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EXECUTIVE SUMMARY  
 
The Piedmont region of North Carolina is undergoing rapid expansion, urbanization, and human 
population growth, all of which will affect salamander habitat and salamanders directly, making it 
important to know where populations are currently located. However, salamanders are 
understudied in this region of the state, and the North Carolina Wildlife Resources Commission 
has listed many of the species included in the project as “knowledge gap priority species” that 
warrant future monitoring and research, and one in particular (the four-toed salamander, 
Hemidactylium scutatum) is a species of Greatest Conservation Need in North Carolina. This 
project assessed the usage of two methods, rule-based modeling and Maxent modeling, to 
predict habitat for eleven species of salamander found in Durham and Orange counties. 
Specifically, Duke Forest staff wanted to know where all eleven species could be found on their 
land to better manage for them.  
 
Additionally, Duke Forest wanted to know where salamanders might be moving and crossing 
roads to assess concerns about road mortality during breeding seasons. These predicted 
habitat maps can be used to prioritize land conservation, areas for on-the-ground salamander 
surveys or management, and areas to avoid the use of certain forest management activities. 
The project also assessed the connectivity of ponds and wetlands used by pond-breeding 
salamanders. Corridors between ponds were identified for each Duke Forest division, and 
potential conflict areas with roads were highlighted. The results can be used to mitigate road 
mortality during breeding seasons, when large numbers of adults migrate, and after breeding 
seasons, when juveniles metamorphose and emigrate.  
 
Salamander occurrence data was collected from a variety of sources, and number of data points 
per species varied widely. Rule-based habitat models, which can be built without occurrence 
data and only require GIS data that represents important habitat variables for each species, 
were useful for the species that had very few data points. Maxent models, which use occurrence 
data and GIS data to predict probability of species occurrence across a study area, were useful 
for the species with many data points.  
 
A distance-based connectivity method following Matisziw et al. (2015) was conducted for pond-
breeding species (marbled and spotted salamanders, Ambystoma opacum and Ambystoma 
maculatum) to assess where these species might move within and near Duke Forest land and 
where they might cross roads. Each set of ponds within each Duke Forest division was buffered 
by the typical dispersal distance of mole salamanders (500 m) and the fragments of each pond’s 
perimeter that fell within the other pond’s buffer were connected to make a corridor between the 
ponds. By overlaying city and Duke Forest roads, potential mortality locations can be predicted 
where the roads cross pond corridors. 
 
The project resulted in maps of predicted habitat for eleven different species of salamander, for 
both the Duke Forest and for Durham and Orange counties. The areas were many of the 
salamanders were observed were not the “very best” habitat quality predicted by the models. 
This could be due to biases in sampling or it could be an effect of habitat fragmentation. 
Overlaying historic salamander data points from the NC Museum of Natural Sciences shows 
that salamanders were observed in places that are not currently good habitat, indicating that 
land use change over time may have led to loss of habitat in these areas.  
As for the pond connectivity, corridors between ponds exist in every Duke Forest division. A city 
road crosses at least one pond corridor near every division, and Duke Forest gravel roads cross 
pond corridors in three divisions, highlighting areas where road mortality mitigation strategies 
could be employed.  



 
Despite being one of the most urbanized parts of the state, the Triangle region of North Carolina 
is still home to a surprising diversity of salamander species. As the region grows, salamander 
habitat will dwindle, making it important to identify and conserve the best habitat and current 
salamander populations. 
 
This report makes several recommendations for the Duke Forest: 

• Use the habitat model outputs to designate priority areas for salamander surveys and 
salamander management. In these areas, improve microhabitat characteristics and 
avoid detrimental forest operations such as clearcuts and chemical application. 

• Survey year-round, as different species will be above-ground and/or migrating at 
different times. 

• Consider adding new coverboard transects to the Duke Forest Herpetofauna Citizen 
Science program that cover some of the best areas for salamanders (using the hotspot 
map with all species combined). 

• In GIS, look at which of the Duke Forest roads are crossing the pond corridors. Consider 
gating roads or avoid night-driving during breeding seasons for spotted salamanders 
(spring) and marbled salamanders (fall).  

 
For more information, contact julia.geschke@gmail.com.  
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INTRODUCTION  

 
The southeastern United States, including North Carolina, hosts the world’s highest 
salamander diversity (Ricketts et al. 1999). Amphibians, including salamanders, are 
important indicators of ecosystem health and water quality as many species breathe 
through their skin and thus, they are easily harmed by toxins in the environment. 
Additionally, declines in amphibian species can be an early indicator of diseases, 
invasive species, a changing climate, or even small-scale microhabitat changes at a site 
(Welsh & Droege 2001).  

There is little information in the literature about the population trends of salamander 
species that are not strongly associated with stream systems. Most articles focus on 
salamanders in the Appalachian Mountains or species that are strongly associated with 
streams. Many parts of the North Carolina Piedmont region are experiencing rapid land 
use change and urbanization, which has been shown to affect these stream-associated 
species and may be expected to affect other species of salamanders in the same 
manner (Price et al. 2006, Willson & Dorcas 2003). For example, populations of 
southern two-lined salamander (E. cirrigera) and northern dusky salamander (D. fuscus) 
were found to have declined between 20-44% in three decades, associated with the 
conversion of forest to developed land (Price et al. 2006). This provides an impetus to 
investigate populations of terrestrial salamanders in the Piedmont region to see if they 
are declining. The North Carolina Wildlife Resources Commission has listed many of 
the species that this project will consider as “knowledge gap priority species” that 
warrant future monitoring and research (North Carolina Wildlife Resources Commission 
2015) – A. opacum, A. maculatum, P. cinereus, P. cylindraceus, P. montanus, and P. 
ruber. Additionally, H. scutatum is a Species of Greatest Conservation Need in NC. 

The Duke Forest in Durham, NC, may provide a buffer to these populations by providing 
quality forest habitat otherwise surrounded by urbanization. The Duke Forest has eight 
species of lungless salamanders (Family Plethodontidae), two of which are historic 
records and may or may not still be present, one species of newt (Family 
Salamandridae), two species of mole salamanders (Family Ambystomatidae), and two 
species of waterdogs (Family Proteidae). For this project, I include the following 
species: 

• Marbled Salamander (Ambystoma opacum)  

• Spotted Salamander (Ambystoma maculatum)  

• Red-spotted Newt (Notophthalmus viridescens)  

• Northern Dusky Salamander (Desmognathus fuscus)  

• Eastern Red-backed Salamander (Plethodon cinereus)  

• White-spotted Slimy Salamander (Plethodon cylindraceus)  

• Four-toed Salamander (Hemidactylium scutatum)  

• Southern Two-lined Salamander (Eurycea cirrigera) 

• Three-lined Salamander (Eurycea guttolineata) 



9 
 

• Mud Salamander (Pseudotriton montanus)  

• Red Salamander (Pseudotriton ruber) 

