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ABSTRACT 
 
 
 

ASSESSING THE EFFECTIVENESS AND VALUES OF WETLAND HABITAT 

CREATED FOR AMPHIBIANS IN THE NANTAHALA NATIONAL FOREST IN NC 

 
Jessica Duke, M.S. 

Western Carolina University (May 2014) 

Director: Dr. Joseph Pechmann 

 
Amphibians have been declining rapidly in recent years due to many factors. One of the 

largest threats comes from alteration and destruction of both terrestrial and aquatic 

habitat. The U.S. Forest Service has been creating and restoring wetland habitat across 

the United States including the creation of 60 vernal ponds in Western North Carolina. 

These NC ponds were created to increase breeding habitat for amphibians and help curb 

further population declines. I visited 50 of the ponds in 2013 to determine if they have 

been successful at providing amphibian breeding habitat. Only 25 of the 50 ponds held 

water during the first visit in early spring. I revisited these 25 ponds three more times to 

examine amphibian presence and diversity, aquatic vegetation presence and diversity, and 

environmental factors including hydroperiod, canopy closure, and water temperature. 

Terrestrial habitat surrounding all ponds was dominated by second growth hardwood 

forests. Ten pond-breeding amphibians were observed at one or more ponds. Amphibian 

species richness increased with pond hydroperiod. The abundance of Pseudacris crucifer 

(Spring Peeper) increased with plant species richness and slope and decreased with pond 

canopy closure and distance to the nearest pond. The abundance of Rana clamitans 



	  

	  

(Green Frog) increased with increased pond hydroperiod. The abundance of Anaxyrus 

americanus (American Toad) decreased with slope and plant species richness. Future 

ponds should be created to have longer hydroperiods (but not permanent water) to 

increase amphibian species richness. The abundance of particular species may be 

influenced by manipulating other factors, including plant species richness and pond 

canopy openness. 
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INTRODUCTION 
 
 
 

Amphibian populations have been declining rapidly, more so than many other 

vertebrate groups (Stuart et. al. 2004). These declines can be attributed to a variety of 

biotic, abiotic, and anthropogenic factors. Amphibians respond to changes in the 

environment quicker than most animals due to their complex life cycles, moist permeable 

skin, and other unique traits (Stebbins and Cohen 1995). This sensitivity makes 

amphibians highly effective indicators of environmental decline. There are many factors 

contributing to amphibian declines, with habitat alteration and destruction being two of 

the leading causes (Dodd and Smith 2003). Amphibian habitat is threatened by increasing 

urban, exurban, and agricultural development in and near both terrestrial and aquatic 

environments. Habitat restoration, preservation, and creation are all keys to maintaining 

amphibian populations.  

Many amphibians require wetlands for breeding and larval development.  Adults 

of most pond-breeding species travel from their surrounding terrestrial homes to 

ephemeral ponds each year, usually coinciding with heavy rain (Piha, Luoto, and Merila 

2007). Ephemeral ponds are usually chosen instead of permanent ponds by most 

amphibian species due to their lack of predatory fish although small permanent ponds 

that lack fish are also commonly used. Many amphibians return to the same breeding site 

every year, making the preservation of these wetlands and the surrounding terrestrial 

habitat extremely important to conserving these animals (Stebbins and Cohen 1995).  

Some amphibian species are known to travel extensive distances from their 

terrestrial habitats to wetlands to breed, with the average distance traveled being about 
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100m (Colburn 2004). Migrations to, and dispersal among, breeding ponds can be 

impeded by increased fragmentation of the landscape, which can lead to a decrease in 

genetic diversity and reproduction (Gibbs 2000).  Movement of amphibians is crucial to 

the survival of species in regard to maintaining genetic diversity, reproduction, 

colonization, and maintenance of metapopulations (Semlitsch 2008).  

Island Biogeography Concepts 

Island Biogeography Theory states that species numbers increase with an increase 

in area of, and a decrease in distance between, suitable habitat patches (MacArthur and 

Wilson 1967). When applied to amphibians and their habitat, a pond and its associated 

terrestrial habitat would together be considered an “island” in the context of Island 

Biogeography Theory. A metapopulation is considered a group of populations that are 

“linked by infrequent migration between the spatially subdivided habitats that they 

occupy” (Levins 1968). Metapopulation theory states that patch occupancy is determined 

by colonization and extinction rates, which are determined by both habitat area and 

distance between suitable habitats (Marsh and Trenham 2001). Each metapopulation will 

continue to persist only if the colonization rate remains higher than the extinction rate 

(Morin 2011). In order to better conserve amphibian populations, suitable wetland and 

terrestrial habitat must be within the range of migration for different species. This 

distance to suitable terrestrial habitat and distance between ponds helps determine the 

efficacy of wetlands as breeding sites for amphibians (Colburn 2004).  

What is a Wetland? 

The term wetland can be used to describe a variety of habitats from an ephemeral 

pond to a permanent lake. Generally, a wetland is an area where water covers the soil and 
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is retained for some amount of time (Dugan 2005). The main difference between 

freshwater wetland types is determined by how long they retain water. Some wetlands 

hold water year round while others retain water seasonally, relying on rainfall. Due to the 

changes in hydrology, wetlands are generally considered a “transition zone between wet 

and dry habitat, an environment that is neither clearly terrestrial nor clearly aquatic” 

(Hammer 1988). Length of hydroperiod (short, long, or permanent) can determine which 

amphibian and plant species choose to inhabit each pond. Wetland ecosystems can also 

be influenced by landscape position, soil type, climate, water chemistry, vegetation 

presence, and human impact.  

Factors Influencing Wetland Ecology 

Landscape position can have profound influences on wetland habitat and ecology. 

Some major landscape effects include elevation, slope, and aspect. Elevation can have 

multiple effects including those on air temperature and precipitation. These differences 

can affect the breeding and metamorphosis times of amphibian species along with the 

vegetation species composition (Stage and Salas 2007).  Aspect can influence the amount 

of sun each pond receives, which in turn can also affect temperature, soil moisture, 

vegetation and amphibian presence. Slope can affect the amount of water in each pond, 

with ponds located on higher ridge tops not receiving as much water run-off from the 

surrounding landscape.  

Water chemistry also affects the quality of a wetland ecosystem. Conductivity is a 

measure of the amount of dissolved particles in water and is used to determine the 

condition of the pond, with higher conductivity indicating poor water quality. 

Conductivity can be affected by temperature, geology, rain, and evaporation (CWT 



	   15 

	  

2004). Like conductivity, pH can be affected by a variety of factors, including plant litter, 

precipitation, heavy metals, and pollution (Perlman 2013). Extreme low and high pH 

values can have negative impacts on amphibian larval development resulting in failure to 

hatch or even death (Warner and Dunson 1998). Surrounding vegetation can shade the 

pond, reducing water temperature and potentially causing higher pH, due to higher leaf 

litter in the pond. Ponds in full sun tend to have higher water temperature, which can be 

associated with higher aquatic plant species diversity, along with promoting quicker 

growth and development of amphibians (Biebighauser 2011).  

Wetland Vegetation 

 For a wetland to be considered functional, it should have established aquatic 

vegetation, including many wetland indicator species, such as sedges and cattails, and 

evidence of use by aquatic wildlife and insects (Biebighauser 2011). Aquatic vegetation 

contributes food for aquatic wildlife, oxygenates water, cycles nutrients, and filters 

pollutants. Many amphibian species, including Spotted Salamanders (Ambystoma 

maculatum) and Spring Peepers (Pseudacris crucifer), often attach their egg masses to 

aquatic vegetation. Both aquatic and edge vegetation also provide shelter for adult 

amphibians, helping prevent desiccation and provide a refuge from predators. The plant 

growth found in and around ponds “appears to reflect both the hydroperiod and the extent 

of canopy closure over the pond during the growing season” (Colburn 2004). Closed 

versus open canopy ponds also affect the amount of aquatic vegetation found in and 

around ponds; fully shaded ponds generally lack aquatic vegetation (Colburn 2004). 

Canopy cover over ponds can also affect the suitability of a pond for amphibians. Closed 

canopy ponds may have poorer conditions for amphibian larvae, resulting in lower 
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growth rate and increased competition between tolerant and less tolerant species when 

compared to more open canopy ponds (Werner and Glennemeier 1999 and Skelly et. al. 

2005).  

Humans and Wetlands 

Wetlands historically have been viewed as swamps that hold stagnant, disease-

ridden water that were of no real importance to the surrounding landscape (Dahl and 

Allord 1997). This ideology led to the destruction of over fifty percent of the world’s 

natural wetlands, and this destruction has continued to increase with urban expansion in 

most areas (Dugan 2005).  

Beginning in the 1800’s, colonists began moving into the Appalachian Mountains, 

leading to increased wetland destruction in this area between 1800 and 1860 (Dahl and 

Allord 1997). Most land that was suitable for agriculture and settlement in Western North 

Carolina was in low-lying areas that typically were inundated with water. In order to use 

the land for their personal benefit, settlers drained many of these wetland areas and 

installed permanent underground pipes to prevent water from accumulating (Doreen 

Miller, personal communication). Farmers also diverted streams and creeks, making the 

true percentage of lost natural wetlands difficult to calculate (Biebighauser 2011). Most 

of the wetland drainage done by farmers was never publically documented, although the 

disappearance of historic wetlands is evident.  

Beginning in the mid to late 1900’s, increased awareness about wetland 

destruction resulted in laws that protect wetlands across the U.S., including the Clean 

Water Act of 1972 and the Emergency Wetland Resources Act of 1986 (Dahl and Allord 

1997). 	  These Federal and State policies led to the protection and restoration of many 
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wetlands across the United States; however, these new policies are not sufficient to 

conserve wetlands and the plants and animals that reside in and around them (Gibbs 

2000).  

The U. S. Army Corps of Engineers identifies wetlands eligible for protection by 

three criteria: presence of wetland vegetation, wetland soil, and hydrological standards 

(Mitsch and Gosselink 2007). All three of these criteria must be met for an area to be 

considered a true wetland and thereby eligible for federal protection. Another criterion 

often considered is wetland size, which is typically one of the main criteria for 

determining if a wetland is valuable to an ecosystem (Snodgrass et. al. 2000a). This 

usually excludes small wetlands from federal protection because they are assumed to 

have shorter hydroperiods and fewer amphibian species than larger wetlands (Snodgrass 

et. al. 2000a and Babbitt 2005). Although the U.S. and its constituent states have passed 

wetland protection laws, wetland habitat is still threatened by destruction, increased 

urbanization, and pollution, furthering the need for continued monitoring, restoration, and 

creation of these ecosystems.  

Wetland Restoration 

In the wake of past and ongoing wetland destruction on public and private lands, 

the USDA Forest Service has been restoring and creating wetland habitat; 60 ponds were 

created in the Nantahala National Forest to increase breeding habitat for amphibians 

(Figure 1). Since these ponds were created, there has been little monitoring to determine 

how successful the project has been. In general, monitoring is needed to determining how 

to create, maintain, and restore threatened wetlands and conserve the many declining 

species of amphibians. 
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Figure 1: Map of 50 created ponds that were visited for my research in the 
Nantahala National Forest.  
 

