricted distribution, unknown or decreasing population trends (Mississippi Museum of 

Natural Science 2005).  Further study would be warranted to verify population status of this 

species in north Mississippi. 

 Disturbance associated with timber management and hydrology may have influenced 

stand characteristics resulting in favorable conditions for small mammals by producing abundant 

downed woody debris and altering vegetative communities. However, this study did not 

investigate the impacts of disturbance including timber harvest, prescribed burning, or duration 

and intensity of flood pulses on faunal communities or the environment. I submit that further 

study is needed to assess use of temporary wetland habitats by small mammals and effects of 

disturbance on habitat suitability. Additionally, greater sampling intensity using multiple trapping 

methods would be needed to make specific recommendations to land managers about faunal-

habitat association based on my study’s limited results.  However, given my findings, I would 

recommend retention of food producing trees and shrubs in older age-class forests to diversify 

habitats capable of supporting small mammal communities. 
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Table 5.2.   Habitat variables measured from 10 ephemeral pool sites on Tombigbee National    
       Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Variable Measurement 
LITTER 
GRNDCVR 
BRGRND 
DEBRIS 
MIDCNT 
MIDSP 
MIDHT 
OVCNT 
OVERSP 
OVPINE 
OVRDBH 
 
BA 
SNAGCNT 
SNAGPINE 
SNAGDIAM 
SNAGDECAY 
LOGCNT 
LOGDIAM 
LOGDECAY 
POOLSA 
POOLVOL 
CANOPY 
MEANPOOL 
MAXPOOL 
WATERPH 
SOILPH 
SOILMOIST 
FISHRICH 
SITETYPE 

Mean depth (cm) of litter at center of 1-m2 sample plots 
Mean # of plant species <1 m height from 1-m2 sample plots 
Mean percentage cover of bare ground from 1-m2 sample plots 
Mean percentage cover of debris from 1-m2 sample plots 
Mean # midstory trees <6 m height from 10-m2 sample plots 
Mean # midstory tree species <6 m height from 10-m2 sample plots 
Mean midstory tree height (m) from 10-m2 sample plots 
Total # overstory trees >6 m height from 100-m2 sample plots 
Mean # overstory tree species >6 m height from 100-m2 sample plots 
Total # overstory pine trees >6 m height from 100-m2 sample plots 
Mean diameter at breast height (ft) for overstory trees >6 m height from 
100-m2 sample plots 
Total basal area (cm2) of overstory trees in 100-m2 sample plots 
Total # standing snags in 100-m2 sample plots 
Total # standing pine snags in 100-m2 sample plots 
Mean diameter of standing snags in 100-m2 sample plots 
Mean level of decay of standing snags in 100-m2 sample plots 
Total # downed logs in 100-m2 sample plots 
Mean diameter of downed logs in 100-m2 sample plots 
Mean level of decay of downed logs in 100-m2 sample plots 
Total surface area of pool (m2) 
Maximum volume of pool (m3) 
Percentage closed canopy cover from densitometer 
Mean pool depth (cm)  
Maximum pool depth recorded (cm) 
Mean water pH  
Mean soil pH 
Mean percentage soil moisture 
Species richness of fishes detected within each study pool 
Site categorized as either upland pool or floodplain pool 
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Table 5.3.   Habitat variables reduced by principal components analysis to identify parameters    
       affecting small mammal richness and abundance on 10 ephemeral pool sites on     
       Tombigbee National Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Variable Measurement 

GRNDCVR 
OVCNT 
OVERSP 
OVPINE 
BA 
MIDHT 
SNAGDIAM 
LOGDIAM 
CANOPY 
POOLVOL 
MEANPOOL 
MAXPOOL 
WATERPH 
SOILPH 
SOILMOIST 

Mean # of plant species <1 m height from 1-m2 sample plots 
Total # overstory trees >6 m height from 100-m2 sample plots 
Mean # overstory tree species >6 m height from 100-m2 sample plots 
Total # overstory pine trees >6 m height from 100-m2 sample plots 
Total basal area (cm2) of overstory trees in 100-m2 sample plots 
Mean midstory tree height (m) from 10-m2 sample plots 
Mean diameter of standing snags in 100-m2 sample plots 
Mean diameter of downed logs in 100-m2 sample plots 
Percentage closed canopy cover from densitometer 
Maximum volume of pool (m3) 
Mean pool depth (cm)  
Maximum pool depth recorded (cm) 
Mean water pH  
Mean soil pH 
Mean percentage soil moisture 
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CHAPTER VI 

BREEDING PHENOLOGY AND WEATHER ASSOCIATIONS OF AMPHIBIANS 

SURROUNDING TEMPORARY WETLANDS IN NORTH MISSISSIPPI 

 

INTRODUCTION 

 Mississippi is located within the humid subtropical climatic region of North America and 

is characterized by temperate winters (0º C - 15º C) and hot, humid summers (21º C - 38º C). 

Long-term precipitation is fairly evenly distributed throughout the year and precipitation 

normally ranges from 127 cm to 165 cm across the state from north to south (Mississippi State 

University Department of Geosciences 2006). However, the state is subjected to local extremes 

causing drought and flooding associated with severe weather events including tornadoes and 

hurricanes along the Gulf Coast.  

 The climatic regime of Mississippi combined with diversity of amphibians found within 

the Southeastern Coastal Plain presents an opportunity to evaluate abiotic factors that may 

influence pool-breeding amphibian communities. In the Southeast, many amphibians rely on 

isolated, temporary wetlands for reproduction. These depressional wetlands are filled primarily 

by rainfall or temporary surface-connections to lotic systems during flooding events. Pools 

generally begin to fill at least partially in fall and typically hold water during winter and spring. 

Generally, less surface water exists during summer due to increased temperatures and 

evapotranspiration associated with a prolonged growing season (Jones and Taylor 2005). Timing 
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of spawning varies among different amphibian species; however, presence of one or more species 

have been found to use temporary wetlands year-round in Mississippi (Edwards 2007).  

 As ectotherms, amphibians highly depend on the environment for most physiological 

processes controlling their development, growth, and reproduction. Specifically, meteorological 

factors including precipitation, temperature, humidity, and barometric pressure may influence 

activity levels, behavioral responses and foraging patterns of amphibians that may impact overall 

survivorship. Weather metrics may differentially impact species with some species being very 

correlated to specific abiotic environmental conditions, whereas others may have more 

generalized breeding cues (Saenz et al. 2006). 

 Temporal scale is an important factor for studies aimed at predicting patterns of 

amphibian movements and breeding phenology, because activity levels can vary daily and 

seasonally for a single species. Studies have attempted to identify weather variables associated 

with the timing and magnitude of amphibian movements with differential success (Semlitsch 

1985; Beneski et al. 1986; Sexton et al. 1990; Reading 1998; Greenberg and Tanner 2004, 2005; 

Todd and Winne 2006). Oseen and Wassersug (2002) reported that water temperature and time of 

day were the most important factors influencing calling activity for several anuran species, 

including green frogs (Rana clamitans) and bullfrogs (Rana catesbeiana). However, the 

significance of these variables changed over the course of the breeding season. Similarly, a study 

conducted by Saenz et al. (2006) found that the calling behavior of leopard frogs (Rana 

sphenocephala) was related to rainfall, temperature, and time lags following rainfall events but 

that these associations varied among seasons even for a generalist species such as the southern 

leopard frog.  

 Herein, I examine relationships between amphibian activity surrounding temporary 

wetland used for reproduction and abiotic factors that may prompt movement to breeding ponds. 

Increased knowledge on the temporal nature of amphibian breeding events may aid researchers 
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and natural resource managers in monitoring initiatives and conservation strategies. Identification 

of peak activity periods would allow for more effective and concentrated survey efforts during 

these times. This information may be especially important to detect rare or secretive species or 

species that are fossorial and have limited surface-activity. Additionally, weather parameters 

associated with peak activity levels may be used to predict amphibian movements to breeding 

habitat increasing detection probabilities.   

 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  

 

METHODS 
 
 

Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from May 

2001 through March 2006 using straight-line drift fence arrays combined with three trap designs; 

pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended funnel trap. 

Data on species richness and abundance in this chapter were obtained from 37 pitfall-funnel trap 

surveys. Weather data were obtained from the Mississippi state climatologist for the National 
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Oceanic and Atmospheric Administration (NOAA) weather stations in Louisville, MS and 

Columbus Air Force Base, Columbus, MS from 2001-2006. 

 

Statistical Analyses 
 
 
Amphibian Capture Rates 

I conducted an Analysis of Variance (PROC GLM, SAS 9.1) to determine differences in 

CPUE for species by study year and seasons combined across all years of the study. All tests were 

considered significant at P ≤ 0.05. If significant results were found, the Least-square means 

procedure was used to determine multiple comparisons between years and/or seasons (Freund and 

Wilson 2003).  

 

Weather Associations 

 Spearman rank correlation coefficients (at 95 % CI) were used to determine associations 

between daily amphibian CPUE and weather conditions including total precipitation, maximum 

temperature, minimum temperature, mean relative humidity, mean barometric pressure, and mean 

wind speed during the 24 hour period prior to each trapping session (PROC CORR, SAS Institute 

1999). Separate Spearman rank correlation analyses were generated for each study year and 

season. Species counts were totaled for each individual year and for each season over the 5-year 

study period. Seasons were defined as summer (June-August), fall (September-November), 

winter (December-February), and spring (March-May). All tests were considered significant at   

P ≤ 0.05 (Freund and Wilson 2003). 
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RESULTS 

Pitfall-Funnel Trapping  

 Pitfall/funnel trap arrays were opened simultaneously at all 10 ephemeral pool sites for 

37 trap periods that varied between 1 to 10 days long (317 days total) and produced 3,161 trap 

days. Trap captures yielded 17 amphibian species and 11,142 individuals during the study. 

Upland pools yielded 7 salamander species (n = 1,539) and 10 anuran species (n = 7,533), 

whereas floodplain pools yielded 5 salamander species (n = 365) and 10 anuran species (n = 

1,705; Table 6.1).   

 

Amphibian Capture Rates 

 Of 12 pool-breeding amphibian species detected in traps, 9 species exhibited a difference 

in CPUE between seasons and 9 species exhibited a difference in CPUE between years. Capture 

rates for total amphibians were greatest during fall and summer and during the 2001 study year 

(Tables 6.3, 6.6). 

 

Woodland Salamanders – Ambystomatids 

 Of 3 Ambystomatid salamander species detected in traps, 2 species exhibited a difference 

in CPUE between seasons and 3 species exhibited a difference in CPUE between years. The 

greatest numbers of woodland salamanders were detected during winter (Table 6.3) and during 

the study years of 2001 and 2002 (Table 6.6). 

 Mole Salamander (Ambystoma talpoideum). ANOVA showed marginal differences in 

CPUE between years (F = 2.15, df = 5,292, P = 0.060) but not seasons (Table 6.2). Greatest 

number of mean captures occurred during 2002 and during fall during the study (Tables 5.3-5.7). 

Capture rates in 2002 and 2004 were significantly greater than 2005 (P =  0.007 and P = 0.014, 

respectively, for 2002 and 2004; Tables 6.7, 6.8). 
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Marbled Salamander (Ambystoma opacum). ANOVA showed significant differences in 

CPUE between years (F = 3.95, df = 5,292, P = 0.002) and seasons (F = 12.41, df = 3,292, P < 

0.001; Table 6.2). Greatest number of mean captures occurred during 2001 and fall during the 

study (Tables 6.3-6.7). Capture rates in 2001 were significantly greater than 2002 (P = 0.012), 

2003 (P = 0.035), 2004 (P = 0.034), 2005 (P ≤ 0.001), and 2006 (P = 0.012). Captures in 2004 

were significantly greater than 2005 (P = 0.010; Tables 5.76, 5.8). Fall captures were 

significantly greater than spring (P ≤ 0. 001), summer (P ≤ 0.0001), and winter (P = 0.001; 

Tables 6.4, 6.5). 

 Spotted Salamander (Ambystoma maculatum). ANOVA showed significant differences in 

CPUE between years (F = 5.54, df = 5, 292, P ≤ 0.001) and seasons (F = 7.39, df = 3, 292, P ≤ 

0.001; Table 6.2).  Greatest number of mean captures occurred during 2001 and winter during the 

study (Tables 6.3-6.7). Capture rates in 2001 were significantly greater than 2003 (P = 0.043), 

2004 (P = 0.003), 2005 (P < 0.001), and 2006 (P = 0.001). Captures in 2002 were significantly 

greater than 2004 (P = 0.010), 2005 (P < 0.001), and 2006 (P = 0.002; Tables 5.7, 5.8). Winter 

captures were significantly greater than spring (P < 0.001), summer (P ≤ 0.001), and fall (P = 

0.001; Tables 6.4, 6.5). 

 

Newts 

 Central Newt (Notophthalmus viridescens louisianensis). ANOVA showed significant 

differences in CPUE between years (F = 4.32, df = 5, 292, P = 0.001) but not seasons (Table 6.2). 

Greatest number of mean captures occurred during 2001 and fall during the study (Tables 6.3-

6.7). Capture rates in 2001 were significantly greater than 2002 (P = 0.048), 2003 (P = 0.041), 

2004 (P ≤ 0.001), 2005 (P < 0.001), and 2006 (P = 0.007). Captures in 2002 were significantly 

greater than 2004 (P = 0.027) and 2005 (P = 0.044; Tables 6.7, 6.8). 
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Anurans 

 Of 8 anuran species detected in traps, 7 species exhibited a difference in CPUE between 

seasons and 6 species exhibited a difference in CPUE between years. Greatest numbers of 

anurans were detected during summer and fall (Table 6.3) and during the 2001 study year (Table 

6.6). 

 Upland Chorus Frog (Pseudacris feriarum). ANOVA showed significant differences in 

CPUE between years (F = 8.09, df = 5, 292, P < 0.001) and seasons (F = 5.27, df = 3, 292, P = 

0.002; Table 6.2). Greatest number of mean captures occurred during 2004 and spring during the 

study (Tables 6.3-6.7). Capture rates in 2004 were significantly greater than 2001 (P ≤ 0.001), 

2002 (P ≤ 0.001), 2003 (P ≤ 0.001), 2005 (P ≤ 0.001), and 2006 (P ≤ 0.001). Spring captures 

were significantly greater than fall (P ≤ 0.001) and winter (P = 0.059; Tables 5.7, 5.8). Winter 

captures were greater than fall (P = 0.059; Tables 6.4, 6.5). 

 Spring Peeper (Pseudacris crucifer). ANOVA showed significant differences in CPUE 

between years (F = 4.37, df = 5, 292, P = 0.001) and seasons (F = 3.40, df = 3, 292, P = 0.018; 

Table 5.2).  Greatest number of mean captures occurred during 2002 and spring during the study 

(Tables 6.3-6.7). Capture rates in 2002 were significantly greater than 2001 (P = 0.012), 2004 (P 

= 0.001), 2005 (P ≤ 0.001), and 2006 (P = 0.002; Tables 5.7, 5.8). Spring captures were 

significantly greater than summer (P = 0.004) and winter (P = 0.029; Tables 6.4, 6.5).  

 True Toads (Bufo spp.). ANOVA showed significant differences in CPUE between years  

(F = 4.20, df = 5, 292, P = 0.001) and seasons (F = 3.01, df = 3, 292, P = 0.030; Table 6.2).  

Greatest number of mean captures occurred during 2001 and summer during the study (Tables 

6.3-6.7).  Capture rates in 2001 were significantly greater than 2002 (P = 0.038), 2003 (P = 

0.011), 2004 (P ≤ 0.001), 2005 (P ≤ 0.001), and 2006 (P = 0.004). Captures in 2002 were 

significantly greater than 2004 (P = 0.043; Tables 6.7, 6.8). Summer captures were significantly 

greater than fall (P = 0.018) and winter (P = 0.013; Tables 6.4, 6.5). 
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 Eastern Narrowmouth Toad (Gastrophryne carolinensis). ANOVA showed significant 

differences in CPUE between years (F = 3.71, df = 5, 292, P = 0.003) and seasons (F = 5.55, df = 

3, 292, P = 0.001; Table 6.2). Greatest number of mean captures occurred during 2001 and 

summer during the study (Tables 6.3-6.7). Capture rates in 2001 were significantly greater than 

2002 (P = 0.028), 2004 (P < 0.001), 2005 (P < 0.001), and 2006 (P = 0.018; Tables 6.7, 6.8). 

Summer captures were significantly greater than spring (P < 0.001), fall (P = 0.010), and winter 

(P = 0.009; Tables 6.4, 6.5). 

 Bronze Frog (Rana clamitans clamitans). ANOVA showed significant differences in 

CPUE between seasons (F = 9.89, df = 3, 292, P ≤ 0.001) but not years (Table 6.2). Greatest 

number of mean captures occurred during 2005 and fall and summer during the study (Tables 5.3-

5.7). Fall and summer captures were significantly greater than spring (P ≤ 0.001) and winter (P ≤ 

0.001; Tables 6.4, 6.5). 

 Southern Leopard Frog (Rana sphenocephala). ANOVA showed significant differences 

in CPUE between years (F = 10.95, df = 5, 292, P ≤0.001) and seasons (F = 9.28, df = 3, 292, P < 

0.0001; Table 6.2).  Greatest number of mean captures occurred during 2002 and summer during 

the study (Tables 6.3-6.7). Capture rates in 2002 were significantly greater than 2001 (P = 0.001), 

2003 (P = 0.037), 2004 (P ≤ 0.001), 2005 (P ≤ 0.001), and 2006 (P = 0.001; Tables 6.7, 6.8). 

Summer captures were significantly greater than spring (P ≤ 0.001), fall (P = 0.002), and winter 

(P = 0.006; Tables 6.4, 6.5). 

 American Bullfrog (Rana catesbeiana).  ANOVA showed significant differences in 

CPUE between years (F = 2.69,  df = 5, 292, P = 0.021) and seasons (F = 14.76, df = 3, 292, P ≤ 

0.001; Table 6.2). Greatest number of mean captures occurred during 2001 and fall during the 

study (Tables 6.3-6.7). Capture rates in 2001 were significantly less than 2004 (P = 0.024), 2005 

(P = 0.001), and 2006 (P = 0.053). Captures in 2002 were significantly greater than 2005 (P = 
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0.038; Tables 6.7, 6.8). Fall captures were significantly greater than spring (P ≤ 0.001), summer 

(P ≤ 0.001), and winter (P ≤ 0.001; Tables 6.4, 6.5). 

 Eastern Spadefoot Toad (Scaphiopus holbrookii holbrookii). ANOVA showed no 

significant differences in CPUE between years or seasons (Table 6.2). Greatest number of mean 

captures occurred during 2003 and fall during the study (Tables 6.3-6.7). 

 

Weather Conditions  

 Average daily precipitation for trapping periods ranged from 0-10.24 cm for all study 

years. Precipitation was greatest during 2001 with daily rainfall amounts for trap days averaging 

1.09 cm. Summer yielded the greatest average daily rainfall with a mean of 0.81 cm and ranged 

from 0-8.92 cm. Average relative humidity ranged from a low of approximately 30 % in 2002 to 

highs between 90-100 % for all study years. Average daily relative humidity was greatest in 2003 

and ranged from 50-90 % with a mean of 77 %. Summer yielded the greatest average daily 

relative humidity with a mean of 77 % and ranged from 43-98 % (Tables 6.9, 6.10). 

 

Weather and Faunal Associations 

 Correlations between amphibian captures and weather variables varied between years and 

seasons (Tables 6.11, 6.12).  Number of salamander species exhibiting year effects for weather 

parameters were as follows: 4 species with maximum air temperature, 3 species with minimum 

air temperature, 2 species with barometric pressure, 2 species with relative humidity, 2 species 

with precipitation, and one species with wind speed. Number of salamander species exhibiting 

seasonal effects for weather parameters were as follows: 3 species with minimum air temperature, 

3 species with relative humidity, 3 species with precipitation, 2 species with maximum 

temperature, 2 species with barometric pressure, and one species with wind speed. Number of 

anuran species exhibiting year effects for weather parameters were as follows: 8 species with 



  

 130

minimum air temperature, 7 species with maximum air temperature, 7 species with barometric 

pressure, 7 species with relative humidity, 6 species with precipitation, and 4 species with wind 

speed. Number of anuran species exhibiting seasonal effects for weather parameters were as 

follows: 7 species with minimum air temperature, 6 species with barometric pressure, 6 species 

with relative humidity, 5 species with maximum temperature, 4 species with precipitation, and 3 

species with wind speed.  

 

Woodland Salamanders - Ambystomatids 

 The most common influential weather factors for woodland salamanders in each season 

were as follows: precipitation in fall; maximum air temperature in spring; relative humidity, 

precipitation, and maximum air temperature in summer, and relative humidity and precipitation in 

winter.  

 Mole Salamander. For analyses among years (Table 6.11), mole salamander CPUE was 

related positively to humidity (rS =   0.409, P = 0.031) in 2001. In 2002, mole salamander CPUE 

was not significantly related to any variables. In 2003, mole salamander CPUE was related 

positively to humidity (rS =   0.723, P = 0.018) and related negatively to barometric pressure (rS =            

-0.649, P = 0.042). In both 2004 and 2005, mole salamander CPUE was related significantly to 

humidity (2004 rS =   0.311, P = 0.018 and 2005 rS =  0.294, P = 0.005) and precipitation (2004 rS =  

0.283, P = 0.020 and 2005 rS =  0.376, P ≤ 0.001). For analyses among seasons (Table 6.12), mole 

salamander CPUE was related significantly to minimum temperature (rS =  0.276 , P = 0.048), 

humidity (rS =   0.434 P = 0.004) and precipitation (rS =  0.283, P = 0.042) in fall. In summer, mole 

salamander CPUE was related significantly to humidity (rS =  0.440, P ≤ 0.001) and precipitation 

(rS =  0.319 , P = 0.002).  

 Marbled Salamander. For analyses among years (Table 6.11), marbled salamander CPUE 

was related significantly to wind speed (rS =   0.488, P = 0.008) in 2001. In 2004, marbled 
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salamander CPUE was related significantly to maximum temperature (rS =   -0.254, P = 0.038), 

humidity (rS =  0.414, P = 0.001), and pressure (rS =  -0.417 , P = 0.001). For analyses among 

seasons (Table 6.12), marbled salamander CPUE was related significantly to minimum 

temperature (rS =  0.294 , P = 0.034), humidity (rS =  0.548 , P ≤ 0.001), barometric pressure (rS =     -

0.589, P = ≤ 0.001), and precipitation (rS =  0.331, P = 0.017) in fall. In spring, marbled 

salamander CPUE was related significantly to maximum temperature (rS =   0.224, P = 0.023). In 

summer, marbled salamander CPUE was related significantly to maximum temperature (rS =              

-0.254 , P = 0.015). 

 Spotted Salamander. For analyses among years (Table 6.11), spotted salamander CPUE 

was not related significantly to any variable in 2001. In 2002, spotted salamander CPUE was 

related significantly to maximum temperature (rS =   -0.363, P = 0.008), minimum temperature (rS 

=  -0.426, P = 0.002), and precipitation (rS =  0.311 , P = 0.025). In 2005, spotted salamander 

CPUE was related significantly to maximum temperature (rS =   -0.233, P = 0.014) and minimum 

temperature (rS =  -0.249, P = 0.009). For analyses among seasons (Table 6.12), spotted 

salamander CPUE was related significantly to precipitation (rS =  0.284, P = 0.041) in fall. In 

spring, spotted salamander CPUE was related significantly to maximum temperature (rS = 0.218  , 

P = 0.027), minimum temperature (rS =  0.193 , P=0.051), and pressure (rS =   -0.295, P = 0.006). In 

winter, spotted salamander CPUE was related significantly to humidity (rS =  0.299 , P = 0.046) 

and precipitation (rS =  0.348 , P = 0.009). 

 

Newts  

 Central Newt. For analyses among years (Table 6.11), central newt CPUE was related 

significantly to maximum temperature (rS =  0.635, P = 0.036) in 2003. Data was not available for 

humidity, wind speed, and barometric pressure for capture dates during 2004 sampling season 

and therefore, these variables could not be assessed. In 2005, central newt CPUE was related 
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significantly to minimum temperature (rS =  0.215, P = 0.023). For analyses among seasons (Table 

6.12), central newt CPUE was related significantly to wind speed (rS =  0.250 , P = 0.019) in 

spring.  

 

Anurans  

 The most common influential weather factors for anurans in each season were as follows: 

minimum air temperature in fall and spring; relative humidity in summer and winter.  

Upland Chorus Frog. For analyses among years (Table 6.11), upland chorus frog CPUE 

was related to precipitation (rS =  0.367, P = 0.007) in 2002 and maximum temperature (rS =   0.366, 

P = 0.002), minimum temperature (rS =  0.490 , P ≤ 0.001), and precipitation (rS =  0.328, P = 

0.007) in 2003. For analyses among seasons (Table 6.12), upland chorus frog CPUE was related 

significantly to maximum temperature (rS =  0.335, P = 0.001) and minimum temperature (rS =  

0.315, P=0.001) in spring. In summer, upland chorus frog CPUE was related significantly to 

maximum temperature (rS =  -0.234 , P = 0.025) and precipitation (rS = 0.353  , P = 0.001). In 

winter, upland chorus frog CPUE was related significantly to humidity (rS =  0.309, P = 0.039) and 

precipitation (rS =  0.277 , P = 0.041). 

 Spring Peeper. For analyses among years (Table 6.11), spring peeper CPUE was related 

significantly to humidity (rS =  -0.386, P = 0.043) in 2001 and maximum temperature (rS =   -0.330, 

P = 0.017) and minimum temperature (rS =  -0.331, P = 0.017) in 2002. For analyses among 

seasons (Table 6.12), spring peeper CPUE was related significantly to wind speed (rS =  0.270, P = 

0.012) and barometric pressure (rS =  -0.213 , P = 0.048) in the spring. 

 True Toads. For analyses among years (Table 6.11), Bufonid CPUE was related 

significantly to maximum temperature (rS =  0.416, P = 0.016), minimum temperature (rS =  0.373 ,         

P = 0.033), and humidity (rS =  0.380, P = 0.046) in 2001.  In 2002, CPUE was related 

significantly to maximum temperature (rS =   0.497, P < 0.001) and minimum temperature (rS =   
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0.462,   P = 0.001). Barometric pressure (rS =   -0.753, P = 0.012) was related significantly to 

Bufonid CPUE in 2003. In 2004, Bufonid CPUE was related significantly to maximum 

temperature (rS =   0.421, P ≤ 0.001), minimum temperature (rS =  0.535, P ≤ 0.001), and 

precipitation (rS =  0.431, P ≤ 0.001). In 2005, Bufonid CPUE was related significantly to 

maximum temperature (rS =  0.454 , P ≤ 0.001), minimum temperature (rS =  0.563, P ≤ 0.001), 

humidity (rS = 0.410  , P ≤ 0.001), pressure (rS =  -0.455, P ≤ 0.001), and precipitation (rS = 0.314 , P 

= 0.001). For analyses among seasons (Table 6.12), true toad CPUE during fall was related 

significantly to maximum temperature (rS =  0.310 , P = 0.025), minimum temperature (rS =  0.445, 

P = 0.001), barometric pressure (rS =  -0.323, P = 0.035), and precipitation (rS =  0.282 , P = 0.043). 

In spring, true toad CPUE was related significantly to maximum temperature (rS =  0.573, P ≤ 

0.001 ), minimum temperature (rS =  0.615, P ≤ 0.001), humidity (rS =  0.265, P = 0.013), and 

pressure (rS =  -0.330 , P = 0.002). In summer, true toad CPUE was related significantly to 

humidity (rS =  0.413 , P ≤ 0.001) and wind speed (rS =  0.357 , P = 0.002). In winter, true toad 

CPUE was related significantly to humidity (rS =  0.319, P = 0.033), wind speed (rS = 0.033  , P = 

0.047), and precipitation (rS =  0.336, P = 0.012). 

 Eastern Narrowmouth Toad. For analyses among years (Table 6.11), eastern 

narrowmouth toad CPUE was related significantly to humidity (rS =  0.404 , P = 0.033) and wind 

speed (rS =  -0.493 , P = 0.008) in 2001. In 2002, narrowmouth CPUE was related significantly to  

maximum temperature (rS =  0.695, P ≤ 0.001), minimum temperature (rS =  0.719 , P ≤ 0.001), and 

wind speed (rS =  -0.386, P = 0.011). In 2004, narrowmouth CPUE was related significantly to  

maximum temperature (rS =   0.457, P ≤ 0.001), minimum temperature (rS =  0.661, P ≤ 0.001), 

humidity (rS =  0.316, P = 0.016), and precipitation (rS =  0.335 , P = 0.006). In 2005, narrowmouth 

CPUE was related significantly to maximum temperature (rS =  0.389 , P ≤ 0.001), minimum 

temperature (rS =  0.584  , P ≤ 0.001), humidity (rS =  0.482 , P ≤ 0.001), pressure (rS =  -0.387, P ≤ 

0.001) and precipitation (rS =  0.419 , P ≤ 0.001).For analyses among seasons (Table 6.12), eastern 
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narrowmouth CPUE was related significantly to maximum temperature (rS =  0.479 , P ≤ 0.001), 

minimum temperature (rS =  0.524 , P ≤ 0.001), humidity (rS =  0.259, P = 0.015), and pressure (rS =   

-0.371, P < 0.001) in spring. In summer, narrowmouth CPUE was related significantly to 

maximum temperature (rS =   -0.226, P = 0.031), humidity (rS =  0.458, P ≤ 0.001), and 

precipitation (rS =  0.296 , P = 0.004).  

 Bronze Frog. For analyses among years (Table 6.11), bronze frog CPUE was related 

significantly to precipitation (rS =   0.441, P = 0.010) in 2001 and humidity (rS =   0.338, P = 0.027) 

in 2002. In 2004, bronze frog CPUE was related significantly to maximum temperature  (rS =  

0.338  , P = 0.005), pressure (rS =  -0.327 , P = 0.012), and precipitation (rS =  0.239 , P = 0.051). In 

2005, bronze frog CPUE was related significantly to maximum temperature (rS =   0.482, P ≤ 

0.001), minimum temperature (rS =  0.518, P ≤ 0.001), humidity (rS =  0.333 , P = 0.001) and wind 

speed (rS =  -0.256, P = 0.014). For analyses among seasons (Table 6.12), bronze frog CPUE was 

related significantly to maximum temperature (rS =  0.638, P ≤ 0.001), minimum temperature (rS =  

0.705, P ≤ 0.001), and pressure (rS =  -0.382, P = 0.012) in fall. In spring, bronze frog CPUE was 

related significantly to minimum temperature (rS =  0.283 , P = 0.004). 

 Southern Leopard Frog. For analyses among years (Table 6.11), southern leopard frog 

CPUE was related significantly to wind speed (rS =   -0.538, P = 0.003) and barometric pressure  

(rS =  0.557, P = 0.002) in 2001. In 2002, southern leopard frog CPUE was related significantly to 

maximum temperature (rS =  0.359, P = 0.009), minimum temperature (rS =  0.380, P = 0.006), and 

humidity (rS =  0.356, P = 0.019). In 2004, southern leopard frog CPUE was related significantly 

to minimum temperature (rS =  0.346, P = 0.004), humidity (rS = 0.274  , P = 0.037), pressure (rS =    

-0.385 , P = 0.003), and precipitation (rS =  0.451, P ≤ 0.001).  In 2005, southern leopard frog 

CPUE was related significantly to minimum temperature (rS =  0.223 , P = 0.019), humidity (rS = 

0.219, P = 0.038), and pressure (rS =  -0.285, P = 0.006). In 2006, southern leopard frog CPUE 

was related significantly to maximum temperature (rS =  -0.408, P = 0.034). For analyses among 



  

 135

seasons (Table 6.12), southern leopard frog CPUE was related significantly to minimum 

temperature (rS =   0.302, P =0.030) and precipitation (rS =  0.329, P = 0.017) in fall. In spring, 

southern leopard frog CPUE was related significantly to minimum temperature (rS =  0.206, P =  

0.037), humidity (rS =  0.251 , P=0.019), and pressure (rS =  -0.304 , P = 0.004). In summer, 

southern leopard frog CPUE was related significantly to humidity (rS =  0.222 , P = 0.053) and 

wind speed (rS =  0.230, P = 0.044). 