A. opacum and A. maculatum are mole salamanders. They spend most of the year 
underground in upland terrestrial habitat and emerge in the fall (opacum) or spring 
(maculatum) to lay eggs in or near ponds and wetlands. N. viridescens is the only newt 
found in this region. They have a unique lifestyle and go from fully aquatic larvae to 
bright orange, poisonous, fully terrestrial juvenile “efts,” and eventually return to water 
bodies to become fully aquatic adults. D. fuscus, E. cirrigera, and E. guttolineata are 
stream-associated species, often found in or near streams, seepages, springs, and 
brooks. P. cinereus and P. cylindraceus are fully terrestrial species that are common in 
upland forested habitat and don’t rely on water to breed. H. scutatum is a rare species 
in this region that is associated with sphagnum moss and creates nests in mossy areas 
next to bogs or wetlands. P. montanus and P. ruber have been rarely seen in this area 
in recent decades, and are also associated with streams, seepages, and springs. A 
Duke PhD thesis by Bruce (1968) noted that 114 P. ruber and 77 P. montanus were 
found in springs in the Duke Forest (Bruce 1968). 

The Duke Forest is a teaching and research forest owned and managed by Duke 
University since the early 1930s. Separate pieces of forest land span Durham, Orange, 
and Alamance counties and total to 7,050 acres (Office of the Duke Forest 2014.) 
Historically, their approach to wildlife management has been to promote a diversity of 
species native to the Piedmont region of North Carolina (Office of the Duke Forest 
2015). This has been achieved through a “do no harm” approach that attempts to 
minimize disturbance from timber management and other uses of the forest. Examples 
include leaving snags and woody debris (i.e., morticulture) and restricting public access 
to salamander breeding ponds and other areas with important plant or animal diversity. 
A previous Master’s Project focused on alternative methods for wildlife management in 
the Duke Forest. The results indicated that amphibians would be a suitable taxon for the 
Duke Forest to focus on first (Kramer et al. 2017). 

Records of salamanders within the Duke Forest are spotty, with most coming from 
coverboard transects, a drift fence/pitfall array set up each spring, and incidental 
encounters posted on online citizen science platforms. Duke Forest staff are interested 
in better understanding where salamander species are likely to be present in the forest. 
This will allow them to make better management decisions in these areas and to focus 
on increasing or connecting salamander populations, if necessary. To aid in this, I 
created habitat models for the species listed above. This resulted in identification of 
potential habitat for each species, which were then combined into one map to show 
likely hotspots for salamander presence within the forest. The maps for individual 
species will be utilized by Duke Forest staff as the basis for field surveys to search for 
species, like H. scutatum, that are rare or infrequently encountered. Models were also 
created for a larger-scale, two-county area, covering Durham and Orange counties 
(where the majority of Duke Forest land is located) to aid in furthering science related to 
salamanders in the Piedmont region of North Carolina. 
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There are a multitude of ways to model species distributions. For my project, I will be 
focusing on rule-based mapping and maximum entropy models using the program 
Maxent. Rule-based mapping is the more simplistic of the two methods. It involves 
gathering a list of habitat criteria that determines where a species will be found and then 
selecting the areas within the study area that meet all of the criteria. This is then 
classified as habitat for that species. Maxent requires an input of species presence 
points and environmental variable rasters. By extracting the values of the environmental 
variables at the presence points, it then identifies all other areas with similar values and 
gives likelihood of an area being habitat on a scale from 0, very unlikely to be habitat, to 
1, very likely to be habitat (Elith et al. 2006). 

Duke Forest staff are also interested in how salamanders move across forest land, 
especially in relation to roads. This question lends itself to a connectivity analysis. 
Salamanders are slow-moving and some of the species under consideration are 
obligate pond breeders. During the breeding season, movement to and from ponds can 
lead to mortality (Mazerolle 2004).  

Least cost path analysis, a common way to assess connectivity, has been used to 
analyze salamander populations before but does not appear very common based on the 
literature. Wang et al. (2009) used this method to model movement of the California 
tiger salamander, Ambystoma californiense, with a simple set of environmental 
variables to compare potential movement with anticipated gene flow between 
subpopulations. Other researchers have cast doubt on the usefulness of this approach 
for modeling salamander movement given that salamanders may not actually follow the 
easiest path when choosing where to move and their decisions may be based on 
microhabitat conditions they encounter on a smaller scale (Matisziw et al. 2015).  

Therefore, I decided to follow the analysis approach described for pond-breeding 
salamanders by Matisziw et al. (2015). This method assumes that the best way to 
model connectivity for limited dispersal species, like salamanders, is to assess distance 
between small ponds and wetlands that they use for breeding (Matisziw et al. 2015). 
Each pond and wetland area within the Duke Forest was analyzed for its distance to all 
other pond and wetland areas, based on the typical dispersal distance of mole 
salamanders. When two ponds or wetland areas were within that distance of each 
other, they were classified as “connected”. The more of the perimeter of each pond that 
is within the dispersal distance of the other pond, the higher “capacity” the corridor 
between the two ponds has for salamander dispersal and connectivity. Once I identified 
all corridors between connected ponds, I will overlaid Duke Forest gravel roads and foot 
paths, as well as paved city and state roads, to identify possible conflict areas.  

Objective 

The objective of this project is to model probable habitat for eleven species of 
salamander in the Duke Forest and in Durham and Orange counties. Rule-based 
models derived from information from a thorough literature review and expert input will 
be compared to Maxent models created using species occurrence data from iNaturalist, 
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Herpmapper, and the NC Museum of Natural Sciences, as well as occurrences from an 
annual drift fence/pitfall trap array and ongoing coverboard surveys. With this 
comparison, I will be able to see if both types of models predict the same area as 
probable habitat and whether the simpler version, rule-based modeling, can be trusted 
for species with few occurrence data points. Based on my models and the resulting 
habitat maps for each species, I will identify priority areas for management of 
salamanders within the Duke Forest. This will answer questions about where 
salamander populations are likely to exist within the Duke Forest and where 
management actions should be focused. If areas are classified as probable habitat but 
do not yet have any salamander observations, these will be priority areas for further 
monitoring to see if salamanders are actually present. Additionally, I aim to answer 
questions about where mole salamanders may be moving within Duke Forest and 
where they may be crossing roads. This will identify potential areas of salamander 
mortality which may need human intervention through culverts or road closures during 
breeding seasons. 

 
MATERIALS AND METHODS 

I. Literature review 
 
I conducted a thorough literature review to identify important variables that determine 
quality habitat for each species of salamander under consideration. Peer-reviewed 
journal articles were accessed through the Duke University library’s online portal, 
Google Scholar, and Web of Science. Search terms used include: “salamander 
distribution modeling,” “salamander habitat modeling,” “salamander habitat”, 
“salamander least cost path”, “salamander movement analysis”, “salamander 
connectivity”, as well as “[species name] habitat” for each species in this analysis. Data 
taken from the literature was collated in a table including source, species, and habitat 
criteria (Appendix I, Table 1). To be included, the articles needed to deal with the 
salamander species in question. Articles written about salamanders in the same genus 
were also collected and used if very little species-specific data was found. Based on this 
literature review, I collected a list of the necessary habitat characteristics for each 
salamander species. These criteria were then compared with available geospatial data 
to determine which data layers could be used to create both rule-based and Maxent 
models.  