 

 

Purpose of Research 
My research addressed the following questions:  1) Has the creation of ponds in 

the Nantahala National Forest successfully restored amphibian habitat as measured by a) 

presence and diversity of regionally expected amphibian species, and b) presence of 

aquatic vegetation? 2) Does amphibian diversity or the presence of particular amphibian 

species correlate with pond hydroperiod, elevation, aquatic vegetation, or other pond 

characteristics? 3) Does amphibian species diversity or presence fit expectations of island 

biogeography theory; i.e. does diversity decrease with distance to other breeding ponds or 

increase with pond size? Assessing of these ponds will allow the Nantahala National 

Forest to evaluate their restoration efforts and guide future wetland creation and 

restoration projects. 
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METHODS 

 

 In order to address my research questions and determine the efficacy and value of 

these created ponds, I collected data on aquatic vegetation, physical characteristics, 

landscape position, and amphibian use of the ponds. Each pond was visited four times, 

beginning in April 2013 and continuing through October 2013 (Table 1). Ponds that were 

dry upon the first visit in the spring were not visited again, although I did analyze 

possible reasons why they failed to retain water.  

 

 

Table 1: Research timeline 

Round	   #	  visited	   Months	   Measure	  

1	   50	   April-‐May	   Amphibian	  Sampling;	  Water	  Depth;	  Pond	  Size	  

2	   25	  
June-‐Mid	  
July	  

Amphibian	  Sampling;	  Water	  Depth;	  Aquatic	  
Veg.;	  pH;	  Conductivity	  

3	   25	  
late	  July-‐
Aug.	   Amphibian	  Sampling;	  Water	  Depth	  

4	   25	   Sept.-‐Oct.	   Amphibian	  Sampling;	  Water	  Depth	  
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Study Area:  Southern Appalachian Mountains 

The Appalachian Mountains are the oldest mountain range in North America, 

with the Southern Appalachian Region being one of the most biologically diverse areas in 

the world (Clark 2001). This region includes the following states: Alabama, Georgia, 

North Carolina, Tennessee, Kentucky, Virginia, and West Virginia (Yarnell 1998).  

In the Southern Appalachians the most common forest type at low to mid 

elevations is southern hardwood forest with species including oak, tulip poplar, hickory, 

locust, and maple (Whittaker 1967). High elevation forests are usually dominated by 

spruce and fir.  

Historic, natural wetlands in the Southern Appalachians include bogs, fens, and 

riparian wetlands. Bogs and fens generally are characterized by peat deposits that retain 

water (Wieder 1985). Bogs, unlike fens, rely on precipitation and water run-off to fill, 

making their environment fairly acidic and less conducive to plant growth (Wieder 1985). 

Fens are fed primarily from groundwater, making them less acidic than bogs and 

allowing for the growth and existence of a more diverse plant and animal assemblage 

(Warren II, Pittillo, and Rossell 2004). Riparian wetlands are found near streams due to 

the presence of a high water table allowing for water accumulation (Mitsch and 

Gosselink 2007).  These three unique habitats can be found in forested areas and 

meadows, at high to low elevations. 

The Southern Appalachians are also home to the highest diversity of amphibians 

in North America; 67 species of salamander and 17 species of frogs exist in this region 

(Niemiller and Reynolds 2011, Dorcas et. al. 2007, Beane et. al. 2010, Jensen et. al. 2008, 
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Mount 1975, Appendix D). It is important to note that most of these species were not the 

target of building of the created ponds and were not expected to be seen in my research.  

Pond Creation 

 All of the ponds were created using heavy machinery and lined with five bags of 

bentonite clay to retain water (Doreen Miller, personal communication). Ponds were on 

average 28-37 m2 in area and 0.9-1.2 m maximum depth (Doreen Miller, personal 

communication). No inflow/outflow system was established, so each pond relies on 

heavy rain to be filled. The ponds were created over multiple years (Doreen Miller, 

personal communication); ages range between 7 and 10 years. These ponds also differ in 

elevation, slope, and aspect.  

Terrestrial Habitat 

Although I did not explicitly study the terrestrial habitat, data were collected at 

each pond location to characterize the general trends in terrestrial habitat among the 

ponds. Field observations indicated that most ponds were surrounded by, or located near, 

second growth hardwood forests. Common tree species around ponds included 

Lirodendron tulipifera (Tulip Poplar), Quercus rubra (Red Oak), Quercus alba (White 

Oak), Acer rubrum (Red Maple), Robinia pseudoacacia (Black Locust), and Sassafras 

albidum (Sassafrass). 

 General terrestrial habitat for the areas surrounding each pond was determined 

from a 2006 landcover classification of the Southern Appalachians region of the United 

States using National Land Cover Database (NLCD) (Cymerman 2011). This file allowed 

a general terrestrial assessment to be done by plotting all 50 created ponds over this 30m 

2006 landcover layer in ArcGIS 10.1 (Appendix A).  The landcover GIS layer analysis 
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confirmed that most of the 50 ponds were located in deciduous to mixed forests 

(Appendix A).  

Aquatic Vegetation Presence 

Vegetation was identified at each pond in order to help determine if the ponds 

have been successful at creating amphibian breeding habitat, if the presence of vegetation 

correlates with amphibian presence, and to determine if any of the ponds were dominated 

by 50% wetland plant species. Presence of aquatic vegetation was determined along 

transects that spanned the maximum length and maximum width of the pond. Points were 

established at 1 m increments over the transect lines, and a quadrant (1m x 1m) (Battaglia 

and Collins 2006) was established around each point. Each plant within each quadrant 

was identified to species and classified by its association with wetlands (Table 2). In 

order to be considered a jurisdictional wetland, 50% of the dominant plants in an area 

must be classified as FAC, FACW, or OBL (Table 2; Lyon 1993).   

 

Table 2: Classification of Vegetation 
ID	   Definition	  
Obligate	  Wetland	  (OBL)	  	   Plants	  that	  are	  normally	  found	  in	  wetlands	  (99%	  of	  time)	  
Facultative	  Wetland	  
(FACW)	  	   Plants	  that	  usually	  found	  in	  wetlands	  (67-‐99%	  of	  time)	  
Facultative	  (FAC)	   Plants	  likely	  to	  be	  found	  in	  wetlands	  (34-‐66%	  of	  time)	  

Faculatative	  Upland	  (FACU)	  
Plants	  that	  sometimes	  are	  found	  in	  wetlands	  (1-‐33%	  of	  
time)	  

Upland	  (UPL)	   Plants	  that	  are	  normally	  found	  in	  uplands	  (99%	  of	  time)	  
  

 

Pond edge vegetation was also surveyed in 1 x 1 m quadrats at each of the four 

points where the transects established for the aquatic vegetation survey met the edge of 

the pond. These four end points were located in each of the cardinal directions. Due to 
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their difficulty in identification, some grass, sedge, rush, and sphagnum species were only 

identified to the genus level. Percent tree canopy cover was estimated from the middle of 

each pond using a densiometer (Gustafson et. al. 2009). 

Pond Physical Characteristics and Landscape Position 

 Pond physical characteristics and landscape position were determined to see if 

there was a relationship to amphibian species presence. I measured pond area, water 

depth, water temperature, pH, conductivity, and hydroperiod at each pond. I determined 

pond area by measuring the length and width of each pond and calculating the area using 

the equation for an ellipse (π x r1 x r2). At each visit, water depth was measured 10cm 

from the edge, half way between the middle and edge in each cardinal direction, and the 

middle. Hydroperiod was estimated using the water depth data collected from each visit 

and given a score between 0-4 corresponding to how many visits the pond held water. 

Water temperature, conductivity, and pH readings were taken from three locations 

(middle, half-way to the north, and half-way to the south) with a YSI multiprobe meter 

during the second round of field work (June 2013-Mid July 2013) only.  

Elevation, slope, and aspect were determined from 6m pixel Light Detection And 

Ranging (LIDAR) data obtained from the North Carolina Floodplain Mapping Program 

in 2007. Slope and aspect were calculated using ArcGIS’s Spatial Analysis.  Elevation, 

aspect, and slope were extracted from the appropriate dataset for each pond site. Aspect is 

considered circular data and in order for it to be used as a predictor variable, it had to be 

transformed using a trigonometric function proposed by Roberts in 1986 to create two 

variables (northness and eastness). Northness was determined by the cosine of aspect, 

while eastness was determined by the sine of aspect (Roberts 1986). For northness, any 
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value that is in the north direction will take on values near 1, while south directions will 

take on values near -1 and east and west directions will correspond to values near 0 

(Roberts 1986). For eastness, east-facing directions will take on values near 1 (Roberts 

1986).  

Amphibian Presence 

Amphibians were identified at each pond to determine the success of each created 

pond at establishing adequate breeding habitat (Table 3). Presence was determined by 

sampling amphibians during each visit to the ponds. The re-sampling allowed species that 

breed at the ponds during different times to be detected (Snodgrass et. al. 2000b). A dip-

net was used to capture larval and adult amphibians at each pond. Time-constrained dip-

net surveys, which allowed inferences on occupancy and relative abundances of species 

(Skelly and Richardson 2010), were conducted during each visit; care was taken to cover 

all areas of the pond equally. Dip-net time was based on water depth (Table 4). An area-

constrained search for adult amphibians was done during each pond visit.  An assistant or 

I searched under vegetation and debris 1m from the pond edge around the entire pond.  

Most species identification was done while in the field, although some larvae were 

transported back to the lab to confirm identification.  All amphibians not transported to 

the lab were released at the site of capture immediately after identification. Amphibian 

abundance was determined by counting up the individual number of each species found 

at each site and dividing that number by the total number of amphibian species found at 

each site, which allowed for each species abundance to be calculated for each site.  
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Table 3: Pool of possible pond breeding amphibians that could have been present in the 
created wetlands. Note that breeding times can be later than listed at higher elevations 
(Lannoo 2005). 

Species	   Common	  Name	  
Breeding	  
Time	  

Rana	  sylvatica	   Wood	  Frog	   Feb.-‐March	  
Rana	  clamitans	   Green	  Frog	   April-‐August	  
Rana	  catesbeiana	   Bullfrog	   April-‐August	  
Rana	  palustris	   Pickerel	  Frog	   Feb.-‐April	  
Anaxyrus	  americanus	   American	  Toad	   Feb.-‐April	  
Anaxyrus	  fowleri	   Fowler's	  Toad	   April-‐July	  
Hyla	  chrysoscelis	   Cope's	  Gray	  Treefrog	   April-‐August	  
Pseudacris	  crucifer	   Spring	  Peeper	   Nov.-‐April	  
Ambystoma	  talpoideum	   Mole	  Salamander	   Oct.-‐March	  
Ambystoma	  opacum	   Marbled	  Salamander	   Sept.-‐Nov.	  
Ambystoma	  maculatum	   Spotted	  Salamander	   Dec.-‐March	  
Notophthalmus	  viridescens	   Red-‐spotted	  Newt	   Feb.-‐March	  

 
 
 
Table 4: Time-Constrained Dip-Net times based on water depth. 