 American Bullfrog. For analyses among years (Table 6.11), American bullfrog CPUE 

was related significantly to maximum temperature (rS =  -0.357, P = 0.009) and minimum 

temperature (rS =  -0.333 , P = 0.016) in 2002, humidity (rS =  0.394  , P = 0.002) and barometric 

pressure (rS =   -0.325, P = 0.013) in 2004, and humidity (rS =  0.521 , P = 0.013) in 2006. For 

analyses among seasons (Table 6.12), bullfrog CPUE was related significantly to minimum 

temperature (rS = 0.413  , P = 0.002), humidity(rS =  0.499 , P = 0.001), and pressure (rS =  -0.536 ,  

P < 0.001) in fall. In summer, bullfrog CPUE was related significantly to minimum temperature 

(rS =  0.289, P = 0.005) and humidity (rS =  0.270 , P = 0.018). In winter, bullfrog CPUE was 

related significantly to humidity (rS =  0.301 , P = 0.045). 

 Eastern Spadefoot Toad.  For analyses among years (Table 6.11), eastern spadefoot toad 

CPUE was not related significantly to any variable in 2001. In 2002, spadefoot CPUE was related 

significantly to humidity (rS =  0.319 , P = 0.037). In 2003, spadefoot CPUE was related 

significantly to humidity (rS =  0.683, P = 0.029) and barometric pressure (rS =   -0.683, P = 0.029). 

In 2004, spadefoot CPUE was related significantly to humidity (rS =  0.509  , P ≤ 0.001), pressure 

(rS =   -0.272, P = 0.039), and precipitation (rS =   0.262, P= 0.032). In 2005, spadefoot CPUE was 

related significantly to minimum temperature (rS =   0.245, P = 0.009) and humidity   (rS =  0.211, P 

= 0.045). For analyses among seasons (Table 6.12), spadefoot CPUE in fall was related 

significantly to maximum temperature (rS =  0.384 , P = 0.005) and minimum temperature (rS =   
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0.445, P = 0.001). In summer, spadefoot CPUE was related significantly to maximum 

temperature (rS = -0.285 , P = 0.006) and humidity (rS =  0.494 , P ≤ 0.001).  

 

DISCUSSION 

 In my study, precipitation, humidity, temperature, and barometric pressure were weather 

variables that influenced capture and detection of most pool-breeding amphibians (12 species) 

over the five year study period. Because weather conditions varied during different seasons and 

study years, differential influences on amphibian CPUE were detected among study years and 

seasons.  Capture rates for amphibians overall were greatest during 2001. The 2001 study year 

marked a wet year immediately following drought conditions occurring in 2000. Drought 

conditions were widespread in Mississippi and encompassed most of the state in 2000. 

Conditions ranged from moderate to severe drought in winter, spring, and summer to extreme 

drought in fall (U.S. Drought Monitor 2009). Drought conditions extended into 2001 and began 

to alleviate in the 2-3 months prior to initiating amphibians trapping surveys in 2001. Increased 

precipitation during this time compared to lesser rainfall in 2000 may have facilitated increased 

movement of amphibians to breeding ponds.  My findings support those reported by Duellman 

and Trueb (1994). In general, moisture and temperature are major determinants affecting 

amphibians due to presence of thin, highly permeable skin that plays an important role in rates of 

water loss and gas exchange, such as oxygen consumption (Duellman and Trueb 1986, 1994). In 

addition to precipitation and temperature, I detected relationships between other weather 

parameters, such as barometric pressure and wind speed. Of the parameters measured, wind speed 

had a lesser effect on total number of species captured at pools. However, wind speed was an 

important factor in movement and capture of at least 7 of species in my study. Relationships 

detected between amphibian CPUE and barometric pressure could be related to eventual rainfall 

events which would lead to greater humidity and precipitation.  
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 In my study, peak capture rates of Ambystomatid salamanders occurred during fall and 

winter and were associated with greater precipitation amounts, increased humidity, and lesser 

barometric pressure in the 24-hr preceding capture. During trap periods occurring within these 

months, average daily precipitation ranged from 0.64-0.71 cm and daily relative humidity 

averaged between 73-75 %.  Numerous studies have shown that environmental conditions 

including humidity and temperature have influenced breeding migration and reproductive cycles 

in Ambystomatid salamanders (Baldauf 1952; Semlitsch 1985; Sexton et al. 1990; Semlitsch et 

al. 1996; Palis 1997; Briggler et al. 2004). Studies conducted by Semlitsch (1985 a,b; 1987) 

found a correlation between number of adult mole salamanders (Ambystoma talpoideum) 

breeding and cumulative rainfall during the breeding season. Similar stimuli were found to 

promote migration of spotted salamanders to breeding ponds (Blanchard 1930; Baldauf 1952; 

Vasconcelos and Calhoun 2004). Marbled salamanders were detected in greater numbers during 

fall, whereas, spotted salamanders were found in greater abundance during winter. My results of 

CPUE and weather conditions that stimulated Ambystomatid movement around pools concurred 

with previous authors on timing of breeding in the Southeast (Walls and Altig 1986; Jackson et 

al. 1989; Petranka 1998). Movement of salamanders from terrestrial areas to breeding ponds is 

found to occur on rainy or foggy nights or in the absence of rain if humidity is high and 

temperatures are warm (Whitford and Vinegar 1966; Hillis 1977). Evaporation can be significant 

source of water loss in terrestrial and semi-aquatic amphibians due to their permeable skin (Zug 

et al. 2001). Most species of pond-breeding amphibians spend substantial portions of their lives in 

terrestrial habitat and return to seasonal ponds for breeding. During above-ground migration to 

breeding pools, Ambystomatid salamanders are extremely susceptible to dehydration. Behavioral 

adjustments in timing of activity aid in water retention (Zug et al. 2001). By restricting 

movements to periods with precipitation or high humidity, amphibians can reduce chances for 

evaporative water loss while surface-active. Increased rates of capture of amphibians were 
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associated with lesser barometric pressure in my study. Lesser atmospheric pressure causes air to 

flow upward slowly, cooling as it rises, causing water vapor to transform from gaseous phase to 

water droplets that condense to form clouds (National Weather Center for Atmospheric Research 

2009). Increases in activity during times of lesser barometric pressure may indicate that pressure 

serves as an additional cue for the probability of rainfall occurrences. 

 As ectotherms, amphibians rely on external temperature to regulate most metabolic 

processes (Zug et al. 2001). Temperature has also been found to be an important factor affecting 

salamander and anuran reproductive timing and recruitment. In my study, Ambystomatid 

salamanders were related positively to minimum air temperature during fall. Temperature lows 

during this season ranged from -0.5º - 22º C with mean temperature of  

12º C. The relationship with increased minimum temperature may infer that woodland 

salamanders initiate movement to breeding ponds during moderate overnight temperatures (10º-

15º C) providing energetically optimal conditions without being too warm to suffer risk of 

dehydration.  Cooler temperatures also may signal the change from summer growing season to 

dormant season. Ambystomatids were found to breed in fall and winter. These months coincide 

with the onset and continuation of leave-fall of broadleaf trees that would provide increased 

detritus to be used as refugia on the forest floor. Unlike other Ambystomatids, marbled 

salamanders breed and oviposit on land in dried depressions of temporary ponds (Petranka 1998). 

Females stay with the nest and brood their clutch until nests are flooded. Temperature may be a 

more critical factor for this species, because they are more exposed above-ground at this time. 

Restricting movements to seasons with lesser temperatures may allow these salamanders to limit 

desiccation during times when increased leaf litter occurs on the forest floor due to seasonal 

changes in vegetation.  

 Temperature has been found to be a critical limiting factor for developmental rates and 

survivorship of anuran eggs and larvae (Moore 1939). Blaustein et al. (2001) suggested that 
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warmer temperatures are associated with onset of breeding for two anuran species, western toads 

(Bufo boreas) and Cascades frog (Rana cascadae). My study found similar results for Ranid 

frogs, Bufonids, and upland chorus frogs that were related positively to both maximum and 

minimum daily temperatures in the 24-hr preceding capture. Upland chorus frogs were related 

positively to minimum and maximum air temperatures in spring and related negatively to 

maximum summer temperatures. Pseudacrids, typically categorized as winter-breeders in the 

Southeast, initiate movements to breeding ponds in late winter-early spring (Conant and Collins 

1998). Temperature ranges during daytime and overnight periods in spring may have provided 

favorable conditions for movement of upland chorus frogs. Minimum temperatures in spring 

ranged from -1º-22º C with an average low temperature of 11º  C. Maximum temperatures during 

spring ranged from 7º-32º C and averaged 23º C. In contrast, maximum summer temperatures 

averaged 30º C and may have provided too hot conditions for prolonged surface activity of chorus 

frogs. Captures rates of summer breeders, including Ranids and Bufonids, showed general 

positive relationships with maximum and minimum temperatures in spring and fall and positive 

associations with relative humidity in summer, though individual species varied. Bufonids were 

related negatively to maximum summer temperatures during this period, though not significant at 

P ≤ 0.05. During summer, relative humidity levels were the most influential factor stimulating 

movement of true frogs and toads to breeding ponds. Greatest average humidity was found during 

summer (range 43-98 %, mean 77 %) and may be a crucial parameter for water-balance of 

anurans when temperatures become too high.   

 Average daily wind speed in the preceding 24-hr period had conflicting results for select 

amphibians. During trap periods, average daily wind speeds ranged from 1.3 mph-15.08 mph. 

Wind speed was related positively to increased capture rates of spring peeper, bufonid toads, 

marbled salamander, and central newts, whereas it was related negatively to captures of bronze 

frog and leopard frog. I hypothesized that spring peepers may not be as prone to desiccation by 
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exposure to winds, because they remain higher in forest canopy where there is increased 

structural cover from vine and tree growth. These areas are potentially humid microclimates 

during periods and season of abundant rainfall due to vegetation cover and evapotranspiration 

that leads to guttation, a process by which excess water is transpired from and collected on leaf 

surfaces or edges (Taiz and Zeiger 2006).  This structural process may counteract potential 

evaporative water loss due to high winds. Fossorial habits of bufonids and salamanders help limit 

desiccation due to climatic variation. Increased wind speed would likely contribute to greater 

evaporative water loss in amphibians; however, the positive association with increased wind 

speed may be an indicator of impending thunderstorms. If greater wind speeds predicted 

increased precipitation events, amphibians should be able to increase activity with minimal threat 

to water loss due to exposure. Capture rates of Ranid frogs were influenced negatively by 

increasing wind speeds. Ranids are active predators and as such are more surface-active than 

some species. Increased activity may result in greater evaporative water loss when wind speeds 

are greater. They are also prey for many meso-mammals and larger herpetiles. Movement of 

vegetation associated with wind may signal presence of potential predators and cause them to 

react instinctively and seek refuge to avoid being eaten. 

 For future studies and natural resource planning, accurate sampling is necessary for 

identifying areas that serve as important reproductive sites for pool-breeding amphibians. Timing 

of surveys is crucial to determine the suite of species using a given area. In my study, year-round 

sampling was needed to quantify the diversity of species inhabiting upland and floodplain 

forested wetlands given the temporal variation in reproduction and peak activity periods between 

species. In addition to terrestrial trap surveys, aquatic surveys on these study sites revealed 

presence of either egg masses, larvae, or metamorphs for varying species throughout the year 

(Edwards 2007). Sampling during each month of the year would be necessary to capture all 

species detected in my study. Year-round monitoring over longer-term studies can be problematic 



  

 141

due to potential disturbance of habitat caused by increased human activity. Additionally, 

mortality of captured individuals and associated survey bias where apparent problems during this 

study due to depredation by meso-mammals, primarily raccoons (see Chapter 7). This situation 

may not be a substantial issue for common and widely-distributed species but in areas where rare 

species exist or those with unknown population trends, impacts of depredation on restricted 

species could be severe.   

 Intense sampling of this magnitude may not always be feasible given restrictions in 

research funding and man-power nor may it be necessary for studies aimed at one or a few target 

species or guilds. For studies with specified target species, identification of periods when surface 

activity is greatest to concentrate survey efforts would likely enhance detection probabilities of 

target taxa, limit disturbance to habitat, and prove more cost- and time-effective for personnel. In 

my study, all pool-breeding salamanders were found to have peak surface-activity between 

autumn- winter. Marbled salamander, mole salamander, and central newts were captured at 

greater rates during fall, whereas, spotted salamanders were captured in winter. Ranids were 

detected in greater numbers between summer-fall. Capture rates of Southern leopard frog activity 

peaked in summer. American bullfrogs were found to peak in fall, whereas bronze frogs peaked 

in summer-fall. Pseudacrids were found in greater numbers in spring. Bufonids and 

Gastrophrynids were found to breed in summer.   

 In my study, differences in detectability were of special concern for anuran species, 

particularly species that are episodic breeders such as eastern spadefoot toads. Explosive breeding 

events were documented for this species at one upland pond (pond G) during spring 2003, 

summers 2004 and 2005, and fall 2005 with >170 adults captured during each event by pitfall-

funnel trap surveys. Breeding events typically lasted 1-3 days. Greater capture rates were found 

during fall; however, given the variability among seasons and years and restricted activity periods 
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of only a few days, no significant effects were found to discriminate peaks periods of activity. 

Special consideration may need to be made for sampling efforts when targeted species are 

intermittent or episodic breeders.  
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Table 6.3.   Total catch-per-unit effort by season for pool-breeding amphibians on Tombigbee     
       National Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Season  
Species Winter Fall Spring Summer 

Ambystoma maculatum 0.071 < 0.001 0.021 0.004 
Ambystoma talpoideum 0.018 0.023 0.018 0.019 
Ambystoma opacum 0.002 0.015 0.002 < 0.001 
Notophthalmus viridescens louisianensis < 0.001 0.001 < 0.001 0.001 
Pseudacris feriarum 0.001 < 0.001 0.003 0.002 
Pseudacris crucifer < 0.001 < 0.001 0.008 0.001 
Bufo spp. < 0.001 0.004 0.037 0.052 
Gastrophryne carolinensis 0.000 < 0.001 0.008 0.244 
Scaphiopus holbrookii holbrookii < 0.001 0.407 0.016 0.056 
Rana catesbeiana 0.002 0.018 0.003 0.002 
Rana clamitans clamitans 0.002 0.017 0.002 0.015 
Rana sphenocelphala 0.015 0.001 0.010 0.031 
Total Salamander CPUE 0.092 0.038 0.041 0.024 
Total Anuran CPUE 0.020 0.447 0.085 0.403 
Total Amphibian CPUE 0.112 0.485 0.125 0.428 
 

 
Table 6.4.   LS Means for amphibian CPUE by season on Tombigbee National Forest and     
                   Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Species Fall Spring Summer Winter 
Mole salamander 0.034 0.023 0.022 0.024 
Marbled salamander 0.018 0.003 -0.001 0.006 
Spotted salamander 0.021 0.025 -0.005 0.117 
Central newt 0.001 < 0.001 0.001 0.001 
Upland chorus frog -0.002 0.003 < 0.001 0.001 
Spring peeper 0.003 0.008 0.001 0.002 
True toads 0.016 0.038 0.055 0.010 
Eastern narrowmouth toad 0.086 0.028 0.299 0.062 
Bronze frog 0.018 0.002 0.015 0.001 
American bullfrog 0.022 0.004 0.002 0.005 
Southern leopard frog 0.018 0.008 0.044 0.019 
Eastern spadefoot toad 0.405 0.009 0.092 -0.022 
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Table 6.6.   Total catch-per-unit effort by year for pool-breeding amphibians on Tombigbee    
       National Forest and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Year  
Species 2001 2002 2003 2004 2005 2006 

Ambystoma maculatum 0.081 0.086 0.000 0.001 0.001 0.034 
Ambystoma talpoideum 0.019 0.036 0.025 0.032 0.004 0.027 
Ambystoma opacum 0.012 0.002 0.000 0.008 0.001 0.002 
Notophthalmus viridescens 
louisianensis 0.003 0.001 0.000 < 0.001 < 0.001 0.000 
Pseudacris feriarum 0.000 0.001 0.000 0.006 0.001 < 0.001 
Pseudacris crucifer 0.003 0.014 0.008 0.001 <0.001 0.000 
Bufo spp. 0.106 0.054 0.013 0.017 0.019 < 0.001 
Gastrophryne carolinensis 0.461 0.145 0.002 0.048 0.016 0.000 
Scaphiopus holbrookii 
holbrookii 0.002 0.001 0.161 0.044 0.201 0.000 
Rana catesbeiana 0.012 0.005 0.002 0.007 0.003 0.003 
Rana clamitans clamitans 0.009 0.008 0.002 0.009 0.012 0.002 
Rana sphenocephala 0.032 0.057 0.012 0.003 0.007 0.012 
Total Salamander CPUE 0.114 0.125 0.025 0.041 0.006 0.063 
Total Anuran CPUE 0.624 0.286 0.201 0.134 0.259 0.016 
Total Amphibian CPUE 0.739 0.410 0.226 0.175 0.265 0.080 

 

 
Table 6.7.   LS Means for amphibian CPUE by study year on Tombigbee National Forest and   
       Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Species 2001 2002 2003 2004 2005 2006 
Mole salamander 0.021 0.039 0.028 0.033 0.004 0.029 
Marbled salamander 0.016 0.006 0.003 0.008 0.001 0.004 
Spotted salamander 0.011 0.093 0.015 0.025 0.005 -0.016 
Central newt 0.003 0.001 < 0.001 0.000 < 0.001 < 0.001 
Upland chorus frog < -0.001 < -0.001 -0.002 0.006 0.001 -0.001 
Spring peeper 0.003 0.013 0.004 0.001 < 0.001 < 0.001 
True toads 0.089 0.046 0.005 0.010 0.018 0.012 
Eastern narrowmouth toad 0.382 0.152 0.093 -0.002 0.021 0.067 
Bronze frog 0.007 0.011 0.009 0.005 0.012 0.010 
American bullfrog 0.016 0.010 0.006 0.007 0.003 0.006 
Southern leopard frog 0.024 0.059 0.027 -0.002 0.008 0.018 
Eastern spadefoot toad 0.027 0.095 0.273 0.002 0.195 0.134 

 

 

 



 
 

 Ta
bl

e 
6.

8.
   

P-
va

lu
es

 fo
r L

S 
M

ea
ns

 fo
r a

m
ph

ib
ia

n 
C

PU
E 

by
 st

ud
y 

ye
ar

 o
n 

To
m

bi
gb

ee
 N

at
io

na
l F

or
es

t a
nd

 N
ox

ub
ee

 N
at

io
na

l W
ild

lif
e 

 
 

   
   

R
ef

ug
e,

 M
S,

 2
00

1-
20

06
. 

  
M

ol
e 

Sa
la

m
an

de
r 

M
ar

bl
ed

 S
al

am
an

de
r 

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

01
 

—
 

0.
31

23
 

0.
81

18
 

0.
47

35
 

0.
24

89
 

0.
71

58
 

—
 

0.
01

21
 

0.
03

45
 

0.
03

39
 

<0
.0

00
1 

0.
01

21
 

20
02

 
0.

31
23

 
—

 
0.

66
66

 
0.

69
43

 
0.

00
74

 
0.

62
13

 
0.

10
21

 
—

 
0.

57
12

 
0.

54
40

 
0.

09
46

 
0.

53
87

 
20

03
 

0.
81

18
 

0.
66

66
 

—
 

0.
84

20
 

0.
32

43
 

0.
95

85
 

0.
03

45
 

0.
57

12
 

—
 

0.
36

70
 

0.
75

87
 

0.
92

71
 

20
04

 
0.

47
35

 
0.

69
43

 
0.

84
20

 
—

 
0.

01
38

 
0.

85
13

 
0.

03
39

 
0.

54
40

 
0.

36
70

 
—

 
0.

01
01

 
0.

28
99

 
20

05
 

0.
24

89
 

0.
00

74
 

0.
32

43
 

0.
01

38
 

—
 

0.
14

06
 

<0
.0

00
1 

0.
09

46
 

0.
75

87
 

0.
01

01
 

—
 

0.
56

05
 

20
06

 
0.

71
58

 
0.

62
13

 
0.

95
85

 
0.

85
13

 
0.

14
06

 
—

 
0.

01
21

 
0.

53
87

 
0.

92
71

 
0.

28
99

 
0.

56
05

 
—

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Sp

ot
te

d 
Sa

la
m

an
de

r 
C

en
tr

al
 N

ew
t 

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

01
 

—
 

0.
50

00
 

0.
04

29
 

0.
00

25
 

0.
00

01
 

0.
00

10
 

—
 

0.
04

78
 

0.
04

14
 

<0
.0

00
1 

0.
00

01
 

0.
00

67
 

20
02

 
0.

50
00

 
—

 
0.

08
54

 
0.

01
04

 
0.

00
02

 
0.

00
16

 
0.

04
78

 
—

 
0.

39
55

 
0.

02
49

 
0.

04
35

 
0.

18
13

 
20

03
 

0.
04

29
 

0.
08

54
 

—
 

0.
82

08
 

0.
82

06
 

0.
54

73
 

0.
04

14
 

0.
39

55
 

—
 

0.
65

33
 

0.
83

99
 

0.
88

77
 

20
04

 
0.

00
25

 
0.

01
04

 
0.

82
08

 
—

 
0.

33
79

 
0.

23
88

 
<0

.0
00

1 
0.

02
49

 
0.

65
33

 
—

 
0.

58
11

 
0.

69
86

 
20

05
 

0.
00

01
 

0.
00

02
 

0.
82

06
 

0.
33

79
 

—
 

0.
50

96
 

0.
00

01
 

0.
04

35
 

0.
83

99
 

0.
58

11
 

—
 

0.
95

60
 

20
06

 
0.

00
10

 
0.

00
16

 
0.

54
73

 
0.

23
88

 
0.

50
96

 
—

 
0.

00
67

 
0.

18
13

 
0.

88
77

 
0.

69
86

 
0.

95
60

 
—

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
U

pl
an

d 
C

ho
ru

s F
ro

g 
Sp

ri
ng

 P
ee

pe
r 

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

01
 

20
02

 
20

03
 

20
04

 
20

05
 

20
06

 
20

01
 

—
 

0.
98

37
 

0.
42

87
 

<0
.0

00
1 

0.
48

13
 

0.
91

88
 

—
 

0.
01

22
 

0.
94

81
 

0.
60

65
 

0.
34

07
 

0.
47

16
 

20
02

 
0.

98
37

 
—

 
0.

40
29

 
<0

.0
00

1 
0.

38
94

 
0.

92
17

 
0.

01
22

 
—

 
0.

10
13

 
0.

00
05

 
<0

.0
00

1 
0.

00
21

 
20

03
 

0.
42

87
 

0.
40

29
 

—
 

0.
00

03
 

0.
18

95
 

0.
49

80
 

0.
94

81
 

0.
10

13
 

—
 

0.
69

46
 

0.
50

31
 

0.
53

89
 

20
04

 
<0

.0
00

1 
<0

.0
00

1 
0.

00
03

 
—

 
<0

.0
00

1 
0.

00
02

 
0.

60
65

 
0.

00
05

 
0.

69
46

 
—

 
0.

58
95

 
0.

70
42

 
20

05
 

0.
48

13
 

0.
38

94
 

0.
18

95
 

<0
.0

00
1 

—
 

0.
45

30
 

0.
34

07
 

<0
.0

00
1 

0.
50

31
 

0.
58

95
 

—
 

0.
95

60
 

20
06

 
0.

91
88

 
0.

92
17

 
0.

49
80

 
0.

00
02

 
0.

45
30

 
—

 
0.

47
16

 
0.

00
21

 
0.

53
89

 
0.

70
42

 
0.

95
60

 
—

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

            151



 
 

 Ta
bl

e 
6.

8 
co

nt
in

ue
d.

  
  

T
ru

e 
T

oa
ds

 
E

as
te

rn
 N

ar
ro

w
m

ou
th

 T
oa

d 
 

20
01

 
20

02
 

20
03

 
20

04
 

20
05

 
20

06
 

20
01

 
20

02
 

20
03

 
20

04
 

20
05

 
20

06
 

20
01

 
—

 
0.

03
80

 
0.

01
07

 
<0

.0
00

1 
0.

00
02

 
0.

00
36

 
—

 
0.

02
83

 
0.

08
06

 
0.

00
01

 
0.

00
01

 
0.

01
80

 
20

02
 

0.
03

80
 

—
 

0.
18

04
 

0.
04

31
 

0.
08

49
 

0.
13

83
 

0.
02

83
 

—
 

0.
69

92
 

0.
08

44
 

0.
09

88
 

0.
46

06
 

20
03

 
0.

01
07

 
0.

18
04

 
—

 
0.

87
22

 
0.

64
56

 
0.

84
34

 
0.

08
06

 
0.

69
92

 
—

 
0.

54
41

 
0.

63
11

 
0.

88
00

 
20

04
 

<0
.0

00
1 

0.
04

31
 

0.
87

22
 

—
 

0.
54

50
 

0.
93

92
 

0.
00

01
 

0.
08

44
 

0.
54

41
 

—
 

0.
75

21
 

0.
56

12
 

20
05

 
0.

00
02

 
0.

08
49

 
0.

64
56

 
0.

54
50

 
—

 
0.

74
33

 
0.

00
01

 
0.

09
88

 
0.

63
11

 
0.

75
21

 
—

 
0.

66
59

 
20

06
 

0.
00

36
 

0.
13

83
 

0.
84

34
 

0.
93

92
 

0.
74

33
 

—
 

0.
01

80
 

0.
46

06
 

0.
88

00
 

0.
56

12
 

0.
66

59
 

—
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

E
as

te
rn

 S
pa

de
fo

ot
 T

oa
d 

B
ro

nz
e 

Fr
og

 
 

20
01

 
20

02
 

20
03

 
20

04
 

20
05

 
20

06
 

20
01

 
20

02
 

20
03

 
20

04
 

20
05

 
20

06
 

20
01

 
—

 
0.

77
62

 
0.

51
36

 
0.

90
98

 
0.

43
27

 
0.

72
36

 
—

 
0.

12
11

 
0.

13
20

 
0.

02
39

 
0.

00
06

 
0.

05
32

 
20

02
 

0.
77

62
 

—
 

0.
61

08
 

0.
64

72
 

0.
57

83
 

0.
88

16
 

0.
12

11
 

—
 

0.
57

11
 

0.
49

44
 

0.
03

83
 

0.
41

13
 

20
03

 
0.

51
36

 
0.

61
08

 
—

 
0.

44
67

 
0.

82
03

 
0.

72
45

 
0.

13
20

 
0.

57
11

 
—

 
0.

86
73

 
0.

60
26

 
0.

96
25

 
20

04
 

0.
90

98
 

0.
64

72
 

0.
44

67
 

—
 

0.
24

09
 

0.
62

36
 

0.
02

39
 

0.
49

44
 

0.
86

73
 

—
 

0.
15

06
 

0.
77

21
 

20
05

 
0.

43
27

 
0.

57
83

 
0.

82
03

 
0.

24
09

 
—

 
0.

80
01

 
0.

00
06

 
0.

03
83

 
0.

60
26

 
0.

15
06

 
—

 
0.

51
06

 
20

06
 

0.
72

36
 

0.
88

16
 

0.
72

45
 

0.
62

36
 

0.
80

01
 

—
 

0.
05

32
 

0.
41

13
 

0.
96

25
 

0.
77

21
 

0.
51

06
 

—
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A
m

er
ic

an
 B

ul
lfr

og
 

So
ut

he
rn

 L
eo

pa
rd

 F
ro

g 
 

20
01

 
20

02
 

20
03

 
20

04
 

20
05

 
20

06
 

20
01

 
20

02
 

20
03

 
20

04
 

20
05

 
20

06
 

20
01

 
—

 
0.

35
81

 
0.

73
63

 
0.

68
37

 
0.

26
97

 
0.

61
75

 
—

 
0.

00
07

 
0.

83
80

 
0.

00
98

 
0.

10
63

 
0.

68
52

 
20

02
 

0.
35

81
 

—
 

0.
79

28
 

0.
12

78
 

0.
92

04
 

0.
79

76
 

0.
00

07
 

—
 

0.
03

68
 

<0
.0

00
1 

<0
.0

00
1 

0.
00

05
 

20
03

 
0.

73
63

 
0.

79
28

 
—

 
0.

54
07

 
0.

74
73

 
0.

95
08

 
0.

83
80

 
0.

03
68

 
—

 
0.

06
53

 
0.

21
54

 
0.

61
27

 
20

04
 

0.
68

37
 

0.
12

78
 

0.
54

07
 

—
 

0.
04

74
 

0.
36

91
 

0.
00

98
 

<0
.0

00
1 

0.
06

53
 

—
 

0.
15

54
 

0.
08

94
 

20
05

 
0.

26
97

 
0.

92
04

 
0.

74
73

 
0.

04
74

 
—

 
0.

72
32

 
0.

10
63

 
<0

.0
00

1 
0.

21
54

 
0.

15
54

 
—

 
0.

35
46

 
20

06
 

0.
61

75
 

0.
79

76
 

0.
95

08
 

0.
36

91
 

0.
72

32
 

—
 

0.
68

52
 

0.
00

05
 

0.
61

27
 

0.
08

94
 

0.
35

46
 

—
 

   

            152



     
   

   
   

 T
ab

le
 6

.9
.  

 D
es

cr
ip

tiv
e 

st
at

is
tic

s f
or

 w
ea

th
er

 m
et

ric
s b

et
w

ee
n 

se
as

on
s a

cr
os

s a
ll 

st
ud

y 
ye

ar
s f

or
 L

ou
is

vi
lle

, M
S,

 2
00

1-
20

06
. 

M
ax

im
um

  
A

ir
 T

em
p 

(C
) 

M
in

im
um

  
A

ir
 T

em
p 

(C
) 

R
el

at
iv

e 
H

um
id

ity
 

(%
) 

W
in

d 
Sp

ee
d 

(m
ph

) 
B

ar
om

et
ri

c 
Pr

es
su

re
 

(m
b)

 
Pr

ec
ip

ita
tio

n 
(c

m
) 

 Se
as

on
 

R
an

ge
 

M
ea

n 
R

an
ge

 
M

ea
n 

R
an

ge
 

M
ea

n 
R

an
ge

 
M

ea
n 

R
an

ge
 

M
ea

n 
R

an
ge

 
M

ea
n 

Fa
ll 

13
-3

3 
24

.1
9 

-0
.5

-2
2 

12
.3

1 
41

.0
6-

96
.7

9 
74

.7
5 

1.
56

-1
2.

08
 

4.
86

 
10

09
.7

4-
10

34
.8

3 
10

19
.3

7 
0.

00
-1

0.
24

 
0.

64
 

Sp
rin

g 
7-

32
 

23
.2

1 
-1

-2
2 

11
.1

3 
28

.9
0-

95
.9

4 
66

.8
7 

1.
44

-1
5.

08
 

6.
62

 
10

06
.2

0-
10

35
.8

9 
10

18
.2

1 
0.

00
-5

.2
6 

0.
41

 
Su

m
m

er
 

20
-3

7 
30

.2
2 

9-
23

 
19

.6
9 

43
.4

3-
97

.6
9 

77
.1

0 
1.

38
-8

.7
9 

4.
56

 
10

06
.4

3-
10

24
.9

0 
10

17
.3

7 
0.

00
-8

.9
2 

0.
81

 
W

in
te

r 
5-

25
 

13
.9

6 
-8

-1
7 

2.
12

 
40

.2
0-

10
0.

00
 

72
.9

0 
1.

30
-1

3.
33

 
6.

33
 

10
02

.0
3-

10
39

.1
4 

10
20

.5
8 

0.
00

-8
.3

3 
0.

71
 

   
   

   
   

N
ot

e:
 C

al
cu

la
tio

ns
 w

er
e 

ba
se

d 
on

ly
 o

n 
da

ily
 w

ea
th

er
 m

ea
su

re
m

en
ts

 fo
r a

ct
ua

l s
am

pl
e 

da
ys

 in
 th

e 
st

ud
y.

 
      

   
   

   
   

   
 T

ab
le

 6
.1

0.
   

D
es

cr
ip

tiv
e 

st
at

is
tic

s f
or

 w
ea

th
er

 m
et

ric
s b

et
w

ee
n 

st
ud

y 
ye

ar
s f

or
 L

ou
is

vi
lle

, M
S,

 2
00

1-
20

06
 

M
ax

im
um

  
A

ir
 T

em
p 

(C
) 

M
in

im
um

  
A

ir
 T

em
p 

(C
) 

R
el

at
iv

e 
H

um
id

ity
 

(%
) 

W
in

d 
Sp

ee
d 

(m
ph

) 
B

ar
om

et
ri

c 
Pr

es
su

re
 

(m
b)

 
Pr

ec
ip

ita
tio

n 
 

(c
m

) 
 Y

ea
r 

R
an

ge
 

M
ea

n 
R

an
ge

 
M

ea
n 

R
an

ge
 

M
ea

n 
R

an
ge

 
M

ea
n 

R
an

ge
 

M
ea

n 
R

an
ge

 
M

ea
n 

20
01

 
23

-3
3 

29
.7

5 
8-

23
 

18
.7

1 
37

.4
0-

95
.1

9 
73

.0
9 

3.
89

-1
0.