II. Expert survey 
To supplement my literature review, I created a survey with Qualtrics software to 
distribute to salamander experts (see Appendix). The purpose of this survey was to 
obtain data on the relative importance of environmental variables and sub-categories 
within each variable (for example, 0-33%, 33-66%, and 66-100% canopy cover) in 
determining habitat for each species. This survey was sent to 10 identified experts via 
email on November 29, 2018 and 16 additional experts on December 7, 2018. The 
survey was open through January 10, 2019. Experts were identified as academics that 
publish research articles on salamanders or wildlife managers that manage these 
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species. Respondents were instructed to fill out the survey for as many species as they 
felt they had significant knowledge of. See survey questions in Appendix II. 

The following nine people submitted responses to the survey: 

• Dr. Brenna Forester, Postdoctoral Research Fellow, Colorado State University 
(PhD from Duke University on red-backed salamanders) 

• Dr. Nicolette Cagle, Lecturer, Duke University 

• Jeff Hall, Wildlife Biologist, NC Wildlife Resources Commission 

• Jerry Reynolds, Head of Outreach, NCDNCR & North Carolina Museum of 
Natural Sciences 

• Dr. David Beamer, Biology Instructor, Nash Community College 

• Nathan Shepard, Eastern Region Field Biologist, NCDCR 

• David Cooper, North Carolina Herpetology Society, previously NC Museum of 
Natural Sciences 

• Dr. Graham Reynolds, Assistant Professor of Biology, University of North 
Carolina Asheville 

• Ed Kabay, Environmental Specialist at Resource Environmental Solutions LLC 

Responses were then transformed from qualitative categories to the 0-100 scale which I 
used for my rule-based models, following these basic guidelines: 

0 = Absolute non-habitat and no breeding 
30 = Occasional use and/or little to no breeding 
70 = Consistent use and/or breeding 
100 = Best habitat, highest survival and reproductive success 
Don't know/unsure – didn’t count in averaging 

III. Geospatial data collection 
 
After the literature review was completed, I collected geospatial data to address as 
many habitat variables as possible. Data was gathered from Duke Forest staff, ArcGIS 
online databases, and Google searches. The final geospatial data used in this project 
were from the following sources: 

• Duke Forest boundaries: Duke Forest 

• Duke Forest operations: Duke Forest 

• Duke Forest vegetation cover/stand age: Duke Forest 

• Duke Forest roads and trails: Duke Forest 

• Roads: Integrated Statewide Road Network (ISRN) Version 2, NCDOT 

• County boundary: NCDOT 

• Land cover: Southeast Gap Analysis Project 

• Mean pH: POLARIS 

• Mean residual soil water content: POLARIS 

• Canopy cover: USGS National Land Cover Database 
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• Elevation: 1/3 arc second DEM, USGS National Map Viewer 

• Streams: NHD Flowline, USGS 

• Wetlands: USFWS 

• Protected Areas: North Carolina Natural Heritage Program Managed Areas 
 
The projection used was NAD 1983 StatePlane North Carolina FIPS 3200 Feet 
(Lambert Conformal Conic) with linear units in US Survey Feet, as this is a common 
projection used in North Carolina and by the Duke Forest. All data was converted to 10 
m resolution, based on the 1/3 arc second USGS DEM. 
 
IV. Study areas 
 
Two study areas were chosen for this project. The first is all Duke Forest divisions that 
fall within Durham and Orange counties (all except the Dailey division.) The second is 
Durham and Orange counties, as there was interest in looking at a larger scale and 
considering land conservation and habitat connectivity needs across the Triangle 
region. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Map of 2-counties study area (left) and Duke Forest study area (right). 
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V. Salamander occurrence data 
 
Salamander occurrence data was taken from a variety of sources. There were 502 data 
points used in building my models for the 2-county study area (193 of which fell within 
Duke Forest and were used for models in the Duke Forest study area), with large skews 
in coverage of each species (see Appendix III, Tables 3a-b). Some species did not have 
any data points fall within Duke Forest, so Maxent models for the Duke Forest study 
area could not be created for them. Data was last collected on November 20, 2018. 
 

Table 2. Break-down of salamander occurrence records by species and study area. 

SPECIES TOTALS 
# in 2-counties 

study area 
# in Duke Forest 

study area 
Ambystoma maculatum 175 63 

Ambystoma opacum 108 13 

Desmognathus fuscus 3 0 

Eurycea cirrigera 25 4 

Eurycea guttolineata 11 0 

Hemidactylium scutatum 8 5 

Notophthalmus viridescens 19 4 

Plethodon cinereus 116 99 

Plethodon cylindraceus 31 5 

Pseudotriton montanus 4 0 

Pseudotriton ruber 2 0 

TOTAL 502 193 

 
A summary table of how much data came from each data source can be found in 
Appendix III (Table 3c).  
 
Duke Forest 
I obtained 162 usable data points from the Duke Forest staff. Data came from two 
sources: annual transect data and annual survey data from the spotted salamander 
surveys each spring. Duke Forest checks coverboards along transects each spring, 
though data was also recorded at other times of the year when herpetofauna was 
encountered incidentally. Starting in Fall 2018, Duke Forest organized a citizen science 
program to check the transects and record data. Data ranged from Spring 2007 to Fall 
2018. Spotted salamander survey data ranged from Spring 2015-Spring 2018. Each 
year, a survey runs from end of January through end of February (exact dates and 
number of days vary) by the Gate 9 ponds to monitor spotted salamander migration. 
Two drift fence arrays with pitfall traps are positioned on opposite sides of the pond. Any 
spotted salamanders caught in the pitfall traps, as well as other species caught or 
incidentally encountered, are recorded. For all confirmed species sightings (for both 
transects or drift fence surveys) that did not include coordinates but included pitfall trap 
# or other identifying location information, I went out to the Duke Forest and took GPS 
coordinates of the occurrence record (drift fences and pitfall traps are erected in the 
same location each year.) 
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iNaturalist 
I obtained 162 usable data points from iNaturalist.org. iNaturalist is a platform where 
anyone can upload observations of flora or fauna. The observations are usually 
accompanied by an image of the species and location information. Users can identify 
the species they observed, or wait for additional users to suggest an identification. I 
downloaded all records of my target species inside of the Durham-Orange counties 
study area. I only used data from the year 2000 or later and where the following criteria 
were met: 

• “Positional accuracy” (coordinate precision) was <=100 m 

• Coordinates were not obscured 

• Identified down to species level and observation was “Research Grade” – 
species ID confirmed by at least 2 additional users 

 
Herpmapper 
I obtained 225 usable data points from Herpmapper.org. Herpmapper is a platform 
similar to iNaturalist, but only for herpetofauna occurrence data. Additionally, data 
sharing rules are stricter. To access data, you must submit a request to the webmasters 
and prove that you are using it for research purposes and will not share data with 
anyone else. I obtained all records of target species inside of the Durham-Orange 
counties study area. I only used data from the year 2000 or later and where the 
following criteria were met: 

• “Accuracy” (coordinate precision) was <=100 m 

• coordinates were not obscured 

• Identified down to species level and observation was “Research Grade” – 
species ID confirmed by at least 2 additional users 

 
NC Museum of Natural Sciences 
I obtained 17 usable data points from the NC Museum of Natural Sciences. The 
Museum has a robust Herpetology department which conducts research state-wide. I 
reached out to them and they provided me with all records of salamanders in Durham 
and Orange counties that they had on record. The majority of their data was before 
2000. I decided to only use data after 2000 because of massive land use changes and 
urbanization in study area. 
 