Water	  Depth	  Range	   Dip-‐Net	  Time	  

≥	  2	  ft	   15	  min	  

≥	  1	  ft	  but	  ≤	  2	  ft	   7.5	  min	  

≤	  1	  ft	   3.75	  min	  
 

 

Statistical Methods 

NMDS 

Non-metric Multidimensional Scaling (NMDS) ordination (PC-Ord) based on 

species’ abundances (Bray-Curtis similarities) or presence (Jaccard similarities) was used 

to reveal patterns in amphibian community composition among 23 created ponds that 

contained amphibians.  In these ordinations, ponds with more similar amphibian 

communities are closer in graphical space.  Correlations were run between environmental 
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variables, hydroperiod, pH, water temperature, canopy closure, plant species richness, 

slope, and distance between ponds, and ordination scores (X and Y axes) for each pond to 

help interpret the ordination. 

Multiple Regression 

 I used a multiple regression to examine the relationship between pond 

characteristics and both amphibian abundance and species richness. As amphibian 

abundance is a count, each value was square root transformed. A correlation matrix was 

calculated to determine which of the pond characteristics measured during the field study 

(hydroperiod, pond area, pH, water temperature, conductivity, elevation, canopy closure, 

plant species richness, number of facultative plants, number of obligate plants, slope, 

aspect (eastness and northness), pond age, and distance between ponds) were correlated. 

If any predictor variables were correlated, I dropped one of the variables. Akaike 

Information Criterion values were used for model selection with the model with the 

lowest AIC value being used. The program R was used to perform all statistical tests and 

to produce each graph.  

Added Variable Plots 

 All graphs for each multiple regression were done as added variable plots. This 

allowed me to take into account the effect of the predictor variable of interest on the 

associated response variable while accounting for the other independent variables. These 

added variable plot graphs were created by running a regression with the response 

variable against all independent variables except the predictor variable being plotted, and 

obtaining the residuals. Another regression was run with the predictor variable under 

consideration used as the response variable and run against all other independent 
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variables, and the residuals obtained. The two sets of residuals were then plotted against 

each other to create each graph.  

Logistic Regression 

 I used logistic regression to examine pond characteristics (elevation, slope, aspect 

(northness and eastness), and percent clay in the soil) that contribute to 1) the probability 

of a pond holding water and 2) the probability that the pond dried sometime during my 

research. A stepwise selection approach was used to choose each model, with the best 

model having the lowest AIC value. The program R was used to perform the statistical 

test and produce associated graphs.  

Detection Probabilities 

 Detection probabilities could not be calculated for amphibian species based on the 

sampling method used in my research. In order to accurately determine detection 

probabilities, each pond would have needed to be visited multiple times in each season. 

Due to time constraints, number of ponds in sample sets, and the distance between ponds, 

I was unable to calculate detection probabilities.  

Island Biogeography 

Does amphibian species diversity or presence fit expectations of Island 

Biogeography; i.e. does diversity decrease with distance to breeding habitat or increase 

with pond size? Island Biogeography expectations were determined by examining pond 

isolation and size using a multiple regression. Although colonization and extinction 

probabilities are normally included when estimating Island Biogeography, the length of 

this project did not allow these parameters to be estimated accurately (Marsh and 

Trenham 2001). Terrestrial habitat was not assessed in these analyses. Natural wetlands 
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were also not included in the analysis since many species of amphibians will breed in 

very small pools that are undetectable using wetland maps, and it was beyond the scope 

of this project to locate all breeding sites using field surveys. The program R was used to 

create species-area curves showing the relationship between pond area and both 

amphibian species richness and plant species richness. Distance between ponds was 

determined using GIS and the relationship between distance and amphibian species 

richness and abundance was determined in the multiple regression.  
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RESULTS 

 

 

Amphibian Species 

Of the 12 pond-breeding amphibian species proposed to be in the Nantahala 

National Forest (Table 3), I found 10 species during my field study. Ambystoma 

talpoideum (Mole salamander) and Ambystoma opacum (Marbled salamander) were not 

located during my study. Both are rare in the study area and it is not surprising that they 

were not collected in this study. Amphibian species richness was determined for all 

twenty-five ponds (Table 5); Ray Branch 2 (RB2) had the highest species richness (8) 

and three ponds had no pond-breeding amphibian species detected (TR5, FC2, and FC3). 

These three ponds with a 0 score for amphibian species richness were not included in 

either the NMDS or the Multiple Regression analysis. 
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Table 5: Amphibian species richness and hydroperiod for all twenty-five created ponds.  

Pond Amphibian Species 
Richness Hydroperiod 

PC1 6 4 
PC2 3 3 
PC3 3 2 
PC4 6 4 
ND3 1 2 
TR13 4 3 
TR6 3 3 
TR5 0 2 
TR8 3 3 
TR1 6 4 
TR2 3 3 

WCG 6 4 
CL1 4 4 
CL2 5 4 
CL3 6 4 
T2 3 2 
T3 5 3 
T6 3 2 

MK1 3 3 
WRd1 5 4 
FC1 2 4 
FC2 0 4 
FC3 0 2 
RB2 8 4 

Cow1 5 4 
 

 

 

Plant Species 

 I identified 70 different plant species during the vegetation assessment. Of these, 

34 species classified as either OBL, FAC, or FACW were found (Table 2).  
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Correlation Matrix 

 A correlation matrix was calculated to examine possible correlations among the 

environmental variables measured (Table 6). The matrix showed that plant species 

richness, number of facultative wetland plant species, and number of obligate wetland 

plant species were significantly correlated; thus, plant species richness was used as a 

predictor variable and the two wetland plant variables dropped. Plant species richness 

was chosen over number of wetland plants because amphibian species use all types of 

vegetation, and are not constrained to just wetland vegetation. The correlation matrix also 

showed a correlation between canopy closure, elevation, and conductivity. Conductivity 

and elevation were dropped as predictor variables while canopy closure was included in 

the data analysis. Conductivity and elevation were dropped because both values did not 

have much variation among the twenty-five ponds measured. There was a significant 

correlation between pond area and hydroperiod (p = 0.0075); consequently, pond area 

was dropped as a possible predictor variable for amphibian species richness and 

abundance. Hydroperiod and eastness were also correlated. As other literature suggests 

hydroperiod is an important predictor variable, aspect (eastness and northness) was 

dropped as a predictor variable. Pond age was determined for all twenty-five ponds, 

however it was dropped as a predictor variable due to the low variation in age among the 

successful created ponds. 
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Table 6: Correlation matrix comparing the pond characteristics measured in my study 
using pairwise two-sided p-values.  

  Canopy Cond Eastness Elevation Hydro Distance Northness # FAC #OBL 
Pond 
Area Slope 

Veg 
Rich 

Water 
Temp pH 

Canopy 
 

0.0373 0.7526 0.0044 0.7491 0.214 0.6087 0.9701 0.156 0.5133 0.8778 0.5063 0.2646 0.3506 

Cond 0.0373 
 

0.883 0.0419 0.531 0.5528 0.084 0.0241 0.8992 0.1472 0.3289 0.707 0.1356 0.3882 

Eastness 0.7526 0.833 
 

0.5716 0.043 0.9162 0.6926 0.3571 0.6616 0.7209 0.7802 0.261 0.1032 0.703 

Elevation 0.0044 0.0419 0.5716 
 

0.134 0.2732 0.3864 0.5937 0.4944 0.3823 0.7546 0.989 0.7937 0.6093 

Hydro 0.7491 0.531 0.2192 0.134 
 

0.8201 0.7663 0.8732 0.136 0.0075 0.1301 0.1859 0.1301 0.9614 

Distance 0.214 0.5528 0.9162 0.2732 0.8201 
 

0.6566 0.2681 0.363 0.062 0.21 0.9364 0.1799 0.5252 

Northness 0.6087 0.084 0.6926 0.3864 0.7663 0.6566 
 

0.0006 0.7054 0.5444 0.2416 0.7682 0.9407 0.8007 

# FAC 0.9701 0.0241 0.3571 0.5937 0.8732 0.2681 0.0006 
 

0.0485 0.3883 0.3378 0.0372 0.8136 0.3532 

# OBL 0.156 0.8992 0.6616 0.4944 0.136 0.363 0.7054 0.0485 
 

0.2992 0.9892 0.0585 0.2031 0.4799 

Pond 
Area 0.5133 0.1472 0.7209 0.3823 0.0075 0.062 0.5444 0.3883 0.2292 

 
0.096 0.2391 0.1834 0.6191 

Slope 0.8778 0.3289 0.7802 0.7546 0.1301 0.21 0.2416 0.3378 0.9892 0.096 
 

0.1272 0.9962 0.971 

Veg Rich 0.5063 0.707 0.261 0.989 0.1859 0.9364 0.7682 0.0372 0.0585 0.2391 0.1272 
 

0.8892 0.092 

Water 
Temp 0.2646 0.1356 0.1032 0.7937 0.1301 0.1799 0.9407 0.8136 0.2031 0.1834 0.9962 0.8892 

 
0.492 

pH 0.3506 0.3882 0.703 0.6093 0.9614 0.5252 0.8007 0.3532 0.4799 0.6191 0.971 0.092 0.492   

 
 

 

NMDS 

NMDS depicted the variation in amphibian species composition among the 25 

created ponds, both weighting species by their abundances (Figure 2) and by simple 

presence or absence (Figure 3). Ponds with more similar species composition plot occur 

closer together in the ordination. For abundance-weighted data, the first and second axes 

of variation in species composition were most strongly correlated with distance to the 

nearest pond and canopy closure, respectively. For the presence-absence data, the first 
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and second axes of variation in species composition were most strongly correlated with 

water temperature and distance to the nearest pond, respectively.  

 

 

 
Figure 2: Graphic of NMDS showing the variation in amphibian species 
composition, weighted by abundance, among twenty-five created ponds. Distance 
between ponds reflects similarity in species composition. See table 7 for axis 
correlates. Final stress = 17.2 
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Table 7: Pearson Kendall Correlations for NMDS analysis of Amphibian Abundance 
Data 
Axis	   1	   2	  
	  	   	  	   	  	  
Hydroperiod	   0.038	   0.289	  
pH	   0.31	   0.091	  
Water	  Temperature	   -‐0.243	   -‐0.42	  
Plant	  Species	  Richness	   0.24	   0.172	  
Canopy	  Closure	   0.19	   0.406	  
Nearest	  Pond	   0.465	   -‐0.203	  
Slope	   0.146	   0.041	  
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Figure 3: Graphic of NMDS showing the variation in amphibian species composition 
among twenty-five created ponds. Distances between ponds reflect similarity in presence 
or absence of amphibian species. See table 8 for axis correlates. Final stress = 26.6 
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Table 8: Pearson Kendall Correlations for NMDS analysis of Amphibian Species 
Richness Data 
Axis	   1	   2	  
	  	  

	   	  Hydroperiod	   0.325	   -‐0.163	  
pH	   -‐0.34	   0.16	  
Water	  Temperature	   -‐0.444	   -‐0.141	  
Plant	  Species	  Richness	   -‐0.132	   0.199	  
Canopy	  Closure	   -‐0.09	   0.242	  
Nearest	  Pond	   -‐0.214	   0.37	  
Slope	   0.239	   0.226	  

 

 

Multiple Regression: Amphibian Species Richness vs. Pond Characteristics 

The only statistically significant pond characteristic for determining amphibian 

species richness was hydroperiod (Table 9). As hydroperiod increased, amphibian species 

richness increased (Fig. 4).   