13
 

6.
38

 
10

08
.1

4-
10

24
.9

0 
10

16
.6

5 
0.

00
-1

0.
24

 
1.

09
 

20
02

 
9-

34
 

24
.4

0 
-1

-2
1 

13
.3

0 
28

.9
0-

99
.0

7 
73

.7
6 

4.
19

-1
5.

80
 

7.
38

 
10

10
.7

3-
10

35
.8

9 
10

18
.5

0 
0.

00
-8

.3
3 

0.
81

 
20

03
 

13
-2

6 
20

.0
5 

1-
17

 
8.

69
 

50
.4

4-
90

.4
4 

76
.7

6 
3.

20
-9

.5
6 

7.
29

 
10

09
.8

0-
10

21
.6

4 
10

15
.4

3 
0.

00
-3

.4
5 

0.
38

 
20

04
 

7-
34

 
25

.6
2 

-2
-2

2 
15

.0
2 

32
.0

0-
96

.7
9 

73
.3

1 
1.

38
-1

2.
00

 
4.

93
 

10
09

.7
4-

10
35

.4
4 

10
19

.2
3 

0.
00

-7
.0

7 
0.

69
 

20
05

 
5-

37
 

23
.0

9 
-8

-1
6 

10
.7

6 
39

.6
0-

97
.6

9 
70

.8
0 

1.
44

-1
4.

40
 

4.
77

 
10

06
.2

0-
10

39
.1

4 
10

19
.0

3 
0.

00
-5

.5
9 

0.
41

 
20

06
 

8-
25

 
15

.3
9 

-4
-1

4 
3.

36
 

40
.2

0-
10

0.
00

 
71

.2
6 

1.
30

-1
1.

75
 

6.
01

 
10

02
.0

3-
10

26
.6

8 
10

18
.9

9 
0.

00
-3

.6
1 

0.
58

 
   

   
   

   
   

   
 N

ot
e:

 C
al

cu
la

tio
ns

 w
er

e 
ba

se
d 

on
ly

 o
n 

da
ily

 w
ea

th
er

 m
ea

su
re

m
en

ts
 fo

r a
ct

ua
l s

am
pl

e 
da

ys
 in

 th
e 

st
ud

y.
 

                      153



  Ta
bl

e 
6.

11
.  

 S
pe

ar
m

an
 ra

nk
 c

or
re

la
tio

n 
co

ef
fic

ie
nt

s f
or

 a
m

ph
ib

ia
n 

ca
pt

ur
es

 a
nd

 w
ea

th
er

 m
et

ric
s b

y 
st

ud
y 

ye
ar

 o
n 

To
m

bi
gb

ee
 N

at
io

na
l F

or
es

t  
  

   
   

   
   

   
   

   
an

d 
N

ox
ub

ee
 N

at
io

na
l W

ild
lif

e 
R

ef
ug

e,
 M

S,
 2

00
1-

20
06

. 
 

M
ax

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

M
in

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

R
el

at
iv

e 
H

um
id

ity
 

W
in

d 
Sp

ee
d 

B
ar

om
et

ri
c 

Pr
es

su
re

 
Pr

ec
ip

ita
tio

n 
 Sp

ec
ie

s 
 

 
Y

ea
r 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

 Am
by

st
om

a 
m

ac
ul

at
um

 

 20
01

 
 

-0
.0

43
 

 
0.

81
1 

 
-0

.2
52

 
 

0.
15

7 
 

-0
.0

16
 

 
0.

93
6 

 
0.

17
2 

 
0.

38
2 

 
-0

.1
70

 
 

0.
38

6 
 

-0
.0

43
 

 
0.

81
2 

 
20

02
 

-0
.3

63
 

0.
00

8 
-0

.4
26

 
0.

00
2 

0.
07

6 
0.

63
0 

0.
02

2 
0.

88
8 

0.
02

9 
0.

85
5 

0.
31

1 
0.

02
5 

 
20

03
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

 
20

04
 

-0
.1

39
 

0.
26

1 
0.

08
8 

0.
47

9 
0.

18
4 

0.
16

6 
0.

08
0 

0.
55

0 
-0

.2
23

 
0.

09
2 

0.
19

0 
0.

12
3 

 
20

05
 

-0
.2

33
 

0.
01

4 
-0

.2
49

 
0.

00
9 

0.
09

7 
0.

35
9 

0.
03

1 
0.

77
1 

-0
.0

64
 

0.
54

9 
-0

.0
47

 
0.

62
1 

 
20

06
 

-0
.1

94
 

0.
33

2 
-0

.1
67

 
0.

40
6 

-0
.1

67
 

0.
23

4 
-0

.0
50

 
0.

82
5 

-0
.2

92
 

0.
18

7 
0.

26
6 

0.
17

9 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Am

by
st

om
a.

 
op

ac
um

 
20

01
 

-0
.1

91
 

0.
28

8 
-0

.0
94

 
0.

60
4 

0.
15

4 
0.

43
4 

0.
48

8 
0.

00
8 

-0
.3

63
 

0.
05

8 
0.

04
6 

0.
80

0 

 
20

02
 

-0
.0

22
 

0.
87

5 
-0

.0
27

 
0.

85
0 

0.
09

9 
0.

53
0 

0.
10

1 
0.

51
8 

-0
.0

97
 

0.
53

4 
0.

03
4 

0.
80

9 
 

20
03

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
 

20
04

 
-0

.2
54

 
0.

03
8 

-0
.1

89
 

0.
12

6 
0.

41
4 

0.
00

1 
-0

.0
41

 
0.

76
2 

-0
.4

17
 

0.
00

1 
0.

15
2 

0.
22

1 
 

20
05

 
-0

.1
62

 
0.

08
9 

-0
.0

39
 

0.
68

2 
0.

17
8 

0.
09

2 
0.

14
3 

0.
17

8 
-0

.0
78

 
0.

46
0 

0.
14

8 
0.

12
1 

 
20

06
 

-0
.1

44
 

0.
47

5 
-0

.0
82

 
0.

68
5 

0.
00

0 
1.

00
0 

-0
.2

99
 

0.
17

6 
0.

10
0 

0.
65

9 
-0

.2
62

 
0.

18
8 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Am
by

st
om

a.
 

ta
lp

oi
de

um
 

20
01

 
0.

00
2 

0.
99

3 
-0

.0
01

 
0.

99
5 

0.
40

9 
0.

03
1 

-0
.0

82
 

0.
68

0 
0.

25
3 

0.
19

5 
0.

03
3 

0.
85

5 

 
20

02
 

-0
.1

12
 

0.
42

8 
-0

.1
29

 
0.

36
1 

0.
25

2 
0.

10
4 

0.
09

2 
0.

55
9 

-0
.0

18
 

0.
90

9 
0.

05
6 

0.
69

5 
 

20
03

 
-0

.1
95

 
0.

56
5 

-0
.0

42
 

0.
90

2 
0.

72
3 

0.
01

8 
0.

08
2 

0.
82

2 
-0

.6
49

 
0.

04
2 

0.
24

7 
0.

46
4 

 
20

04
 

-0
.1

35
 

0.
27

5 
0.

04
1 

0.
74

4 
0.

31
1 

0.
01

8 
-0

.0
69

 
0.

60
4 

-0
.0

36
 

0.
78

8 
0.

28
3 

0.
02

0 
 

20
05

 
0.

05
8 

0.
54

2 
0.

15
2 

0.
11

2 
0.

29
4 

0.
00

5 
0.

04
1 

0.
70

1 
-0

.1
87

 
0.

07
5 

0.
37

6 
<0

.0
01

 
 

20
06

 
0.

04
9 

0.
80

8 
0.

08
2 

0.
68

6 
-0

.1
23

 
0.

58
5 

-0
.0

34
 

0.
88

0 
0.

02
2 

0.
92

2 
-0

.0
91

 
0.

65
2 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Bu
fo

 sp
p.

 
20

01
 

0.
41

6 
0.

01
6 

0.
37

3 
0.

03
3 

0.
38

0 
0.

04
6 

0.
06

5 
0.

74
4 

-0
.1

07
 

0.
58

9 
-0

.0
41

 
0.

82
0 

 
20

02
 

0.
49

7 
<0

.0
01

 
0.

46
2 

0.
00

06
 

0.
17

6 
0.

25
8 

-0
.2

57
 

0.
09

5 
-0

.1
49

 
0.

34
1 

-0
.0

95
 

0.
50

1 
 

20
03

 
0.

27
8 

0.
40

8 
0.

50
3 

0.
11

5 
0.

57
4 

0.
08

3 
0.

35
0 

0.
32

1 
-0

.7
53

 
0.

01
2 

-0
.2

65
 

0.
43

1 
 

20
04

 
0.

42
1 

<0
.0

01
 

0.
53

5 
<0

.0
01

 
0.

23
9 

0.
07

1 
0.

02
0 

0.
88

2 
-0

.0
85

 
0.

52
5 

0.
43

1 
<0

.0
01

 

            154



  Ta
bl

e 
6.

11
 c

on
tin

ue
d.

  
 

M
ax

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

M
in

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

R
el

at
iv

e 
H

um
id

ity
 

W
in

d 
Sp

ee
d 

B
ar

om
et

ri
c 

Pr
es

su
re

 
Pr

ec
ip

ita
tio

n 
 Sp

ec
ie

s 
 

 
Y

ea
r 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

 
20

05
 

0.
45

4 
<0

.0
01

 
0.

56
3 

<0
.0

01
 

0.
41

0 
<0

.0
01

 
-0

.1
69

 
0.

11
0 

-0
.4

55
 

<0
.0

01
 

0.
31

4 
0.

00
1 

 
20

06
 

-0
.0

25
 

0.
90

1 
0.

15
1 

0.
45

1 
0.

34
4 

0.
11

7 
0.

36
1 

0.
09

9 
-0

.3
61

 
0.

09
9 

0.
32

0 
0.

10
4 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

G
as

tr
op

hr
yn

e 
ca

ro
lin

en
si

s 
20

01
 

0.
21

4 
0.

23
2 

0.
26

0 
0.

14
4 

0.
40

4 
0.

03
3 

-0
.4

93
 

0.
00

8 
0.

24
8 

0.
20

3 
-0

.1
25

 
0.

48
9 

 
20

02
 

0.
69

5 
<0

.0
01

 
0.

71
9 

<0
.0

01
 

0.
21

0 
0.

17
7 

-0
.3

86
 

0.
01

1 
-0

.2
45

 
0.

11
4 

-0
.1

00
 

0.
48

2 
 

20
03

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
 

20
04

 
0.

45
7 

<0
.0

01
 

0.
66

1 
<0

.0
01

 
0.

31
6 

0.
01

6 
0.

21
0 

0.
11

3 
-0

.1
59

 
0.

23
2 

0.
33

5 
0.

00
6 

 
20

05
 

0.
38

9 
<0

.0
01

 
0.

58
4 

<0
.0

01
 

0.
48

2 
<0

.0
01

 
-0

.1
49

 
0.

15
9 

-0
.3

87
 

<0
.0

01
 

0.
41

9 
<0

.0
01

 
 

20
06

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
N

ot
op

th
al

m
us

 
vi

ri
de

sc
en

s 
lo

ui
si

an
en

si
s 

 20
01

 
 

-0
.2

31
 

 
0.

19
6 

 
-0

.0
37

 
 

0.
83

9 
 

-0
.0

06
 

 
0.

97
5 

 
0.

14
8 

 
0.

45
1 

 
0.

09
3 

 
0.

63
7 

 
0.

19
3 

 
0.

28
2 

 
20

02
 

0.
01

1 
0.

93
9 

-0
.0

54
 

0.
70

1 
0.

13
5 

0.
38

6 
0.

22
6 

0.
14

5 
0.

05
8 

0.
71

2 
0.

07
1 

0.
61

5 
 

20
03

 
0.

63
5 

0.
03

6 
0.

44
7 

0.
16

8 
0.

17
4 

0.
63

1 
-0

.2
61

 
0.

46
6 

-0
.2

61
 

0.
46

6 
0.

12
2 

0.
72

1 
 

20
04

 
0.

17
9 

0.
14

8 
0.

12
1 

0.
32

9 
—

 
—

 
—

 
—

 
—

 
—

 
0.

11
1 

0.
37

0 
 

20
05

 
0.

18
3 

0.
05

5 
0.

21
5 

0.
02

3 
0.

11
0 

0.
29

9 
-0

.1
43

 
0.

17
7 

-0
.0

68
 

0.
52

2 
-0

.0
27

 
0.

77
8 

 
20

06
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ps
eu

da
cr

is
 

cr
uc

ife
r 

20
01

 
-0

.0
13

 
0.

94
3 

-0
.0

68
 

0.
70

7 
-0

.3
86

 
0.

04
3 

0.
00

5 
0.

97
9 

-0
.2

91
 

0.
13

4 
-0

.2
22

 
0.

21
5 

 
20

02
 

-0
.3

30
 

0.
01

7 
-0

.3
31

 
0.

01
7 

-0
.2

57
 

0.
09

6 
0.

17
8 

0.
25

3 
-0

.0
06

 
0.

97
2 

0.
12

8 
0.

36
6 

 
20

03
 

-0
.3

53
 

0.
28

8 
-0

.1
07

 
0.

75
5 

0.
27

0 
0.

45
1 

0.
13

5 
0.

71
0 

-0
.3

37
 

0.
34

1 
0.

16
3 

0.
63

3 
 

20
04

 
0.

20
9 

0.
08

9 
0.

00
3 

0.
98

0 
-0

.1
55

 
0.

24
4 

0.
05

1 
0.

70
1 

0.
08

0 
0.

54
9 

-0
.0

54
 

0.
66

2 
 

20
05

 
-0

.0
60

 
0.

52
9 

-0
.0

29
 

0.
76

1 
-0

.1
91

 
0.

07
0 

0.
20

0 
0.

05
8 

-0
.0

93
 

0.
38

0 
-0

.0
81

 
0.

39
8 

 
20

06
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

               155



  Ta
bl

e 
6.

11
 c

on
tin

ue
d.

  
 

M
ax

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

M
in

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

R
el

at
iv

e 
H

um
id

ity
 

W
in

d 
Sp

ee
d 

B
ar

om
et

ri
c 

Pr
es

su
re

 
Pr

ec
ip

ita
tio

n 
 Sp

ec
ie

s 
 

 
Y

ea
r 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

Ps
eu

da
cr

is
. 

fe
ri

ar
um

 
20

01
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

 
20

02
 

-0
.1

78
 

0.
20

6 
-0

.2
14

 
0.

12
7 

0.
21

3 
0.

17
0 

0.
22

8 
0.

14
1 

-0
.0

59
 

0.
70

8 
0.

36
7 

0.
00

7 
 

20
03

 
0.

36
6 

0.
00

2 
0.

49
0 

<0
.0

01
 

0.
05

2 
0.

69
9 

0.
17

2 
0.

19
6 

-0
.0

67
 

0.
61

7 
0.

32
8 

0.
00

7 
 

20
04

 
0.

01
1 

0.
91

0 
0.

01
4 

0.
88

2 
0.

15
5 

0.
14

3 
-0

.1
51

 
0.

15
2 

-0
.1

50
 

0.
15

5 
0.

09
9 

0.
30

2 
 

20
05

 
-0

.2
02

 
0.

31
2 

-0
.2

78
 

0.
16

1 
0.

34
4 

0.
11

7 
0.

12
0 

0.
59

4 
-0

.1
55

 
0.

49
2 

0.
14

5 
0.

47
0 

 
20

06
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ra
na

 
ca

te
sb

ei
an

a 
20

01
 

0.
01

3 
0.

94
4 

0.
20

7 
0.

24
9 

0.
19

2 
0.

32
7 

0.
29

4 
0.

12
9 

-0
.1

48
 

0.
45

2 
0.

06
8 

0.
70

5 

 
20

02
 

-0
.3

57
 

0.
00

9 
-0

.3
33

 
0.

01
6 

0.
09

1 
0.

56
0 

0.
22

7 
0.

14
3 

-0
.1

48
 

0.
34

3 
0.

07
5 

0.
59

5 
 

20
03

 
-0

.2
00

 
0.

55
5 

-0
.1

00
 

0.
77

0 
0.

17
4 

0.
63

1 
0.

29
0 

0.
41

6 
-0

.0
58

 
0.

87
4 

0.
54

5 
0.

08
3 

 
20

04
 

-0
.2

29
 

0.
06

3 
-0

.1
28

 
0.

30
0 

0.
39

4 
0.

00
2 

0.
00

1 
0.

99
5 

-0
.3

25
 

0.
01

3 
0.

13
0 

0.
29

6 
 

20
05

 
0.

12
5 

0.
19

2 
0.

14
7 

0.
12

5 
0.

16
4 

0.
12

1 
-0

.1
56

 
0.

13
9 

-0
.1

81
 

0.
08

6 
-0

.0
42

 
0.

66
0 

 
20

06
 

0.
05

7 
0.

77
8 

0.
26

3 
0.

18
6 

0.
52

1 
0.

01
3 

0.
28

3 
0.

20
1 

-0
.3

02
 

0.
17

2 
0.

06
6 

0.
74

4 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ra
na

 
cl

am
ita

ns
 

cl
am

ita
ns

 

 20
01

 
 

0.
04

8 
 

0.
79

1 
 

0.
21

4 
 

0.
23

2 
 

0.
17

4 
 

0.
37

6 
 

-0
.1

67
 

 
0.

39
7 

 
0.

10
9 

 
0.

58
2 

 
0.

44
1 

 
0.

01
0 

 
20

02
 

0.
23

2 
0.

09
7 

0.
26

0 
0.

06
3 

0.
33

8 
0.

02
7 

-0
.1

15
 

0.
46

4 
-0

.0
92

 
0.

56
0 

0.
19

3 
0.

17
1 

 
20

03
 

-0
.0

37
 

0.
91

3 
0.

37
3 

0.
25

9 
0.

43
5 

0.
20

9 
0.

26
1 

0.
46

6 
-0

.6
09

 
0.

06
2 

-0
.0

41
 

0.
90

6 
 

20
04

 
0.

33
8 

0.
00

5 
0.

16
0 

0.
19

6 
0.

16
4 

0.
21

8 
0.

02
4 

0.
86

1 
-0

.3
27

 
0.

01
2 

0.
23

9 
0.

05
1 

 
20

05
 

0.
48

2 
<0

.0
0

1 
0.

51
8 

<0
.0

01
 

0.
33

3 
0.

00
1 

-0
.2

56
 

0.
01

4 
-0

.1
46

 
0.

16
8 

0.
10

7 
0.

26
3 

 
20

06
 

-0
.0

09
 

0.
96

4 
0.

18
7 

0.
35

0 
0.

01
7 

0.
94

0 
-0

.2
47

 
0.

26
8 

-0
.0

68
 

0.
76

3 
-0

.3
52

 
0.

07
2 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

               156



      
   

   
Ta

bl
e 

6.
11

 c
on

tin
ue

d.
  

 
M

ax
im

um
 A

ir
 

T
em

pe
ra

tu
re

 
M

in
im

um
 A

ir
 

T
em

pe
ra

tu
re

 
R

el
at

iv
e 

H
um

id
ity

 
W

in
d 

Sp
ee

d 
B

ar
om

et
ri

c 
Pr

es
su

re
 

Pr
ec

ip
ita

tio
n 

 Sp
ec

ie
s 

 

 
Y

ea
r 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

Ra
na

 
sp

he
no

ce
ph

al
a 

20
01

 
0.

12
1 

0.
50

4 
0.

09
4 

0.
60

3 
0.

26
0 

0.
18

2 
-0

.5
38

 
0.

00
3 

0.
55

7 
0.

00
2 

-0
.1

67
 

0.
35

2 

 
20

02
 

0.
35

9 
0.

00
9 

0.
38

0 
0.

00
6 

0.
35

6 
0.

01
9 

-0
.1

48
 

0.
34

3 
-0

.0
56

 
0.

72
3 

0.
15

4 
0.

27
7 

 
20

03
 

-0
.2

90
 

0.
38

8 
-0

.1
44

 
0.

67
2 

0.
50

5 
0.

13
7 

0.
13

8 
0.

70
5 

-0
.3

74
 

0.
28

7 
0.

29
4 

0.
38

0 
 

20
04

 
0.

20
5 

0.
09

6 
0.

34
6 

0.
00

4 
0.

27
4 

0.
03

7 
-0

.1
35

 
0.

31
1 

-0
.3

85
 

0.
00

3 
0.

45
1 

0.
00

01
 

 
20

05
 

0.
15

2 
0.

11
1 

0.
22

3 
0.

01
9 

0.
21

9 
0.

03
8 

-0
.0

35
 

0.
74

3 
-0

.2
85

 
0.

00
6 

0.
17

4 
0.

06
8 

 
20

06
 

-0
.4

08
 

0.
03

4 
-0

.3
74

 
0.

05
5 

0.
29

3 
0.

18
6 

-0
.2

50
 

0.
26

3 
-0

.2
58

 
0.

24
6 

0.
11

5 
0.

56
6 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Sc
ap

hi
op

us
 

ho
lb

ro
ok

ii 
ho

lb
ro

ok
ii 

 20
01

 
 

0.
03

8 
 

0.
83

4 
 

0.
01

7 
 

0.
92

5 
 

0.
24

2 
 

0.
92

5 
 

-0
.1

66
 

 
0.

39
8 

 
0.

30
8 

 
0.

11
1 

 
-0

.1
18

 
 

0.
51

4 

 
20

02
 

0.
15

5 
0.

27
1 

0.
21

8 
0.

12
1 

0.
31

9 
0.

03
7 

-0
.0

35
 

0.
82

2 
0.

00
1 

0.
99

4 
0.

01
6 

0.
91

2 
 

20
03

 
0.

01
4 

0.
96

9 
0.

16
2 

0.
63

5 
0.

68
3 

0.
02

9 
-0

.0
69

 
0.

84
9 

-0
.6

83
 

0.
02

9 
-0

.0
74

 
0.

83
0 

 
20

04
 

0.
04

6 
0.

71
4 

0.
20

6 
0.

09
5 

0.
50

9 
<0

.0
01

 
-0

.1
77

 
0.

18
5 

-0
.2

72
 

0.
03

9 
0.

26
2 

0.
03

2 
 

20
05

 
0.

17
2 

0.
07

2 
0.

24
5 

0.
00

9 
0.

21
1 

0.
04

5 
-0

.0
48

 
0.

65
0 

-0
.1

95
 

0.
06

3 
0.

08
3 

0.
38

4 
 

20
06

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
—

 
                        157



  Ta
bl

e 
6.

12
.  

 S
pe

ar
m

an
 ra

nk
 c

or
re

la
tio

n 
co

ef
fic

ie
nt

s f
or

 a
m

ph
ib

ia
n 

ca
pt

ur
es

 a
nd

 w
ea

th
er

 m
et

ric
s b

y 
se

as
on

 o
n 

To
m

bi
gb

ee
 N

at
io

na
l F

or
es

t a
nd

 
 

   
   

  N
ox

ub
ee

 N
at

io
na

l W
ild

lif
e 

R
ef

ug
e,

 M
S,

 2
00

1-
20

06
. 

 
M

ax
im

um
 A

ir
 

T
em

pe
ra

tu
re

 
M

in
im

um
 A

ir
 

T
em

pe
ra

tu
re

 
R

el
at

iv
e 

H
um

id
ity

 
W

in
d 

Sp
ee

d 
B

ar
om

et
ri

c 
Pr

es
su

re
 

Pr
ec

ip
ita

tio
n 

 Sp
ec

ie
s 

 

 
Se

as
on

 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

 Am
by

st
om

a.
 

m
ac

ul
at

um
 

 Fa
ll 

 
0.

00
9 

 
0.

94
8 

 
0.

11
2 

 
0.

42
9 

 
0.

18
7 

 
0.

23
1 

 
0.

02
5 

 
0.

87
4 

 
-0

.2
61

 
 

0.
09

1 
 

0.
28

4 
 

0.
04

1 

 
Sp

rin
g 

0.
21

8 
0.

02
7 

0.
19

3 
0.

05
1 

-0
.0

24
 

0.
82

8 
0.

18
5 

0.
08

6 
-0

.2
95

 
0.

00
6 

0.
09

8 
0.

32
3 

 
Su

m
m

er
 

-0
.1

49
 

0.
15

9 
-0

.1
85

 
0.

07
9 

0.
15

6 
0.

17
7 

0.
07

9 
0.

49
6 

0.
17

0 
0.

14
0 

0.
08

1 
0.

44
6 

 
W

in
te

r 
0.

16
8 

0.
21

9 
0.

19
6 

0.
15

1 
0.

29
9 

0.
04

6 
0.

11
3 

0.
46

1 
-0

.2
89

 
0.

05
4 

0.
34

8 
0.

00
9 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Am
by

st
om

a 
op

ac
um

 
Fa

ll 
-0

.0
63

 
0.

65
6 

0.
29

4 
0.

03
4 

0.
54

8 
<0

.0
01

 
0.

21
4 

0.
16

7 
-0

.5
89

 
<0

.0
01

 
0.

33
1 

0.
01

7 

 
Sp

rin
g 

0.
22

4 
0.

02
3 

0.
17

7 
0.

07
3 

0.
15

1 
0.

16
3 

-0
.0

23
 

0.
83

6 
-0

.1
61

 
0.

13
5 

0.
04

7 
0.

63
9 

 
Su

m
m

er
 

-0
.2

54
 

0.
01

5 
-0

.1
11

 
0.

29
4 

0.
19

9 
0.

08
3 

0.
17

6 
0.

12
5 

-0
.1

09
 

0.
34

7 
0.

16
1 

0.
12

8 
 

W
in

te
r 

-0
.1

29
 

0.
34

8 
-0

.0
50

 
0.

71
5 

0.
03

6 
0.

81
6 

-0
.0

60
 

0.
69

5 
0.

03
1 

0.
83

8 
-0

.0
41

 
0.

76
6 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Am
by

st
om

a 
ta

lp
oi

de
um

 
Fa

ll 
-0

.0
72

 
0.

61
0 

0.
27

6 
0.

04
8 

0.
43

4 
0.

00
4 

0.
05

1 
0.

74
7 

-0
.0

80
 

0.
60

9 
0.

28
3 

0.
04

2 

 
Sp

rin
g 

-0
.0

01
 

0.
98

8 
0.

06
0 

0.
55

0 
0.

19
9 

0.
06

4 
0.

01
7 

0.
87

7 
-0

.0
45

 
0.

68
0 

0.
11

4 
0.

25
3 

 
Su

m
m

er
 

-0
.1

10
 

0.
30

1 
-0

.0
94

 
0.

37
6 

0.
44

0 
<0

.0
01

 
0.

06
0 

0.
60

5 
0.

05
7 

0.
62

2 
0.

31
9 

0.
00

2 
 

W
in

te
r 

0.
21

4 
0.

11
6 

0.
25

3 
0.

06
2 

0.
21

8 
0.

15
1 

0.
17

4 
0.

25
3 

-0
.2

47
 

0.
10

2 
0.

16
2 

0.
23

7 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Bu

fo
 sp

p.
 

Fa
ll 

0.
31

0 
0.

02
5 

0.
44

5 
0.

00
1 

0.
11

8 
0.

45
1 

-0
.0

28
 

0.
86

0 
-0

.3
23

 
0.

03
5 

0.
28

2 
0.

04
3 

 
Sp

rin
g 

0.
57

3 
<0

.0
01

 
0.

61
5 

<0
.0

01
 

0.
26

5 
0.

01
3 

0.
04

9 
0.

65
1 

-0
.3

30
 

0.
00

2 
0.

18
4 

0.
06

3 
 

Su
m

m
er

 
-0

.1
96

 
0.

06
3 

-0
.0

78
 

0.
46

4 
0.

41
3 

<0
.0

01
 

0.
35

7 
0.

00
2 

0.
00

7 
0.

95
2 

0.
19

2 
0.

06
8 

 
W

in
te

r 
-0

.0
60

 
0.

66
3 

0.
08

4 
0.

54
3 

0.
31

9 
0.

03
3 

0.
29

8 
0.

04
7 

-0
.2

80
 

0.
06

2 
0.

33
6 

0.
01

2 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
G

as
tr

op
hr

yn
e 

ca
ro

lin
en

si
s 

Fa
ll 

-0
.0

93
 

0.
51

0 
0.

11
9 

0.
40

1 
0.

22
4 

0.
14

9 
0.

22
4 

0.
14

9 
-0

.1
99

 
0.

20
1 

0.
21

3 
0.

13
0 

 
Sp

rin
g 

0.
47

9 
<0

.0
00

1 
0.

52
4 

<0
.0

01
 

0.
25

9 
0.

01
5 

0.
12

3 
0.

25
7 

-0
.3

71
 

0.
00

04
 

0.
14

7 
0.

13
9 

 
Su

m
m

er
 

-0
.2

26
 

0.
03

1 
-0

.0
99

 
0.

35
2 

0.
45

8 
<0

.0
01

 
0.

16
1 

0.
16

3 
0.

11
9 

0.
30

2 
0.

29
6 

0.
00

4 
 

W
in

te
r 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

             158



  Ta
bl

e 
6.

12
 c

on
tin

ue
d.

  
 

M
ax

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

M
in

im
um

 A
ir

 
T

em
pe

ra
tu

re
 

R
el

at
iv

e 
H

um
id

ity
 

W
in

d 
Sp

ee
d 

B
ar

om
et

ri
c 

Pr
es

su
re

 
Pr

ec
ip

ita
tio

n 
 Sp

ec
ie

s 
 

 
Se

as
on

 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

N
ot

op
th

al
m

us
 

vi
ri

de
sc

en
s 

lo
ui

si
an

en
si

s 

Fa
ll 

0.
00

3 
0.

98
6 

0.
20

6 
0.

14
4 

-0
.1

74
 

0.
26

4 
0.

18
7 

0.
23

1 
-0

.1
37

 
0.

38
2 

0.
25

2 
0.

07
2 

 
Sp

rin
g 

0.
04

1 
0.

68
2 

0.
02

8 
0.

77
8 

0.
00

6 
0.

95
5 

0.
25

0 
0.

01
9 

-0
.0

24
 

0.
82

2 
0.

03
9 

0.
69

2 
 

Su
m

m
er

 
0.

12
1 

0.
25

4 
0.

05
9 

0.
57

9 
0.

10
7 

0.
35

5 
-0

.1
09

 
0.

34
6 

0.
11

6 
0.

31
6 

0.
01

3 
0.

90
6 

 
W

in
te

r 
0.

16
7 

0.
22

2 
0.

15
5 

0.
26

0 
0.

15
1 

0.
32

2 
0.

22
1 

0.
14

5 
-0

.0
93

 
0.

54
4 

0.
10

8 
0.

43
3 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ps
eu

da
cr

is
 

cr
uc

ife
r 

Fa
ll 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

 
Sp

rin
g 

-0
.1

22
 

0.
21

8 
-0

.0
78

 
0.

43
1 

-0
.0

69
 

0.
52

8 
0.

27
0 

0.
01

2 
-0

.2
13

 
0.

04
8 

0.
07

8 
0.

43
5 

 
Su

m
m

er
 

0.
05

6 
0.

59
5 

0.
10

5 
0.

32
1 

-0
.1

42
 

0.
21

9 
0.

13
0 

0.
26

0 
-0

.0
63

 
0.

58
5 

-0
.0

24
 

0.
81

9 
 

W
in

te
r 

0.
23

3 
0.

08
7 

0.
10

7 
0.

43
6 

0.
14

1 
0.

35
5 

0.
09

1 
0.

55
1 

0.
13

3 
0.

38
4 

0.
25

2 
0.

06
3 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ps
eu

da
cr

is
 

fe
ri

ar
um

 
Fa

ll 
0.

06
1 

0.
66

9 
0.

16
3 

0.
24

7 
0.

23
6 

0.
12

7 
-0

.0
75

 
0.

63
5 

-0
.0

87
 

0.
57

9 
-0

.0
76

 
0.

59
3 

 
Sp

rin
g 

0.
33

5 
0.

00
1 

0.
31

5 
0.

00
1 

0.
07

2 
0.

50
7 

-0
.1

70
 

0.
11

6 
0.

03
6 

0.
73

7 
0.