VI. Habitat modeling 
 
a. Geospatial Data Preparation 
 
I created two study areas as noted above: 1) Durham and Orange counties and 2) Duke 
Forest boundaries (without the Dailey division.) After obtaining geospatial data, I clipped 
it to the extent of those two study areas and projected all GIS data to NAD 1983 
StatePlane North Carolina FIPS 3200 Feet. I also resampled rasters to make them all 
10 m resolution, matching the 1/3 arc-second DEM.  
 
The salamander species included in this project differ in whether they use ponds and 
wetlands or streams for breeding or essential life stages. Therefore, I prepared ponds 
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and wetlands data for A. opacum, A. maculatum, H. Scutatum, N. viridescens, P. 
cinereus, and P. cylindraceus and streams data for D. fuscus, E. cirrigera, E. 
guttolineata, P. montanus, and P. ruber. I included wetlands <= 5 acres based on 
Montanucci 2006 and Faccio 2003 and removed “riverine” type wetlands as the streams 
layer covered those. This was used to create a distance to wetlands layer. For streams, 
I kept intermittent and perennial streams and removed connectors and artificial paths, 
as they are not relevant surface waters. This was used to create a distance to streams 
layer for the 2-counties study area, and combined with Duke Forest streams to create a 
distance to streams layer for the Duke Forest study area. 
 
I used the NCDOT roads layer to create a distance to roads layer for the 2-counties 
study area, and merged NCDOT and Duke Forest roads  to create a distance to roads 
layer for the Duke Forest study area. 
 
Duke Forest operations data ranged from 2010-2018. I made the layer into a raster and 
gave cells a value of 100 wherever there were no operations. 
 
I created DEM derivatives with the 1/3 arc second (~10 m DEM) and matched the cell 
size of all other rasters to this cell size. I created aspect, slope, topographic 
convergence index (TCI), and two topographic position indices (TPI) – fine-scale 
(neighborhood: annulus, inner radius 1 cell, outer radius 5 cells) and coarse-scale 
(neighborhood: annulus, inner radius 20, outer radius 25.) 
 
b. Rule-based Modeling 
 
Data 
The following datasets were chosen for inclusion in my rule-based models because they 
could easily be assigned a habitat score by experts and based on the results of my 
literature review. For the others, such as slope, pH, or TCI, detailed enough information 
does not exist to differentiate habitat quality between sub-categories of each variable. 
 
Data included in rule-based models: 

• Canopy cover 

• Distance to ponds or distance to streams depending on species 

• Distance to roads 

• Aspect 

• SEGAP land cover 
o These categories were condensed with similar categories to make fewer 

categories (see Appendix IV, Table 4) 

• Distance to protected areas *county only 

• DF veg cover *DF only 
o For the rule-based model, this dataset was utilized to provide stand age 
o This was collapsed into 9 categories: 0-20 years, 20-40 years, 40-60 

years, 60-80 years, 80-100 years, 100-120 years, 120-140 years, uneven 
aged, not forested 

• DF operations *DF only 
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o This was condensed into 5 categories: tree harvest, herbicide/chemical 
application, pine plantation, understory burn, no operations (see Appendix 
IV, Table 5) 

 
Scoring 
For the rule-based models, each environmental variable was broken into categories (for 
example, 0-33%, 33-66%, and 66-100% canopy cover.) Each category was then 
assigned a score from 0-100, following Majka et al. 2007. 
 

• 0 = absolute non-habitat 

• <30 = avoided 

• 30 = lowest value associated with occasional use for non-breeding activities 

• 60 = lowest score associated with consistent use and breeding 

• 80 = lowest score typically associated with successful breeding 

• 100 = best habitat, highest survival and reproductive success 
 
I assigned a score to each category of each variable based on my knowledge from the 
literature review. I also translated results of the expert survey into scores (as explained 
earlier) and then averaged the expert scores together. That average was then averaged 
with my score to result in a final score for each category (Appendix V, Tables 6a-6b). 
Each variable was also assigned a weight, a measure of how important that variable 
should be when all the variables are combined in a habitat model. The weights summed 
to 100. I then created models in GIS for each species, for each study area. P. montanus 
and P. ruber were modeled together to create a habitat map for Psuedotriton spp., as 
both early input from experts and the literature suggested they have very similar ranges 
in the Triangle area (Bruce 1968). I reclassified the data, assigning the appropriate 
scores that correlated to values in the data as explained above. I then combined these 
reclassified data layers with a weighted sum, assigning them weights as explained 
above. 
 
The resulting models theoretically could range from 0 (non-habitat) to 100 (best habitat). 
For purposes of defining “habitat”, I then took all of the area where the value was >=80 
and called that “habitat.” I also added all of the original 0-100 habitat maps together to 
create a “hotspot” map of potential habitat for all salamander species, for both study 
areas. 
 
Model Accuracy 
 
To assess the accuracy of my models, the occurrence points for each species were 
overlaid on the habitat predicted from the models to see how often the occurrence 
points fell within predicted habitat (true positive) or fell outside of predicted habitat (false 
negative.)  
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c. Maxent modeling 
 
Data 
None of the geospatial datasets were edited or condensed into categories like they 
were for the rule-based models. 
 
Data included in Maxent models: 

• Elevation 

• Distance to ponds or Distance to streams depending on species 

• pH 

• Soil moisture 

• Canopy cover 

• Slope 

• Aspect 

• TPI fine and coarse 

• TCI 

• Distance to protected areas *county only 

• SEGAP land cover *county only 

• DF vegetation cover *DF only 

• DF operations *DF only 
 
The DEM was used as a mask to set all rasters at the same cell size and equal extent. 
The rasters were then transformed into ASCII format for input into Maxent. All variables 
were checked for correlation using ENMTools before using them in Maxent. None of the 
variables had correlation >0.5 and most were <0.2, so none were removed at this stage 
(see Appendix VI, Table 7).   
 