 

Table 9: Multiple regression results for the relationship between amphibian species 
richness and pond characteristics. * indicates P < 0.05 

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   -‐2.25E+00	   2.90E+00	   -‐0.776	   0.45062	  
Canopy	  Closure	   -‐4.13E-‐01	   8.61E+01	   -‐0.48	   0.63873	  
Hydroperiod	   1.45E+00	   3.94E-‐01	   3.692	   0.00242*	  

Water	  Temperature	   9.56E-‐02	   7.18E-‐02	   1.331	   0.20453	  
Plant	  Species	  Richness	   1.29E-‐01	   7.12E-‐02	   1.818	   0.09055	  

pH	   -‐3.26E-‐01	   3.69E-‐01	   -‐0.884	   0.20453	  
Slope	   -‐6.13E-‐03	   3.87E-‐02	   -‐0.158	   0.87648	  

Nearest	  Pond	   -‐2.62E-‐05	   6.93E-‐05	   -‐0.378	   0.71081	  
 



	   37 

	  

 
Figure 4: The relationship between hydroperiod and amphibian species richness. Both 
variables were adjusted for other pond variables. The gray portion of the graph 
corresponds to the 95% confidence interval.  
 
 
 
Multiple Regression: Amphibian Abundance vs. Pond Characteristics 
 
 None of the pond characteristics was a statistically significant predictor of total 

amphibian abundance, although the p-value for water temperature was close (Table 10).  

There was a trend towards capturing more amphibians in warmer ponds (Figure 5). 
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Table 10: Multiple regression results for the relationship between total amphibian 
abundance and pond characteristics. 

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   0.8732009	   0.9958803	   0.877	   0.395	  
Canopy	  Closure	   -‐0.3559268	   0.2956554	   -‐1.204	   0.249	  
Hydroperiod	   -‐0.2122134	   0.1351974	   -‐1.57	   0.139	  
Nearest	  Pond	   0.0000344	   0.0000238	   1.445	   0.17	  

Slope	   -‐0.0222106	   0.0132887	   -‐1.671	   0.117	  
Plant	  Species	  Richness	   0.0374996	   0.0244416	   1.534	   0.147	  
Water	  Temperature	   0.0463779	   0.0246581	   1.881	   0.081	  

pH	   0.1862577	   0.1266206	   1.471	   0.163	  
 
 
 
 
 

 
Figure 5: The relationship between water temperature and total amphibian abundance 
(square root transformed). Both variables were adjusted for other pond characteristics. 
The gray portion of the graph corresponds to the 95% confidence interval.  
 
 
 
 
Multiple Regression: Specific Amphibian Species vs. Pond Characteristics 

Rana palustris and Anaxyrus fowleri were not analyzed individually by multiple 

regression because these species were only found at one of the ponds. Of the eight 

amphibian species examined, only 3 species showed any statistically significant 
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correlation with the pond characteristics measured: A. americanus, P. crucifer, and R. 

clamitans. Three of the remaining species showed nearly significant relationships with 

the measured pond characteristics (Hyla chrysoscelis, Ambystoma maculatum, and Rana 

catesbieana).  

Anaxyrus americanus 

Plant species richness and slope were negatively related to the abundance of A. 

americanus at the created ponds (Table 11, Fig. 6). There was a nearly significant (P = 

0.0574) negative relationship between A. americanus abundance and nearest pond 

distance (Table 10).  

 

 

Table 11: Multiple regression results for the relationship between A. americanus 
abundance and pond characteristics. * indicates P < 0.05  

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   9.45E-‐01	   7.38E-‐01	   1.28	   0.2214	  
Canopy	  Closure	   8.07E-‐02	   2.19E-‐01	   0.368	   0.7183	  
Hydroperiod	   -‐8.93E-‐02	   1.00E-‐01	   -‐0.891	   0.388	  
Nearest	  Pond	   -‐3.65E-‐05	   1.76E-‐05	   -‐2.07	   0.0574	  

Slope	   -‐2.16E-‐02	   9.85E-‐03	   -‐2.189	   0.0461*	  
Plant	  Species	  Richness	   -‐4.58E-‐02	   1.81E-‐02	   -‐2.528	   0.0241*	  
Water	  Temperature	   9.05E-‐03	   1.83E-‐02	   0.495	   0.6281	  

pH	   4.14E-‐02	   9.39E-‐02	   0.441	   0.6657	  
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Figure 6: The relationship between A. americanus abundance (square root transformed) 
and slope (A) and plant species richness (B). Variables were adjusted for the other pond 
characterisitics. The gray portion of the graph corresponds to the 95% confidence 
interval. 
 

 

Pseudacris crucifer 

The abundance of P. crucifer decreased with canopy closure and increased with 

distance to the nearest pond, slope, and plant species richness (Table 12, Figure 7).  
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Table 12: Multiple regression results for the relationship between P. crucifer abundance 
and pond characteristics. * indicates P < 0.05  

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   -‐3.44E-‐02	   6.60E-‐01	   -‐0.052	   0.95924	  
Canopy	  Closure	   -‐5.54E-‐01	   1.96E-‐01	   -‐2.825	   0.01351*	  
Hydroperiod	   -‐1.45E-‐02	   8.96E-‐02	   -‐0.161	   0.87401	  
Nearest	  Pond	   6.01E-‐05	   1.58E-‐05	   3.812	   0.00191*	  

Slope	   2.02E-‐02	   8.81E-‐03	   2.297	   0.03757*	  
Plant	  Species	  Richness	   3.92E-‐02	   1.62E-‐02	   2.416	   0.02992*	  
Water	  Temperature	   2.37E-‐02	   1.64E-‐02	   1.447	   0.16989	  

pH	   -‐1.42E-‐01	   8.39E-‐02	   -‐1.694	   0.1124	  
 
 
 
 
 
 

 

 
Figure 7: The relationship between P. crucifer abundance (square root transformed) and 
canopy closure (A), nearest pond distance (B), slope (C), and plant species richness (D). 
All variables were adjusted for the other pond characteristics. The gray portion of the 
graph corresponds to the 95% confidence interval.  
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Rana clamitans 
The abundance of R. clamitans increased with pond hydroperiod (Table 13, 

Figure 8).  

 

Table 13: Multiple regression results for the relationship between R. clamitans abundance 
and pond characteristics. * indicates P < 0.05 

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   -‐2.45E-‐01	   4.98E-‐01	   -‐0.492	   0.63	  
Canopy	  Closure	   8.98E-‐02	   1.48E-‐01	   0.607	   0.5536	  
Hydroperiod	   1.73E-‐01	   6.77E-‐02	   2.55	   0.0229*	  
Nearest	  Pond	   -‐5.02E-‐06	   1.19E-‐05	   -‐0.422	   0.6796	  

Slope	   1.18E-‐02	   6.65E-‐03	   1.769	   0.0987	  
Plant	  Species	  Richness	   -‐7.20E-‐03	   1.22E-‐02	   -‐0.589	   0.5654	  
Water	  Temperature	   -‐8.32E-‐03	   1.23E-‐02	   -‐0.674	   0.5111	  

pH	   -‐4.11E-‐03	   6.34E-‐02	   -‐0.065	   0.9492	  
 

 

 
Figure 8: The relationship between R. clamitans abundance (square root transformed) and 
hydroperiod. Both variables were adjusted for other pond variables. The gray portion of 
the graph corresponds to the 95% confidence interval. 
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Hyla chrysoscelis 

 None of the variables were statistically significant predictors of H. chrysoscelis 

abundance (Table 14). Trends for a positive relationship between H. chrysoscelis 

abundance and canopy closure and a negative relationship between H. chrysoscelis 

abundance and nearest pond distance approached significance (Table 14) 

 

 

Table 14: Multiple regression results for the relationship between H. chrysoscelis 
abundance and pond characteristics.  

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   -‐4.65E-‐01	   5.31E-‐01	   -‐0.875	   0.3963	  
Canopy	  Closure	   2.95E-‐01	   1.58E-‐01	   1.873	   0.0822	  
Hydroperiod	   1.13E-‐01	   7.21E-‐02	   1.567	   0.1393	  
Nearest	  Pond	   -‐2.36E-‐05	   1.27E-‐05	   -‐1.856	   0.0846	  

Slope	   -‐3.25E-‐03	   7.09E-‐03	   -‐0.458	   0.6541	  
Plant	  Species	  Richness	   1.70E-‐02	   1.30E-‐02	   1.3	   0.2145	  
Water	  Temperature	   2.14E-‐02	   1.32E-‐02	   1.625	   0.1266	  

pH	   -‐5.92E-‐02	   6.75E-‐02	   -‐0.876	   0.3957	  
 

 

Ambystoma maculatum 

No variables indicated any statistically significant association with A. maculatum 

abundance, however, pH showed a nearly significant negative relationship to the 

abundance of A. maculatum (Table 15).  
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Table 15: Multiple regression results for the relationship between A. maculatum 
abundance and pond characteristics.  

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   6.18E-‐01	   3.44E-‐01	   1.798	   0.0938	  
Canopy	  Closure	   -‐6.74E-‐02	   1.02E-‐01	   -‐0.66	   0.5199	  
Hydroperiod	   5.72E-‐02	   4.67E-‐02	   1.225	   0.2409	  
Nearest	  Pond	   -‐1.37E-‐05	   8.22E-‐06	   -‐1.669	   0.1173	  

Slope	   -‐3.95E-‐03	   4.59E-‐03	   -‐0.861	   0.4035	  
Plant	  Specie	  Richness	   6.81E-‐03	   8.44E-‐03	   0.807	   0.4331	  
Water	  Temperature	   -‐9.26E-‐03	   8.51E-‐03	   -‐1.088	   0.2949	  

pH	   -‐8.75E-‐02	   4.37E-‐02	   -‐2.002	   0.0651	  
 

 

Rana catesbieana 

No variables indicated any statistically significant association with R. catesbieana 

abundance, however, water temperature showed a nearly significant negative relationship 

to the abundance of R. catesbieana (Table 16). 

 

 

Table 16: Multiple regression results for the relationship between R. catesbieana 
abundance and pond characteristics.  

	  
Estimate	   Std.	  Error	   t-‐value	   p-‐value	  

Intercept	   5.99E-‐01	   3.33E-‐01	   1.801	   0.0933	  
Canopy	  Closure	   -‐1.06E-‐01	   9.88E-‐02	   -‐1.067	   0.3038	  
Hydroperiod	   1.54E-‐03	   4.52E-‐02	   0.034	   0.9733	  
Nearest	  Pond	   -‐1.05E-‐05	   7.95E-‐06	   -‐1.316	   0.2094	  

Slope	   -‐4.73E-‐03	   4.44E-‐03	   -‐1.066	   0.3045	  
Plant	  Species	  Richness	   4.47E-‐03	   8.17E-‐03	   0.548	   0.5926	  
Water	  Temperature	   -‐1.68E-‐02	   8.24E-‐03	   -‐2.042	   0.0605	  

pH	   -‐1.92E-‐02	   4.23E-‐02	   -‐0.454	   0.6569	  
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Species-Area Relationship 

 The species area relationship showed the expected positive relationship between 

amphibian species richness and pond area, but the slope was not quite significantly 

different from zero (Fig. 9, P = 0.0543). 