12
3 

0.
21

6 
 

Su
m

m
er

 
-0

.2
34

 
0.

02
5 

-0
.0

52
 

0.
62

3 
0.

20
2 

0.
07

8 
-0

.0
09

 
0.

94
1 

-0
.1

16
 

0.
31

6 
0.

35
3 

0.
00

1 
 

W
in

te
r 

0.
21

7 
0.

11
1 

0.
13

7 
0.

31
7 

0.
30

9 
0.

03
9 

0.
20

4 
0.

17
9 

-0
.1

14
 

0.
45

5 
0.

27
7 

0.
04

1 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Ra

na
 

ca
te

sb
ei

an
a 

Fa
ll 

0.
11

9 
0.

40
1 

0.
41

3 
0.

00
2 

0.
49

9 
0.

00
1 

0.
14

2 
0.

36
5 

-0
.5

36
 

<0
.0

01
 

0.
25

6 
0.

06
7 

 
Sp

rin
g 

-0
.1

30
 

0.
19

2 
-0

.0
61

 
0.

54
1 

0.
16

6 
0.

12
5 

0.
11

4 
0.

29
3 

-0
.1

97
 

0.
06

7 
0.

15
4 

0.
12

0 
 

Su
m

m
er

 
0.

15
4 

0.
14

5 
0.

28
9 

0.
00

5 
0.

27
0 

0.
01

8 
-0

.1
16

 
0.

31
5 

-0
.1

07
 

0.
35

3 
0.

01
9 

0.
85

8 
 

W
in

te
r 

0.
06

9 
0.

61
8 

0.
18

8 
0.

17
0 

0.
30

1 
0.

04
5 

0.
21

0 
0.

16
6 

-0
.1

57
 

0.
30

3 
0.

13
3 

0.
33

5 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Ra

na
 

cl
am

ita
ns

 
cl

am
ita

ns
 

 Fa
ll 

 
0.

63
8 

 
<0

.0
01

 
 

0.
70

5 
 

<0
.0

01
 

 
0.

24
7 

 
0.

11
0 

 
-0

.0
55

 
 

0.
72

5 
 

-0
.3

82
 

 
0.

01
2 

 
0.

10
9 

 
0.

44
1 

 
Sp

rin
g 

0.
18

0 
0.

06
9 

0.
28

3 
0.

00
4 

0.
11

6 
0.

28
3 

0.
09

3 
0.

38
9 

-0
.0

98
 

0.
36

9 
0.

15
9 

0.
10

9 
 

Su
m

m
er

 
0.

05
4 

0.
61

3 
0.

01
9 

0.
85

6 
0.

11
4 

0.
32

3 
-0

.1
38

 
0.

23
1 

-0
.0

97
 

0.
40

4 
0.

17
8 

0.
09

1 
   

   
   

            159



     
   

   
Ta

bl
e 

6.
12

 c
on

tin
ue

d.
  

 
M

ax
im

um
 A

ir
 

T
em

pe
ra

tu
re

 
M

in
im

um
 A

ir
 

T
em

pe
ra

tu
re

 
R

el
at

iv
e 

H
um

id
ity

 
W

in
d 

Sp
ee

d 
B

ar
om

et
ri

c 
Pr

es
su

re
 

Pr
ec

ip
ita

tio
n 

 Sp
ec

ie
s 

 

 
Se

as
on

 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

r S
 

P 
r S

 
P 

 
W

in
te

r 
0.

10
0 

0.
46

6 
0.

02
3 

0.
86

7 
0.

02
4 

0.
87

5 
-0

.1
44

 
0.

34
6 

0.
10

4 
0.

49
6 

0.
02

5 
0.

85
5 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Ra
na

. 
sp

he
no

ce
ph

al
a 

Fa
ll 

0.
15

7 
0.

26
8 

0.
30

2 
0.

03
0 

0.
28

6 
0.

06
3 

-0
.1

69
 

0.
27

9 
-0

.2
14

 
0.

16
8 

0.
32

9 
0.

01
7 

 
Sp

rin
g 

0.
14

0 
0.

15
8 

0.
20

6 
0.

03
7 

0.
25

1 
0.

01
9 

0.
18

4 
0.

08
8 

-0
.3

04
 

0.
00

4 
0.

17
0 

0.
08

6 
 

Su
m

m
er

 
-0

.0
92

 
0.

38
4 

-0
.1

51
 

0.
15

4 
0.

22
2 

0.
05

3 
0.

23
0 

0.
04

4 
0.

02
4 

0.
83

9 
0.

09
3 

0.
38

0 
 

W
in

te
r 

0.
26

3 
0.

05
3 

0.
08

6 
0.

53
5 

0.
22

7 
0.

13
4 

0.
04

7 
0.

75
9 

-0
.1

90
 

0.
21

1 
0.

20
0 

0.
21

1 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Sc

ap
hi

op
us

 
ho

lb
ro

ok
ii 

ho
lb

ro
ok

ii 

 Fa
ll 

 
0.

38
4 

 
0.

00
5 

 
0.

44
5 

 
0.

00
1 

 
0.

23
3 

 
0.

13
3 

 
-0

.1
94

 
 

0.
21

3 
 

-0
.2

61
 

 
0.

09
0 

 
0.

08
2 

 
0.

56
5 

 
Sp

rin
g 

0.
01

3 
0.

89
7 

-0
.0

36
 

0.
72

0 
0.

14
6 

0.
17

6 
-0

.0
52

 
0.

63
2 

-0
.1

58
 

0.
14

3 
-0

.1
09

 
0.

27
3 

 
Su

m
m

er
 

-0
.2

85
 

0.
00

6 
-0

.1
27

 
0.

23
1 

0.
49

4 
<0

.0
01

 
<0

.0
01

 
0.

99
8 

-0
.0

01
 

0.
99

2 
0.

18
7 

0.
07

6 
 

W
in

te
r 

-0
.0

40
 

0.
77

3 
0.

08
6 

0.
53

4 
0.

19
7 

0.
19

4 
0.

17
4 

0.
25

3 
-0

.1
39

 
0.

36
2 

0.
10

9 
0.

43
0 

                      160



 

 161

 

0.0000

20.0000

40.0000

60.0000

80.0000

100.0000

120.0000

Oct-01 Jan-02 Oct-04 Nov-04 Jan-05 Feb-05 Oct-05 Nov-05 Dec-05 Jan-06 Feb-06
Month/Year

M
ea

n 
D

ai
ly

 R
el

at
iv

e 
H

um
id

ity
 (%

)

0.0000

0.2000

0.4000

0.6000

0.8000

1.0000

1.2000

1.4000

1.6000

Sa
la

m
an

de
r C

PU
E

Humidity
Salamander CPUE

 
 

Figure 6.1.   Trends relating salamander CPUE during fall and winter to mean daily   
         relative humidity from the 24 hour period prior to capture. 
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Figure 6.2.   Trends relating salamander CPUE during fall and winter to daily  
                     precipitation from the 24 hour period prior to capture. 
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Figure 6.3.   Trends relating salamander CPUE during fall and winter to daily maximum   
                      air temperature from the 24 hour period prior to capture. 
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Figure 6.4.   Trends relating anuran CPUE during spring and fall to daily minimum air   
                      temperature from the 24 hour period prior to capture. 
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Figure 6.5.   Trends relating anuran CPUE during spring and fall to daily precipitation   
                      from the 24 hour period prior to capture. 
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Figure 6.6.   Trends relating anuran CPUE during spring and fall to mean daily relative   
                      humidity from the 24 hour period prior to capture. 
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CHAPTER VII 

INFLUENCE OF WEATHER CONDITIONS ON REPTILE CAPTURE RATES AT 

TEMPORARY WETLANDS IN NORTH MISSISSIPPI  

 

INTRODUCTION 

 Ectothermic animals, including reptiles, are very dependent on the environment for most 

physiological processes controlling their development, growth, and reproduction. Specifically, 

meteorological factors including precipitation, temperature, humidity, and barometric pressure 

may influence activity levels, behavioral responses and foraging patterns of herpetofauna which 

may impact overall survivorship. Temporal variation in activity of many reptiles is often 

associated with thermoregulation and reproduction, such as hibernation, mate-searching, egg-

laying, and hatching of eggs (Lack 1968; Bonnet et al. 1999). Activity levels may fluctuate daily 

between diurnal and nocturnal activity or within a season, but determinants of abiotic cues 

affecting activity are unclear (Mushinsky and Hebrard 1977; Gibbons and Semlitsch 1987). 

Weather metrics may differentially impact species with some species being influenced by  

specific environmental conditions, whereas others may have more generalized breeding cues. 

Ambient air temperature and opportunities for basking may restrict activity in reptiles inhabiting 

colder climates (Brown and Shine 2002). Additionally, moisture may be an important component 

for egg deposition and construction of nests for many lizard and snake species, including skinks 

(Eumeces spp.) and spiny lizards (Sceloporus spp.; Zug et al. 2001). Thus, areas with increased 

precipitation or humidity may provide optimal microhabitats for gravid females. However, 
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information on relationships between short-term weather conditions and reptile communities 

remains sparse (Henderson and Hoevers 1977; Gibbons and Semlitsch 1987).  

 I examined the relationships between reptile capture rates and meteorological factors 

surrounding temporary, forested wetlands of Mississippi to identify environmental conditions that 

may prompt movement of reptiles. With an increased understanding of reptile-weather 

associations, I may be able to identify important environmental components that may help predict 

peak activity levels of reptiles. This information may assist researchers and natural resource 

managers in monitoring initiatives and conservation strategies targeted at herpetofauna by 

concentrating survey efforts during certain seasons or days. Targeting survey efforts during these 

periods would enhance detection probabilities, especially for rare or secretive species.  

 

 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  

 
 
 
 
 
 
 



 

 169

METHODS 
 
 

Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from May 

2001 through March 2006 using straight-line drift fence arrays combined with three trap designs; 

pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended funnel trap. 

Data on species richness and abundance in this chapter were obtained from 37 pitfall-funnel trap 

surveys. Weather data were obtained from the Mississippi state climatologist for the National 

Oceanic and Atmospheric Administration (NOAA) weather stations in Louisville, MS and 

Columbus Air Force Base, Columbus, MS from 2001-2006. 

 

Statistical Analyses 

 

 

Reptile Capture Rates 

I conducted an Analysis of Variance (PROC GLM, SAS 9.1) to determine differences in 

CPUE for species by study year and seasons combined across all years of the study. All tests were 

considered significant at P ≤ 0.05. If significant results were found, the Least-square means 

procedure was used to determine multiple comparisons between years and/or seasons (Freund and 

Wilson 2003). 

  

Weather Associations 

Spearman rank correlation coefficients (at 95% CI) were used to determine associations 

between daily reptile CPUE and weather conditions including total precipitation, maximum air 

temperature (ºC), minimum air temperature (ºC), mean relative humidity (%), mean barometric 

pressure (mb), and mean wind speed (mph), during the 24 hour period prior to each trapping 
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session (PROC CORR, SAS Institute 1999). Separate Spearman rank correlation analyses were 

generated for each study year and season. Species counts were totaled for each individual year 

and for each season over the 5-year study period. All tests were considered significant at P ≤ 0.05 

(Freund and Wilson 2003). 

 

RESULTS 

 

Pitfall-Funnel Trapping  

 Pitfall/funnel trap arrays were opened simultaneously at all 10 ephemeral pool sites for 

37 trap periods that varied between 1 to 10 days long (317 days total) and produced 3,161 trap 

days. Trap captures yielded 21 reptile species and 541 reptiles during the study. Upland pools 

yielded 5 lizard species (n = 323), 7 snake species (n = 29), and 5 turtle species (n = 28) whereas 

floodplain pools yielded 5 lizard species (n = 141), 5 snake species (n = 13), and 4 turtle species 

(n = 7; Table 7.1). 

 

Reptile Capture Rates 

 Of 7 reptile species detected in traps (≥ 20 captures each), 5 species exhibited a 

difference in CPUE between seasons and 4 species exhibited a difference in CPUE between 

years. Capture rates for total reptiles were greatest during spring and during the 2002 study year 

(Table 7.3, 7.6). 

 

Saurids  

 Of 5 lizard species detected in traps, 5 species exhibited a difference in CPUE between 

seasons and 3 species exhibited a difference in CPUE between years. The greatest numbers of 
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lizards were detected during spring (Table 7.3) and during the study years of 2001 and 2002 

(Table 7.6). 

 Green Anole. ANOVA showed significant differences in CPUE between seasons (F = 

4.77, df = 3, 292, P = 0.003) but not years (Table 7.2). Greatest number of captures occurred 

during 2006 and spring during the study (Tables 7.4-7.7). Spring captures were significantly 

greater than winter (P = 0.002) and summer (P = 0.002). 

  Five-lined Skink. ANOVA showed significant differences in CPUE between years (F = 

3.69, df = 5, 292, P = 0.003) and seasons (F = 5.42, df = 3, 292, P = 0.001; Table 7.2). Greatest 

number of captures occurred during 2004 and spring during the study (Tables 7.4-7.7). Spring 

and summer captures were significantly greater than winter (P < 0.001 and P = 0.012, 

respectively). 

 Broadhead Skink. ANOVA showed significant differences in CPUE between seasons    

(F = 4.48, df = 3, 292, P = 0.004) but not years (Table 7.2). Greatest number of captures occurred 

during 2001 and spring during the study (Tables 7.4-7.7). 

 Northern Fence Lizard. ANOVA showed significant differences in CPUE between years 

(F = 3.23, df = 5, 292, P = 0.008) and seasons (F = 4.96, df = 3, 292, P = 0.002; Table 7.2). 

Greatest number of captures occurred during 2001 and spring duringthe study (Tables 7.4-7.7). 

 Ground Skink. ANOVA showed significant differences in CPUE between years (F = 

9.97, df = 5, 292, P ≤ 0.001) and seasons (F = 2.99, df = 3, 292, P = 0.031; Table 7.2). Greatest 

number of captures occurred during 2002 and spring during the study. Capture rates in 2002 were 

significantly greater than all other study years (Tables 7.4-7.7). 
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Turtles 

 Eastern Mud Turtle. ANOVA showed no significant differences in CPUE between 

seasons or years (Table 7.2). Greatest number of captures occurred during 2006 and summer 

during the study (Tables 7.4-7.7). 

 

Squamates 

 Eastern Cottonmouth. ANOVA showed significant differences in CPUE between years 

(F = 4.36, df = 5, 292, P = 0.008) but not seasons (Table 7.2).  Greatest number of captures 

occurred during 2001 and summer during the study (Tables 7.4-7.7).  

 

Weather Conditions 

 Average daily precipitation for trapping periods ranged from 0-10.24 cm for all study 

years. Precipitation was greatest during 2001 with daily rainfall amounts for trap days averaging 

1.09 cm. Summer yielded the greatest average daily rainfall with a mean of 0.81 cm and ranged 

from 0-8.92 cm. Average relative humidity ranged from a low of approximately 30 % in 2002 to 

highs between 90-100 % for all study years. Average daily relative humidity was greatest in 2003 

and ranged from 50-90 % with a mean of 77 %. Summer yielded the greatest average daily 

relative humidity with a mean of 77 % and ranged from 43-98 % (Tables 7.9, 7.10). 

 

Weather and Faunal Associations 

 Correlations between reptile captures and weather variables varied between years and 

seasons (Tables 7.11, 7.12). Number of lizard species exhibiting year effects for weather 

parameters were as follows: 3 species with maximum air temperature, 3 species with minimum 

air temperature, 3 species with relative humidity, and 3 species with precipitation. Number of 

lizard species exhibiting seasonal effects for weather parameters were as follows: 4 species with 
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minimum air temperature, 4 species with maximum air temperature, 2 species with relative 

humidity, 2 species with precipitation, 2 species with barometric pressure, and 2 species with 

wind speed. Only one snake and one lizard species had enough captures to warrant quantifiable 

analysis and are listed below. 

 

Saurids 

 The most common influential factors for all of the lizards in each season were are 

follows: minimum and maximum air temperature, wind speed, and barometric pressure in fall; 

minimum and maximum air temperature in spring; minimum air temperature and relative 

humidity in summer, and precipitation in winter. There were no captures of five-lined skink or 

broadhead skinks in winter.   

 Green Anole. For analyses among years (Table 7.11), green anole CPUE was related 

significantly to humidity in 2002 (rS =   -0.335, P = 0.028), 2003 (rS =   -0.696, P = 0.025), and 2005 

(rS =  -0.218, P = 0.038) and wind speed (rS =   0.432, P = 0.045) in 2006. In spring, green anole 

CPUE was related significantly to humidity (rS =   -0.290, P = 0.007) and barometric pressure (rS =   

0.346, P = 0.001; Table 7.12). 

 Five-lined Skink. For analyses among years (Table 7.11), five-lined skink CPUE was 

related significantly to maximum temperature (rS = 0.523 , P = 0.002) and minimum temperature 

in 2001 (Max rS =  0.523 , P = 0.002 and Min rS =   0.469, P = 0.006) and 2004 (Max rS =  0.403,     

P = 0.001and Min rS =   0.273, P = 0.025). In 2005, five-lined skink CPUE was related 

significantly to maximum temperature (rS =   0.399, P ≤ 0.001) and minimum temperature (rS =  

0.310 , P = 0.001), and wind speed (rS =   -0.307, P = 0.003). In 2006, five-lined skink CPUE was 

related significantly to humidity (rS =  -0.421 , P = 0.051). For analyses among seasons (Table 

7.12), five-lined skink CPUE was related significantly to maximum temperature (rS =   0.508,       

P ≤ 0.001), minimum temperature (rS =  0.369 , P = 0.007), and wind speed (rS =  -0.303 , P = 
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0.048) in fall. In spring, maximum temperature (rS =   0.422, P ≤ 0.001) and minimum temperature 

(rS =   0.368, P ≤ 0.001) were related significantly to skink CPUE.   

 Broadhead Skink. For analyses among years (Table 7.11), broadhead skink CPUE was 

related significantly to maximum temperature (rS =   0.381, P = 0.005) in 2002 and marginally 

related to minimum temperature (rS =   0.264, P = 0.059). Broadhead skink CPUE was related 

significantly to maximum temperature (rS =   0.355, P = 0.003) in 2004 and wind speed (rS =  -0.313 

, P = 0.003) in 2005. For analyses among seasons (Table 7.12), broadhead skink CPUE during 

spring was related significantly to maximum temperature (rS =  0.425 , P ≤ 0.001), minimum 

temperature (rS =   0.325, P = 0.001), and wind speed (rS =  -0.318, P = 0.003). 

 Northern Fence Lizard. For analyses among years (Table 7.11), northern fence lizard 

CPUE was related significantly to minimum temperature (rS =   -0.377, P = 0.030) and humidity 

(rS =  -0.435  , P = 0.021) in 2001 and humidity (rS =   -0.491, P = 0.020) in 2006. For analyses 

among seasons (Table 7.12), fence lizard CPUE was related significantly to barometric pressure 

(rS =   -0.439, P = 0.003) in fall and maximum temperature (rS =   0.218, P = 0.027) during spring. 

In summer, fence lizard CPUE was related significantly to minimum temperature (rS =   -0.225,    

P = 0.032) and humidity (rS =   -0.357, P = 0.001). 

 Ground Skink. For analyses among years (Table 7.11), ground skink CPUE was related 

significantly to maximum temperature in 2001 (rS =   0.454, P = 0.008) and 2004( rS =  0.283 , P = 

0.020). In 2002, ground skink CPUE was related significantly to minimum temperature (rS =   

0.351, P = 0.011). For analyses among seasons (Table 7.12), ground skink CPUE was related 

significantly to maximum temperature (rS =   0.313, P = 0.001) and minimum temperature (rS =  

0.286  , P = 0.003) in spring and precipitation (rS =   0.265, P = 0.051) in winter. 
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Turtles 

 Eastern Mud Turtle. For analyses among years (Table 7.11), eastern mud turtle CPUE 

was related significantly to wind speed (rS =   -0.326, P = 0.033) in 2002 and minimum 

temperature (rS =   0.278, P = 0.023) in 2004. For analyses among seasons (Table 7.12), eastern 

mud turtle CPUE was related significantly to barometric pressure (rS =   0.251, P = 0.028) in 

summer. 

 

Squamates 

 Eastern Cottonmouth. For analyses among years (Table 7.11), eastern cottonmouth 

CPUE was related significantly to maximum temperature (rS =   0.219, P = 0.021) and minimum 

temperature (rS =   0.247, P = 0.009) in 2005. For analyses among seasons (Table 7.12), 

cottonmouth CPUE was related significantly to precipitation (rS =  0.193,  P = 0.051) in spring.  

 
 

DISCUSSION 
 

 Temperature is thought to be the major limiting factor affecting herpetofaunal 

distribution and diversity with greater species being found in tropical regions and warm temperate 

zones (Zug et al. 2001). In the United States, the greatest herpetofaunal diversity is found within 

the Southeastern Coastal Plain characterized by temperate winters and hot, humid summers. 

Reptiles are ectothermic and must rely upon environmental sources for heat gain. As such, 

physiological processes of reptiles are temperature-dependent. Most reptiles thermoregulate 

behaviorally by restricting activities during cooler periods that would increase heat loss (Zug et 

al. 2001).  

 In my study, increased maximum and minimum daily air temperatures in the 24-hr 

preceding captures were the strongest predictors of reptile activity and correlated with all taxa to 

differing degrees.  Greater captures for all taxa were found during spring and summer across the 
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study period. Average daily temperatures during spring trap periods ranged from lows around 11º 

C to highs around 23º C. Summer temperatures ranged from an average low of 20º C to a high of 

30º C. Increased activity during these months may be attributed to warming temperatures and 

abundant food resources (Wilbur 1975; Zug et al. 2001). Greater overnight and daytime 

temperatures may have stimulated reptile foraging activity surrounding ephemeral wetlands 

resulting in greater capture rates during spring and summer trap periods. These times also 

coincide with spawning and emergence of many pool-breeding anurans and salamanders that use 

seasonal ponds. Squamates may increase activity surrounding temporary ponds to feed on newly 

metamorphosed amphibians and invertebrates. Additionally, most reptiles ovulate during spring 

and deposit eggs from early to mid-summer that hatch during late summer (Zugg et al. 2001). 

This timing ensures that soil temperatures are high enough at hatching to promote rapid 

embryonic development. Increased precipitation during spring through early summer may 

provide moist microhabitat conditions conducive for egg deposition and nest construction. Most 

lizards deposit eggs in damp soil, rotting deadwood, or detritus (Fitch 1954; Packard et al. 1977; 

1981). Increased prey availability and foraging opportunities during this time also may help 

support the energy investment by gravid females for reproduction.  

 None of the reptile species detected in my study were obligate species of temporary 

wetlands; however, hydrological conditions associated with ephemeral ponds during spring and 

summer may have provided favorable habitat for foraging and thermoregulation by reptiles. 

During normal rainfall years in the southeast, ephemeral pools contain water during winter and 

spring but dry during summer and fall due to lesser seasonal rainfall and water recharge from 

lotic systems (Jones and Taylor 2005). Pools may fill and dry multiple times within a season. Due 

to variable hydrology, most temporary pools in my study lacked establishment of mature trees or 

emergent plant growth within pool basins. This resulted in limited to no overstory canopy closure 

directly over-top the wetlands depending on pool size and structure of surrounding forest. During 
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summer, standing water within pools either disappeared completely or water levels dropped 

substantially, exposing portions of the pool bottom. These areas would likely receive greater light 

penetration due to lack of canopy coverage, possibly producing warmer microclimates conducive 

to basking.  

 Other factors that were found to influence reptile communities included relative humidity 

and wind speed. Humidity may be an important factor for reptiles by providing condensation for 

drinking water and moisture for development of reptile eggs when deposition occurs on ground 

surface (Zug et al. 2001). However, in my study, relative humidity was related negatively to 

capture rates of green anoles and northern fence lizards. Average percentage relative humidity 

ranged from 70-76 % across years and 67-77 % across seasons. This relationship may not negate 

the importance of humidity for lizards but instead infer they can function at lesser levels and are 

not as dependent on moisture as groups such as amphibians. Skinks showed a negative 

relationship with average daily wind speed during spring and fall. Average wind speeds for these 

seasons were 6.62 mph and 4.86 mph, respectively, with highs ranging from 12 mph in fall to 15 

mph in spring. Exposure to high winds may result in reduced activity levels of skinks to avoid 

convective heat loss. Increased wind speeds also may mask the presence of predators or cause 

movement of vegetation initiating a flight response to seek cover.   

 Timing of surveys is crucial to determine the suite of species using a given area. Year-

round sampling is often recommended to quantify diverse groups such as herpetofauna given the 

temporal variation in breeding activity between species. Intense sampling of this magnitude may 

not always be feasible given restrictions in research funding and man-power nor may it be 

necessary for studies aimed at one or a few target species or guilds. For studies with specified 

target species, identification of periods when surface activity is greatest to concentrate survey 

efforts would likely enhance detection probabilities of target taxa, limit disturbance to habitat, 

and prove more cost- and time-effective for personnel. In my study, capture rates for reptiles were 
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greater during spring and summer. Only one snake and one turtle had capture numbers large 

enough (≥20) to warrant analyses by species. Further study would be needed to make general 

recommendations for all taxonomic Orders. For monitoring of lizard communities, I recommend 

concentrating survey efforts during spring and summer when temperatures are warm and winds 

are calm. Targeting survey efforts during these periods would enhance detection probabilities, 

especially for rare or secretive species.  
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Table 7.4.   LS Means for reptile CPUE by season on Tombigbee National Forest and Noxubee   
       National Wildlife Refuge, MS, 2001-2006. 
  

Species Fall Spring Summer Winter 
Green anole 0.002 0.003 0.001 0.001 
Five-lined skink 0.002 0.004 0.003 < 0.001 
Broadhead skink < -0.001 0.003 0.002 < -0.001 
Northern fence lizard 0.003 0.004 0.002 0.001 
Ground skink 0.002 0.005 0.004 < 0.001 
Eastern cottonmouth 0.001 0.001 0.001 < 0.001 
Eastern mud turtle < 0.001 0.001 0.002 < -0.001 

 
 
Table 7.5.   P-values for LS Means for reptile CPUE by season on Tombigbee National Forest    
       and Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

 Green Anole Five-lined Skink 
 Fall Spring Summer Winter Fall Spring Summer Winter 
Fall — 0.1570 0.2366 0.1693 — 0.0485 0.4275 0.0993 
Spring 0.1570 — 0.0023 0.0024 0.0485 — 0.1511 <0.0001 
Summer 0.2366 0.0023 — 0.6745 0.4275 0.1511 — 0.0117 
Winter 0.1693 0.0024 0.6745 — 0.0993 <0.0001 0.0117 — 
         
 Broadhead Skink Northern Fence Lizard 
 Fall Spring Summer Winter Fall Spring Summer Winter 
Fall — 0.0043 0.0455 0.9792 — 0.7952 0.0572 0.0136 
Spring 0.0043 — 0.2733 0.0035 0.7952 — 0.0117 0.0016 
Summer 0.0455 0.2733 — 0.0624 0.0572 0.0117 — 0.3349 
Winter 0.9792 0.0035 0.0624 — 0.0136 0.0016 0.3349 — 
         
 Ground Skink Eastern Cottonmouth 
 Fall Spring Summer Winter Fall Spring Summer Winter 
Fall — 0.1444 0.1693 0.3016 — 0.8787 0.5788 0.4914 
Spring 0.1444 — 0.8878 0.0073 0.8787 — 0.6419 0.3346 
Summer 0.1693 0.8878 — 0.0172 0.5788 0.6419 — 0.2075 
Winter 0.3016 0.0073 0.0172 — 0.4914 0.3346 0.2075 — 
         
 Eastern Mud Turtle  
 Fall Spring Summer Winter     
Fall — 0.7815 0.1915 0.5865     
Spring 0.7815 — 0.2333 0.3569     
Summer 0.1915 0.2333 — 0.0735     
Winter 0.5865 0.3569 0.0735 —     
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Table 7.6.   Total catch-per-unit effort by year for reptiles on Tombigbee National Forest and    
       Noxubee National Wildlife Refuge, MS, 2001-2006. 

 
Year  

Species 2001 2002 2003 2004 2005 2006 
Anolis carolinensis < 0.001 0.002 0.002 0.002 0.002 0.003 
Eumeces fasciatus 0.006 0.004 0.000 0.006 0.002 0.001 
Eumeces laticeps 0.003 0.003 0.000 0.001 0.001 0.001 
Sceloporus undulatus 0.004 0.004 0.002 0.003 0.001 0.001 
Scincella lateralis 0.005 0.012 0.001 0.001 0.002 0.000 
Agkistrodon piscivorus 0.003 0.001 0.000 < 0.001 < 0.001 0.000 
Kinosternon subrubrum 
subrubrum 0.001 0.002 0.000 0.001 < 0.001 0.001 
Total lizard CPUE 0.018 0.024 0.005 0.014 0.008 0.005 
Total reptile CPUE 0.022 0.026 0.005 0.015 0.008 0.005 

 
 
 

Table 7.7.   LS Means for reptile CPUE by study year on Tombigbee National Forest and   
                   Noxubee National Wildlife Refuge, MS, 2001-2006. 
 

Species 2001 2002 2003 2004 2005 2006 
Green anole <0.001 0.001 0.005 0.002 0.002 0.003 
Five-lined skink 0.005 0.003 -0.002 0.005 0.002 0.002 
Broadhead skink 0.003 0.002 -0.002 0.001 0.001 0.001 
Northern fence lizard 0.004 0.003 0.001 0.003 0.001 0.002 
Ground skink 0.003 0.011 -0.001 0.001 0.001 0.001 
Eastern cottonmouth 0.003 0.001 <-0.001 <0.001 <0.001 <0.001 
Eastern mud turtle <0.001 0.002 0.000 <0.001 <0.001 0.001 
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Figure 7.1.   Trends relating lizard CPUE during spring and summer to maximum daily   

                      temperature from the 24 hour period prior to capture. 
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Figure 7.2.   Trends relating lizard CPUE during spring and summer to minimum daily   
                      temperature from the 24 hour period prior to capture. 
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Figure 7.3.   Trends relating lizard CPUE during spring and summer to mean daily wind   
                      speed from the 24 hour period prior to capture. 
 
 
 
 

 
 



 

 195

0.0000

20.0000

40.0000

60.0000

80.0000

100.0000

120.0000

May-01 Jul-01 Apr-02 Jun-02 Apr-03 Jun-04 Aug-04 Apr-05 Jun-05 Aug-05

Month/Year

A
ve

ra
ge

 D
ai

ly
 R

el
at

iv
e 

H
um

id
ity

 (%
)

0.0000

0.0200

0.0400

0.0600

0.0800

0.1000

0.1200

0.1400

0.1600

Li
za

rd
 C

PU
E

Humidity
Lizard CPUE

 
 
Figure 7.4.   Trends relating lizard CPUE during spring and summer to mean daily   
                     relative humidity from the 24 hour period prior to capture. 
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CHAPTER VIII 
 

IDENTIFICATION OF PREDATORS AT HERPETOFAUNAL TRAPPING SITES  

IN UPLAND AND FLOODPLAIN TEMPORARY WETLANDS 

 OF NORTH MISSISSIPPI 

 
 

INTRODUCTION 

 Drift fences combined with pitfall or funnel traps are one of the most effective and 

commonly used methods to survey herpetofauna (Gibbons and Semlitsch 1981; Campbell and 

Christman 1982; Bury and Corn 1987; Greenburg et al.1994; Jorgensen et al 1998; Ryan et al. 

2002; Jenkins et al.2003; Thompson et al 2005). Use of less selective trapping methods such as 

pitfall traps incur risk of mortality of captured taxa due to desiccation, starvation, drowning, and 

exposure (Yunger et al. 1992; Wilson et al. 1996; Hobbs and James 1999; Aubry and Stringer 

2000; Padget-Flohr and Jennings, 2001; Jenkins et al. 2003; Suazo and Delong 2007). Vertebrate 

predators are known to routinely visit trapping sites and also are recognized as source of animal 

mortality (Heyer et al. 1994). Removal of captured herpetiles by predators may result in loss of 

valuable data and bias diversity estimates of reptile and amphibian communities. Furthermore, 

increased trap mortality should be recognized as an undesirable outcome due to possible 

detrimental impacts to local populations of animals, especially when surveys are conducted in 

habitat occupied by rare species. Increased information of trap mortality caused by predation may 

provide guidance to improvements of sampling methodology that limits mortality rates associated 

with trapping techniques. However, few published studies have addressed the threat of 
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depredation and little definitive information is known on the array of potential predators and the 

potential impacts these predators pose on herpetofaunal studies. 