Maxent Settings 
I created multiple Maxent models for each species and study area to study the effects of 
varying the regularization multiplier (β). This helps limit model complexity, and studies 
suggest that the default value (β=1) may not be the best fit in all cases (Warren and 
Seifert 2011, Radosavljevic and Anderson 2014). To test this with my data, I ran models 
with β = 0.5, 1, 1.5, 2, and 2.5 for the 2-counties study area.  I selected the final model 
based on highest AUC, which “quantifies the probability that the model correct ranks a 
random presence locality higher than a random background pixel” (Radosavljevic and 
Anderson 2014). The final β values selected were 0.5 for all species but A. opacum 
(2.5) and P. cinereus (2). See table of results in Appendix VII (Table 8). For some 
species, there was little change in AUC as β increased, while for others the overall trend 
was a decline as β increased. These values were also used for Maxent runs with the 
Duke Forest study area.  
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Figure 2. This graph shows the resulting AUC value from Maxent runs with differing β 

values for each species in the 2-counties study area. 
 
These were the settings for the final Maxent runs: 

• Assigned β value 

• 10 iterations as k-fold cross validation (only for A. maculatum, A. opacum, and P. 
cinereus for county and A. maculatum and P. cinereus for DF as the multiple 
iterations did not work well with species that had very few data points.) 

• Nothing in “random test percentage” 

• Bias layer: distance to roads (it was not used as predictor variable in models) 

• Distance to streams or ponds according to species  

• Output format: logistic 
 
Final Maxent models were then brought back into GIS and transformed from ASCII to 
raster format. The cut-off I used for “habitat” from Maxent models was the “logistic 
threshold – balance training omission, predicted area and threshold value” which is the 
value typically used for this purpose (see Appendix VIII, Table 9). I also added all of the 
original 0-1 probability of occurrence maps together to create a “hotspot” map of 
potential occurrence for all salamander species, for both study areas. 
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VII. Connectivity 
 
Background 
The connectivity methodology I used came from Matisziw et al. (2015). This paper 
proposed an improved method for assessing pond connectivity for pond-breeding 
species. In the context of this project, my pond connectivity analysis will be relevant for 
marbled and spotted salamanders (A. opacum and A. maculatum), which migrate 
annually from terrestrial habitat to breeding ponds.  
 
This method assumes that the best way to model connectivity for limited dispersal 
species, like mole salamanders, is to assess distance between small ponds and 
wetlands that they use for breeding. The ponds are considered connected when any 
part of their perimeter is within a certain buffer distance of another pond. For example, 
mole salamanders in the Piedmont region of North Carolina typically disperse 500 m at 
most. So, all ponds are buffered by 500 m. For any set of two ponds, any part of pond 
1’s border that falls within the 500 m buffer of pond 2 is selected and vice versa. These 
perimeter fragments are then transformed into a polygon using a convex hull method, 
and the final result is a “corridor” polygon between the two ponds. The length of the 
shortest end represents the “capacity” of the corridor – higher capacity can support 
more flow/movement of individuals over time. 
 
Methodology 
First, I buffered each Duke Forest division by 500 m (average dispersal distance of mole 
salamanders.) I then selected all NHD water bodies and USFWS wetlands that were 
within that entire buffered out area to make a ponds dataset for each division. I cleaned 
up the resulting ponds layer where there were overlapping ponds and removed 
“riverine” type ponds. 
 
I wrote a Python script that recreated the analysis by Matisziw et al. (2015). The data 
inputs from the script are a shapefile of wetlands/ponds and the typical dispersal 
distance of species you are modeling connectivity for. For this project, 500 m was used. 
As the script tool runs, it prints the ID number of the ponds it is currently comparing (i.e., 
i=1, j=2). If those two ponds are not close enough to be connected, it prints a warning 
message and skips the rest of the analysis, moving onto the next pair of ponds. If the 
set of ponds is within the dispersal distance of each other, it prints a message stating 
the capacity of the corridor. 
 
The script produces corridor polygon shapefiles for each pair of ponds that is 
connected. These are named based on the two ponds, for example, Corridor24 if it is 
the corridor between ponds 2 and 4. Within each corridor polygon’s attribute table, the 
last field will be named “Capacity” and contain the capacity value for the corridor. 
 
I ran my script for all 5 sets of ponds (one for each Duke Forest division) and displayed 
the resulting corridors on a map. I then overlaid Duke Forest gravel roads, Duke Forest 
official and unofficial foot paths, and city/state paved roads on top of the ponds and 
corridors to visualize where road mortality might occur. 
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RESULTS  
 
I. Literature review 
 
The full table of information collected in my literature review can be found in Appendix I 
(Table 1). 
  
Marbled salamander (Ambystoma opacum) 
Designation: State salamander, research priority because of knowledge gap (NCWRC) 
Migration/Dispersal: Move April-May and August-September (Mazerolle 2004), routes 
are unpredictable (Jenkins et al. 2006), “79% of newly metamorphosed move <90 m 
from wetland and a buffer of 500 m around a wetland should ideally be protected to 
account for most of the population” (Scott et al. 2013), “more likely to avoid clearcuts 
when emigrating than immigrating” (Todd et al. 2009) 
Effect of roads: In a study of mole salamanders, “average % dead-on-road was 39.8-
42.5% and was not related to traffic intensity” (Mazerolle 2004), “significant effect of 
distance from logging road on breeding site selection”, breed far from roads (Chambers 
2008) 
Elevation: “females use nesting cover most frequently at low elevations” (Croshaw and 
Scott 2006) 
Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “found in fishless pools in contiguous mixed-deciduous forest” 
(Chambers 2008), “survival in forested habitat much higher than field habitat” 
(Rothermel and Semlitsch 2006), “spend 90-95% of life in upland forests, up to several 
hundred meters from breeding pools” (Compton et al. 2007), “associated with hardwood 
and mixed hardwood-pine forests” (Ousterhout et al. 2015), especially “oak-maple and 
oak-hickory, also floodplains and uplands” (AmphibiaWeb) 
Canopy cover: used routes with higher canopy cover (Jenkins et al. 2006) 
Management/Disturbance tolerance: forest edge didn’t have a big difference 
(Rothermel and Semlitsch 2006), “salamanders more sensitive to forest removal than 
frogs, greater proportion of salamanders migrate through forested habitat” (Todd et al. 
2009), “more likely to enter clearcuts when soil moisture is high” (Grater et al. 2008) 
Distance to water: “43% of ponds with larvae were ephemeral, 14% seasonal, 41% 
permanent, pond area ranged 1 to 20341 meters squared. Densities greatest in fishless 
ponds with more surrounding forest and ephemeral hydroperiod” (Ousterhout et al. 
2015), “adults disperse average of 194 m from wetland breeding site” (AmphibiaWeb) 
and “buffer radius of 300-340 m estimated to include 95% of adults” (Scott et al. 2013) 
Soil moisture: picked high soil moisture content (Jenkins et al. 2006), compared to 
other mole salamanders, marbled salamanders may use “substantially drier habitat and 
tolerate higher substrate temperatures” (AmphibiaWeb) 
pH: preference for relatively basic substrates (pH 7.7) although have been found at pH 
5.5 (AmphibiaWeb) 
 