 

 

 

 
Figure 9: Species area relationship showing the log of amphibian species richness 
compared to log of pond area. Equation of line: log (amphibian species richness) = 
0.2218±0.1831 SE + 0.2863±0.1401 SE [log (pond area)]; p = 0.0543; The gray portion 
of the graph corresponds to the 95% confidence interval.  
 
 
 
 The slope of the relationship between log plant species richness and log pond area 

was not distinguishable from zero (p = 0.31, Fig. 10). 
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Figure 10: Species area relationship showing the log of plant species richness compared 
to log of pond area. Equation of line: log (plant species richness) = 0.8851±0.1785 SE + 
0.1421±0.1366 SE [log (pond area)]; p = 0.31; The gray portion of the graph corresponds 
to the 95% confidence interval. 
 
 
 
 
 
Logistic Regression: Probability of a Pond Holding Water 

The only statistically significant pond characteristic for determining the 

probability of a pond holding water was Northness (Table 17, Fig. 11).   

 

Table 17: Logistic regression results for the relationship between water retention and 
pond characteristics.  
	  	   Estimate	   SE	   z	   P	  

(Intercept)	   0.91262	   0.56465	   1.616	   0.106	  
Northness	   1.04131	   0.47685	   2.184	   0.029	  
Slope	   -‐0.07134	   0.04101	   -‐1.739	   0.082	  
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Logistic Regression: Probability of Pond Drying 

 The only statistically significant pond characteristic for determining the 

probability of a pond drying sometime during my research was Eastness (Table 18, Fig. 

11). 

 

Table 18: Logistic regression results for the relationship between pond drying and pond 
characteristics. 
	  	   Estimate	   SE	   z	   P	  

(Intercept)	   0.1779	   0.4456	   0.399	   0.6896	  

Eastness	   1.3238	   0.5897	   2.245	   0.0248	  
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Figure 11: A. The relationship between water retention and northness. B. The relationship 
between pond drying and eastness. The gray portion of the graph corresponds to the 95% 
confidence interval. 
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DISCUSSION 

 

Variables Affecting Amphibian Species Richness 

Hydroperiod 

Hydroperiod was a defining correlate of amphibian species richness. The six 

ponds with the highest amphibian species richness (RB2, PC1, PC4, TR1, WCG, and 

CL3) all received the highest hydroperiod score of four, meaning that these six ponds 

retained water for all four visits. Amphibian breeding and oviposition are seasonal, with 

most occurring in spring and early summer, although some species begin breeding in 

winter (Ambystoma maculatum) or fall (Ambystoma opacum) (Stebbins and Cohen 1995). 

Ponds that hold water for a longer period of time provide more amphibian species the 

opportunity to breed in them.   

Amphibians also require a certain amount of time as aquatic larvae before they 

are able to metamorphose. For example, Wood Frogs (Rana sylvatica) can take between 

65-130 days, while American Toads (Anaxyrus americanus) will begin to metamorphose 

7-9 weeks after hatching (Wright and Wright 1949). Amphibians with longer aquatic 

larval periods, such as the wood frog, require ephemeral ponds to remain filled with 

water for longer periods. Ponds with shorter hydroperiods restrict the amphibian species 

that are able to breed and persist in a given pond by possibly preventing reproductive 

success (Brown et. al. 2012). Overall, the longer a pond retains water short of 

permanence, the higher the chance of seeing all species expected in a given area. 

Permanent ponds usually support fewer amphibian species due to the presence of 

predators, including dragonfly larvae and fishes (Brown et. al. 2012). 
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Other studies have also seen a positive correlation between longer hydroperiod 

and amphibian species richness. Paton and Egan (2003) found that hydroperiod was an 

important variable determining amphibian community structure and that ponds with a 

hydroperiod that extended into the Fall tended to have the most species, whereas ponds 

with a short or medium hydroperiod (drying between June and September) tended to have 

unique species not found in permanent ponds. My findings in conjunction with those of 

others suggest that in order to increase both the abundance and diversity of amphibian 

communities, pond creation should focus on creating ponds with varying hydroperiods to 

encompass multiple amphibian species habitat preferences.   

Plant Species Richness 

The weak, but positive relationship between amphibian species richness and 

increased plant species richness warrants comment. Vegetation can create an important 

microhabitat for amphibians, by providing protection against predators and providing 

sites for egg attachment (Batzer and Baldwin 2012). Amphibian species, including 

Cope’s Gray Tree Frog, Spring Peepers, and Spotted Salamanders, are all known to 

attach their eggs masses to submerged aquatic vegetation, making the presence of either 

aquatic vegetation or other woody debris necessary for egg hatching success (Minton 

2001; Nyman 1987).  

Variables Affecting Total Amphibian Abundance  

The water temperature of a pond can be influenced by a variety of factors 

including surrounding vegetation, which can shade the pond and reduce water 

temperature. Ponds located in full sun tend to have higher water temperature, which 

promotes quicker growth and development of larval amphibians (Biebighauser 2011, 
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Bancroft et. al. 2008, Sanuy, Oromi, and Galofre 2008). This positive trend is directly 

related to the physiology of amphibians, which are ectothermic and rely on the 

surrounding environmental temperatures for thermoregulation (Sanuy, Oromi, and 

Galofre 2008). Placing ponds in open canopy areas could help increase water 

temperatures at the constructed ponds benefitting amphibian growth and development.  

Species Specific Affects  

A. americanus 

A. americanus (American Toad) tadpoles were found at 8 of the 25 created ponds 

that held water. No newly metamorphosed or adult American Toads were found during 

my study.  

A. americanus vs. Slope 

 The relationship I found between increased American Toad abundance and 

decreased pond slope has been documented in several other studies It is important to also 

remember that slope and aspect were correlated, with the north direction being positively 

correlated with slope. Taking aspect into account when analyzing the relationship with 

American Toad abundance suggests that American Toad’s prefer ponds located on south 

facing slopes, probably due to more direct sunlight creating warmer temperatures in both 

the pond and the surrounding environment, which is preferred by American Toads (Fitch 

1958). 

A. americanus vs. Plant Species Richness 

 As the plant species richness increased at the ponds, the abundance of American 

Toads decreased. American Toads do not typically attach their eggs to submerged aquatic 

vegetation, so the presence of a diversity of aquatic vegetation is not needed, instead 
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American Toads will often lay their eggs along the bottom of a pond (Wright and Wright 

1949). American Toads also have no need for vegetation for use in refuge from predators 

because their larvae are typically unpalatable to many predators (Adams, Saenz, and 

Conner 2011). 

A. americanus vs. Nearest Pond 

 As the distance to the nearest pond increased, the abundance of A. americanus 

decreased. This negative relationship can be explained the average migration distances 

for American Toads, typically <1,000 m (Ewert 1969). American Toad’s were mainly 

found at ponds that were located between 30-1100m from the nearest other constructed 

pond probably because American Toad’s will breed in any area that retains water, such as 

roadside ditches and puddles (Wright and Wright 1949). 

P. crucifer 

P. crucifer (Spring Peeper) tadpoles and metamorphs were found at 12 of the 25 

created ponds that held water. No adult Spring Peepers were found during my study.  

P. crucifer vs. Canopy closure 

 As the canopy closure increased at the ponds, the abundance of Spring Peepers 

decreased. Other studies have also found that P. crucifer prefer ponds with more open 

canopies, preferably due to these ponds having warmer water temperatures which help 

increase larval development time, along with also increasing wetland productivity (Skelly 

et. al. 2005).  

P. crucifer vs. Nearest Pond 

 As the distance to other created ponds increased, the abundance of Spring Peepers 

increased. A study done by Shulse et. al. on the effects on amphibians at created ponds 
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found a similar negative relationship between Spring Peeper’s and short distance to other 

natural wetlands (Shulse et. al. 2010). Their study showed a strong negative relationship 

to wetland habitat being located within the Spring Peepers forested terrestrial habitat, 

suggesting that this species requires a more “intact core terrestrial habitat” and that the 

presence of wetlands within this habitat can have negative effects on overall abundance 

(Shulse et. al. 2010 and Knutson et. al. 1999). Another possible explanation for this 

relationship is that natural wetlands were excluded from my study, possibly masking the 

true relationship between P. crucifer and distance to other ponds.  

P. crucifer vs. Slope 

 As the slope at the created ponds increased, Spring Peeper abundance increased. 

As stated above, slope and aspect are positively correlated suggesting that Spring Peepers 

prefer ponds located on north facing slopes, which receive less direct sunlight creating a 

cooler, moisture habitat that is preferred by Spring Peepers (Minton 2001). 

P. crucifer vs. Plant Species Richness 

 As the plant species richness at the ponds increased, Spring Peeper abundance 

increased. Spring Peepers will attach their eggs to submerged aquatic vegetation, so the 

presence of vegetation in a pond is a must (Minton 2001). Along with egg attachment, 

both adult and juvenile Peepers prefer habitats dominated by grasses, cattails, and 

sphagnum, further showing their need for a diversity of plant species and supporting the 

positive correlation seen in my results (Wright and Wright 1949). Other studies have also 

documented the presence and high abundance of Spring Peepers at wetlands with a high 

amount of vegetation, which could serve as protection from predatory species (Shulse et. 

al. 2010).  
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R. clamitans 

R. clamitans (Green Frog) tadpoles, metamorphs, and a few adults were found at 

14 of the 25 created ponds that held water.  

R. clamitans vs. Hydroperiod 

 As pond hydroperiod increased at the created ponds, Green Frog abundance 

increased. Green Frogs, like Bullfrogs, prefer to breed in permanent ponds due to the 

tendency for their tadpoles to overwinter and then metamorphose the following spring, 

which helps explain the positive correlation seen in my results (Wright and Wright 1949, 

Mitchell and Anderson 1994).  

R. clamitans vs. Slope 

As the slope of a pond increased, the abundance of Green Frogs increased. As 

stated earlier, slope and aspect were highly correlated, showing that Green Frogs prefer 

ponds located on more north facing slopes.  

Near Significant Amphibian Species Responses  

Hyla chrysoscelis 

 H. chrysoscelis (Cope’s Gray Treefrog) tadpoles and metamorphs were found at 

17 of the 25 created ponds that held water. Egg masses were also found at several 

locations, although they were not included in the abundance data. No adult Spring 

Peepers were found during my study.  

H. chrysoscelis vs. Canopy Closure 

 As canopy closure increased at the created ponds, the abundance of the Cope’s 

Gray Treefrog increased. This positive correlation with increased canopy cover can be 

explained by examining the habitat preference for adult Cope’s Gray Treefrogs. H. 
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chrysoscelis spend most of their adult life in terrestrial habitat characteristic of heavily 

wooded areas and only migrate to ephemeral ponds during the breeding season (Collins 

and Conant 1998). This preference for closed-canopy forested areas explains the increase 

in H. chrysoscelis larvae and metamorphs found in ponds with a higher percentage of 

closed canopy cover.   