 Most published accounts on herpetofaunal depredation have implicated raccoons 

(Procyon lotor) as the predominant predator on various taxonomic groups in a diversity of 

habitats.  Numerous studies on turtles (Chrysemys picta, Malaclemys terrapin, Caretta caretta) 

have reported high incidence of turtle egg mortality and nest predation by raccoons (Davis and 

Whiting 1977; Congdon et al. 1983; Christiansen and Gallaway 1984; Congdon et al. 1987; 

Butler and Graham 1995; Ratnaswamy and Warren 1998; Kiviat et al. 2000; Marchand and 

Litvaitis 2004; Bowen and Janzen 2005; Burket et al. 2005). Fogarty and Jones (2003) found a 

disparity in measured herpetofaunal diversity between area searches and pitfall surveys attributed,  

in part, to frequent raccoon presence at pitfall trapping sites and depredation of captured 

herpetofauna.  Raccoons were found to be the most frequently photographed species along drift-

fences arrays in Texas (Ferguson et al. 2008). Furthermore, individuals have been documented 

within pitfall traps, investigating their contents, or opening pitfall traps when traps were closed 

during non-sampling periods (Fogarty 2005; Ferguson et al. 2008). Vasconcelos and Calhoun 

(2006) found evidence of depredation of adult wood frogs by raccoons, red fox (Vulpes vulpes), 

garter snake (Thamnophis sirtalis), and birds when using pitfall traps along drift-fence arrays. 

Additional species found in the Southeast that have potential to depredate captured herpetofauna 

include shrews (Sorex spp.), snakes (Agkistrodon spp., Nerodia spp., Elaphe spp.), opossums 

(Didelphis virginiana), gray fox (Urocyon cinereoargenteus), striped skunk (Mephitis mephitis), 

bobcat (Lynx rufus), coyote (Canis latrans), and mustelids (Yarrow and Yarrow 1999; Fogarty 

and Jones 2003; Marchand and Litvaitis 2004; Ferguson et al. 2008). 

 In 2003, I began a study of reptile and amphibian communities of temporary wetlands in 

upland and floodplain public forested lands in north Mississippi. Based on previous studies, 

personal communication with investigators, and evidence of trap mortality in pitfall traps, I 
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hypothesized that herpetile species captured in pitfall traps might be impacted through 

depredation by meso-mammals. Therefore, I modified pitfall trap designs (See Chapter 8) and 

designed methods for placement of cameras along drift fence arrays quantify activities of 

vertebrate predators. An increasing number of studies have used remote monitoring systems with 

differential success to document diverse fauna including avian species such as red-winged 

blackbird (Agelaius phoeniceus), northern bobwhite quail (Colinus virginianus), field sparrows 

(Spizella pusilla), indigo buntings (Passerina cyanea), white-tailed deer (Odocoileus 

virginianus), black bear (Ursus americanus), Brazilian free-tailed bats (Tadarida brasiliensis), 

American martens (Martes americana), and Pacific fishers (Martes pennanti) (Grogan and  

Lindzey 1999; Thompson et al. 1999; Demarais et al. 2000; Zegers et al. 2000; Sawin et al. 2003; 

Staller et al. 2005; Bennett 2006; Bolton et al. 2007; Betke et al. 2008). Based on these studies, I 

sought to document the variety of mammal species at herpetofaunal trapping sites and to ascertain 

the frequency of visitation of potential predators using infrared-triggered cameras along drift-

fence arrays of ephemeral wetlands. 

 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  
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METHODS 
 
 Camouflaged DeerCam ® DC-100 (Non-Typical, Inc.) infrared-triggered scouting 

cameras with an Olympus Infinity XB 35 mm camera were used to record meso-mammal activity 

of 10 temporary wetlands used by pool-breeding amphibians. Twenty DeerCam ® DC-100 

cameras were installed on 10 ephemeral pool sites for 9 herpetofaunal sampling periods between 

February 2005 and March 2006 totaling 90 camera-nights. Two cameras were placed at each 

study site on opposite sides of the wetland. Cameras were secured at 0.5 m in height on a nearby 

tree on the interior of each drift-fence facing pitfall and funnel traps and monitored for the 

duration of each trapping session. Approximately 100 m of silt fencing was used to encircle 

breeding ponds with pitfall traps installed 10 m apart in a line conforming to the perimeter of the 

pool. All cameras were operational 24 h/day and checked at least once or twice during each 5-10 

day trapping session for proper functioning for a total of 9 trap periods. I used 24 exposure 200 

speed indoor/outdoor print film. A minimum time delay of 10 minutes was programmed between 

recordings to reduce duplicated events when animals stayed within the image detection zone. 

Additionally, understory vegetation within the detection zone of the sensor was removed in an 

effort to prevent moving branches and foliage from triggering camera activity. Film was 

developed following each trapping period and number of faunal species and number of visitations 

were recorded. 

 
RESULTS  

 A total 90 camera nights yielded 54 photographs that documented 8 species of animals. 

Raccoons accounted for most images (35 % of total images; n = 19), followed by white-tailed 

deer (30 %; n = 16), armadillo (17 %; n = 9), coyote (9 %; n = 5), opossum (4 %;      n = 2), 

squirrel (2 %; n = 1), unidentified bird (2 %; n = 1), and domestic dog (2 %; n = 1). Images 

captured in winter months (Dec-Feb) showed 8 raccoons, 2 deer, 3 coyote, one armadillo, and one 
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opossum. Images taken in fall (Sept-Nov) revealed 8 deer, 2 coyote, 3 armadillos. one opossum, 

one squirrel, and one bird. Spring (Mar-May) images showed 3 raccoons and 2 deer. Summer 

(Jun-Aug) images showed 8 raccoons, 4 deer, 5 armadillos, and one domestic dog.  

 
 

DISCUSSION 

 The predators identified in this study were expected based on previous investigations. 

Dominance of raccoons as detected by photographs suggested that they are most likely candidates 

for trap predators along drift-fence arrays used to measure herpetofaunal communities. Raccoons 

are considered ecological generalists and are the most widely distributed furbearer in the 

Southeastern U.S. (Chamberlain and Leopold 2001; Chamberlain et al. 2002). In the Southeast, 

raccoons are found to inhabit bottomland hardwood forest and mixed pine-hardwood forest, 

utilizing aquatic environments such as perennial rivers and streams within the forested matrix 

(Minser and Pelton 1982; Sanderson 1987; Leberg and Kennedy 1988). Anurans are found 

infrequently in diet analyses of raccoons (Chamberlain and Leopold 2001). However, one study 

found Ranid and Hylid frogs to comprise a significant portion of raccoon diets in the 

Southeastern United States (Tabatabai 1988). 

 Limited information is available on predator activity associated with drift-fence arrays 

and pitfall trapping sites. The few existing studies have confirmed images of raccoons actively 

entering or investigating open pitfall traps (Fogarty 2005; Ferguson et al. 2008). Additionally, it 

has been suggested that raccoons have manipulated pitfall traps and removed bucket lids during 

non-sampling periods (Fogarty 2005). In my study, camera images displayed up to 3 raccoons at 

one site during the same trapping period. Two trap periods showed 2 visitations by raccoons on 

different days during the same period. Raccoons were seen walking fence-lines and 2 images 

showed raccoons atop closed pitfall traps on days immediately prior to opening traps. No 

evidence of direct predation was documented from camera surveys in my study. This may have 
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been due to complications in operation of the infrared-triggered camera systems. Cameras were 

set on a time delay of 10 minutes between images with the goal of recording the suite of potential 

predators. This delay allowed for the identification of predators at trapping sites but hindered the 

ability to detect subsequent acts of predation (if any existed) until the camera reset following the 

10 min. delay.  Environmental factors also limited the performance of camera monitoring 

systems. Humidity and precipitation occasionally clouded the camera window resulting in poor 

image quality. I attempted to clear vegetation from the detection zone during camera installation 

to reduce false trigger events. However, wind-driven movement of branches often caused 

repeated triggers resulting in loss of film and potentially missed visitations of predators at 

trapping sites. 

 In my study, straight-line drift-fence arrays were placed to encircle discrete breeding 

ponds used by pool-breeding amphibians. Raccoons are known to forage intensively near ponds 

and to develop search images when a food source can be acquired consistently. Raccoons have 

been found to initiate investigations of newly placed pitfall traps at the time of first opening and 

subsequently visit traps thereafter (Ferguson et al. 2008). Marchand and Litvaitis (2004) found 

increased predation of turtle nests near pond perimeters and when nests were clustered. Given the 

design of drift-fences used in my study and their proximity to each wetland (1 m from high water 

mark), captured herpetofauna may face greater threat of exposure and mortality by predators 

routinely running traps. Depredated anuran carcasses were found on several survey occasions 

within pitfall traps and on the ground surrounding drift-fences. Depredation was common among 

study sites but mortality events were very concentrated at one upland pond. Most kills were 

Eastern spadefoot toads (Scaphiopus holbrookii holbrookii) moving to temporary pools 

during explosive breeding events. 

 Construction of forest roads has become an increasing form of natural disturbance even 

on lands dedicated to the conservation of wildlife (national forests, national wildlife refuges, 
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parks, preserves). Roads, right-of-ways, and openings potentially serve as corridors for easy 

access to prey and increased risk of mortality due to edge-adapted predators (Askins 1994). All 

upland pools in this study were bordered on >1 side by a road in close proximity (< 30 m). The 

natural tendency of raccoons to use these habitats, perhaps as travel corridors, plus the linear 

fashion and clumped distribution of traps encircling ponds make captured organisms extremely  

vulnerable to depredation. 

  I hypothesize and submit that frequent interactions between predators and drift fence 

arrays over the long-term have resulted in habitual depredation of herpetofauna. Drift fence arrays 

already disrupt amphibian movements to an extent and habitual depredation may compound this 

effect by limiting number of breeding adults, in turn, affecting the overall breeding success and 

recruitment of local populations. This also may lead to further population declines of rare or 

sensitive species potentially leading to local extinctions in these areas.  

 One assumption and goal of conducting faunal surveys is that we as researchers are not 

influencing or negatively impacting the populations in which we are studying. Previous studies on 

sea turtle nests have examined if informative markers left by humans while conducting surveys 

(such as the use of flags or stakes) may serve as cues to predators allowing easier detection of 

nests resulting in increased trap mortality and survey bias (Mroziak et al. 2000; Burke et al.2005). 

Soil disturbance around nest sites and presence of anti-predator cages themselves may serve as 

important cues to raccoons in detecting sea turtle nests in these studies (Mroziak et al. 2000; 

Burke et al.2005). Cages were excavated by raccoons even when no nests were present. Raccoon 

and other meso-mammal presence has been documented on my study sites as has depredation 

mainly occurring with un-guarded pitfall traps. Additionally, raccoons also have been suspected 

to open un-guarded pitfalls during non-sampling periods. Furthermore, visitation to trap sites by 

raccoons may have been influenced by the long-term nature of this study which was conducted 
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over a 5-year period. Raccoons visiting and feeding at pitfall traps may have become habituated 

to a food source at trap sites over time. If females with young visited these sites, long term 

trapping with pitfall traps could produce generations of young animals fed successfully at traps. I 

submit that the design used in this study, including the fence-line or pitfall traps, may be serving 

as markers and attracting predators leading to increased mortality of herpetofauna.  

 

MANAGEMENT IMPLICATIONS 

 Predator removal has been used to improve nest success of yellow mud turtles but has 

been questioned as a viable solution for long-term studies due to high predator densities in some 

areas and potential for adverse effects on ecosystem health (Stancyk et al. 1980; Ratnaswamy and 

Warren 1998; Schneider 2001). Wire cages have been proposed as an alternative to protect turtle 

nests and reduce depredation rates of pitfall traps while maintaining trapping efficiency (Butler 

and Graham 1995; Addison 1997; Kiviat et al. 2000; Mazerolle, 2003; Ferguson et al. 2008). In 

my study, I altered sampling methods along drift-fence arrays in an effort to limit depredation and 

compare herpetofaunal sampling techniques, including a modified pitfall with an “anti-predator” 

exclusion cover constructed of 14 gauge galvanized wire. Pitfall traps with exclusion were found 

to be equally effective if not more for capturing most herpetile groups sampled (Chapter 9). 

Overall trends in trapping efficiency based on taxonomic Order found that pitfall traps with the 

wire exclusion cover captured the greatest number of individuals for salamanders, anurans, and 

lizards though not significantly different from standard pitfall traps. Un-guarded pitfalls captured 

the greatest number of turtles; however, this outcome was expected due to the size restrictions of 

the openings on the exclusion cover allowing for only small individuals or hatchlings to be 

captured. Pitfall traps with the exclusion cover also were found to be effective at restricting 

predators whereas standard pitfall traps were left vulnerable to depredation. Because of this, I  
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concur with authors and recommend the use of wire exclusion with pitfall traps especially in 

long-term studies where depredation is a factor or for studies with potential to impact rare 

species. 
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CHAPTER IX 

RELATIVE EFFICIENCY OF THREE HERPETOFAUNAL TRAPPING METHODS ON 

UPLAND AND FLOODPLAIN EPHEMERAL POOLS IN NORTH MISSISSIPPI 

 

INTRODUCTION 

 In recent decades, reptile and amphibian populations have been declining globally and 

exhibiting considerable shifts in local population dynamics due to human activities. Due to the 

loss of biological diversity, population trends identified in ecological studies have important 

implications for the conservation status of common and rare species. Field inventories and 

monitoring initiatives are used typically to quantify richness and abundance and describe the 

distribution of species. Information gathered on faunal communities from these investigations 

may be used to aid natural resource managers in land-use planning and develop effective 

conservation measures to protect existing populations and limit further population declines of 

target species. For conservation measures to be effective we need efficient census methods to 

estimate population characteristics.  

 Standardized sampling protocol exists for a variety of taxa; however, given the broad 

range of herpetile species encountered, no single method has been established to successfully 

detect all species within a community (Storm and Pimental 1954; Gibbons and Semlitsch 1981; 

Campbell and Christman 1982; Vogt and Hine 1982; Dodd 1991; Rice et al. 1994). Numerous 

survey methods are recommended for sampling reptiles and amphibians including visual 

encounter surveys, artificial cover boards, anuran call count surveys, drift fences 
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combined with pitfall or funnel traps, refugia pipes, and dipnetting for aquatic and larval 

amphibians (Heyer et al. 1994). Multiple trap types are often recommended for herpetofaunal 

surveys to incorporate differences in detectability based on animal activity level, size, behavior, 

seasonality, and environmental conditions (Corn and Bury 1990).  

 Numerous studies use trapping as a fundamental tool to assess population dynamics and 

conservation status of species in ecological research (Lemckert et al. 2006; Suazo and Delong 

2007). Drift-fence arrays combined with pitfall traps and funnel traps, together or separately, are 

two of the most common techniques used to sample herpetofauna (Gibbons and Semlitsch 1981; 

Campbell and Christman 1982; Bury and Corn 1987; Greenburg et al.1994; Jorgensen et al. 1998; 

Ryan et al. 2002; Jenkins et al. 2003; Thompson et al. 2005). These trapping methods provide 

permanent trapping stations that may be used for long-term monitoring of populations over 

several study years and data collected may be standardized by trapping effort across study sites 

(Corn and Bury 1990). Capture efficiencies among sampling methods have varied among studies 

and among taxonomic groups. Ryan et al. (2002) compared use of time-constrained searches, 

coverboards, and drift fences combined with pitfall and funnel traps and supported the contention 

that pitfall traps were the best method for short-term monitoring of herpetofauna. Drift fences 

yielded greater species diversity for reptiles and amphibians than time-constrained searches and 

coverboards and included the detection of 18 species not found with other survey methods. 

Greenburg et al. (1994) compared use of drift-fences with pitfall traps, single-ended funnel traps, 

and double-ended funnel traps. Mean capture rates and species diversity were greater for pitfalls 

than either funnel trap design. Greater numbers of terrestrial anurans and lizards were captured in 

pitfalls, whereas, all snakes with exception of Tantilla relicta were captured in funnel traps 

(Greenburg et al. 1994). Conversely, Enge (2001) found funnel traps more effective than pitfall 

traps at capturing salamanders, Hylid frogs, and snakes. Jenkins et al. (2003) also supported 
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funnel traps yielding greater species diversity compared to pitfall traps but suffered greater 

amphibian mortality that was attributed to desiccation.  

 One source of survey bias and trap mortality associated with pitfall traps is the possibility 

of depredation, although this topic has not been examined thoroughly in published studies 

(Fogarty and Jones 2003). Potential pitfall predators include shrews (Sorex spp.), snakes 

(Agkistrodon spp., Nerodia spp., Elaphe spp.), opossums (Didelphis virginiana), raccoons 

(Procyon lotor), red fox (Vulpes vulpes), gray fox (Urocyon cinereoargenteus), striped skunk 

(Mephitis mephitis), coyote (Canis latrans), and mustelids (Yarrow and Yarrow 1999; Fogarty 

and Jones 2003; Marchand and Litvaitis 2004). Fogarty and Jones (2003) found a disparity in 

measured herpetofaunal diversity between area searches and pitfall surveys attributed, in part, to 

frequent raccoon presence at pitfall trapping sites and depredation of captured herpetofauna.  

Vasconcelos and Calhoun (2006) also found evidence of depredation of adult wood frogs by 

raccoons, red fox (Vulpes vulpes), garter snake (Thamnophis sirtalis), and birds using pitfall traps 

along drift-fence arrays. Most published accounts on herpetofaunal predators have reported high 

incidence of turtle egg mortality and nest predation by raccoons (Davis and Whiting 1977; 

Congdon et al. 1983; Christiansen and Gallaway 1984; Congdon et al. 1987; Butler and Graham 

1995; Kiviat et al. 2000). One study found that predator removal enhanced nest success of yellow 

mud turtles, but this approach has been questioned as a viable solution due to high predator 

densities in some areas and potential for adverse effects on ecosystem health (Stancyk et al. 1980; 

Ratnaswamy and Warren 1998; Schneider 2001). Wire cages have been proposed as an 

alternative to protect turtle nests and reduce depredation rates (Butler and Graham 1995; Addison 

1997; Kiviat et al. 2000).  

 This study compared effectiveness of three trap types to capture reptiles and amphibians: 

standard pitfall traps, modified pitfall trap with an “anti-predator” exclusion cover, and double-

ended funnel trap along straight-line drift fence arrays encircling amphibian breeding sites in 
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upland and floodplain forests of north Mississippi. Specific objectives were to (1) quantify 

differences in capture rates of herpetofauna species between trap types and (2) quantify herpetile 

mortality associated with sampling methods.  

 
 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  

 

METHODS 
 
Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from May 

2001 through March 2006 using straight-line drift fence arrays combined with three trap designs; 

pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended funnel trap. 

Data on species richness and abundance in this chapter were obtained from 37 pitfall-funnel trap 

surveys.  
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Statistical Analyses 

Faunal response variables included relative abundance of amphibian and reptile species 

by site type (upland or floodplain), relative abundance by trap type (standard pitfall, excluded-

pitfall, and double-ended funnel trap), and percentage mortality by site type and trap type. 

Sampling effort varied by site due to an unequal number of traps of each design on 3 upland sites, 

and weather-related disturbances and management practices which restricted sampling and site 

access (i.e., prescribed burning, flooding). Counts were standardized using catch-per-unit effort 

(CPUE) to adjust for different sampling intensities among sites.  Total number of traps available 

for each site were calculated and then multiplied by number of trap days each site was opened. 

CPUE was calculated for each genus as total number of captured individuals per site divided by 

the adjusted number of trap days for that site (Fogarty 2005). 

I conducted Kruskal-Wallis tests (PROC NPAR1WAY, SAS 9.1) to determine if (1) 

trapping efficiency of herpetile species among trap types varied significantly within uplands, and 

(2) trapping efficiency of herpetile species among trap types varied significantly within 

floodplains, and (3) percentage mortality of individual species varied significantly by site type 

(upland or floodplain). Kruskal-Wallis is considered a non-parametric equivalent to a one-way 

Analysis of Variance yet relaxes the assumptions of normality and homogeneity of variance 

required for parametric analyses (Daniel 1978; Conover 1980). Results of Kruskal-Wallis were 

considered significant at P ≤ 0.05. If significant differences were found in capture rates between 

trap types, post-hoc analyses were completed using Dunn’s Test to determine multiple 

comparisons among trap types. Dunn’s test uses an experiment-wise error rate of α, determined 

by number of treatments k and number of samples involved. Result’s of Dunn’s test were 

considered significant at P ≤ 0.15 (Daniel 1978). 

Additionally, I conducted Friedman’s test (SAS 9.1) to determine if (1) differences in 

trapping efficiency for species existed among standard pitfall traps, pitfall traps with exclusion, 
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and double-ended funnel trap overall while blocking for variation in site type (upland, floodplain) 

and (2) differences existed in percentage mortality of herpetile species captured in standard pitfall 

traps, pitfall traps with exclusion, and double-ended funnel trap. Friedman’s test is a non-

parametric analog to a Two-Way Analysis of Variance (ANOVA) by Ranks (Daniel 1978). This 

analysis included blocking by site type (upland, floodplain) to reduce variance between 

experimental units. All tests were considered significant at P ≤ 0.05. If significant results were 

found for trapping efficiency among trap types using Friedman’s test, the least-square means 

procedure was used to determine multiple comparisons among trap types (Daniels 1978).  

 

RESULTS 

 

Trapping Efficiency  
 
 Pools were monitored for 23 trap periods on 10 ephemeral pool sites producing 2,211 

trap days.  A total of 6,398 individual amphibians representing 17 species were captured (Table 

9.1). Seventeen species of reptiles were captured with 315 individual reptiles being captured in all 

trap types. Trapping efforts at upland pools yielded 5,388 amphibians of 17 species and 216 

reptiles of 16 species; whereas floodplain pools yielded 1,010 amphibians representing 14 species 

and 99 reptiles representing 11 species.  Standard pitfalls trapped 68.21 % of total captures 

whereas excluded-pitfalls and double-ended funnel traps captured 28.15 % and 3.63 % of total 

captures, respectively.  

 
 
Friedman’s Test 

 Anurans overall showed significant differences (F = 24.29, df = 2,134, P ≤ 0.001) in 

capture rates among pitfall traps, pitfall traps with exclusion, and double-ended funnel traps along 

drift-fence arrays. Individual anuran species that showed significant differences in capture rates 
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between trap types included true toads (Bufo spp; F = 7.13, df = 2,134, P < 0.001), Eastern 

narrowmouth toad (Gastrophryne carolinensis; F = 3.29, df = 2,134, P = 0.040), upland chorus 

frog (Pseudacris triseriata feriarum; F = 4.47, df = 2,134, P = 0.013), American bullfrog (Rana 

catesbeiana; F = 16.63, df = 2, P ≤ 0.001), bronze frog (Rana clamitans clamitans; F = 8.13, df = 

2,134, P < 0.001), and southern leopard frog (Rana sphenocephala; F = 7.75, df = 2,134, P < 

0.001). Pitfall traps of both designs captured significantly more anurans than funnel traps. This 

trend was true for anurans overall and all individual species that showed differences among trap 

types. Pitfall traps with exclusion had the greatest mean catch-per-unit effort (CPUE) for all taxa, 

except for upland chorus frog, though not significantly different from pitfall trap without 

exclusion. Greater mean CPUE for upland chorus frogs was found for standard pitfall traps but 

did not significantly differ from excluded-pitfalls (Table 9.2, 9.3). 

 Capture rates for salamanders differed among pitfall traps, pitfall traps with exclusion, 

and double-ended funnel traps along drift-fence arrays (F = 30.31, df = 2,134, P < 0.001). 

Individual salamander species that showed significant differences in capture rates among trap 

types included spotted salamander (Ambystoma maculatum; F = 6.34, df = 2,134, P = 0.002), 

marbled salamander (Ambystoma opacum ; F = 5.71, df = 2,134, P = 0.004), mole salamander 

(Ambystoma talpoideum; F = 19.49, df = 2,134, P < 0.001), and Mississippi slimy salamander 

(Plethodon mississippi; F = 4.54, df = 2,134, P = 0.012). Pitfall traps of both designs captured 

significantly more salamanders than funnel traps. This outcome was true for salamanders overall 

and all individual species that showed differences between trap types. Pitfall traps with exclusion 

captured greater mean CPUE for all taxa, except for Mississippi slimy salamander, though not 

different significantly from pitfall traps without exclusion. Mean CPUE for Mississippi slimy 

salamanders was greatest for standard pitfall traps but not significantly more than excluded 

pitfalls.  
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 Lizards overall showed significant differences (F = 23.38, df = 2,134, P < 0.001) in 

capture rates among pitfall traps, pitfall traps with exclusion, and double-ended funnel traps along 

drift-fence arrays. Individual lizard species that showed significant differences in capture rates 

among trap types included green anole (Anolis carolinensis;  F = 8.19, df = 2,134, P < 0.001), 

five-lined skink (Eumeces fasciatus; F = 10.89, df = 2,134, P < 0.001), northern fence lizard 

(Sceloporus undulatus; F = 7.77, df = 2,134, P = 0.001), and ground skink (Scincella lateralis; F 

= 2.91, df = 2,134, P = 0.058).  Pitfall traps of both designs captured significantly more lizards 

overall than funnels traps. Mean CPUE for green anoles was significantly greater for excluded 

pitfalls than standard pitfalls and funnel traps. There was no difference in captures of green anole 

between standard pitfalls and funnel traps. Five-lined skinks were captured significantly more in 

pitfall traps of both designs compared to funnel traps, but captures did not differ significantly 

between pitfall traps with exclusion and pitfalls without exclusion. Mean CPUE for northern 

fence lizard was significantly greater for standard pitfalls and differed from funnel traps. Mean 

CPUE for ground skink was greatest for excluded pitfalls though not different significantly than 

standard pitfalls. Standard pitfalls captured significantly more individuals than funnel traps.  

 Turtles overall showed significant differences (F = 4.11, df = 2,134, P = 0.019) in capture 

rates among pitfall traps, pitfall traps with exclusion, and double-ended funnel traps along drift-

fence arrays. One turtle species showed significant differences in capture rates between trap 

types, the common snapping turtle (Chelydra serpentina; F = 3.12, df = 2,134, P = 0.047). Pitfall 

traps without exclusion captured significantly greater mean CPUE for turtles than excluded-

pitfalls and funnel traps. This was true for turtles overall and the common snapping turtle.  

 

 Kruskal-Wallis Test 

 When trapping efficiency was examined solely at upland pools, 3 anurans, 3 salamanders, 

and 3 lizards showed differences in capture numbers among pitfall trap, pitfall with exclusion, 
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and double-ended funnel trap (Table 9.4).  Species included true toads (χ2 = 5.56, df = 2, P = 

0.062), American bullfrog (χ2 = 10.37, df = 2, P = 0.006), southern leopard frog (χ2 = 7.12, df = 2, 

P = 0.028), mole salamander (χ2 = 23.72, df = 2, P < 0.0001), spotted salamander (χ2 = 7.49, df = 

2, P = 0.024), Mississippi slimy salamander (χ2 = 5.40, df = 2, P = 0.067), green anole (χ2 = 5.98, 

df = 2, P = 0.050), five-lined skink (χ2 = 7.64, df = 2, P = 0.022), and northern fence lizard (χ2 = 

11.77, df = 2, P = 0.003). All species except for Mississippi slimy salamander and northern fence 

lizard showed significantly greater captures with pitfall traps of both designs compared to funnel 

traps but did not differ between standard pitfalls and pitfalls with exclusion. Mississippi slimy 

salamander had greater captures with standard pitfall traps compared to funnel traps. Northern 

fence lizards had significantly greater captures in standard pitfalls compared to excluded pitfalls 

and funnel traps (Table 9.5). 

 When trapping efficiency was examined solely at floodplain pools, 5 anurans, 2 

salamanders, and 2 lizards showed significantly differences in capture numbers between pitfall 

trap, pitfall with exclusion, and double-ended funnel trap (Table 9.6). Species included true toads 

(χ2 = 7.57, df = 2, P = 0.023), upland chorus frog (χ2 = 5.72, df = 2, P = 0.057), American 

bullfrog (χ2 = 17.20, df = 2, P < 0.001), bronze frog (χ2 = 13.90, df = 2, P = 0.001), southern 

leopard frog (χ2 = 7.74, df = 2, P = 0.021), mole salamander (χ2 = 7.79, df = 2, P = 0.020), 

marbled salamander (χ2 = 9.30, df = 2, P = 0.010), green anole (χ2 = 12.55, df = 2, P = 0.002), 

and five-lined skink (χ2 = 11.68, df = 2, P = 0.003). All species except for marbled salamander 

and green anole showed significantly greater captures with pitfall traps of both design compared 

to funnel traps but did not differ between standard pitfalls and pitfalls with exclusion. 

Additionally, bronze frog also was found to have significantly greater captures in excluded pitfall 

traps compared to standard pitfalls. Marbled salamander had significantly greater captures in 

excluded pitfalls compared to funnel traps. Excluded pitfalls traps captured significantly greater 

numbers of green anoles than standard pitfalls and funnel traps (Table 9.7). 
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Mortality 

 I recorded 109 deaths from 6,713 reptile and amphibian captures using pitfall traps, 

excluded-pitfalls, and double-ended funnel traps along drift-fence arrays of temporary wetlands 

(Table 9.8). Mortality was recorded for 18 species, including 9 anurans, 6 salamanders, and 3 

lizards. No mortality was documented for turtles or snakes. Overall, mortality was 1.62 % of total 

captures. Of captured anurans, 1.23 % (n = 69) suffered mortality as did 3.14 % (n = 25) of 

salamander captures, and 5.43 % (n = 15) of lizard captures. Excluded pitfalls accounted for the 

greatest amount of trap mortality (58.72 % of all deaths), followed by standard pitfalls (32.11 %), 

and funnels (9.17 %).  

 

Friedman’s Test 

 Results of Friedman’s test found that 2 anurans, one salamander, and one lizard differed 

in mortality among pitfall traps, pitfall traps with exclusion, and double-ended funnel traps: 

American bullfrog (Rana catesbeiana; F = 3.81, df = 2,134, P = 0.025), southern leopard frog 

(Rana sphenocephala; F = 2.58, df = 2,134,  P = 0.079), Mississippi slimy salamander 

(Plethodon mississippi; F = 3.19, df = 2,134, P = 0.044), and five-lined skink (Eumeces fasciatus; 

F = 2.92, df = 2,134, P = 0.058; Tables 9.9, 9.10).  American bullfrog suffered significantly 

greater mortality in excluded pitfall traps than in funnel traps but only marginally more than 

standard pitfall traps. Southern leopard frogs exhibited greatest mortality in pitfall traps and this 

mortality rate differed from that recorded in funnel traps.  Percentage mortality for this species 

was similar between excluded and un-excluded pitfall traps.  Mississippi slimy salamander had 

significantly greater mortality in excluded pitfall traps compared to standard pitfall and funnel 

traps. Five-lined skink had greater mortality in excluded pitfalls than funnel traps but mortality 

for this species was similar between excluded and un-excluded pitfall traps. 
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Kruskal-Wallis Test 

 Mortality rates were similar among trap types at upland ephemeral pools. Mortality was 

found to differ significantly between trap types for the Mississippi slimy salamander (Plethodon 

mississippi; χ2 = 6.18, df = 2, P = 0.046) at floodplain pools with all mortality (3 individuals) 

occurring in excluded pitfall traps.  

 
 

DISCUSSION 
 
 
Trapping Efficiency 
 
 Mean CPUE differed significantly for all taxonomic groups between use of standard 

pitfall traps, excluded-pitfalls, and double-ended funnel traps except snakes. Pitfall traps of both 

designs captured significantly more anurans, salamanders, and lizards than funnel traps. These 

results are supported by similar findings of greater trapping success of pitfalls relative to funnel 

traps (Bury and Corn 1987; Greenburg et al.1994). In my study, funnel traps were relatively 

ineffective for capture of all amphibians and most reptiles except for snakes. Only 21 snakes were 

captured throughout the study. Excluded pitfalls captured the most snakes but only one individual 

more than funnel traps. Therefore, I would agree with other authors that use of funnel traps are 

complementary with pitfall traps to capture selected species and should be used when targeting 

snake species (Greenburg et al. 1994; Jorgensen et al. 1998; Todd et al.2007). Conversely, Enge 

(2001) found funnel traps more effective than pitfall traps at capturing salamanders, Hylid frogs, 

and snakes. Jenkins et al. (2003) also supported funnel traps yielding greater species diversity 

compared to pitfall traps but suffered greater amphibian mortality that was attributed to 

desiccation. 