Spotted salamander (Ambystoma maculatum) 
Designation: Research priority because of knowledge gap (NCWRC) 
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Migration/Dispersal: “annual breeding migrations mid-January to early March, high site 
fidelity, females travel farther than males” (Strickland et al. 2015), “range of distance 
moved from breeding pool 1.6 to 427.6 m” (Veysey et al. 2009), “move towards forest 
and early successional forest with an essentially random walk path” (Pittman and 
Semlitsch 2013), “migratory success a function of distance to nearest forest; breeding 
sites without connectivity to suitable terrestrial habitat might be population sinks 
because of high juvenile mortality during emigration” (Rothermel 2004) 
Effect of roads: In a study of mole salamanders, “average % dead-on-road was 39.8-
42.5% and was not related to traffic intensity” (Mazerolle 2004), “significant effect of 
distance from logging road on breeding site selection, breed far from roads” (Chambers 
2008), “annual risk of road mortality for adults of >10% can lead to local population 
extirpation, if road density is >2.5 km per km^2 of landscape and traffic volumes are 
>250 vehicles/lane/day, then you probably need mitigation efforts” (Gibbs and Shriver 
2005), didn’t show preference for crossing near existing culverts (Patrick et al. 2010) 
Elevation: nothing found 
Aspect: nothing found 
Slope: found at 20.3% slope in one study (Faccio 2003) 
Vegetation/land cover: “Fishless pools in contiguous mixed-deciduous forest” 
(Chambers 2008), “hardwood and mixed hardwood-pine forests” (Ousterhout et al. 
2015), beech/maple/hemlock (Faccio 2003), “clearcuts are semi-permeable to adults” 
(Strickland et al. 2015) 
Canopy cover: “Canopy cover along with litter depth and soil water content best 
described distribution of individuals, prefer high levels of canopy cover” (Homan et al. 
2008), in one study, “72% deciduous canopy, 16.26% coniferous canopy, 29% midstory 
canopy, 90% green cover overall” (Faccio 2003) 
Management/Disturbance tolerance: Forest edge doesn’t have a big effect 
(Rothermel and Semlitsch 2006), “residential and agricultural edges may be more 
permeable than road edges” (Homan et al. 2008), “10% decreased probability of 
juveniles settling in open canopy clearcut habitat compared to closed-canopy forest 
habitat” (Osbourn et al. 2014), “absent where forest cover was reduced to below 30%” 
(Gibbs 1998) 
Distance to water: “60% wintered >100 m from breeding pond” (Regosin et al. 2005), 
“43% of ponds with larvae were ephemeral, 14% seasonal, 41% permanent, pond area 
ranged 1 to 20341 meters squared. Densities greatest in ponds with longer hydroperiod, 
smaller area, and greater % of forest within 300 m” (Ousterhout et al. 2015),  
Soil moisture: prefer well-drained soils (Homan et al. 2008) 
pH: nothing found 
 
Red-spotted newt (Notophthalmus viridescens) 
Designation: None 
Migration/Dispersal: “efts will migrate away from ponds into upland forests in about 1 
year, up to 800 m away” (Roe and Grayson 2008); tend to move toward forest in 
September (Grayson and Wilbur 2009) 
Effect of roads: “newts are more generalist, bred closer to forest logging roads than 
ambystomatids” (Chambers 2008) 
Elevation: nothing found 
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Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “wooded areas, fishless pools in contiguous mixed-deciduous 
forests” (Chambers 2008), “marshy areas with small ponds, damp hardwood forest” 
(Montanucci 2006) 
Canopy cover: can migrate across both open and forested habitat 
Management/Disturbance tolerance: “absent where forest cover was reduced to 
below 50%” (Gibbs 1998) 
Distance to water: “larval and adult stages live in water; returned to breeding ponds in 
winter” (Regosin et al. 2015) 
Soil moisture: nothing found 
pH: nothing found 
 
Northern dusky salamander (Desmognathus fuscus) 
Designation: None 
Migration/Dispersal: females active during autumn and early winter (Hom 1988) 
Effect of roads: nothing found 
Elevation: scarce above 1200 m (Montanucci 2006) 
Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “populations found to decline 20-44% in three decades 
associated with conversion of forest to developed land” (Price et al. 2006), “deposit 
eggs along banks of small, slow-moving streams, small woodland brooks and shelter 
nearby, woodland streams, seepages, springs, floodplains, sloughs, mucky sites along 
upland streams” (AmphibiaWeb) 
Canopy cover: nothing found 
Management/Disturbance tolerance: nothing found 
Distance to water: “reaches with narrow channels located at the head of streams 
supported the most nests” (Snodgrass et al. 2007), “deposit eggs along banks of 
streams, like the water’s edge” (Montanucci 2006) 
Soil moisture: nothing found 
pH: nothing found 
 
Eastern red-backed salamander (Plethodon cinereus) 
Designation: Research priority because of knowledge gap (NCWRC) 
Migration/Dispersal: “home range size 10-25 meters squared, have returned 90m from 
displacement” (Marsh et al. 2004), typical dispersal distance <10 m (Cosentino and 
Brubank 2018), seasonal movements to wet areas in spring (Woolbright and Martin 
2014), “movement was random when displaced 12.5 m and 25 m”, territorial 
(Ousterhout and Liebgold 2010) 
Effect of roads: edge effect to about 20-30 m, up to 80 m in dry years, roads “reduce 
movement by 25-75%”, “gated roads had no detectable edge effects”, road width also 
predicts magnitude of edge effects (wider, bigger effect) (Marsh 2007), “gene flow 
across very large roads is rare” (Marsh et al. 2008) 
Elevation: sea level to at least 1463 m 
Aspect: negligible effect 
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Slope: nothing found 
Vegetation/land cover: “deciduous and mixed conifer/deciduous primarily, preference 
for mature hardwood, less often in pure conifer stands” (AmphibiaWeb), “presence and 
abundance positively correlated with increasing cover of herbaceous veg” (Riedel et al. 
2008), abundance positively related to historical forest cover (Cosentino and Brubaker 
2018), they will cross edges and less favorable habitat (Renaldo et al. 2011) 
Canopy cover: prefer high canopy cover 
Management/Disturbance tolerance: “logging exposes salamanders to altered 
microclimates, increased soil compaction and desiccation, reduced habitat complexity, 
population may recover 30-60 years after clearcut” (Pough et al. 1987, deMaynadier 
and Hunter 1995), “occupied available habitat along 10 km continuous gradient of forest 
fragmentation” (Gibbs 1998) 
Distance to water: nothing found 
Soil moisture: interstitial moisture of >85% (AmphibiaWeb), “downhill soil moisture 
ranged 29-52%, uphill ranged 11-31%” (Woolbright and Martin 2014) 
pH: >3.7, ideally 6.0-6.8 (Woolbright and Martin 2014) 
 