H. chrysoscelis vs. Nearest Pond 

 As the distance to the nearest pond increased, the abundance of the Cope’s Gray 

Treefrog decreased. Cope’s Gray treefrogs migrate during their breeding season between 

April-August (Table 3). After metamorphosis, Cope’s Gray Treefrogs usually migrate < 

1100m (0.7mi) from their breeding ponds (Roble 1979). This correlates directly to the 

data acquired in this field study showing the highest abundance of H. chrysoscelis 

occurring at ponds that were located within a short distance to other created ponds (30-

1000m).  

Ambystoma maculatum 

 A. maculatum (Spotted Salamander) tadpoles were found at 7 of the 25 created 

ponds that held water. No adults or egg masses were found during my study.  

A. maculatum vs. pH 

As the pH at the created ponds increased, the abundance of Spotted Salamanders 

decreased. Many studies have looked at the effects of extreme levels of pH on the 

hatching and metamorphosis success of larval amphibians along with retarding 

development (Carey and Bryant 1995). While most studies focus on the effects of low 

pH, other studies suggest that negative responses can also be seen at higher pH levels. A 

study done by Bonker et. al. in 2002 looked at the effect of pH on the abundance of A. 
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maculatum egg mass abundance. Their study found that as the pH of the pond increased, 

the number of A. maculatum egg mass clusters decreased.  

The near significance of pH with the abundance of the Spotted Salamander (p-

value = 0.0651) can be explained by looking at the rather small variation in pH among 

the 7 ponds where A. maculatum was found (pH = 3.81-7.45). The pond with the highest 

abundance of A. maculatum had a pH of 4.73, while the lowest abundance occurred at a 

pH of 5.85 and 7.45. The pH was measured only once during my field study, which could 

have impacted the accuracy of the correlation between A.maculatum abundance and pH, 

since pH is variable and can change on a day-to-day basis.  

Rana catesbieana 

R. catesbieana (Bullfrog) tadpoles and adults were found at 4 of the 25 created 

ponds that held water. No egg masses were found during my study. 

R. catesbieana vs. Water Temperature 

As the water temperature at the ponds increased, the abundance of Bullfrogs 

decreased. Bullfrog larvae and adults typically prefer open canopy ponds with warmer 

water temperatures because of their preference of body temperatures between 26-33°C 

(Lillywhite 1970). In my study, the Bullfrog was only found in 4 ponds, with the highest 

abundance occurring in a pond with a fairly low water temperature of 16.36°C. The 

unexpected negative relationship seen in my results (Table 16) can be explained by the 

small sample size of ponds containing Bullfrogs. Bullfrogs have many other habitat 

requirements that may have restricted their presence at the other 24 ponds including 

requiring permanent ponds to breed and ponds that are placed in open canopies.  
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Species that Lacked a Response 

The Wood Frog (R. sylvatica) and the Eastern Red Newt (N. viridescens) showed 

no significant relationship between abundance and the pond characteristics measured. 

These amphibian species are typically considered generalists, which could explain some 

of the lack of significance seen. The Wood Frog (R. sylvatica) tends to breed anywhere 

there is available water, including roadside ditches (Redmer 2002). Since the Wood Frog 

is such a generalist, it makes sense that it would not be constrained by any of the pond 

characteristics measured. The lack of statistical significance for N. viridescens could stem 

from the fact that fewer newts were found at each of the created ponds. Of the 22 ponds 

containing amphibian species, only 9 ponds were found to contain N. viridescens.  

Pond Area vs. Amphibian and Plant Species Richness 

Since pond area was correlated with hydroperiod, it was dropped as a predictor 

variable in this study for the multiple regression looking at the effects of all measured 

pond characteristics. Other similar studies have shown that hydroperiod has a stronger 

influence on amphibian species richness and wetland function than the overall size of the 

wetland (Babbitt 2005), which further verified dropping pond area as a variable. Pond 

area was included in the species-area curves done to examine how richness of amphibian 

and plant species is affected by pond size. Pond area was shown to have a positive 

significant relationship with amphibian species richness, while showing a positive, yet 

non-significant correlation with plant species richness (Figure 9 and 10). These findings 

fit perfectly with the concept of Island Biogeography, the larger the island or in this case, 

pond, the greater the potential for colonization of a species.  
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 In regard to the effects of pond area on amphibian species richness, this can be 

partially explained by looking at competition among amphibian species. Most ponds in 

my study were colonized by at least three or more different amphibian species (Table 5). 

This co-occurrence of amphibian species is quite common in ponds, however, the 

potential exists for competition for space and resources among closely related species 

(Colburn 2004). Smaller sized ponds increase the interactions among different amphibian 

species ultimately leading to increased competition and possibly resulting in a fewer 

number of species that are able to occupy a certain pond.  

Although smaller pond area could result in increased competition, this is not 

always the case. Amphibian breeding, egg hatching, and metamorphose times are 

extremely variable among species, resulting in the offset of interactions among many 

amphibian species that colonize a particular pond and thereby reducing competition that 

would result otherwise (Colburn 2004). Increasing pond size could help minimize 

interactions among species with similar breeding times allowing for adequate habitat and 

resources, along with increasing the hydroperiod of the ponds, which was shown to be a 

significant predictor of both amphibian species richness and species specific abundances.  

Distance Between Ponds vs. Amphibian Species Richness 

 Although pond area is extremely important in regards to species richness, distance 

between ponds is usually thought of as an equally important variable (MacArthur and 

Wilson 1967). In my study, there was no relationship between amphibian species richness 

and distance to the nearest successful created pond. Rather, in contrast to Island 

Biogeography theory, the distance to the nearest pond was negatively correlated with 

amphibian species richness. Other studies have also seen both a negative relationship and 
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lack of significance between amphibian species richness and pond distance (Gage 2011). 

The importance of terrestrial distance and characteristics relates directly to the need for 

corridors during migration between breeding and terrestrial habitat, implying that 

amphibians are impacted more by the hazards faced during migration than the actual 

distance between ponds.  

One reason for the lack of correlation between distance and species richness in 

my study could be due to the lack of inclusion of natural wetlands in the area. The 

timeframe for my project did not allow for a direct terrestrial assessment of the area 

surrounding each pond to be done during my field study, so no natural wetlands were 

observed or plotted. Although GIS was used to map each pond, GIS layers were not 

detailed enough to locate all natural ponds that could be used as breeding habitat for 

amphibians due to their small size. Along with natural wetlands, a detailed assessment of 

the surrounding terrestrial habitat was not included in this study. Overall, it seems that 

amphibian species richness is more greatly influenced by pond area and hydroperiod than 

the overall distance between breeding ponds.  

True Functional Wetlands 

 One of the interests in my study was to determine if the created ponds had 

become established, functional wetlands since their creation. According to Lyon 1993, 

three main criteria must be met in order for an area to be identified as a wetland. These 

criteria include: 1) hydric soils; 2) soils that show evidence of hydrological conditions 

associated with flooding or ponding; and 3) at least 50% of the dominant plants found at 

the site are considered wetland species (FAC, FACW, or OBL) (Lyon 1993). Each of the 

25 ponds that retained water was assessed using the above criteria and none of the created 
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ponds met all three requirements. I used the USDA website to determine a soil profile for 

all 25 ponds showing no gley or mottling associated with permanent or intermittent 

flooding (Appendix B).  

 Further, only four of the 25 ponds (PC2, CL1, CL2, and WRd1) contained at least 

50% wetland plant species. Six of the remaining ponds had a wetland plant percentage 

that was at least 40%, which suggests these ponds could potentially become dominated 

by wetland species. Because no vegetation was planted upon establishment, it is not 

surprising that the percentage of wetland species at most ponds was quite low. The 

placement of a pond in an area that was not previously a wetland would lower the chance 

of the soil containing wetland vegetation. Dispersal of seeds from nearby wetlands would 

also be minimal due to the lack of many natural wetlands in the areas the ponds were 

constructed.  

 Although none of the created ponds are considered to be true wetlands, amphibian 

species presence and abundance does not seem to be constrained by this lack of 

delineation. Most amphibians require only a small area to breed and lay their eggs and 

based on this study, abundance and species richness of amphibians is not based on the 

abundance of wetland plant species present at a given site.  

Restoration Failures  

 Only half of the 50 ponds visited during my study retained water during the first 

spring visit. Possible reasons for their failure included: failed hydrology, landscape 

position, and pond washout. Of the 25 ponds that did retain water, three never contained 

pond-breeding amphibian species. Possible reasons why they did not provide adequate 

habitat for amphibian species included pond placement in relation to canopy closure, 
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water temperature, size, and hydrology. Ponds that did not contain water or lacked 

amphibian species were considered failures.   

Ponds That Failed to Retain Water  

Failed Hydrology 

 One of the biggest reasons for pond failure is the inability to retain water 

(Biebighauser 2007). These failed ponds do not hold water long enough for hydric soils 

to develop (Biebighauser 2007). One of the biggest reasons for failed hydrology is the 

type of soil originally found in an area. For the Nantahala created ponds, most ponds 

were created off of Forest Service roads in areas previously harvested by timber sales. 

Finding areas with the optimal wetland soil type in the Nantahala National Forest seemed 

to be one of the most challenging problems faced during pond creation (Doreen Miller, 

Personal Communication). Two main wetland soils found in Macon County, NC include 

Nikwasi (NkA) and Toxaway (ToA). These two soils are highly impermeable and ideal 

for placement of created wetland habitat. The issue during pond creation was that of the 

2200 acres of optimal soil in Macon County, NC only 46 acres were located in the 

Nantahala National Forest and could be used for possible wetland creation (Doreen 

Miller, Personal Communication). As you can see by looking at the soil profile obtained 

for all 50 ponds (Appendix B), none of the created ponds were found on the optimal 

wetland soils Nikwasi or Toxaway. For this reason, 5 bags of bentonite clay was added to 

each pond upon creation, however, it seems that this addition did not improve the soil 

conditions for at least 25 of the created ponds. Many of the 25 ponds that failed to retain 

water in the spring appeared to have pond basins that had washed, possibly due to the 

bentonite not bonding to the soil correctly and causing the ponds to wash out during 
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heavy rain events (Doreen Miller, Personal Communication and Observation). 

Biebighauser (2011) advocated against the use of bentonite clay in ponds due to the 

variability in clay content in the sold bags of soil. Also, this thin layer of bentonite does 

not seem to provide the amount of clay that is sufficient to allow the pond to retain water, 

and will eventually be penetrated and cause the wetland to no longer retain water 

(Biebighauser 2011). Placing ponds in areas with high clay content is the best approach 

for water retention.  

Another reason for hydrology failure is water leakage under the dam, if present 

(Biebighauser 2007). This leak can be caused by a variety of problems including: tree or 

shrub roots growing into the dam, burrows created in the dam by animals such as the 

crayfish, or through sand and gravel layers present in the dam (Biebighauser 2007). The 

good news for these failed ponds is that any one of the above causes of leaks is fairly 

easy to amend.  

Landscape Position  

 My results suggest that ponds located on south facing slopes have a higher 

probability of never retaining water than ponds located on north facing slopes. Ponds 

placed on south facing slopes receive more direct sunlight than ponds placed on north 

facing slopes, promoting drying, unless ponds are either placed in partial closed canopy 

or are created deep enough to retain water regardless of sun exposure.  