 Use of pitfalls and funnels along drift-fence arrays may have resulted in biased 

abundance estimates for select species due to detection and retention capabilities and deficiencies 
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of trap designs and animal morphology and mobility (Greenburg et al. 1994). Species with 

arboreal or fossorial tendencies may be able to trespass drift fences. Additionally, accomplished 

jumpers (such as larger Ranids) and climbers (Hyla spp., Pseudacris spp., arboreal squamates) 

may be able to readily escape standard pitfall traps prior to checking of traps and not be counted 

in species inventories or estimates of abundance (Dodd 1991; Corn 1994). Exclusion covers used 

in this study may be beneficial to retain some species but increase potential of escape for others. 

In my study, greater captures were found for all Ranid frogs in excluded pitfalls at upland pools 

and was significantly greater for bronze frogs (Rana clamitans clamitans) at floodplain pools. 

Exclusion covers may provide a barrier for restricting jumping abilities of larger anurans thus 

limiting escape. However, wire covers also may act as a conduit which lizards can climb, aiding 

in escape. Trap types used in this study also were biased against capture of turtles and probably 

resulted in severe underestimation of abundance of terrestrial and semi-aquatic species inhabiting 

temporary wetlands and adjacent forests in my study. Eighteen turtles were captured in this study 

with significantly greater numbers captured by un-excluded pitfall traps than both excluded-

pitfalls and funnel traps. The structure of these latter trap types including the dimensions of the 

exclusion cover and funnel openings restricted capture abilities to hatchlings or small turtles, 

leaving standard pitfalls as the only method capable for sampling medium and large individuals.  

 Modifications to pitfall traps have been recommended to improve capture efficiency and 

limit trap mortality of captured organisms. Guidelines established by the American Society of 

Ichthyologists and Herpetologists, The American Society of Mammalogists, and other authors 

have recommended alteration on pitfall designs to include raised covers and shelters to protect 

captured individuals from depredation and environmental extremes and reduce trap hazards to 

non-target species (Getz and Batzli 1974; Gibbons and Semlitsch 1981; Layne 1987; Beaupre et 

al. 2004; Gannon et al. 2007). However, to my knowledge, few studies exist that have quantified 
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trap success of modified pitfalls to determine relative effectiveness compared to traditional 

methods and ability of these methods to exclude predators and reduce trap mortality.  

 Previous studies have identified raccoons as potential pitfall predators (Fogarty and Jones 

2003; Marchand and Litvaitis 2004; Vasconcelos and Calhoun 2006; Ferguson et al. 2008). Based 

on these reports and evidence of trap mortality due to depredation in pitfall surveys proximal to 

my study area, mammalian activity was monitored surrounding all ephemeral pool sites in my 

study using infrared- triggered cameras (DeerCam ® DC-100, Non-Typical, Inc.; Fogarty 2005). 

In my study, 54 photographs taken from infrared-triggered camera revealed presence of 8 species 

recorded over 9 sampling periods between February 2005 and March 2006. Of the potential 

predators, raccoons accounted for most images, followed by coyote, opossum, and domesticated 

dog (see Chapter 8). Dominance of raccoons as detected by photographs combined with their 

tendency to use aquatic environments such as perennial rivers and streams within the bottomland 

and mixed pine-hardwood forests suggest them as the most likely candidates for trap predators 

along drift-fence arrays used to measure herpetofaunal communities in my study. 

 Wire cages have been successful for protecting turtle nests and reducing depredation rates 

of pitfall traps while maintaining trapping efficiency (Butler and Graham 1995; Addison 1997; 

Kiviat et al. 2000; Mazerolle 2003; Ferguson et al. 2008). My study results concur with other 

authors on the value of wire cages for protection of herpetofauna and reinforce the recommended 

guidelines for modifying pitfall traps to limit trap mortality. In my study, pitfall traps with 

exclusion were equally effective if not more for capturing most groups sampled. Trapping 

efficiency of true frogs, mole salamanders, central newts, and many squamates (most snakes, 

anoles, and skinks) was greater in excluded-pitfalls. Additionally, one locally rare species, the 

southern red salamander (Pseudotriton ruber vioscai) was captured in a pitfall trap with predator-

exclusion cover during one sampling occasion. Excluded-pitfalls were found to be effective at 



 

 222

restricting predators whereas standard pitfall traps were left vulnerable to depredation. Without 

use of exclusion covers, rare species or species known to be palatable to mammalian predators 

may not be detected or samples may not accurately reflect community composition. Because of 

this, I recommend use of excluded-pitfall traps for capturing most amphibians and reptiles 

especially in long-term studies where depredation is a factor, for studies of rare species, or for 

targeting species assemblages which may be able to readily escape other trap designs.  

 

Mortality 

 Overall mortality rates were low (<2 % of total captures) but differed among taxonomic 

groups and individual species. Anurans accounted for 63.30 % of all mortality, followed by 

salamanders (22.94 %) and lizards (13.76 %). Ranids and Pelobatids accounted for most of 

anuran deaths. Most anuran mortality was attributed to depredation by mammalian predators that 

were either simultaneously trapped in pitfalls (shrews and rodents) with herpetiles or externally 

by raccoons and other meso-predators. However, one sampling period was marked by an unusual 

mortality event with 6 Eastern spadefoot toads being killed by a juvenile cottonmouth 

(Agkistrodon piscivorus) captured within a funnel trap. Most salamander mortality occurred 

during summer (May – August) and was mostly attributed to desiccation but also heavy 

inundation of pit-traps during flooding events on few occasions. Drowning and desiccation 

appeared to be the cause for most lizard deaths. Although drainage hole were drilled in each 

pitfall trap and boards were placed to aid floatation, heavy precipitation events and soil saturation, 

especially on floodplains, caused pitfalls to fill with water and captured organisms to drown.  

 Excluded pitfalls accounted for the greatest amount of mortality but did not differ 

significantly from standard pitfalls for most species. One potential problem associated with 

comparing capture rates and mortality between pit-trap types is the inability to accurately 

quantify the number of original captures in un-covered pitfalls versus number retained at time of 
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survey checks. Mortality events may have been occurring with similar frequency in un-excluded 

pitfalls; however, carcasses may have been removed from open pitfalls by predators, whereas 

individuals dying within excluded pitfalls would be retained. As mentioned previously, raccoons 

were identified at pitfall trapping sites and depredation along drift-fences arrays has been noted in 

similar studies within 1 km of my study areas (Fogarty 2005). In my study, images revealed up to 

3 raccoons at one site during the same trapping period, walking drift-fences lines. Images also 

revealed raccoons atop closed pitfall traps prior to sampling (See Chapter 7). Bucket lids were 

found to be removed during non-sampling periods on several occasions leading me to believe 

they were removed by raccoons. This situation poses an additional hazard during periods when 

traps are not being actively monitored thus increasing the threat of injury or mortality for 

herpetofauna as well as non-target species, such as small mammals and rare species that may be 

captured in pitfall traps. Depredated anuran carcasses were found on several survey occasions 

within pitfall traps and on the ground surrounding drift-fences. Most carcasses were those of 

Eastern spadefoot toads (Scaphiopus holbrookii holbrookii). These toads typically moved to the 

temporary pools during explosive breeding events. Estimates of number of individuals that were 

captured originally and subsequently removed by predators was not possible with the design and 

sampling protocol of my study.  It is possible that un-excluded pitfalls contributed to greater 

mortality of herpetofauna, but this effect went undetected because of the inability to retain 

captured individuals prior to surveys.  

 
 

MANAGEMENT IMPLICATIONS 
 
 Capture data from trapping surveys is frequently used in ecological studies to provide 

abundance estimates and distribution records of fauna. This information often supplies the basis 

for management decisions regarding land-use planning and protection of habitat for wildlife. 

Differences in capture efficiencies and inherent biases of sampling methods may limit ability to 
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accurately describe community characteristics based on capture data (Greenburg et al. 1994; 

Jorgensen et al. 1998). Results of this study have implications for the selection of trap types used 

in conjunction with drift-fence arrays to sample herpetofauna. My results support the need for 

multiple survey methods for surveying the suite of herpetofaunal species occurring in an area, and 

also illustrates the need for protective measures to limit bias and trap mortality due to 

depredation. Pitfall traps of both designs were more effective at sampling most amphibians and 

reptiles than funnel traps; therefore, pitfall traps are recommended for use in surveys surrounding 

temporary wetlands. Although funnels were not efficient in my study for a wide variety of 

organisms, they should not be discounted in studies aimed at detecting snake species. Given the 

threat of depredation and potential bias associated with less-selective trapping methods, I would 

recommend modifying pitfall traps with wire exclusion covers to limit mortality caused by meso-

predators and possibly enhance retention of larger species able to readily escape standard pitfall 

traps. I also would encourage researchers to develop a method for assessing the bias of standard 

pitfalls for retaining individuals in presence of depredation. This approach may require greater 

frequency of checking traps or use of remote monitoring technologies such as digital trail cameras 

to determine number of organisms captured versus number present at time of checking traps. 

Infrared-triggered cameras could provide a valuable source for garnering information about 

nocturnal activities of mammals around pitfalls. This would be especially useful for amphibian 

studies because most amphibian activity occurs after dark. 
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Table 9.2.   Friedman’s 2-way analysis of variance by ranks for differences in capture efficiency  
                   of reptiles and amphibians by pitfall trap, pitfall trap with exclusion, and double-   
                   ended funnel trap along drift fence arrays on Tombigbee National Forest and   
                   Noxubee National Wildlife Refuge, MS, 2004-2006. 
 

Species Common Name F df P 

Anurans 
  

24.29    
 

2, 134 
 

<0.001 
Bufo spp. True toads 7.13     2, 134 0.001 
Gastrophryne carolinensis Eastern Narrowmouth Toad 3.29     2, 134 0.040 

Pseudacris feriarum Upland Chorus Frog 4.47     2, 134 0.013 

Rana catesbeiana Bullfrog 16.63    2, 134 <0.001 

Rana clamitans clamitans Bronze Frog 8.13     2,134 0.001 

Rana sphenocephala Southern Leopard Frog 7.75     2,134 0.001 
     

Salamanders 
  

30.31    
 

2,134 
 

<0.001 
Ambystoma maculatum Spotted Salamander 6.34   2,134 0.002 

Ambystoma opacum Marbled Salamander 5.71     2,134 0.004 

Ambystoma talpoideum Mole Salamander 19.49    2,134 <0.000 

Plethodon mississippi Mississippi Slimy 
Salamander 

4.54     2,134 0.012 

     

Lizards  23.38    2,134 <0.001 
Anolis carolinensis Green Anole 8.19     2,134 <0.001 
Eumeces fasciatus Five-lined Skink 10.89    2,134 <0.000 
Sceloporus undulatus Northern Fence Lizard 7.77     2,134 0.001 
Scincella lateralis Ground Skink 2.91     2,134 0.058 
   2,134  
Turtles  4.11     2,134 0.019 
Chelydra serpentina Common snapping turtle 3.12     2,134 0.047 
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Table 9.3.   LS Means for multiple comparisons of reptile and amphibian captures associated with 
       pitfall trap, pitfall trap with exclusion, and double-ended funnel trap along drift fence   
       arrays on Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,   
       2004-2006. 
 

 Significant Comparisons (P-values) 
 

Species 
 

Common Name 
Highest 
Mean 
CPUE 

Pitfall vs. 
Excluded 

Pitfall 

Excluded 
Pitfall vs. 

Funnel 

Pitfall 
vs. 

Funnel 

Anurans  Excluded 0.467 <0.001 <0.001 
Bufo spp. True toads Excluded 0.409 0.0004 0.0063 

Gastrophryne 
carolinensis 

Eastern 
Narrowmouth 
Toad Excluded 0.849 0.022 0.036 

Pseudacris 
feriarum 

Upland Chorus 
Frog Pitfall 0.652 0.021 0.006 

Rana catesbeiana Bullfrog Excluded 0.323 <0.001 <0.001 
Rana clamitans 
clamitans Bronze Frog Excluded 0.096 <0.000 0.021 
Rana 
sphenocephala 

Southern Leopard 
Frog Excluded 0.640 <0.001 0.002 

Salamanders  Excluded 0.426 <0.001 <0.001 
Ambystoma 
maculatum 

Spotted 
Salamander Excluded 0.597 0.001 0.006 

Ambystoma 
opacum 

Marbled 
Salamander Excluded 0.190 0.001 0.044 

Ambystoma 
talpoideum Mole Salamander Excluded 0.612 <0.001 <0.001 
Plethodon 
mississippi 

Mississippi Slimy 
Salamander Pitfall 0.403 0.039 0.004 

 
Lizards  Excluded 0.310 <0.001 <0.001 
Anolis 
carolinensis Green Anole Excluded 0.011 <0.001 0.158 
Eumeces fasciatus Five-lined Skink Pitfall 0.905 <0.001 <0.001 
Sceloporus 
undulatus 

Northern Fence 
Lizard Pitfall 0.023 0.106 <0.001 

Scincella lateralis Ground Skink Excluded 0.444 0.020 0.113 
 
Turtles  Pitfall 0.108 0.216 0.005 
Chelydra 
serpentina 

Common 
snapping turtle Pitfall 0.032 1.000 0.032 
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Table 9.4.   Kruskal-Wallis results for differences in capture efficiency of reptiles and amphibians 
       by pitfall trap, pitfall trap with exclusion, and double-ended funnel trap along drift   
       fence arrays on 4 upland ephemeral pool sites on Tombigbee National Forest and   
       Noxubee National Wildlife Refuge, MS, 2004-2006. 
 

Species Common Name Chi-Square df P 
Anurans     

Bufo spp. True toads 5.557 2 0.062 

Rana catesbeiana Bullfrog 10.374 2 0.006 

Rana sphenocephala 
Southern Leopard Frog 7.125 

 
2 0.028 

     

Salamanders     

Ambystoma talpoideum Mole salamander 23.725 2 <0.001 

Ambystoma maculatum Spotted salamander 7.489 2 0.024 

Plethodon mississippi 
Mississippi Slimy 

salamander 
5.400 

 
2 0.067 

     

Lizards     

Anolis  carolinensis Green Anole 5.980 2 0.050 

Eumeces fasciatus Five-lined Skink 7.643 2 0.022 

Sceloporus undulatus Northern Fence Lizard 11.768 2 0.003 
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Table 9.5.   Dunn’s test results for post-hoc comparisons of capture efficiency of reptiles and   
       amphibians by pitfall trap, pitfall trap with exclusion, and double-ended funnel trap   
       along drift fence arrays on 4 upland ephemeral pool sites on Tombigbee National   
       Forest and Noxubee National Wildlife Refuge, MS, 2004-2006. 
 

 
Species 

 
Common Name 

Pitfall vs. 
Excluded 

Excluded 
vs. Funnel  

Pitfall vs. 
Funnel  

Anurans     

Bufo spp. 
 
True toads 3.130 11.022* 7.891* 

Rana catesbeiana 
 
American Bullfrog 4.500 13.500* 9.000* 

Rana sphenocephala 

 
Southern Leopard 
Frog 1.717 8.826* 10.544* 

     

Salamanders     

Ambystoma talpoideum 
 
Mole Salamander 0.217 23.565* 23.783* 

Ambystoma maculatum 
 
Spotted Salamander 1.239 8.870* 7.630* 

Plethodon mississippi 

 
Mississippi Slimy 
Salamander 3.217 4.391 7.609* 

     

Lizards     

Anolis carolinensis Green Anole 3.174 11.435* 8.261* 
 
Eumeces fasciatus 

 
Five-lined Skink 0.000 11.348* 11.348* 

 
Sceloporus undulatus 

 
Northern Fence 
Lizard 10.652* 5.304 15.957* 

* Significant comparison at α = 0.15; Dunn’s test statistic > 6.790. 
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Table 9.6.   Kruskal-Wallis results for differences in capture efficiency of reptiles and amphibians 
       by pitfall trap, pitfall trap with exclusion, and double-ended funnel trap along drift   
       fence arrays on 6 floodplain ephemeral pool sites on Tombigbee National Forest and   
       Noxubee National Wildlife Refuge, MS, 2004-2006. 
 

Species Common Name Chi-Square df P 
Anurans     

Bufo spp. True toads 7.565 2 0.023 

Pseudacris feriarum Upland Chorus Frog 5.719 2 0.057 

Rana catesbeiana Bullfrog 17.195 2 < 0.001 

Rana clamitans clamitans Bronze Frog 13.900 2 0.001 

Rana sphenocephala Southern Leopard Frog 7.740 2 0.021 

     

Salamanders     

Ambystoma talpoideum 
Mole salamander 7.791 

 
2 0.020 

Ambystoma opacum Marbled salamander 9.299 2 0.010 

     

Lizards     

Anolis carolinensis Green Anole 12.547 2 0.002 

Eumeces fasciatus Five-lined Skink 11.677 2 0.003 
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Table 9.7.   Dunn’s test results for post-hoc comparisons of capture efficiency of reptiles and   
       amphibians by pitfall trap, pitfall trap with exclusion, and double-ended funnel trap   
       along drift fence arrays on 6 floodplain ephemeral pool sites on Tombigbee National   
       Forest and Noxubee National Wildlife Refuge, MS, 2004-2006. 
 

 
Species 

 
Common Name 

Pitfall vs. 
Excluded 

Excluded 
vs. Funnel 

Pitfall vs. 
Funnel 

Anurans     

Bufo spp. 
 
True toads 2.652 14.174* 11.522* 

Pseudacris feriarum 
 
Upland Chorus Frog 0.130 7.435* 7.565* 

Rana catesbeiana 
 
Bullfrog 1.391 18.696* 17.304* 

Rana clamitans 
clamitans 

 
Bronze Frog 9.022* 18.500* 9.478* 

Rana sphenocephala 

 
Southern Leopard 
Frog 4.891 13.957* 9.065* 

     

Salamanders     

Ambystoma talpoideum 
 
Mole salamander 3.304 10.652* 7.348* 

Ambystoma opacum 
 
Marbled salamander 5.826 11.913* 6.087 

     

Lizards     

Anolis carolinensis Green Anole 12.522* 
 

12.913* 
 

0.391 
 

Eumeces fasciatus Five-lined Skink 0.739 
 

13.130* 
 

13.870* 
 

* Significant comparison at α = 0.15; Dunn’s test statistic > 6.7896 
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Table 9.9.   Friedman’s 2-way analysis of variance by ranks for differences in mortality of reptile   
       and amphibians by pitfall trap, pitfall trap with exclusion, and double-ended funnel   
       trap along drift fence arrays on Tombigbee National Forest and Noxubee National   
       Wildlife Refuge, MS, 2004-2006. 
 

Species Common Name F df P 

Anurans 
    

Rana catesbeiana Bullfrog 3.81 2, 134 0.025 

Rana sphenocephala Southern Leopard Frog 2.58 2, 134 0.079 

Salamanders 
    

Plethodon mississippi Mississippi Slimy Salamander 3.19 2, 134 0.044 

 
Lizards 

    

Eumeces fasciatus Five-lined Skink 2.92 2, 134 0.058 
 
 
 
 
Table 9.10.   LS Means for multiple comparisons of reptile and amphibian mortality associated  
                     with pitfall trap, pitfall trap with exclusion, and double-ended funnel trap along drift  
                     fence arrays on Tombigbee National Forest and Noxubee National Wildlife Refuge,  
                     MS 2004-2006. 
 

 Significant Comparisons (LS 
Means) 

 
 

Species 

 
 

Common Name 
Highest 

Mortality 
Pitfall vs. 
Excluded 

Pitfall 

Excluded 
Pitfall 

vs.Funnel 

Pitfall 
vs. 

Funnel 

Anurans 
     

Rana catesbeiana Bullfrog Excluded 0.073 0.008 0.368 

Rana 
sphenocephala 

Southern Leopard 
Frog 

Pitfall 0.148 0.435 0.027 

Salamanders 
     

Plethodon 
mississippi 

Mississippi Slimy 
Salamander 

Excluded 0.031 0.031 1.000 

 
Lizards 

     

Eumeces 
fasciatus 

Five-lined Skink Excluded 0.150 0.018 0.344 
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CHAPTER X 

TRAPPING EFFICIENCY AND ASSOCIATED MORTALITY OF INCIDENTALLY 

CAPTURED SMALL MAMMALS DURING HERPETOFAUNAL SURVEY OF 

EPHEMERAL WETLANDS 

 

INTRODUCTION 

  For biologists to develop effective wildlife management, restoration, and recovery plans 

on public lands, faunal inventories of common and rare species are often needed to identify 

baseline information on population and diversity of featured species. Furthermore, to assess status 

of ecosystem management approaches on public forest lands, biologists may be challenged to 

measure the entire biological community of the ecosystems which they seek to manage and 

conserve. Biologists typically target species assemblages, species groups with taxonomic classes, 

or indicator, keystone or featured species. To design and monitor effects of conservation 

measures on species that share habitats, we often need efficient methods to survey faunal 

populations that may include several classes of fauna. For example, if measuring richness of 

vertebrate fauna that inhabit the forest floor level, small mammals, amphibians, and reptiles might 

be targeted classes of vertebrates.  However, no standard protocol exists for successful detection 

of all species within a community (Storm and Pimental 1954; Gibbons and Semlitsch 1981; 

Campbell and Christman 1982; Vogt and Hine 1982; Dodd 1991; Rice et al. 1994; Jorgensen et 

al. 1998). Multiple trap types are often recommended to increase effectiveness of sampling taxa 

based on activity level, size, and differences in behavior.  Similar sampling methods may be used 

for a variety of taxa. 
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However, differences in timing of operation of techniques, arrangement of trap arrays, and 

opportunities for refuge to minimize stress on individuals may influence capture success and 

survival of species (Heyer et al. 1994; Wilson et al. 1996). Multiple survey methods are available 

for sampling herpetofaunal populations including anuran call counts, refugia pipes, pitfall traps, 

time or area constrained searches, cover boards, and funnel traps; each technique with a known 

bias for capturing and retaining specific species assemblages (Heyer et al. 1994).  

 Numerous ecological studies use capture of animals through trapping as a fundamental 

tool to assess population dynamics and conservation status of species (Lemckert et al. 2006; 

Suazo and Delong 2007). Pit-trapping is a survey technique used commonly in ecological studies 

to sample small terrestrial vertebrates and monitor populations by describing species richness, 

diversity of fauna, and presence of rare species (Gill 1978; Gibbons and Semlitsch 1981; 

Stenhouse 1985; Bury and Corn 1987; McWilliams and Bachmann 1988; DeGraaf and Rudis 

1990; Guttman et al. 1991; Heyer et al. 1994; Whiteman et al. 1994; Pechmann 1995; Yanosky et 

al. 1997; Madison 1998; Thompson et al. 2005). Pitfall trapping used in conjunction with drift-

fence arrays has been identified as an effective means for detecting many reptiles and amphibians 

including secretive species. Greenburg et al. (1994) found that pitfall traps used in conjunction 

with drift fence arrays resulted in greater mean captures of herpetofauna than did single-ended 

and double-ended funnel traps used in drift fence arrays. However, trap efficiency between pitfall 

and funnel traps differed among taxa. Pitfalls captured more terrestrial frogs and lizards than 

funnel traps, whereas, snakes were captured more proficiently by funnel traps. In contrast, 

Jenkins et al. (2003) compared pitfall traps and funnel traps for sampling reptiles and amphibians 

along drift-fence arrays encircling wetlands. Funnel traps yielded greater species diversity across 

5 study pools but resulted in greater  mortality of captured amphibians due, in part,  to 

desiccation. In addition to herpetofauna, pit-trapping also is readily used for inventory of 

terrestrial mammal communities and are among the most effective means of capturing the 
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smallest (<10g) terrestrial mammals such as shrews (McComb et al. 1991; Kalko and Handley 

1992). Capture rates for most species of small terrestrial mammals are enhanced greatly if pitfall 

traps are operated in conjunction with drift fences (Kirkland and Sheppard 1994).  

 One concern reported by biologist and researchers when using less selective trapping 

methods, such as pitfall traps, is the potential for increased trap mortality of target and non-target 

species due to exposure, starvation, drowning, and depredation (Jenkins et al 2003). While 

hazards to non-target species are understood by most researchers using pitfall sampling methods, 

studies that report trap mortality of incidental captures are limited (Lemckert et al. 2006). 

Elucidation of the extent of mortality and potential causes may lend guidance to improvements of 

sampling methodology to limit amount of deaths associated with trapping techniques. This 

information may be especially important for long-term studies in which sampling is conducted 

throughout the annual cycle and over several years. For example, studies implemented to measure 

breeding amphibian communities often require year-round sampling to encompass the multitude 

of breeding seasons for a diversity of species. In turn, this year-round sampling for herpetofauna 

increases the likelihood of incidental capture of small mammals. Differences in sampling protocol 

between herpetofaunal and mammalian surveys (such as frequency of checking traps) may result 

in increased trap mortality of less resilient  species that are sensitive to food deprivation or 

weather exposure, such as extreme temperatures or water levels in traps. Furthermore, 

populations of rare or sensitive species occupying study areas targeted for long-term pitfall 

trapping could be impacted by intensive, year-round sampling. Limited studies have quantified 

capture and subsequent mortality rates of small mammals during pitfall trap studies of 

herpetofauna communities (Lemckert et al. 2006). To address this lack of information this study 

was conducted to evaluate the impact of herpetofaunal sampling techniques on small mammals 

that were captured incidentally during surveys of reptile and amphibian communities of 

temporary wetlands in north Mississippi. Specific objectives were as follows: (1) describe 
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community composition of small mammals surrounding upland and floodplain ephemeral pools; 

(2) quantify small mammal mortality associated with herpetofaunal sampling methods; and (3) 

quantify differences between trap types in capture rates of small mammal species.  

 
 

STUDY AREA 

 I conducted field experiments on 10 ephemeral pool sites located on Tombigbee National 

Forest, Ackerman Unit (6 sites) and Noxubee National Wildlife Refuge (4 sites) in Oktibbeha and 

Winston Counties, north-central Mississippi. Upland ephemeral pools (4 pools) were created 

artificially prior to the 1960’s as standing water sources for livestock and game species and were 

hydrologically isolated from streams, rivers, or other perennial waterbodies (Asmus 2003). 

Floodplain pools (6 pools) were shallow oxbows and sloughs formed through scouring from the 

lotic overflow of adjacent creeks and streams. Details on study site location and habitat 

description are provided in Chapter II.  

 

 
METHODS 

 
 
Field Methods 
 

Field methods are described specifically in Chapter II. Field data was collected from 

March 2004 through March 2006 using straight-line drift fence arrays combined with three trap 

designs; pitfall trap, pitfall trap combined with an anti-predator exclusion, and double-ended 

funnel trap. Data on species richness and abundance in this chapter were obtained from 23 pitfall-

funnel trap surveys.  
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Statistical Analyses 
 

Faunal response variables included abundance of small mammals by site type (upland or 

floodplain), abundance by trap type (standard pitfall, excluded-pitfall, and double-ended funnel 

trap), and percentage mortality by site types and trap types. Sampling effort varied by site due to 

an unequal number of upland and floodplain sites, an unequal number of traps of each design on 3 

upland sites, and weather-related disturbances and management practices which restricted 

sampling and site access (i.e., prescribed burning, flooding). Counts were standardized using 

catch/unit effort to adjust for unequal sampling intensity among sites. To account for differences 

in sampling intensity, total number of traps available for each site were calculated and then 

multiplied by number of trap days each site was opened. Catch/unit effort was calculated for each 

genus as total number of captured individuals per site divided by the adjusted number of trap days 

for that site (Fogarty 2005). 

I conducted Kruskal-Wallis tests (PROC NPAR1WAY, SAS 9.1) to determine if (1) 

individual abundance by genera varied significantly by site type (upland or floodplain), (2) 

percentage mortality of genera varied significantly by site type (upland or floodplain), (3) 

trapping efficiency varied significantly within uplands, and (4) trapping efficiency varied 

significantly within floodplains. Kruskal-Wallis is considered a non-parametric equivalent to a 

one-way Analysis of Variance yet relaxes the assumptions of normality and homogeneity of 

variance required for parametric analyses (Daniel 1978; Conover 1980). Results of Kruskal-

Wallis were considered significant at P ≤ 0.05. If significant differences were found in capture 

rates between trap types, post-hoc analyses were completed using Dunn’s Test to determine 

multiple comparisons between trap types. Dunn’s test uses an experiment-wise error rate of α, 

determined by the number of treatments k and the number of samples involved. Result’s of 

Dunn’s test were considered significant at P ≤ 0.15 (Daniel 1978). 
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Additionally, I conducted Friedman’s test (SAS 9.1) to determine (1) differences in 

mortality of small mammals genera among standard pitfall traps, pitfall traps with exclusion, and 

double-ended funnel trap and (2) differences in trapping efficiency for genera among standard 

pitfall traps, pitfall traps with exclusion, and double-ended funnel trap overall while blocking for 

variation in site type (upland, floodplain). Friedman’s test is a non-parametric analog to a Two-

Way Analysis of Variance (ANOVA) by Ranks (Daniel 1978). This analysis included blocking 

by site type (upland, floodplain) to reduce variance between experimental units. All tests were 

considered significant at P ≤ 0.05. If significant results were found for trapping efficiency using 

Friedman’s test, the Least-square means procedure was used to determine multiple comparisons 

between trap types (Daniel 1978)  

 

RESULTS 

 Pitfall/funnel trap arrays were opened simultaneously at all 10 ephemeral pool sites for 

23 trap periods that varied between 5 to 10 days long (222 days total) and produced 2,211 trap 

days. Trapping efforts yielded capture of 10 species of small mammals and 472 individuals 

during the study. Trapping at upland pools yielded 10 small mammal species and 216 individuals, 

whereas trapping at floodplain pools yielded 8 species and 256 individuals. Species captured at 

upland pools included southern short-tailed shrew (Blarina carolinensis), least shrew (Cryptotis 

parva), pine vole (Microtus pinetorum), wood rat (Neotoma floridana), white-footed mouse 

(Peromyscus leucopus), deer mouse (Peromyscus maniculatus), oldfield mouse (Peromyscus 

polionotus), eastern harvest mouse (Reithrodontomys humulis), hispid cotton rat (Sigmodon 

hispidus), and southeastern shrew (Sorex longirostris). All of the aforementioned species except 

for least shrew and southeastern shrew also were captured on floodplain sites. Due to small 

sample sizes of most species, species were grouped according to genus for statistical analyses. 

Blarina spp. and Peromyscus spp. accounted for >93 % of total captures, with 73.1 % (n = 345) 
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of captures and 20.3 % (n = 96) of captures, respectively (Table 10.1). Kruskal-Wallis test found 

that Peromyscus spp. were more abundant at upland ephemeral pool sites than at floodplain pools 

(χ2 = 4.309, df = 1, P = 0.038). 

 Of the total 472 small mammals captured during the study period, 311 animals died in 

standard pitfall traps and pitfall traps with exclusion cover. Overall percentage mortality for all 

species across all study sites in pitfall traps was 66 %.  Percentage mortality ranged from 0 % and   

14 % for rodent species to over 75 % for shrew species (Table 10.1). Kruskal-Wallis test yielded 

no significant results for all taxa for differences in mortality between upland ephemeral pools and 

floodplain ephemeral pools. Peromyscus spp. showed marginally significant results (χ2 = 3.128, 

df = 1, P = 0.077) with mortality being greater at upland pools. Funnel traps yielded no capture 

and retention of small mammals at the times traps were inspected and therefore, no mortality of 

small mammals was recorded in funnel traps.  As such, funnel traps were omitted from statistical 

analyses of trap type differences. Friedman’s Two-Way ANOVA yielded no significant results 

for differences in mortality between unexcluded pitfall and excluded pitfall traps. 

 Friedman’s Two-Way ANOVA yielded no significant results for differences in trapping 

efficiency of small mammals between unexcluded pitfall and excluded pitfall traps. Separate 

Kruskal-Wallis tests were conducted individually on upland pool sites and floodplain sites to 

determine if trapping efficiency differed within each habitat type. Kruskal-Wallis results yielded 

no significant differences in number of small mammals trapped by unexcluded and excluded 

pitfall traps within uplands or floodplains. 

 

DISCUSSION 

 Design of trapping systems and trapping schedule may influence capture rates, species 

composition detected, and mortality of small vertebrate species (Bury and Corn 1987; Jenkins et 

al. 2003; Lemkert et al. 2006). One assumption and goal of conducting faunal surveys is that we, 



 

 248

as researchers, are not influencing or negatively impacting the populations that we seek to study.  