White-spotted slimy salamander (Plethodon cylindraceus) 
Designation: Research priority because of knowledge gap (NCWRC) 
Migration/Dispersal: “found to traverse up to 90 m, typical distance likely <10 m; 
maximum distance found by an individual in Durham County was 91.5 m, though most 
adults moved <9 m” (AmphibiaWeb) 
Effect of roads: nothing found 
Elevation: sea level up to 1500 m 
Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “both old-growth and second-growth forest, wooded slopes, 
ravines, floodplains, hardwood forest, sometimes pine” (AmphibiaWeb) 
Canopy cover: nothing found 
Management/Disturbance tolerance: “resilient to human disturbance, often found in 
small woodland fragments and disturbed areas” (Kapfer and Munoz 2012, Bailey et al. 
2004) 
Distance to water: “less sensitive to availability of aquatic habitat” (Kapfer and Munoz 
2012) 
Soil moisture: nothing found 
pH: nothing found 
 
Four-toed salamander (Hemidactylium scutatum) 
Designation: Species of Greatest Conservation Need in NC (NCWRC) 
Migration/Dispersal: “migrate to wetlands in spring or winter to lay eggs” (Chalmers 
and Loftin 2006) 
Effect of roads: nothing found 
Elevation: nothing found 
Aspect: nests are north-facing (Banning et al. 2008), east and west are okay, south is 
the worst (Wahl et al. 2008) 
Slope: like steep bank angles next to water (Banning et al. 2008) 
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Vegetation/land cover: “need shallow and fishless wetlands, intact hardwood forests” 
(Herman and Bouzat 2016), sphagnum moss (Chalmers and Loftin 2006), “bogs, ponds, 
seepages, pools, coniferous and deciduous forests” (Wood 1955) 
Canopy cover: nothing found 
Management/Disturbance tolerance: nothing found 
Distance to water: nest right next to water (Banning et al. 2008) 
Soil moisture: nothing found 
pH: nothing found 
 
Mud salamander (Pseudotriton montanus) 
Designation: Research priority because of knowledge gap (NCWRC) 
Migration/Dispersal: nothing found 
Effect of roads: nothing found 
Elevation: nothing found 
Aspect: nothing found  
Slope: nothing found 
Vegetation/land cover: “lowland environments, muddy springs and streams, swampy 
pools and ponds within bottomland deciduous forests” (Bruce 1975) 
Canopy cover: nothing found 
Management/Disturbance tolerance: nothing found 
Distance to water: almost always found near water (Bruce 1975, Montanucci 2006) 
Soil moisture: nothing found 
pH: nothing found 
 
Red salamander (Pseudotriton ruber) 
Designation: Research priority because of knowledge gap (NCWRC) 
Migration/Dispersal: “females go to aquatic habitat in autumn/early winter to lay eggs, 
terrestrial activity most common in spring and early summer” (Marvin 2003) 
Effect of roads: nothing found 
Elevation: sea level up to 1500 m 
Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “wooded ravines, swamps, open fields, forests, springs, low-
order streams, upland habitats, brooks” (Folt et al. 2016, Montanucci 2006) 
Canopy cover: nothing found 
Management/Disturbance tolerance: deforestation, pollution, stream siltation, acid 
run-off from coal mining may lead to local declines (AmphibiaWeb) 
Distance to water: “need springs, headwater streams, seepage-fed bogs to lay eggs; 
adult habitat slow-moving springs and seeps in wooded lowland and upland areas” 
(Montanucci 2006) 
Soil moisture: nothing found 
pH: nothing found 
 
Southern two-lined salamander (Eurycea cirrigera) 
Designation: none 
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Migration/Dispersal: “move up to 100 m to/from breeding habitat, found in terrestrial 
forest habitat during summer and fall, drought conditions will cause them to return to 
aquatic habitat even if not for breeding” (Muncy et al. 2014) 
Effect of roads: can cross roads when migrating during breeding season 
Elevation: 0 – 2000 m 
Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “wooded terrestrial habitats, streams, pools, seeps, damp 
woods” (AmphibiaWeb) 
Canopy cover: nothing found 
Management/Disturbance tolerance: “Populations declined 20-44% in three decades 
associated with conversion of forest to developed land” (Price et al. 2006) 
Distance to water: “rarely stray far from aquatic habitats” (Montanucci 2006) 
Soil moisture: nothing found 
pH: nothing found 
 
Three-lined salamander (Eurycea guttolineata) 
Designation: none 
Migration/Dispersal: “females go to aquatic habitat in late autumn and winter to 
deposit eggs, adults found in terrestrial habitats during spring, fall” (Marvin 2003)  
Effect of roads: nothing found 
Elevation: rarely found above 800 m (Montanucci 2006) 
Aspect: nothing found 
Slope: nothing found 
Vegetation/land cover: “breed in sluggish streams, seeps, bogs, wetlands, forested 
floodplains, streamsides, disperses into wooded terrestrial habitats” (Price et al. 2006), 
“streams along bottomland hardwoods in the Piedmont” (Montanucci 2006) 
Canopy cover: nothing found 
Management/Disturbance tolerance: retain forested buffers along streams and 
wetlands 
Distance to water: “rarely stray far from aquatic habitats” (Montanucci 2006) 
Soil moisture: “where seepage keeps the ground moist” (AmphibiaWeb) 
pH: nothing found 

 
II. Expert survey 
 
The full responses from the expert survey can be found in Appendix IX (Table 10a-j). 
 
Marbled salamander (Ambystoma opacum) 
% Canopy Cover: As canopy cover increases, habitat quality increases.  
Distance to water: As distance to water increases, habitat quality decreases. 
Aspect: No impact on habitat quality. 
Land Cover: Mesic forest, floodplain forest, upland depression swamp were ranked the 
highest. 
Distance to roads: As distance from roads increases, habitat quality increases. 
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Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is only of medium importance to this species. 
Forest Management: Tree harvest and chemical application have strong negative 
impact on habitat quality, pine plantation and understory burns have weaker negative 
impact. 
Variable importance: % canopy cover, distance to water, land cover most important 
predictors of habitat quality. 
Comments: 
“Regarding the ranking, I suspect pine agriculture and herbicide treatments have impacts but 
this species is resilient especially if the surrounding habitat has a mosaic of unimpacted areas.”  
 
“I'm not sure any of these categories really captures the elements necessary for good marbled 
salamander habitat.  It all depends on the quality and type of wetlands and uplands present - 
and not necessarily captured by these specific metrics.  Other factors that are important are 
hydroperiod, extreme temperatures and/or weather events, and downed woody debris.” 
 
“Marbled salamanders are an adaptable species. I have only observed them breeding in closed 
canopy forests with open understory layers where pools of water form in the winter. However, I 
have found individuals under cover in a wider range of habitats. They are very common in the 
triangle area.” 