Ponds Lacking Amphibians  

When taking into account canopy closure, pond area, hydroperiod, and water 

temperature, it is not surprising that ponds FC2 and FC3 did not contain pond-breeding 

amphibians. These two ponds had high canopy closure (85%, 100%), small area (6.3m2, 
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3.9m2) little vegetation, and low water temperature (13.5°C, 13.02°C) all of which can 

have significant impacts on the survival and success of amphibian species. 

Pond TR5 seemed to be the perfect pond location, except for hydroperiod. It 

seemed that TR5’s pond basin had washed out since creation, resulting in a shorter 

hydroperiod (score of 2), along with significantly lower water levels during the two visits 

that the pond did contain water. Lower water levels could prevent the survival of both the 

eggs and larval amphibian species due to desiccation, decreased water quality, and 

competition for both nutrients and space.  

Restoration Success 

 Of the 25 ponds that retained water, 22 were found to have pond-breeding 

amphibians using the habitat. Out of the 50 ponds visited, this shows a 44% success rate 

at establishing appropriate amphibian breeding habitat. No expectation towards 

abundance of each species or particular species presence was established by the USDA 

Forest Service to determine success. Pond-breeding amphibians listed in the species pool 

(Table 4) mimic the same target species listed by the USDA Forest Service upon creation 

of each pond (Doreen Miller, Personal Communication).  

 Overall, however, the created ponds were fairly successful. Almost all possible 

amphibian species were found to be using these ponds, which is a success, in regards to 

conserving both declining habitat and amphibian species. Hopefully improvements to 

pond creation can be made to increase the success of this mitigation approach.  

Future Wetland Restoration 

 Based on the analysis of my data, future ponds should be constructed to have 

longer hydroperiods and larger pond areas. This would allow more amphibian species the 
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option of breeding in a given pond. I am not suggesting that ponds be created to be 

permanent, which could lead to colonization of predatory fish and predatory amphibian 

species such as the Bullfrog, but at least increasing the hydroperiod to extend into mid-

late summer, which would encompass a large portion of breeding and metamorphosis 

times for pond breeding amphibians. Constructing ponds on soils with higher clay 

percentage would allow for increased hydroperiod.  

Creating more ponds with a variety of hydroperiods is another way to increase the 

amphibian species richness at the created ponds. Some species, such as the Green Frog, 

need ponds with a longer hydroperiod in order for their larvae to complete 

metamorphosis. Other species like the Bullfrog are also known to reside in permanent 

ponds due to their tendency for their tadpoles to overwinter (Wright and Wright 1949). 

Some species, such as the American Toad, hatch and metamorphose quickly compared to 

other species and therefore are not constrained by ponds with shorter hydroperiods.  

Along with hydroperiod, my data suggest that planting aquatic vegetation could 

be beneficial to increasing amphibian species richness along with species-specific 

abundances by creating much-needed microhabitat within each pond. Many of the ponds 

were created far from any natural wetland, so natural establishment of aquatic vegetation 

was slow to minimal.  Planting of some type of aquatic vegetation could help with initial 

pond establishment by helping prevent pond washout due to erosion. Biebighauser (2007) 

warns against planting too much vegetation upon establishment until the pond has 

established its overall hydrology. Early planting of aquatic vegetation could result in the 

plants remaining un-submerged by water and ultimately leading to the death of the 

vegetation and the loss of money and time. After pond hydrology has been established, 
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planting species of sedges, rush, and grasses could have positive impacts on pond animals 

and overall pond success. Also, seeding ponds upon creation could be another cheap, but 

effective way to establish vegetation upon pond creation.  

Establishing ponds in varying canopy openness to provide optimal habitat for a 

variety of amphibian species is also recommended. As was seen in my data, Cope’s Gray 

Treefrogs prefer ponds with a more closed canopy, which is not necessarily true for other 

amphibian species. For example, the Spring Peepers in my study were negatively affected 

by increased canopy cover. Other amphibian species such as the Wood Frog and Spotted 

Salamander seem to be generalists when it comes to canopy closure and will reside in 

ponds with varying degrees of closure (Skelly et. al. 2005).  

Taking soils samples of potential pond creation sites is a must before creation 

(Biebighauser 2007). Failure to build ponds on optimal soil types (clay or silt soils) can 

lead to either ponds that never retain water or ponds that washout quickly during heavy 

rain. If the site does not have enough clay in the soil, a plastic liner can be placed in the 

area to allow for water retention. Removing gravel or sandy soils upon creation is another 

way to prevent leakage of water from the surrounding dam (Biebighauser 2007).  

Taking measures to prevent the washout of ponds is another way to prevent pond 

failure. Many of the ponds that were dry in the wet spring season appeared to have 

washed out since creation. Along with these dry ponds, many of the ponds with shorter 

hydroperiods and very low water volume also appeared to have pond basins that had 

washed out since creation. Preventing pond washout can be as simple as establishing 

vegetation upon creation to hold the soil in place and prevent washout during heavy rain. 
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Biebighauser (2007) also suggests directing overflow water properly to avoid water 

channels opening in the dam.  

I also suggest being aware of aspect position when choosing the location for pond 

placement. As my data show, ponds located on more north facing slopes had a 70-75% 

probability of retaining water as opposed to ponds located on south facing slopes, which 

sometimes never held water. In regard to a pond drying seasonally, aspect can also be 

taken into account. Ponds that were located in a more east facing direction had a tendency 

to dry some time during the course of my study, while ponds located to the west seemed 

to retain water during the entire course of my study. Since amphibian species respond 

differently to the hydroperiod of a pond, aspect could be an important factor in helping 

create ponds with a variety of hydroperiods that can encompass the many habitat 

requirements of the pond breeding amphibian species that use these ponds.  

While amphibian species-specific responses were not outlined as goals for the 

creation of the Nantahala ponds, I think it is good to note that future ponds could be 

created with specific species in mind. As my data suggests, different amphibian species 

have specific habitat qualifications, such as the hydroperiod of a pond or the degree of 

canopy closure over a pond. This suggests that pond creation could be designed for the 

conservation of certain species.  

 Last, but not least, increased monitoring of created ponds is a must for continuing 

to improve both the quality of existing ponds and for studying how to better create ponds 

in the future. Monitoring is very rarely included in funds that accompany the restoration 

of an area, but it is one of the most vital parts of a project. I encourage continued seasonal 
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monitoring of these wetlands to ensure that they continue to provide much needed 

breeding grounds for the amphibians they were created to conserve. 

Wetland creation is a needed area of restoration and the creation of the ponds in 

the Nantahala National Forest show just how promising the creation of vernal ponds can 

be. Although not considered true wetlands by delineation standards, these ponds can 

contribute a valuable habitat for a variety of organisms by filling a niche that has been 

lost due to increased urban development and expansion. Continued collaborations with 

pond creators and biologists is needed to ensure that improvements continue to be made 

to how vernal ponds are created in order to best accomplish the goal at hand.  
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APPENDIX	  A	  

	  

Table	  A1:	  Terrestrial	  Assessment	  of	  all	  50	  Created	  Ponds.	  

Pond_ID	   Habitat	  Value	   Landscape	  
Moss	  Knob	  #1	   71	   Grassland/Herbaceous	  
Frady	  Creek	  #1	   43	   Mixed	  Forest	  
Frady	  Creek	  #2	   43	   Mixed	  Forest	  
Frady	  Creek	  #3	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #1	   31	   Barren	  Land	  (Rock/Sand/Clay)	  
Trimont	  Ridge	  #2	   71	   Grassland/Herbaceous	  
Trimont	  Ridge	  #4	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #6	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #5	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #7	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #8	   41	   Deciduous	  Forest	  
Washboard	  #1	   41	   Deciduous	  Forest	  
Washboard	  #2	   41	   Deciduous	  Forest	  
Washboard	  #4	   41	   Deciduous	  Forest	  
Washboard	  #5	   41	   Deciduous	  Forest	  
Cliffside	  Lake	  1	   41	   Deciduous	  Forest	  
Cliffside	  Lake	  2	   41	   Deciduous	  Forest	  
Cliffside	  Lake	  3	   41	   Deciduous	  Forest	  
Choga	  Butt	  Knob	  #1	   41	   Deciduous	  Forest	  
Choga	  Butt	  Knob	  #2	   41	   Deciduous	  Forest	  
Trimont	  #1	   41	   Deciduous	  Forest	  
Trimont	  #2	   31	   Barren	  Land	  (Rock/Sand/Clay)	  
Yellow	  Patch	  #1	   41	   Deciduous	  Forest	  
Yellow	  Patch	  #2	   41	   Deciduous	  Forest	  
Yellow	  Patch	  #3	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #13	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #9	   41	   Deciduous	  Forest	  
Trimont	  Ridge	  #12	   41	   Deciduous	  Forest	  
Trimont	  #3	   41	   Deciduous	  Forest	  
Trimont	  #4	   41	   Deciduous	  Forest	  
Trimont	  #6	   41	   Deciduous	  Forest	  
Cowee	  #1	   41	   Deciduous	  Forest	  
Cowee	  #2	   41	   Deciduous	  Forest	  
Cowee	  #3	   41	   Deciduous	  Forest	  
Cowee	  #4	   41	   Deciduous	  Forest	  
May	  Branch	  #1	   43	   Mixed	  Forest	  
May	  Branch	  #2	   41	   Deciduous	  Forest	  
May	  Branch	  #3	   41	   Deciduous	  Forest	  
May	  Branch	  #4	   41	   Deciduous	  Forest	  
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Nantahala	  Dam	  Rd	  #1	   41	   Deciduous	  Forest	  
Nantahala	  Dam	  Rd	  #3	   41	   Deciduous	  Forest	  
Partridge	  Creek	  #1	   41	   Deciduous	  Forest	  
Partridge	  Creek	  #2	   41	   Deciduous	  Forest	  
Partridge	  Creek	  #3	   41	   Deciduous	  Forest	  
Partridge	  Creek	  #4	   41	   Deciduous	  Forest	  
Ray	  Branch	  #1	   41	   Deciduous	  Forest	  
Ray	  Branch	  #2	   21	   Developed,	  Open	  Space	  
Ray	  Branch	  #3	   71	   Grassland/Herbaceous	  
Wet	  Camp	  Gap	   41	   Deciduous	  Forest	  
FS	  #4667	   41	   Deciduous	  Forest	  
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APPENDIX	  B	  

Table	  B1.	  Soil	  profile	  for	  25	  created	  ponds	  that	  retained	  water.	  	  