Methods of live capture should be designed to limit risks of adverse health effects on individuals 

or potential population declines of species susceptible to capture. Lemckert et al. (2006) 

summarized data from 68 faunal surveys using box, cage, and harp traps to determine what levels 

of mortality may be considered ‘typical’ for small mammal trapping in an effort to set standards 

for comparison. Overall, 1.1 % of all captured mammals died in their study and authors suggested 

based on their findings that mortality rates exceeding 7.0 % would be rare for small mammal 

studies even in poor conditions.  In this study using pitfall traps, Blarina spp. and Peromyscus 

spp. accounted for >93 % of total captures and both groups suffered >50 % mortality over the    

2-year period. Additionally, one species listed as locally rare in the state of Mississippi, oldfield 

mouse (Peromyscus polionotus) was captured on study sites (n = 10) and suffered 60 % mortality 

overall.  

 In my study, sampling protocol was established based on recommended guidelines for 

capturing herpetofauna including capture methods, design of drift-fence arrays, and frequency of 

checking traps. Whereas, the operation of traps was sufficient for capturing many reptiles and 

amphibians it may have had a profoundly negative influence on survival of small mammals that 

were captured incidentally in pitfall traps. For small mammal surveys it is recommended that  

pitfall traps be inspected at least twice daily to prevent animals from starving or consuming one 

another (Wilson et al. 1996). For some species, such as members of Insectivora, more frequent 

visitation may be necessary to minimize mortality due to greater metabolism of these species 

(Animal Care and Use Committee 1998). Hawes (1977) and Michielsen (1966) recommended 

checking live traps for shrews every 1.5 hours. In contrast, recommendations for sampling 

herpetofauna recommend checking traps daily, before noon if possible, or at least every three 

days (Heyer et al. 1994).  My findings indicated that the recommended intervals for pitfall trap 

inspections for herpetofauna (once daily to three day intervals) led to >65 % mortality among 
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non-target small mammals that inhabited ephemeral pool study sites.  Percentage mortality 

recorded in my study using pitfall traps was at least 9 times the greatest percentage mortality 

suggested by Lemckert et al. (2006) with use of other live capture traps. My findings support 

recommendations offered by Wilson et al. (1996) for frequent inspection of traps to prevent high 

mortality rates for small mammal species, especially shrews which exhibited a high mortality 

percentage in pitfall traps that were inspected once daily. 

 Many studies conducted with trapping involve repeated sampling of study sites or 

trapping over consecutive days often resulting in the repeated capture of individuals. Trapping at 

this magnitude may increase potential health effects on individuals captured during multiple 

trapping events (Lemckert et al. 2006). Suazo and Delong (2007) found that male and female 

oldfield mice lost 0.5 g and 0.95 g body mass, respectively, over 2 consecutive days of live-

trapping with Sherman live traps. Physical deterioration due to recapture over consecutive days of 

trapping may potentially lead to increased trap mortality or reduced survival following release 

due to trap-induced poor physiological condition. Based on their findings, Suaza and Delong 

(2007) support conducting live-trapping on non-consecutive days to decrease trapping stress and 

impacts on body mass. Whereas, trapping on non-consecutive days may be beneficial for small 

mammals, this sampling protocol may reduce capture success or bias abundance estimates of rare 

of secretive amphibians or species that exhibit explosive breeding events, such as Eastern 

spadefoot toads (Scaphiopus holbrookii holbrookii) with pronounced activity over a few clustered 

days. For areas that may support rare species, I recommend increasing frequency of checking 

traps to three times daily to reduce stress or mortality in sensitive species. 

 Timing of pitfall trap operation also may play a crucial role in the capture success and 

effects on small mammals. This study design targeted aquatic habitats used by pool-breeding 

amphibians. In the southeastern United States, peak reproductive seasons for pool-breeding 

amphibians occur during times of year that may be additionally stressful for small mammal 
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species. Although breeding seasons differ among taxa of the southeastern U.S, Ambystomatid 

salamanders typically breed during late fall through winter. Anurans typically show greater 

variation in breeding seasons and reproductive periods may span the entire year for all species 

that inhabit the southeastern U.S.   For example, Ranids and Bufonids typically breed from spring 

through summer, whereas some members of Hylidae may emerge in winter and others breed from 

spring through late fall (Conant and Collins 1998). Intensive year-round sampling for 

herpetofauna increases the likelihood of non-target hazards. It has been hypothesized that thermal 

stress during winter and summer due to relatively hot and cold ambient air temperatures, 

respectively, may result in greater losses to body mass of small mammals during these periods 

(Slade 1991). Therefore, pitfall trapping for salamanders and anurans during winter and summer 

months could be expected to cause mortality of incidentally captured small mammals. Although I 

did not deduce the exact reasons for trap mortality of mammals captured during my study, 

exposure to extreme temperatures and pooled water in pitfall traps along with food deprivation 

and stress are probable causes of mortality. Although buckets used for pitfall traps had holes 

drilled in the bottoms to promote water drainage, high water tables that caused water to perch 

near the soil’s surface during winter and spring often prevented drainage of water from traps. 

Also, floatation boards placed in the traps to prevent drowning of captured animals, possibly 

prevented immediate drowning but did not reduce exposure to cold, saturated conditions and the 

stress associated with these conditions.  

 Several studies have developed modifications to pitfall trap systems for limiting mortality 

of captured vertebrates. While these methods are available and used readily in mammalian 

surveys, they are seldom mentioned as being used during herpetofaunal studies. Modifications 

seeks to minimize impacts caused by environmental effects such as thermal stress in hot or cold 

weather or drowning or hyperthermia due to precipitation collected within traps. Hobbs and 

James (1999) tested effects of shade covers combined with pitfall traps on capture success and 
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reduction of heat-stress on captured reptiles and small mammals. Foil covers placed either over 

the top of pitfalls or within the base provided reduction in core bucket temperatures (20-22º C) 

and maximum temperatures (39-42º C) compared to uncovered pitfalls. Pitfalls with above-

ground covers, however, also were found to have less species richness and total numbers of 

animals caught during surveys. For this reason, authors recommended foil covers to be placed in 

the base of pitfalls on a 5-cm-high frame to reduce bucket temperatures, and presumably 

mortality due to heat-stress, and still maintain adequate trapping success (Hobbs and James 

1999). Further recommendations that may protect against environmental effects include 

placement of cotton, synthetic fiber, bedding and nesting material in pitfall traps to serve as 

refugia and provide a barrier between the animal and conducting surface (ACUC 1998; Gannon et 

al. 2007). 

 Trapping for amphibians is often mandated during precipitation events when individuals 

are migrating to breeding ponds, as in this study. Due to this sampling schedule, pitfall traps were 

often inundated following rainfall events for several hours to overnight. Drainage holes were cut 

into the bottom of each pitfall trap to limit amount of collected water. This method worked well 

on upland sites with well-drained soils. In contrast, pitfalls located on floodplain study sites often 

contained small amounts of collected water over long periods of time due to soil saturation. This 

occurrence was not generally problematic for amphibian surveys as it is often recommended to 

maintain a small amount of water in the bottoms of pitfall traps to limit desiccation of captured 

individuals (Heyer et al. 1994). Whereas, retention of water within pitfall traps had detrimental 

effects of small mammals that were incidentally captured. Pitfall traps may be fitted with 

rainguards to prevent flooding and polystyrene “floats” (Gannon et al. 2007). Additionally, 

saturated sponges or synthetic foam may be added to pitfall and funnel traps to retain moisture for 

amphibians and limit trap mortality of small mammals due to drowning or hypothermia caused by 

the collection of water in traps. 
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 Prolonged retention of small mammals within live traps increases chances of mortality 

due to starvation and dehydration if supplemental feeding is not provided. Additionally, injury or 

mortality of trapped animals may increase due to attack or depredation by other trapped 

individuals if food is unavailable. Ambystomatid species have been found to suffer greater 

mortality in pitfall traps due to predation by shrews (Jenkins et al. 2003).   Guidelines established 

by The American Society of Mammalogists recommend that pitfalls contain adequate amounts of 

food to last through periods when traps are checked (ACUC 1998). However, traps should not be 

baited to attract small mammals if traps are not attended too frequently enough to prevent 

starvation.  

 Pitfall trap inserts also have been tested that allow for escape of small mammals while 

retaining amphibians. Aubry and Stringer (2000) found small mammal exclusion devices 

(SMEDs) effective at allowing small mammals to escape but pitfall traps containing SMEDs had 

reduced trap success of amphibians. Authors recommended the use of SMEDs for trapping 

amphibians and limiting retention of small mammals but emphasized the need for increased 

number of trap nights or traps to increase sample size due to potential escape of target species 

(Aubry and Stringer 2000).  

 In addition to behavioral and physiological causes of mortality, depredation by meso-

mammals may compound trap mortality and increase bias in species richness and abundance 

estimates due to removal of individuals by predators. Animal groups that are potential pitfall 

bucket predators include snakes (Agkistrodon spp., Nerodia spp., Elaphe spp.), opossums 

(Didelphis virginiana), raccoons (Procyon lotor), red fox (Vulpes vulpes), gray fox (Urocyon 

cinereoargenteus), striped skunk (Mephitis mephitis), coyote (Canis latrans), and mustelids 

(Family Mustelidae; Yarrow and Yarrow 1999). In my study, mammalian activity was recorded 

surrounding all ephemeral pool sites using infrared- triggered cameras (DeerCam ® DC-100, 
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Non-Typical, Inc.). Eight species were recorded over 9 sampling periods between February 2005 

and March 2006, totaling 54 images. Of the potential predators, raccoons accounted for most 

images (35 % of total images; n = 19), followed by coyote (9 %; n = 5), opossum (4 %; n = 2), 

and domesticated dog (2 %; n = 1). Raised covers are recommended to limit disturbance of traps 

by predators (Getz and Batzli 1974; Layne 1987). In my study, exclusion covers were placed on 

half of the pitfall traps in an effort to reduce depredation of captured herpetofauna, principally by 

raccoons (Fogarty 2005; J. Asmus personal communication). No significant differences were 

found for mortality rates or capture rates of small mammals between standard pitfalls and 

excluded pitfalls. Most mortality of small mammals in this study appeared to be due, in part, to 

physiological stress brought on by exposure during prolonged periods in pitfall traps. Although 

this concept is offered as a hypothesis because this research did not investigate causes of 

mortality of captured small mammals.  Although excluded and un-excluded pitfall traps did not 

exhibit different mortality rates for small mammals, I recommend use of exclusion covers for 

pitfall traps along drift-fence array to avoid potential loss of captured animals to predators, such 

as raccoons.  Both trap types had similar success in capturing targeted herpetofauna and small 

mammal species; therefore, sampling success would not be sacrificed for the targeted species and 

a reduction in the impact of depredation by meso-carnivores might be realized. This approach is 

especially important when sampling areas that may support rare or endangered species that might 

be captured in pitfall traps. 

 Funnel traps may be a better alternative than pitfall traps for areas potentially containing 

rare, threatened, or endangered species. Funnel traps did not capture any small mammals in this 

study. These results lead me to believe that either traps were avoided or captured mammals were 

able to escape.  Funnel traps have been found to have differential success for capturing herpetiles, 

however, my study’s results found that funnels may be effective for snake captures.  Thus, I 

would recommend use of funnel traps for any research that targets taxa vulnerable to capture by 
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this method such as snakes. Use of this method would allow detection of herpetofauna but reduce 

or eliminate trap-mortality of small mammals found with pitfall traps.  

 

MANAGEMENT IMPLICATIONS 

 Given the range of diversity among the numerous reptile and amphibian species, no 

blanket protocol exists on approved or required methods for field or laboratory research (Beaupre 

et al. 2004). National Research Council’s Guide for the Care and Use of Laboratory Animals was 

established to cover vertebrates used in nonagricultural research, teaching, or testing (PHS 2002). 

However, given the large number of species and broad range of taxa, these guidelines do not 

provide standards for herpetofauna and instead rely upon scientific organizations and 

professionals, such as the American Society of Ichthyologists and Herpetologists, for 

recommendations on their care and use in scientific investigations. Academic institutions require 

approval from the Institutional Animal Care and Use Committee (IACUC) prior to faunal studies. 

However, limited information exists in the form of standard IACUC guidelines for the care and 

study of ectothermic animals (Alworth and Harvey 2007). Often the investigator in herpetofaunal 

studies is the authority on determination of whether sampling techniques are appropriate, ethical, 

and humane (Beaupre et al. 2004). Pitfall trapping may be useful to capture herpetofauna and 

small ground mammals but as shown, differences in survey measures may be effective for one 

taxon but counter-effective for another resulting in adverse health effects, injury, or death. 

IACUC decisions concerning studies that use pitfall trapping should determine suitability of 

sampling protocol based not solely on the target species in question but also take into account the 

impact of trapping on non-target organisms. IACUC should consider number of traps, how often 

traps are checked, and modifications to pitfall trapping systems that provide shelter from 

environmental stressors, food and water, escape mechanisms for non-target species, and 

protection from predation within and external to pitfall traps.  
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 Investigators using non-selective trapping measures, such as pitfall traps, have a 

responsibility to make sure the methods we use have minimal impact of the health of the animals 

being investigated to retain the integrity of our research (Beaupre et al. 2004). Studies often 

recognize accidental death associated with trapping methods but fail to report specific data on 

mortality rates or measures taken to limit mortality or capture of incidental species. By omitting 

this information, it limits the ability of researchers to design future projects that minimize trap 

mortality that may confound research findings. Additionally, failure to address mortality 

associated with trapping methodology also may give the public a negative perception about 

wildlife research and researcher’s regard for animal welfare (Lemckert et al. 2006). 

 Because small mammals are an important component of the biological community of 

forested temporary wetlands, I submit that researchers working with different taxa groups of 

reptiles, amphibians, and small mammals, develop integrative sampling methods that would 

accomplishe sampling of the targeted biota without causing high mortality in non-target species. 

For future studies using pitfall trapping, researchers should either alter trapping methods to 

address non-target hazards or work cooperatively with investigators of mammalian studies using 

an integrated survey approach for herpetiles and small mammals to increase capture success and 

limit trap mortality. The following recommendations are offered to reduce mortality of 

incidentally captured mammals in pitfall traps designed for herpetofauna studies: (1) increase 

frequency of trap inspection to at least twice daily, (2) use of predator exclusion devices to limit 

trap mortality caused by depredation especially in long-term studies, (3) addition of shade covers 

to reduce thermal stress in small mammals and dessication-risk in amphibians, (4) addition of 

bedding or nesting material in pitfall bases, and (5) addition of rainguards and floatation objects 

to limit pitfall inundation and mortality caused by drowning or hypothermia.  
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Figure 10.1.   Small mammal CPUE by trap type on upland and floodplain pool sites on  

         Tombigbee National Forest and Noxubee National Wildlife Refuge, MS,  
                      2004- 2006. 
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CHAPTER XI 

SUMMARY AND CONCLUSIONS 

 

 Wetland conservation and restoration has become important on a national and 

international level due to wetland value for wildlife habitat, aquifer replenishment, storm surge 

protection, filtration of contaminants, and fish and wildlife recreation (Muller-Schwarze and Sun 

2003). Anthropogenic changes to the landscape have resulted in extensive losses and degradation 

of >60 % of wetlands in the United States during the past 200 years (USEPA 2003). In recent 

decades, wetland ecosystems have been studied increasingly due to their role in the life cycles of 

many reptiles and amphibians. The protection of isolated temporary wetlands has been proposed 

to address breeding habitat requirements for most amphibians (Gibbons 2003). Comparatively 

little is known about the extent to which other faunal groups use these habitat types though they 

have been found to be essential landscape components for critical life-history functions of aquatic 

and semi-aquatic reptiles including foraging, nesting, egg-laying, overwintering, and 

thermoregulation. Few comprehensive studies have been conducted to quantify use of ephemeral 

wetlands by small terrestrial mammals and no mammals have been found to be indicative of these 

habitats (Colburn 2004).  

 This study was designed to provide baseline information on the long-term use of natural 

and constructed temporary wetlands by nongame species on public forested lands in north 

Mississippi. I sought to quantify reptile, amphibian, and small mammal communities of 

temporary wetlands and determine if constructed wetlands >40 years of age supported similar 

community structure of faunal groups compared to natural seasonal wetlands located on 
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public forest lands. I also sought to quantify faunal-habitat relationships associated with the pool 

proper and terrestrial habitat surrounding wetlands based on measures of vegetation structure and 

composition, pond morphology, water quality, and soil properties. Additionally, I examined the 

efficiency of herpetofaunal sampling methods including their influence on capture and mortality 

rates for herpetiles and small mammals and potential bias associated with mammalian 

depredation. Furthermore, weather parameters were related to capture rates of biotic communities 

to determine peak movement periods and conditions that may increase species detectability and 

improve sampling efforts.   

 Surveys were conducted for amphibian and reptile communities located on Tombigbee 

National Forest (TNF) and Noxubee National Wildlife Refuge (NNWR) in north Mississippi 

from May 2001- March 2006 and for small mammal communities from March 2004 - March 

2006. Inferences made from results of this study are restricted to TNF and NNWR and similar 

physiographic areas in north Mississippi. Ten temporary pool sites were chosen, 6 floodplain 

ephemeral pools within bottomland hardwood forest and 4 isolated, upland ephemeral pools 

within mixed pine-hardwood forest. Drift-fence arrays were surveyed monthly using pitfall traps 

from May 2001 - April 2003 and three trap designs from March 2004 - March 2006; pitfall trap, 

pitfall trap combined with a wire “anti-predator” exclusion cover, and double-ended funnel trap.  

Vegetation measurements were taken during the 2002 and 2005-growing seasons to determine 

conditions that may influence faunal communities. Water quality and edaphic conditions were 

measured during daily trapping periods from March 2004 - March 2006.  

 In my study, isolated, upland pools within mixed pine-hardwood forest supported greater 

diversity of Ambystomatid salamanders, anurans, most reptiles, and deer mice (Peromyscus spp.) 

than wetlands of bottomland hardwood forests. These findings conflict with most published 

reports on favorable habitat conditions for pool-breeding amphibians including closed canopy, 

older age-class hardwood forest that provide abundant invertebrate food resources, moist 
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microsite conditions, and increased structural cover (Fitch 1954; Petranka 1998). Most studies 

have reported negative associations between amphibians and pine forests due to reduced moisture 

retention and increased soil and water acidity resulting from pine silviculture (Wyman and 

Jancola 1992; Teskey and Sheriff 1996; Faccio 2001). My data differs from other studies; 

however, by finding that mixed forests contributed substantially to the diversity of pool-breeding 

amphibians. This may indicate that the preponderance of pine trees in a mixed forest stand does 

not preclude use of upland habitats by pool-breeding amphibians when suitable reproductive 

habitat is present. Although, these conditions are typically found to be adverse for amphibians, 

forests containing greater number of pine trees may provide favorable habitat for reptiles. Pine 

forests typically allow greater sunlight penetration during the growing season because of the 

cylindrical crown shape of most pine species as well as the lesser surface area of needles as 

compared to most hardwood leaves (Reifsnyder et al. 1971). These conditions may benefit reptile 

communities due to increased microsite temperatures and opportunities for reproduction and 

thermoregulation.  

 Small mammal species detected in my study have been found to use a variety of habitat 

types and were found mostly to be similarly distributed between upland and floodplain areas in 

my study. Although, many studies have found that small mammal diversity decreases as forest 

stands mature, my study found mixed pine-hardwood forest and bottomland hardwood forest >65 

years supported ≥ 6 mammal species on public lands in north Mississippi. Additionally, one 

species listed as locally rare in the state of Mississippi, oldfield mouse (Peromyscus polionotus), 

was captured on study sites. Greater capture rates of Persomyscus spp. were found on upland 

ephemeral pool sites compared to floodplain sites. Heavy inundation and soil saturation related to 

high water levels and flooding events may have contributed to reduced abundance of Peromyscus 

spp. surrounding floodplain pools. Additionally, forestry practices including tree thinning and 

prescribed burning were used to manage areas of mixed pine-hardwood forest. These disturbance 
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regimes may have created favorable habitat conditions for rodents by setting back succession of 

forest floor vegetation and stimulating new growth of grasses and forbs (Dickson 2001). 

 Researchers should be cautious when drawing conclusions about less mobile taxa, such 

as amphibians. Most amphibians are limited in dispersal capabilities due to physiological 

constraints and typically reside within 200-300 m of breeding ponds. Conversely, reptiles and 

mammals are relatively mobile and more able to disperse. As such they may have greater ability 

to seek out suitable habitat or alternate areas when habitats degrade in quality. Amphibians, on 

the other hand, may be confined to areas that do not necessarily represent ideal habitat conditions 

or habitat preferences and predictive models should be interpreted cautiously given these 

potential extenuating circumstances.  

 Habitat alternation and land-use practices surrounding upland pools may have 

concentrated amphibian assemblages at breeding sites and restricted movement between habitat 

patches. I hypothesize that factors including landscape position of pools, proximity to alternate 

water sources, and barriers to dispersal potentially influenced the composition and structure of 

amphibian communities surrounding isolated, upland pools and floodplain pools. All upland 

pools in this study were bordered on >1 side by gravel or paved roads potentially inhibiting them 

from moving to more desirable habitat. It may not be that pine-dominated habitats were more 

favorable but that they may pose the only suitable habitat within a restricted range. Additionally, 

some salamanders also are known to return to the same ponds during subsequent years for 

breeding and extent to which this occurs is relatively unknown (Semlitsch 1998, 2002). Some 

species may potentially return to known breeding sites even when habitat conditions surrounding 

these sites have become degraded. I recommend that further research examine movement patterns 

and use of corridors for pool-breeding amphibian assemblages on public lands, as well as effects 
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of timber harvesting and silvicultural activities on habitat conditions surrounding ephemeral 

pools. 

 Inherent hydrological characteristics of floodplains also may have resulted in 

underestimation of amphibians dependent on bottomland hardwood ecosystems. Mesic soils 

combined with presence of pooled surface waters characteristic of floodplains may have 

permitted amphibians to become more widely distributed within bottomland forests than in 

upland forests. Increased availability of alternate habitat and flood scour created by flooding 

conditions may have reduced the tendency for amphibians to cluster at discrete breeding ponds 

and be more dispersed across the landscape (Jones and Taylor 2005). Additionally, flooding 

events associated with stream-connectivity of these pools may have led to an increase in water 

recharge and introduction of fish predators not present at upland ponds that may opportunistically 

feed on amphibian eggs, larvae, and metamorphs.  Moreover, floodwaters may provide unsuitable 

breeding habitat for some species due to the possible detrimental effect of scour on amphibian 

egg masses and larvae (Horton and Grant 1998; Mills et al. 1995).  

 The primary threat to the long-term viability of amphibian populations is the loss or 

degradation of suitable habitat due to human activities (Blaustein et al.1994; Dodd 1997; Alford 

and Richards 1999). Exotic species, development, silviculture, and chemical contamination may 

degrade or destroy breeding sites and peripheral terrestrial habitat. Upland pools used in this 

study, had greater species richness and abundance than floodplain pools. Although I have 

suggested that the diversity of amphibians found at upland pools may not be attributed directly at 

to their role as high quality habitat, they remain valuable habitat components for amphibians of  

upland forests in my study. Constructed upland pools in my study may represent essential 

breeding habitat in areas where other water sources are unavailable or too distant for amphibians 

to disperse.  
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Currently, isolated upland pools receive no federal protection against development or 

degradation aside from residing on public forest and refuge lands. The United States Army Corp 

of Engineers (USACE) has used size as the primary criteria to establish jurisdiction over 

wetlands, implementing regulatory and protection measures for wetlands larger than 0.13 ha but 

generally allowing the development of those <4.0 ha in size (Snodgrass et al. 2000).  Due to 

recent changes following the U.S. Supreme Court’s SWANCC decision in 2001, additional 

jeopardy was placed on ephemeral pools defined as isolated waters that are intrastate and not 

connected to navigable waters or adjacent to navigable waterways and tributaries. Because of this 

designation, isolated temporary wetlands, such as the upland pools in my study, are not under 

regulatory jurisdiction of USACE and are not afforded protection by Section 404 of the Clean 

Water Act (U.S. DOE 2003). Floodplain pools, on the other hand, receive regulatory 

consideration, as they are adjacent to waters under jurisdiction of the U.S. Army Corp of 

Engineers and may be afforded additional protection by occurring within streamside management 

zones (SMZs) (Asmus 2003). In contrast, upland pools of < 2 ha receive no protection on private 

lands and protection is based on importance to biological diversity on public lands. 

 On public lands, most riparian areas and floodplain pools are protected under streamside 

management zones (SMZs) that buffer streams from the potential impact of silvicultural 

activities, with the goal of leaving the streams and riparian habitat intact for fish and wildlife 

(Dickson and Wigley 2001). Therefore, floodplain pools would theoretically receive protection 

on public lands from two sources, SMZs and Section 404, as they are adjacent to waters protected 

under the Clean Water Act. On the other hand, upland pools, receive no additional protection 

from disturbance by either source.  

For a diversity of herpetofauna species to receive protection, upland and floodplain 

temporary wetlands should be considered in management plans and conservation action must be 
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extended to adjacent terrestrial habitat and not only the pond itself.  Whereas, upland pools 

supported more diverse faunal communities, I would not discount the importance of terrestrial 

habitat surrounding floodplain pools as most habitat conditions investigated in this study fell 

within similar ranges between upland and floodplain sites. Conservation of both upland and 

floodplain pools may be necessary to protect all species detected within the community. I concur 

with Semlitsch (1998, 2005) who recommended the designation of core terrestrial habitat and 

maintenance of terrestrial buffers around ephemeral wetlands for amphibian conservation similar 

to streamside management zones used to protect riparian fauna. Implementation of buffer zones 

surrounding temporary wetlands can protect terrestrial habitats that are essential for life-history 

functions of local populations. Additionally, limiting human activities within these key areas 

would help protect aquatic breeding habitat from perturbations resulting in physical destruction of 

wetlands or hydrologic alternation such as changes in depth, volume, and hydroperiod making 

them unsuitable for pool-breeding amphibians. Maintenance of buffers and connective corridors 

in mature hardwood forest interspersed with mixed pine-hardwood forest could provide valuable 

habitat for amphibians and other wildlife species. Connectivity of forest patches could be crucial 

for the recolonization and rescue of amphibian populations and especially important in 

fragmented landscapes where alternate habitat is unsuitable or unavailable. Furthermore, I 

support previous authors recommendation that construction sites and roads should be limited or 

relocated >60m from wetlands to prevent harmful edge effects (Keenan and Kimmins 1993; 

deMaynadier and Hunter 1995). In areas where this may not be feasible, installation of culverts or 

tunnels may aid in limiting road mortality by directing travel of animals under or away from 

roads (Bailey et al. 2006). Additionally, introduction of predatory fish into breeding ponds (i.e., 

bass, bluegill) should be prohibited and stocked fish should be removed to reduce predation 

pressure on pool-breeding amphibians (Bailey et al. 2006). 
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 Forest management techniques such as prescribed burning, mechanical site preparation, 

and thinning of forest stands may be beneficial to maintain forest patches in multiple stages of 

succession to benefit reptile and small mammal communities though the impact of these practices 

on these species assemblages and also amphibians remains unclear. Several authors have 

supported that managed forests may contribute to increased faunal diversity by increasing 

structural complexity and diversity of microhabitats (Rosenzweig, 1995; Seymour et al. 2002; 

Fox et al. 2004; Shipman et al. 2004; Loehle et al. 2005). Mixed pine-hardwood and pine forests 

in the Southeastern U.S. are largely managed for production of timber on public lands though 

intensity of silvicultural practices vary between agencies and cooperators. Prescribed burning is a 

tool commonly used in pyric ecosystems of the Southeastern Coastal Plain to reduce forest fuel 

loads, stimulate vegetative growth, and enhance wildlife habitat. Burning on shortened-intervals 

(≤3 years) may reduce forest floor components, such as deadwood cover and leaf litter, found to 

be important for thermoregulation, moisture, forage, refuge, and reproduction of herpetiles. 

However, intermediate levels of disturbance such as thinning or prescribed burning may 

potentially maximize biodiversity by promoting a greater range of forest age classes and canopy 

structures and changes to forest-floor vegetation structure and composition, although studies 

present conflicting evidence of the effects of controlled burns. Bailey et al. (2006) recommends 

extending prescribed burns into seasonal wetland basins when water levels are low or ponds are 

dry to reduce organic material and control succession. Burning also has been shown to reduce 

predator build-up in aquatic systems and may aid in maintaining a high pH needed by some larval 

amphibians. In contrast, several studies have noted the negative impacts of fire on amphibians 

including direct mortality and indirect effects such as increased soil and water temperatures, 

reduction of vegetation leading to greater ultraviolet exposure, and accelerated erosion and 

sedimentation of water-bodies (Schurbon and Fauth 2003, Pilliod et al. 2003). Based on my 

findings and experience, I suggest that future studies investigate the influence of disturbance on 
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herpetofauna surrounding ephemeral wetlands, including effects of prescribed fire, timber 

harvesting and site preparation techniques, such as disking and piling of slash on these 

assemblages. 

 Initial objectives of this study were to identify habitat conditions and assess the role of 

constructed wetlands for supporting pool-breeding amphibians. With this information, I sought to 

offer land managers recommendations for prioritization of pools and provide information that 

may be useful in creating supplemental wetlands for amphibians. However, limitations in study 

design and analytical methods may have led to erroneous associations between fauna and 

environmental variables. Study results should be interpreted cautiously and conclusions about the 

role of constructed wetlands for supporting herpetiles and small mammals and potential habitat 

requisites should be based on further study. Several modifications to my study design may have 

improved robustness and inferential power of my findings.  

 I believe a major limiting factor to my study was the low number of study ponds. 

However, rarity of forested temporary wetlands within the study area precluded a larger sample 

size (Asmus 2003).  Results were based on 10 total pools that showed variability between habitat 

types (upland vs. floodplain) and also variability between individual wetlands grouped together 

according to overall stand characteristics. Modeling efforts sought to identify habitat conditions 

across the range of pools that may be best for supporting herpetofauna and small mammal 

communities. However, low sample size may have led to coarse habitat typing between study 

sites. My study’s results support these conclusions by finding that the strongest explanatory 

variable for predicting amphibian richness and abundance was overall site type (upland vs. 

floodplain pools). A more appropriate method may have been to examine microhabitat conditions 

within each pool type (upland or floodplain) rather than comparing between habitats with known 

differences in structure and composition of forest stands. Sampling pools with similar hydrology 

also would have been preferred; however, naturally occurring upland depressional ponds were not 
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present within the study area for comparison.  As such, limited inferences can be made as to 

specific recommendations for creation of artificial wetlands and habitat requirements of herpetiles 

and small mammals of temporary wetlands based on my study. Thus, while I believe results of 

my study constitute the need to protect constructed wetlands and the potential value they can pose 

for supporting wildlife, I do not believe it would be prudent to recommend specific management 

prescriptions without further study. Future research should investigate a greater number of upland 

and floodplain pools within different forest matrices of variable age classes and tree composition 

and mark-recapture studies should be conducted to determine source or sink roles of temporary 

wetlands. 

 Few significant measurable differences were found between environmental variables of 

upland and floodplain ephemeral pool sites although these finding conflict with personal 

observations in the field. Sampling efforts were concentrated within 20-30 m of wetland edge. 

Differences in habitat composition and structure may only have been evident at greater distances 

from the pond and sampling efforts should be extended to identify variation within these habitats. 

I recommend that transect lengths be extended to > 50 m from pond edge as this distance would 

likely give a more accurate picture of forest stands surrounding ephemeral ponds. Furthermore, 

habitat measurements were standardized regardless of differences in size or shape of upland and 

floodplain pools potentially undersampling larger pools and leading to a misrepresentation of 

similarities between these habitat types. I recommend that future studies allocate sampling efforts 

in proportion to pool size and designate areas of high priority (i.e., pool perimeter, littoral zone) 

prior to sampling to encompass the full array of potential breeding areas for amphibians and limit 

potential bias against larger ponds.  

 To make informed decisions investigators must rely on appropriate study design and 

census methods to limit potential survey bias and make sound management recommendations. 

Capture data from trapping surveys is used frequently in ecological studies to provide abundance 
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estimates and distribution records of fauna. This information often supplies the basis for 

management decisions regarding land-use planning and protection of habitat for wildlife. 

Differences in capture efficiencies and inherent biases of sampling methods may limit the ability 

to accurately describe community characteristics based on capture data (Greenburg et al. 1994; 

Jorgensen et al.1998). 