Soil Type 
Hyrdologic 
Soil Group Slope Ponding Flooding 

Drainage 
Class 

Available 
Water 

Capacity %Clay %Sand %Silt 
Soco-Stecoah Complex 

(SoF) A-B 50-95% none none well-drained low-moderate 11.5 67.5 21 
Soco-Stecoah Complex 

(SoE) A-B 30-50% none none well-drained low-moderate 11.5 67.5 21 
Cheoah Channery 

Loam (ChF) A 50-95% none none well-drained moderate 11.5 45.3 43.2 
Cheoah Channery 

Loam (ChF) A 50-95% none none well-drained moderate 11.5 45.3 43.2 
Cheoah channery loam 

(ChF) A 50-95% none none well-drained moderate 11.5 45.3 43.2 
Evard-Cowee Complex 

(EvD) B 15-30% none none well-drained low-moderate 12.5 45.7 41.8 
Evard Cowee Complex 

(EvD) B 15-30% none none well-drained low-moderate 12.5 45.7 41.8 
Evard Cowee Comple 

(EvF) B 50-95% none none well-drained low-moderate 12.5 45.7 41.8 
Evard Cowee Complex 

(EvD) B 15-30% none none well-drained low-moderate 12.5 45.7 41.8 
Trimont Gravelly Loom 

(TrE) B 30-50% none none well-drained moderate 14 44.8 41.2 
Evard Cowee Complex 

(EvD) B 15-30% none none well-drained low-moderate 12.5 45.7 41.8 

Burton-Craggey-Rock 
outcrop complex (BuD) B-D 8-30% none none 

well-
drained-

excessively 
drained very low-low 11.5 65.7 22.8 

Tuckasegee-Cullasaja 
Complex (TsC) A 8-15% none none well-drained low-moderate 16 68 16 

Edneyville-Chestnut 
Complex (EdC) A-B 8-15% none none well-drained low-moderate 11.5 67.5 21 

Tuckasegee-Cullasaja 
Complex (TsC) A 8-15% none none well-drained low-moderate 16 68 16 

Evard-Cowee Complex 
(EvF) B 50-95% none none well-drained low-moderate 12.5 45.7 41.8 

Evard-Cowee Complex 
(EvD) B 15-30% none none well-drained low-moderate 12.5 45.7 41.8 

Saunook Gravelly 
Loom (SbD) B 15-30% none none well-drained low-moderate 13.5 45 41.5 

Saunook Gravelly 
Loom (SbD) B 15-30% none none well-drained moderate 13.5 45 41.5 

Evard-Cowee Complex 
(EvE) B 30-50% none none well-drained low-moderate 12.5 45.7 41.8 

Cullasaja-Tuckasegee 
Complex (CuC) A 8-15% none none well-drained low-moderate 21 65.3 13.7 

Cullasaja-Tuckasegee 
Complex (CuD) A 15-30% none none well-drained low-moderate 26.5 55.8 17.7 

Cullasaja-Tuckasegee 
Complex (CuD) A 15-30% none none well-drained low-moderate 26.5 55.8 17.7 
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Table	  B2:	  Soil	  profile	  for	  25	  failed	  ponds	  that	  failed	  to	  retain	  water.	  	  

Tuckasegee-Cullasaja 
Complex (TsC) A 8-15% none none well-drained low-moderate 16 68 16 

Evard-Cowee Complex 
(EvE) B 30-50% none none well-drained low-moderate 12.5 45.7 41.8 

Pond Soil Type 
Hyrdologic 
Soil Group Slope Ponding Flooding 

Drainage 
Class 

Available 
Water 
Capacity %Clay %Sand %Silt 

TR4 
Trimont Gravelly Loam 
(TrE) B 30-50% none none 

well-
drained moderate 19.6 60.6 19.8 

TR7 
Evard-Cowee Complex 
(EvD) B 15-30% none none 

well-
drained moderate 17.1 62.6 20.4 

WRd2 
Evard-Cowee Complex 
(EvE) B 30-50% none none 

well-
drained moderate 17.1 62.6 20.4 

WRd4 
Evard-Cowee Complex 
(EvD) B 15-30% none none 

well-
drained moderate 17.1 62.6 20.4 

WRd5 
Evard-Cowee Complex 
(EvD) B 15-30% none none 

well-
drained moderate 17.1 62.6 20.4 

CBK1 
Wayah Sandy Loam 
(WeF) A 30-50% none none 

well-
drained moderate 10.2 74.6 15.3 

CBK2 
Wayah Sandy Loam 
(WeD) A 15-30% none none 

well-
drained moderate 10.2 74.6 15.3 

T1 
Evard-Cowee Complex 
(EvE) B 30-50% none none 

well-
drained moderate 17.1 62.6 20.4 

YP1 
Edneyville-Chestnut 
Complex (EdE) A 30-50% none none 

well-
drained moderate 12.9 68.9 18.2 

YP2 
Edneyville-Chestnut 
Complex (EdD) A 15-30% none none 

well-
drained moderate 12.9 68.9 18.2 

YP3 
Edneyville-Chestnut 
Complex (EdD) A 15-30% none none 

well-
drained moderate 12.9 68.9 18.2 

TR9 
Evard-Cowee Complex 
(EvD) B 15-30% none none 

well-
drained moderate 17.1 62.6 20.4 

TR12 
Evard-Cowee Complex 
(EvE) B 30-50% none none 

well-
drained moderate 17.1 62.6 20.4 

T4 
Evard-Cowee Complex 
(EvD) B 15-30% none none 

well-
drained moderate 17.1 62.6 20.4 

C2 
Evard-Cowee Complex 
(EvE) B 30-50% none none 

well-
drained moderate 17.1 62.6 20.4 

C3 
Edneyville-Chestnut 
Complex (EdE) A 30-50% none none 

well-
drained moderate 12.9 68.9 18.2 

C4 
Edneyville-Chestnut 
Complex (EdE) A 30-50% none none 

well-
drained moderate 12.9 68.9 18.2 

MB1 
Cheoah Channery 
Loam (ChF) A 50-95% none none 

well-
drained moderate 13.9 52.5 33.6 

MB2 
Soco-Stecoah Complex 
(SoE) B 30-50% none none 

well-
drained low 11.5 67.5 21 

MB3 
Soco-Stecoah Complex 
(SoE) B 30-50% none none 

well-
drained low 11.5 67.5 21 

MB4 
Soco-Stecoah Complex 
(SoE) B 30-50% none none 

well-
drained low 11.5 67.5 21 
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APPENDIX	  C	  

Figure	  C1:	  Map	  of	  created	  ponds	  located	  on	  Trimont	  Mountain	  in	  Macon	  County,	  NC.	  	  

	  

Figure	  C2:	  Map	  of	  created	  ponds	  located	  on	  Trimont	  Ridge	  in	  Macon	  County,	  NC.	  	  
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Figure	  C3:	  Map	  of	  created	  pond	  located	  at	  Moss	  Knob	  in	  Jackson	  County,	  NC.	  	  

	  

	  

Figure	  C4:	  Map	  of	  created	  ponds	  located	  on	  Sheep	  Mtn.	  in	  Jackson	  County,	  NC.	  	  
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Figure	  C5:	  Map	  of	  created	  ponds	  located	  at	  Ray	  Branch	  in	  Macon	  County,	  NC.	  	  

	  

Figure	  C6:	  Map	  of	  created	  pond	  located	  at	  Wet	  Camp	  Gap	  in	  Jackson	  County,	  NC.	  	  
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Figure	  C7:	  Map	  of	  created	  ponds	  located	  at	  Nantahala	  Dam	  Rd	  in	  Macon	  County,	  NC.	  	  

	  

Figure	  C8:	  Map	  of	  created	  ponds	  located	  at	  Partridge	  Creek	  in	  Macon	  County,	  NC.	  	  
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Figure	  C9:	  Map	  of	  created	  ponds	  located	  at	  Frady	  Creek	  in	  Jackson	  County,	  NC.	  	  

	  

Figure	  C10:	  Map	  of	  created	  ponds	  located	  at	  Cliffside	  Lake	  in	  Macon	  County,	  NC.	  	  

	  

	  



	   86 

	  

Figure	  C11:	  Map	  of	  created	  ponds	  located	  at	  Cowee	  Bald	  in	  Macon	  County,	  NC.	  	  

	  

Figure	  C12:	  Map	  of	  created	  ponds	  located	  at	  May	  Branch	  in	  Macon	  County,	  NC.	  	  
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Figure	  C13:	  Map	  of	  created	  ponds	  located	  on	  FS	  Rd	  4667	  in	  Jackson	  County,	  NC.	  	  

	  

Figure	  C14:	  Map	  of	  created	  ponds	  located	  at	  Choga	  Butt	  Knob	  in	  Jackson	  County,	  NC.	  
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Figure	  C15:	  Map	  of	  created	  ponds	  located	  at	  Standing	  Indian	  in	  Macon	  County,	  NC.	  	  
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APPENDIX	  D	  

Table	  D1:	  List	  of	  amphibians	  found	  in	  the	  Southern	  Appalachian	  Mountains	  including	  the	  
following	  states:	  Alabama,	  Georgia,	  North	  Carolina,	  Tennessee,	  Kentucky,	  Virginia,	  and	  West	  
Virginia.	  	  

Salamander Frogs and Toads 
Ambystoma maculatum Anaxyrus americanus 
Ambystoma barbori Anaxyrus fowleri 
Ambystoma jeffersonianum Anaxyrus terrestris 
Ambystoma opacum Acris creptians 
Ambystoma talpoideum Acris gryllus 
Cryptobranchus alleganiensis Hyla chrysoscelis 
Aneides aeneus Hyla versicolor 
Desmognathus aeneus Pseudacris brachyphona 
Desmognathus carolinensis Pseudacris crucifer 
Desmognathus conanti Pseudacris feriarum 
Desmognathus fuscus Gastrophryne carolinensis 
Desmognathus imitator Rana catesbeianus 
Desmognathus marmoratus Rana clamitans 
Desmognathus monticola Rana palustris 
Desmognathus ochrophaeus Rana spehnocephalus 
Desmognathus ocoee Rana sylvaticus 
Desmognathus orestes Scaphiopus holbrookii 
Desmognathus organi  
Desmognathus quadramaculatus  
Desmognathus santeetlah  
Desmognathus welteri  
Desmognathus wrighti  
Eurycea aquatica  
Eurycea bislineata  
Eurycea cirrigera  
Eurycea guttolineata  
Eurycea junaluska  
Eurycea longicauda  
Eurycea lucifuga  
Eurycea wilderae  
Gyrinophilus porphyriticus duryi  
Gyrinophilus porphyriticus danielsi  
Gyrinophilus porphyriticus porphyriticus  
Hemidactylium scutatum  
Plethodon aureolus  
Plethodon cinereus  
Plethodon dorsalis  
Plethodon ventralis  
Plethodon glutinosus  
Plethodon cylindraceus  
Plethodon hoffmani  
Plethodon jordani  
Plethodon kentucki  
Plethodon petraeus  
Plethodon punctatus  
Plethodon montanus  
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Plethodon metcafi  
Plethodon richmondi  
Plethodon serratus  
Plethodon shermani  
Plethodon sherando  
Plethodon shenandoah  
Plethodon cheoah  
Plethodon teyahalee  
Plethodon websteri  
Plethodon wehrlei  
Plethodon welleri  
Plethodon yonahlossee  
Plethodon virginia  
Pesudotriton montanus montanus  
Pseudotrition montanus diastictus  
Pesudotriton schencki  
Pesudotriton ruber nitidus  
Pesudtotriton ruber ruber  
Necturus maculosus  
Notophthalmus viridescens  
Stereochilus marginatus  
	  