 Sampling methods used in this study proved effective for capturing most species of 

herpetofauna known to inhabit seasonal wetlands. Pitfall traps of both designs captured 

significantly more anurans, salamanders, and lizards overall than funnel traps which were 

relatively ineffective for capture of all taxa except snakes. In my study, I altered sampling 

methods along drift-fence arrays in an effort to limit depredation and compare herpetofaunal 

sampling techniques, including a modified pitfall with an “anti-predator” exclusion cover 

constructed of 14 gauge galvanized wire. Pitfall traps with exclusion were found to be equally 

effective if not more for capturing most herpetile groups sampled. Overall trends in trapping 

efficiency based on taxonomic Order found that pitfall traps with the wire exclusion cover 

captured the greatest number of individuals for salamanders, anurans, and lizards though not 

significantly different from standard pitfall traps. Un-guarded pitfalls captured the greatest 

number of turtles; however, this outcome was expected due to the size restrictions of the openings 

on the exclusion cover allowing for only small individuals or hatchlings to be captured. Pitfall 

traps with the exclusion cover were also found to be effective at restricting predators whereas 

standard pitfall traps were left vulnerable to depredation.  

 However, I recommend the inclusion of additional methods and the modification of 

others given the nature of temporary wetland habitats and their associated biota. Pitfall and funnel 

trapping was useful for capturing most surface-active species but may have underestimated 

arboreal or fossorial species that used these ponds for breeding. Additionally, pitfall traps have 

known capture bias against larger species of snakes and frogs that may be able to readily escape 
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traps, such as adult Ranids. Excluded pitfall and funnel trap designs also biased captures against 

testudines due to the size of the diameter opening of the funnel trap and the width of wires on the 

exclusion cover, only allowing for smaller species or individuals to be captured. The exclusion 

cover also may have provided a surface for more agile species of lizard to climb and escape 

capture. I recommend a combination of faunal surveys including pitfall-funnel trapping, time or 

area-constrained searches, and auditory surveys to detect the multitude of herpetofauna species 

occurring in these areas. The combination of these survey methods would increase the probability 

of detecting rare or secretive species and species which may be excluded due to trapping biases. 

However, use of active searches and anuran calling surveys would result in less mortality 

associated with trapping.  

 Overall mortality rates were low for herpetofauna (<2 % of total captures) but differed 

among taxonomic groups and individual species. Most anuran mortality was attributed to 

depredation by mammalian predators that were either simultaneously trapped in pitfalls (shrews 

and rodents) with herpetiles or externally by raccoons and other meso-predators. Most 

salamander mortality occurred during summer (May - August) and was mostly attributed to 

desiccation but also heavy inundation of pit-traps during flooding events on few occasions. 

Drowning and desiccation appeared to be the cause for most lizard deaths. Excluded pitfalls 

accounted for the greatest amount of mortality but did not differ significantly from standard 

pitfalls for most species. One potential problem associated with comparing capture rates and 

mortality between pit-trap types is the inability to accurately quantify number of original captures 

in un-covered pitfalls versus number retained at time of survey checks. Mortality events may 

have been occurring with similar frequency in un-excluded pitfalls, however, carcasses may have 

been removed from open pitfalls by predators, whereas individuals dying within excluded pitfalls 

would be retained. 
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 Pitfall trapping may be useful for capturing herpetofauna and small terrestrial mammals, 

but differences in survey measures may be effective for one taxon but counter-effective for 

another resulting in adverse health effects, injury, or death. In my study, sampling protocol was 

established based on recommended guidelines for capturing herpetofauna including capture 

methods, design of drift-fence arrays, and frequency of checking traps. The operation of traps was 

sufficient for capturing many reptiles and amphibians; however, it may have had a profoundly 

negative influence on survival of small mammals that were incidentally captured in pitfall traps. 

My findings indicated that the recommended intervals for pitfall trap inspections for herpetofauna 

(once daily to three day intervals) led to > 65% mortality among non-target small mammals that 

inhabited ephemeral pool study sites, including one locally rare species, oldfield mouse 

(Peromyscus polionotus). Investigators using non-selective trapping measures, such as pitfall 

traps, have a responsibility to make sure the methods we use have minimal impact of the health of 

the animals being investigated to retain the integrity of our research (Beaupre et al. 2004). Studies 

often recognize accidental death associated with trapping methods but fail to report specific data 

on mortality rates or measures taken to limit mortality or capture of incidental species. By 

omitting this information, it limits the ability of researchers to design future projects that 

minimize trap mortality that may confound research findings. Additionally, failure to address 

mortality associated with trapping methodology also may give the public a negative perception 

about wildlife research and researcher’s regard for animal welfare (Lemckert et al. 2006). 

  Because small mammals are an important component of the biological community of 

forested temporary wetlands, I submit that researchers working with different taxa groups of 

reptiles, amphibians, and small mammals, develop integrative sampling methods that would 

accomplish sampling of the targeted biota without causing high mortality in non-target species. 

For future studies using pitfall trapping, researchers should either alter trapping methods to 

address non-target hazards or work cooperatively with investigators of mammalian studies using 
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an integrated survey approach for herpetiles and small mammals to increase capture success and 

limit trap mortality. The following recommendations are offered for reducing mortality of 

incidentally captured mammals in pitfall traps designed for herpetofauna studies: (1) increase 

frequency of trap inspection to at least twice daily, (2) use of predator exclusion devices to limit 

trap mortality caused by depredation especially in long-term studies, (3) addition of shade covers 

to reduce thermal stress in small mammals and desiccation-risk in amphibians, (4) addition of 

bedding or nesting material in pitfall bases, and (5) addition of rainguards and floatation objects 

to limit pitfall inundation and mortality caused by drowning or hypothermia. If pitfall traps are to 

be used then researchers must take precautions to ensure trap lids are closed and secured during 

non-sampling periods and should tie down exclusion covers to prevent raccoons from opening 

traps. If target animals include snakes, I recommend use of funnel traps instead of pitfalls due to 

similarity in capture rates between trap types in my study and negligible adverse effects on small 

mammals.   

 Depredation of captured herpetofauna was evident on several upland sites adding to 

increased mortality and survey bias. Raccoons (Procyon lotor) and other meso-mammal 

predators, including opossums (Didelphis virginiana), inhabit mesic forests adjacent to perennial 

water sources increasing the likelihood of depredation of pool-breeding amphibians using these 

same areas (Chamberlain and Leopold 2001). Infrared-triggered cameras documented 8 species of 

animals along drift-fence arrays surrounding temporary wetlands. Raccoons accounted for most 

images (35 % of total images) making them the most likely candidates as predators of pitfall 

traps. Raccoons have been found to actively enter or investigate open pitfall traps and may 

manipulate pitfalls by openings lids during non-sampling periods (Fogarty 2005; Ferguson et al. 

2008). In my study, camera images displayed up to 3 raccoons at one site during the same 

trapping period. Two trap periods showed 2 visitations by raccoons on different days during the 

same period. Raccoons were seen walking fence-lines and 2 images showed raccoons atop closed 
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pitfall traps on days immediately prior to opening traps. Visitation to trap sites by raccoons may 

have been influenced by the long-term nature of this study which was conducted over a 5-year 

period. I hypothesize and submit that frequent interactions between predators and drift-fence 

arrays over the long-term have resulted in habitual depredation of herpetofauna. Furthermore, if 

females with young visited these sites, long-term trapping with pitfall traps could produce 

generations of young animals fed successfully at traps. I submit that the design used in this study, 

including the fence-line or pitfall traps, may be serving as markers and attracting predators 

leading to increased mortality of herpetofauna. Though no rare species detected on my sites were 

obligate breeders of temporary pools, several amphibian species listed as rare in the state rely on 

forested habitats and riparian areas containing these wetlands. Concern must be taken when using 

these methods in areas where rare species may exist to limit the potential negative impact they 

may have on populations that may be declining or have unknown population trends.  

 Predator removal has been questioned as a viable solution for long-term studies due to 

high predator densities in some areas and potential for adverse effects on ecosystem health. One 

assumption and goal of conducting faunal surveys is that we as researchers are not influencing or 

negatively impacting the populations in which we are studying. If our goal is to study biotic 

communities in forested wetlands and we trap or harvest all of the raccoons because they are 

consuming our study specimens, we are shaping and influencing the very ecosystem that we are 

seeking to understand. Predators are natural ecosystem components and may be necessary for 

maintaining stability. Removal of predators may alter predator-prey dynamics within the course 

of our study causing us to draw conclusions based on ecosystem circumstances that we created 

over the short-term rather than the circumstance that our study subjects would have been exposed 

to without human manipulation.  

 Predator control has been used for recovery and nest success of herpetiles (Stancyk et al. 

1980; Ratnaswamy and Warren 1998; Schneider 2001). Such methods may be warranted in cases 
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where threatened or endangered species are present; however, studies seeking to evaluate and 

monitor sensitive species should use extra precautions including modifications to sampling 

methodology to limit mortality of captured individuals prior to predator removal options. Based 

on my research findings, I do not believe that predator removal would be a prudent choice and 

recommend alternate trapping methods instead. Wire cages have been proposed as an alternative 

to protect turtle nests and reduce depredation rates of pitfall traps while maintaining trapping 

efficiency (Butler and Graham 1995; Addison 1997; Kiviat et al. 2000; Mazerolle 2003; Ferguson 

et al. 2008). My study results concur with other authors on the value of wire cages for protection 

of herpetofauna and reinforce the recommended guidelines for modifying pitfall traps to limit trap 

mortality. In my study, pitfall traps with exclusion were equally effective if not more for 

capturing most groups sampled. Trapping efficiency of true frogs, mole salamanders, central 

newts, and many squamates (most snakes, anoles, and skinks) was greater in excluded-pitfalls. 

Additionally, one locally rare species, the southern red salamander (Pseudotriton ruber vioscai) 

was captured in a pitfall trap with predator-exclusion cover during one sampling occasion. 

Excluded-pitfalls were effective at restricting predators whereas standard pitfall traps were left 

vulnerable to depredation.  

  In addition to use appropriate sampling techniques, timing of surveys is equally as crucial 

to increase detectability of species, especially in cases of rare species or those with secretive, 

arboreal, or fossorial tendencies that may limit probability of capture. To ascertain the most 

comprehensive inventory of reptiles and amphibians, year-round sampling is recommended to 

quantify the diversity of species given temporal variation in reproduction and differences in peak 

activity periods between species. Intense sampling of this magnitude may not always be feasible 

given restrictions in research funding and man-power nor may it be necessary for studies aimed at 

one or a few target species or guilds. For studies with specified target species, identification of 

periods when surface activity is greatest to concentrate survey efforts would likely enhance 
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detection probabilities of target taxa, limit disturbance to habitat, and prove more cost- and time-

effective for personnel. In my study, peak capture rates of Ambystomatid salamanders occurred 

during fall and winter and were associated with greater precipitation amounts, increased 

humidity, and lesser barometric pressure in the 24-hr preceding capture. Ranids were detected in 

greater numbers between summer-fall. Pseudacrids were in greater numbers in spring and 

Bufonids and Gastrophrynids bred in summer.  Captures rates of summer breeders, including 

Ranids and Bufonids, showed general positive relationships with maximum and minimum 

temperatures in spring and fall and positive associations with relative humidity in summer, 

though individual species varied. Upland chorus frogs were related positively to minimum and 

maximum air temperatures in spring and negatively related to maximum summer temperatures. In 

general, moisture and temperature have been found to be major determinants affecting 

amphibians due to  presence of thin, highly permeable skin that plays an important role in the 

rates of water loss and gas exchange, such as oxygen consumption (Duellman and Trueb 1986, 

1994). 

  In my study, increased maximum and minimum daily air temperatures in the 24-hr 

preceding captures were the strongest predictors of reptile activity and correlated with all taxa to 

differing degrees.  Greater captures for all taxa were found during spring and summer across the 

study period. Increased activity during these months may be attributed to warming temperatures 

and abundant food resources (Wilbur 1975; Zug et al. 2001). Greater overnight and daytime 

temperatures may have stimulated reptile foraging activity surrounding ephemeral wetlands 

resulting in greater capture rates during spring and summer trap periods. These times also 

coincide with spawning and emergence of many pool-breeding anurans and salamanders that use 

seasonal ponds. Squamates may increase activity surrounding temporary ponds to feed on newly 

metamorphosed amphibians and invertebrates. Additionally, most reptiles ovulate during spring 

and deposit eggs from early to mid-summer that hatch during late summer (Zug et al. 2001). This 
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timing ensures that soil temperatures are high enough at hatching to promote rapid embryonic 

development. 

 Precipitation and humidity were significant influences affecting capture rates of small 

mammal species. Precipitation and humidity showed a positive association with Blarina CPUE in 

two of the study years and during fall and spring. These seasons are reportedly marked as peak 

reproductive seasons for B. carolinensis (Layne 1958; Hoffmeister 1989). Other correlates found 

for Blarina included a negative association with barometric pressure for the preceding 24-hr 

period in two of the study years and fall months. Decreasing atmospheric pressure may signal an 

increased chance of precipitation which further supports the positive relationship between shrew 

captures and rainfall. It has been suggested by several authors that precipitation is an indirect 

factor affecting shrew activity, and that rainfall increased prey density that caused increased 

activity responses from shrew populations (Smith et al. 1974; Pankakoski 1985; Whittaker and 

Feldhamer 2005). Humidity may be a critical factor for high water-level requirements of shrews 

by aiding in respiratory water balance (Pruitt 1959; Miller and Getz 1977, Pagels et al. 1994). 

Peromyscus spp. Also were correlated positively with precipitation and humidity in my study 

during two of the study years and fall and spring. Similar explanations as those for shrews 

probably justify these associations as well. 

 

 

 

 

 

 

 

 



  

 280

LITERATURE CITED 

Addison, D.S. 1997. Galvanized wire cages can prevent nest depredation. Marine Turtle 
 Newsletter 76:8-11. 
 
Alford, R.A. and S.J. Richards. 1999. Global amphibian declines: a problem in applied ecology.  

Annual Review of Ecology and Systematics 30:133-165. 
 
Asmus, J. L.  2003.  Diversity of riverine turtles and pool-breeding amphibians on public  lands in 
 northcentral Mississippi. Thesis, Mississippi State University, Mississippi State, 
 Mississippi, USA. 
 
Bailey, M.A., J.N. Holmes, K.A. Buhlmann, and J.C. Mitchell. 2006. Habitat management 
 guidelines for amphibians and reptiles of the southeastern United States. Partners in 
 Amphibian and Reptile Conservation Technical Publication HMG-2, Montgomery, 
 Alabama, USA. 

 
Beaupre, S.J., E.R. Jacobson, H. B. Lillywhite, and K. Zamudio. 2004. Guidelines for use of 
 live amphibians and reptiles in field and laboratory research. Second Edition, Revised 
 by the Herpetological Animal Care and Use Committee  (HACC) of the American 
 Society of Ichthyologists and Herpetologists, 2004.  
 
Blaustein, A.R., D.B.Wake and W.P. Sousa. 1994. Amphibian declines: judging stability,  

persistence, and susceptibility of populations to local and global extinctions. 
Conservation Biology 8:60-71. 
 

Butler, B.O. and T.E. Graham. 1995. Early post-emergent behavior and habitat selection in 
 hatchling Blanding’s turtles, Emydoidea blandingii, in Massachusetts. Chelonian  Con. 
 Biol. 1: 187–196. 
 
Chamberlain, M.L. and B.D. Leopold. 2001. Omnivorous furbearers. Pages 278-292 in J.G. 
 Dickson, ed. Wildlife of southern forests: habitat and management. Hancock House 
 Publishers, Blaine, Washington, USA. 
 
Colburn, E.A. 2004. Vernal pools: natural history and conservation. McDonald and Woodward 
 Publishing Company, Blacksburg, Virginia, USA. 
 
deMaynadier, P.G. and M.L. Hunter, Jr. 1995. The relationship between forest management  
 and amphibian ecology: a review of the North American literature. Environmental 
 Review 3:230-261. 
 
Dickson, J.G. 2001. Terrestrial small mammals. Pages 350-358 in J.G. Dickson, editor. Wildlife 
 of southern forests: habitat and management. Hancock House Publishers, Blaine, 
 Washington, USA. 
 
Dickson, J.G. and T.B. Wigley. 2001. Managing forests for wildlife. Pages 83-94 in J.G.  

Dickson, ed. Wildlife of southern forests: habitat and management. Hancock House 
Publishers, Blaine, Washington, USA. 

 



  

 281

Dodd, C.K., Jr. 1997. Imperiled amphibians: a historical perspective. Pages 165-200 in G.W.  
Benz and D.E. Collins, editors. Aquatic fauna in peril: the southeastern perspective. 
Special Publication 1, Southeastern Aquatic Research Institute, Lenz Design and 
Communication, Decator, Georgia, USA. 
 

Duellman, W.E. and L. Trueb. 1986. Biology of amphibians. McGraw-Hill, New York, USA.  
 
Duellman, W. E., and L. Trueb. 1994. Biology of amphibians. Johns Hopkins University Press, 
 Baltimore, Maryland, USA.  
 
Faccio, S.D. 2001. Final report: a biological inventory of amphibians and reptiles at the Marsh-
 Billings-Rockefeller National Park and adjacent lands. Vermont Institute of Natural 
 Science, Woodstock, Vermont, USA. 
 
Ferguson, A.W., F.W. Weckerly, J.T. Baccus, and M.R.J. Forstner. 2008. Evaluation of 
 predator attendance at pitfall traps in Texas. The Southwestern Naturalist 53(4): 450-
 457.  
 
Fitch, H.S. 1954. Life history and ecology of the five-lined skink Eumeces fasciatus. University  

Kansas Museum of Natural History Publication 8. 
 

Fogarty, J. H. 2005. Distribution and habitat associations of reptiles, amphibians, and fishes 
 on public lands of east-central Mississippi. Dissertation, Mississippi State University,  
 Mississippi, USA. 
 
Fox, S.F., Shipman, P.A., Thill, R.E., Phelps, J.P., Leslie Jr., D.M. 2004. Amphibian 
 communities under diverse forest management in the Ouachita Mountains, Arkansas. In: 
 Guldin, J.M. (Ed.), Ouachita and Ozark Mountains Symposium: Ecosystem Management 
 Research, Hot Springs, Arkansas, October 26–28, 1999. General Technical Report No. 
 SRS-74. Southern Research Station, USDA Forest Service, Asheville, NC, pp. 164–173. 
 
Gibbons, J. W. 2003.  Terrestrial habitat: a vital component for herpetofauna of isolated 
 wetlands. Wetlands 23(3): 630-635. 
 
Greenburg, C.H., D.G. Neary, and L.D. Harris. 1994. A comparison of herpetological 
 sampling effectiveness of pitfall, single-ended, and double-ended funnel traps used 
 with drift fences. Journal of Herpetology 28(3):319-324.  
 
Greenburg, C.H. 2001. Response of reptile and amphibian communities to canopy gaps  created 
 by wind disturbance in the southern Appalachians. Forest Ecology and Management 
 148: 135-144. 
 
Hoffmeister, D. F. 1989. Mammals of Illinois. University of Illinois Press, Urbana. 
 
Horton, J.M. and B.W.Grant. 1998. A herpetofaunal inventory of the lower Roanoke River  
 Floodplain. Journal of the Elisha Mitchell Scientific Society 114:43-55. 
 
 



  

 282

Jones, J.C. and J.D. Taylor. 2005. Herpetofauna communities in temperate river floodplain 
 ecosystems of  the southeastern United States. Pages 235-258 in L.H. Frederickson, 
 S.L. King, and R.M Kaminski, editors. Ecology and management of bottomland 
 hardwood systems: the state of our understanding. University of Missouri-Columbia. 
 Gaylord Memorial Laboratory Special Publication No. 10 Puxico. 
 
Jorgensen, E.E., M. Vogel, and S. Demarais. 1998. A comparison of trap effectiveness for 
 reptile sampling. Texas Journal of Science 50(3): 235-242. 
 
Kennan, R.J. and J.P. Kimmins. 1993. The ecological effects of clear-cutting. Environmental 
 Reviews 1:121-144. 
 
Kiviat, E., G. Stevens, R. Brauman, S. Hoeger, P.J. Petokas, and G.G. Hollands. 2000. 
 Restoration of wetland and upland habitat for the Blanding’s turtle, Emydoidea 
 blandingii. Chelonian Con. Biol. 3, 650–657. 
 
Layne, J. N. 1958. Notes on mammals of southern Illinois. American Midland Naturalist 60:219–
 254. 
 
Lemckert, F., T. Brassil, R. Kavanagh, and B. Law. 2006. Trapping small mammals for 
 research and management: how many die and why? Australian Mammalogy 28:201-
 207.  
 
Loehle, C., T.B. Wigley, P.A. Shipman, S.F. Fox, S. Rutzmoser, R.E. Thill. And M.A. Melchiors. 
 2005. Herpetofaunal species richness responses to forest landscape structure in Arkansas. 
 Forest Ecology and Management 209: 293-308. 
 
Mazerolle, M. J. 2003. Using rims to hinder amphibian escape from pitfall traps.  Herpetological 
 Review 34: 213–215. 
 
Miller, D.H., and L.L. Getz. 1977. Factors influencing local distribution and species diversity of 
 forest small mammals in New England. Canadian Journal of Zoology 55:806-814. 
 
Mills, M.S., C.J. Hudson, and H.J. Berna. 1995. Spatial ecology and movements of the brown  
 water snake (Nerodia taxispilota). Herpetologica 51:412-423. 
 
Muller-Schwarze, D. and L. Sun.2003. The beaver, natural history of a wetlands 
  engineer. Comstocks Publishing and Associates. Cornell University Press.  
 
Pagels, F.F., K.L. Uthus, and H.E. Duval. 1994. The masked shrew, Sorex cinereus, in a relictual 
 habitat of the southern Appalachian Mountains. Pages 103-109, In J.F. Merritt, G.L. 
 Kirkland, Jr., and R.K. Rose , eds.. Advances in the Biology of Shrews. Carnegie 
 Museum of Natural History Special Publication. Vol. 18. Pittsburgh, Pennsylvania, USA. 
 
Pankakoski, E. 1985. Relationship between some meteorological factors and population dynamics 
 of Sorex araneus in southern Finland. Acta Zoologica Fennica 173:287–289. 
 
Petranka, J.W.  1998.  Salamanders of the Unites States and Canada.  Smithsonian Institution 
 Press, Washington, D.C., USA. 



  

 283

Pilliod, D.S., R.B. Bury, E.J. Hyde, C.A. Pearl, and P.S. Corn. 2003. Fire and amphibians in 
 North America. Forest Ecology and Management 178(1): 163-181. 
 
Pruitt, W. O., Jr. 1953. An analysis of some physical factors affecting the local distribution of 
 the shorttail shrew (Blarina brevicauda) in the northern part of the Lower Peninsula of 
 Michigan. Miscellaneous Publications of the Museum of Zoology, University of 
 Michigan, 79:1–39. 
 
Ratnaswamy, M.J. and R.J. Warren. 1998. Removing raccoons to protect sea turtle nests: are 
 there implications for ecosystem management? Wildlife Society Bulletin 26(4):846-
 850. 
 
Reifsnyder, W.E, G.M. Furnival, and J.L. Hororwitz. 1971. Spatial and temporal distribution of 
 solar radiation beneath forest canopies. Agricultural Meteorology 9: 21-37. 
 
Rosenzweig, M.L. 1995. Species diversity in space and time.Cambridge University Press, 
 Cambridge, MA, USA. 
 
Schneider, M.F. 2001. Habitat loss, fragmentation and predator impact: spatial implications 
 for prey conservation. Journal of Applied Ecology 38: 720–735. 
 
Schurbon, J.M. and J.E. Fauth. 2003. Effects of prescribed burning on amphibian diversity in a 
 southeastern U.S. national forest. Conservation Biology 17(5): 1338-1349. 
 
Semlitsch, R.D. 1998. Biological delineation of terrestrial buffer zones for pond-breeding  

salamanders. Conservation Biology 12 (5): 1113-1119. 
 
Semlitsch, R.D.2005. Management of amphibians in floodplain wetlands: importance of local 
 population and landscape processes. Pages 259-272 in L.H. Frederickson, S.L. King, 
 and R.M Kaminski, editors. Ecology and management of bottomland hardwood 
 systems: the state of our understanding. University of Missouri-Columbia. Gaylord 
 Memorial Laboratory Special Publication No. 10 Puxico. 
 
Semlitsch, R. D. and J. R. Bodie.  1998.  Are small wetlands expendable?  Conservation Biology 
 12:1129-1133. 
 
Semlitsch, R.D. 2002. Critical elements for biologically based recovery plans of aquatic-breeding  

amphibians. Conservation Biology 16(3):619-629. 
 
Seymour, R.S., White, A.S., deMaynadier, P.G., 2002. Natural disturbance regimes in 
 northeastern North America - evaluating silvicultural systems using natural scales 
 and frequencies. Forest Ecology and Management 155 (1–3): 357–367 (special issue, 
 January 1, 2002). 
 
Shipman, P.A., Fox, S.F., Thill, R.E., Phelps, J.P., Leslie Jr., D.M., 2004. Reptile communities 
 under diverse forest management in the Ouachita Mountains, Arkansas. In: Guldin, J.M. 
 (Ed.),Ouachita and Ozark Mountains Symposium: Ecosystem Management Research, 
 Hot Springs, Arkansas, October 26–28, 1999. General Technical Report No. SRS-74. 
 Southern Research Station, USDA Forest Service, Asheville, NC, pp. 174–182. 



  

 284

Smith, M. H., J. B. Gentry, AND J. Pinder. 1974. Annual fluctuations in a small mammal 
 population in an eastern hardwood forest. Journal of Mammalogy 55:231–234. 
 
Snodgrass, J. W., M. J. Komoroski, A. L. Bryan Jr., and J. Burger.  2000. Relationships among 
 isolated wetland size, hydroperiod, and amphibian species richness: implications for 
 wetland regulations. Conservation Biology 14(2): 414-419. 
 
Stancyk, S.E., O.R. Talbert, and J.M. Dean. 1980. Nesting activity of the loggerhead turtle 
 Caretta caretta in South Carolina, II. Protection of nests from raccoon predation by 
 transplantation. Biological Conservation 18: 289–298. 
 
Teskey, R.O. and D.W. Sheriff. 1996. Water use by Pinus radiate trees in a plantation. Tree 
 Physiology 16:273-279. 
 
U.S. Department of Energy. 2003. Clean Water Act information brief: the Supreme Court’s 
 swancc  decision. DOE/EH-412/0016r. 
 
United States Environmental Protection Agency (USEPA). 2003. Wetlands. 
 
Whittaker, J.C. and G.A. Feldhamer. 2005. Population dynamics and activity of southern short-
 tailed shrews (Blarina carolinensis) in southern Illinois. Journal of Mammalogy 86(2): 
 294-301.  
 
Wilbur, H.M. 1975. A growth model for the turtle Chrysemys picta. Copeia 1975: 337-343. 
 
Wyman, R.L. and J. Jancola. 1992. Degree and scale of terrestrial acidification and amphibian 
 community structure. Journal of Herpetology 26: 392-401. 
 
Zug, G.R., L.J. Vitt, and J.P. Caldwell. 2001. Herpetology: an introductory biology of amphibians 
 and reptiles. Academic Press, San Diego, California, USA. 
 
 


	4.1.    Reptile counts from pitfall/funnel trap surveys on Tombigbee National Forest
	4.2.    Kruskal-Wallis results by group for pitfall-funnel trap surveys on 10 ephemeral 
	4.3.    Kruskal-Wallis results by species for pitfall-funnel trap surveys on 10 ephemeral 
	4.4.    Habitat variables measured from 10 ephemeral pool sites on Tombigbee                
	4.5.    Habitat variables reduced by principal components analysis to identify 
	4.6.    Average habitat measurements of variables from 10 ephemeral pool sites on  
	4.7.    Combined stepwise regression models of wetland and terrestrial variables for 
	Chi-Square
	P


	Amphibian species richness
	2.326
	Anuran CPUE
	6.546
	Chi-Square
	P


	Anurans
	Pseudacris crucifer
	0.231
	Pseudacris feriarum
	0.012
	Rana catesbeiana
	0.688
	Rana clamitans clamitans
	0.047
	Rana sphenocephala
	0.007
	Scaphiopus holbrookii holbrookii
	8.713
	Salamanders
	Ambystoma maculatum
	1.308
	Ambystoma opacum
	0.008
	Ambystoma talpoideum
	29.245
	Eurycea guttolineata
	0.039
	Notophthalmus viridescens louisianensis
	10.053
	Plethodon mississippi
	8.722
	Pseudotriton ruber vioscai
	2.027
	Pseudemys concinna
	Chi-Square
	P


	Reptile species richness
	4.630
	Snake CPUE
	6.750
	Turtle species richness
	2.450
	Turtle CPUE
	5.672
	Chi-Square
	P


	Lizards
	3.421
	Scincella lateralis
	3.061
	Snakes
	Agkistrodon piscivorus
	4.434
	Coluber constrictor priapus
	0.307
	Diadophis punctatus stictogenys
	2.027
	Heterodon platirhinos
	1.000
	1.000
	Lampropeltis triagulum syspila
	1.000
	Nerodia erythogaster flavigaster
	3.083
	Nerodia sipedon pleuralis
	1.000
	Storeria dekayi wrightorum
	1.000
	Thamnophis sauritus sauritus
	4.168
	0.381
	1.000
	4.687
	Terrapene carolina triunguis
	0.011
	1.000
	Trachemys scripta elegans
	1.000
	Blarina carolinensis
	Total Genus Blarina
	Peromyscus maniculatus
	Statistical Analyses
	 Average daily wind speed in the preceding 24-hr period had conflicting results for select amphibians. During trap periods, average daily wind speeds ranged from 1.3 mph-15.08 mph. Wind speed was related positively to increased capture rates of spring peeper, bufonid toads, marbled salamander, and central newts, whereas it was related negatively to captures of bronze frog and leopard frog. I hypothesized that spring peepers may not be as prone to desiccation by exposure to winds, because they remain higher in forest canopy where there is increased structural cover from vine and tree growth. These areas are potentially humid microclimates during periods and season of abundant rainfall due to vegetation cover and evapotranspiration that leads to guttation, a process by which excess water is transpired from and collected on leaf surfaces or edges (Taiz and Zeiger 2006).  This structural process may counteract potential evaporative water loss due to high winds. Fossorial habits of bufonids and salamanders help limit desiccation due to climatic variation. Increased wind speed would likely contribute to greater evaporative water loss in amphibians; however, the positive association with increased wind speed may be an indicator of impending thunderstorms. If greater wind speeds predicted increased precipitation events, amphibians should be able to increase activity with minimal threat to water loss due to exposure. Capture rates of Ranid frogs were influenced negatively by increasing wind speeds. Ranids are active predators and as such are more surface-active than some species. Increased activity may result in greater evaporative water loss when wind speeds are greater. They are also prey for many meso-mammals and larger herpetiles. Movement of vegetation associated with wind may signal presence of potential predators and cause them to react instinctively and seek refuge to avoid being eaten.
	Year
	Season
	F
	P
	F
	P


	Ambystoma talpoideum
	2.15
	Pseudacris crucifer
	4.37
	Bufo spp.
	4.20
	Gastrophryne carolinensis
	3.71
	Rana catesbeiana
	2.69
	Rana clamitans clamitans
	0.93
	Rana sphenocephala
	10.95
	Scaphiopus holbrookii holbrookii
	0.36
	Pseudemys concinna
	Year
	Season
	F
	P
	F
	P


	Anolis carolinensis
	1.49
	Agkistrodon piscivorus
	4.36
	Kinosternon subrubrum subrubrum
	1.04
	Pseudemys concinna
	F
	P
	Anurans
	Salamanders




	Ambystoma maculatum
	Lizards

	Anolis carolinensis
	Significant Comparisons (P-values)
	Anurans
	Salamanders


	Ambystoma maculatum
	Lizards

	Anolis carolinensis
	Chi-Square
	P
	Anurans
	Salamanders

	Ambystoma talpoideum
	Lizards
	Anurans
	Salamanders

	Ambystoma talpoideum
	Lizards
	Chi-Square
	P


	Anurans
	Salamanders

	Ambystoma talpoideum
	Lizards
	Anurans
	Salamanders

	Ambystoma talpoideum
	Lizards
	F
	P
	Anurans
	Salamanders



	Lizards
	Significant Comparisons (LS Means)
	Anurans
	Salamanders



	Lizards
	Statistical Analyses

	Percentage of 
	Total Captures
	N

	Blarina