 
 
Spotted salamander (Ambystoma maculatum) 
% Canopy Cover: As canopy cover increases, habitat quality increases.  
Distance to water: As distance to water increases, habitat quality decreases. 
Aspect: No impact on habitat quality. 
Land Cover: Mesic forest, floodplain forest, upland depression swamp were ranked the 
highest. 
Distance to roads: As distance from roads increases, habitat quality increases. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is only of medium importance to this species. 
Forest Management: Tree harvest and chemical application have strong negative 
impact on habitat quality, pine plantation and understory burns have weaker negative 
impact. 
Variable importance: % canopy cover and  distance to water most important predictors 
of habitat quality. 
Comments: 
“In my experience, spotted salamanders are adaptable like the marbled salamander. 
However, I have not found them in as many locations as marbled salamanders. Both 
species depend on fishless pools for egg deposition and breeding.” 
 
Red-spotted newt (Notophthalmus viridescens) 
% Canopy Cover: As canopy cover increases, habitat quality increases, though only 
slightly. 
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Distance to water: As distance to water increases, habitat quality decreases, though 
only slightly. 
Aspect: No impact on habitat quality. 
Land Cover: Mesic forest, floodplain forest, upland depression swamp were ranked the 
highest. 
Distance to roads: As distance from roads increases, habitat quality increases, though 
only slightly. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is only of medium importance to this species. 
Forest Management: Tree harvest and chemical application have strong negative 
impact on habitat quality, though this species is more tolerant than others, pine 
plantation has weaker negative impact, understory burns may have slight positive 
impact too.) 
Variable importance: % canopy cover, land cover, and distance to water most 
important predictors of habitat quality. 
Comments: 
“They can migrate great distances to water sources for breeding.  Efts live in upland 
habitats until ready to breed, then slowly make their way back.” 
 
“The aquatic adult stage of the eastern newt presents interesting problems for a 
terrestrial survey. The eft stage of this species can and does wander large distances 
overland through a different habitats, but the adults are almost entirely aquatic, which 
makes the responses difficult to determine with such different influences on different life 
stages of the species.” 
 
Northern dusky salamander (Desmognathus fuscus) 
% Canopy Cover: As canopy cover increases, habitat quality increases. 
Distance to water: As distance to water increases, habitat quality decreases 
significantly. 
Aspect: Northern/eastern is better than southern/western. 
Land Cover: Mesic forest was ranked the highest. 
Distance to roads: As distance from roads increases, habitat quality increases, though 
only slightly. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is of low importance to this species. 
Forest Management: Tree harvest and chemical application have strong negative 
impact on habitat quality. Pine plantation and understory burns have weaker negative 
impact. 
Variable importance: Distance to water, % canopy cover, land cover most important 
predictors of habitat quality. 
Comments: 
“A stream species. In my experience they can be found in a wide variety of stream type 
and quality.” 
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Southern two-lined salamander (Eurycea cirrigera) 
% Canopy Cover: As canopy cover increases, habitat quality increases. 
Distance to water: As distance to water increases, habitat quality decreases 
significantly. 
Aspect: Northern/eastern is better than southern/western. 
Land Cover: Mesic forest and floodplain forest were ranked the highest. 
Distance to roads: As distance from roads increases, habitat quality increases, though 
only slightly. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is of low importance to this species. 
Forest Management: Tree harvest, chemical application, and pine plantation have 
medium negative impact on habitat quality. Understory burns have weak negative to no 
impact.  
Variable importance: Distance to water, % canopy cover, land cover most important 
predictors of habitat quality. 
Comments: 
“Streams are the key habitat feature with this species. In my experience, they can be in 
almost any stream.” 
 
Three-lined salamander (Eurycea guttolineata) 
% Canopy Cover: As canopy cover increases, habitat quality increases, but only 
slightly. 
Distance to water: As distance to water increases, habitat quality decreases 
significantly. 
Aspect: No impact on habitat quality. 
Land Cover: Mesic forest and floodplain forest were ranked the highest. 
Distance to roads: As distance from roads increases, habitat quality increases, though 
only slightly. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is of medium importance to this species (older is better). 
Forest Management: Tree harvest, chemical application, and pine plantation have 
medium negative impact on habitat quality. Understory burns have weak negative to no 
impact.  
Variable importance: Distance to water, % canopy cover, land cover most important 
predictors of habitat quality. 
Comments: 
“Another stream species. Proximity to a stream is the biggest habitat determining 
variable.” 
 
Eastern red-backed salamander (Plethodon cinereus) 
% Canopy Cover: As canopy cover increases, habitat quality increases significantly. 
Distance to water: No impact on habitat quality. 
Aspect: Northern/eastern is better than southern/western. 
Land Cover: Mesic forest was ranked the highest. 
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Distance to roads: As distance from roads increases, habitat quality increases. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is of medium importance to this species (older is better). 
Forest Management: Tree harvest, chemical application, and pine plantation have 
medium negative impact on habitat quality. Understory burns have weak negative to 
weak positive impact. 
Variable importance: % canopy cover and land cover most important predictors of 
habitat quality. 
Comments:  
“Common woodland salamander, most likely of the listed species to be found in 
disturbed or developed land.” 
 
White-spotted slimy salamander (Plethodon cylindraceus) 
% Canopy Cover: As canopy cover increases, habitat quality increases significantly. 
Distance to water: No major impact on habitat quality, though <50 m from water may 
be worse habitat than >50 m from water. 
Aspect: Northern/eastern is better than southern/western. 
Land Cover: Mesic forest and dry oak/pine forest were ranked the highest. 
Distance to roads: As distance from roads increases, habitat quality increases. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas. 
Forest Age: Forest age is of medium importance to this species (older is better). 
Forest Management: Tree harvest and chemical application have strong negative 
impact on habitat quality. Pine plantation has weak negative impact on habitat quality. 
Understory burns have weak negative to weak positive impact. 
Variable importance: % canopy cover and land cover most important predictors of 
habitat quality. 
Comments: 
“Slimy Salamanders can put up with quite a lot of disturbances but in pine plantations or 
pine heavy forests, the soil can be a bit too acidic for them to do well in.” 
 
“Second most adaptable species on the list after the red-backed.” 
 
Four-toed salamander (Hemidactylium scutatum) 
% Canopy Cover: As canopy cover increases, habitat quality increases significantly. 
Distance to water: As distance from water increases, habitat quality decreases. 
Aspect: No impact on habitat quality. 
Land Cover: Mesic forest, floodplain forest, upland depression swamp were ranked the 
highest. 
Distance to roads: As distance from roads increases, habitat quality increases. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas but may be more common in or near protected areas compared to far 
from protected areas. 
Forest Age: Forest age is of medium importance to this species (older is better). 
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Forest Management: Tree harvest, chemical application, and pine plantation have 
strong negative impact on habitat quality. Understory burns have weak negative to weak 
positive impact. 
Variable importance: % canopy cover, land cover, distance to water most important 
predictors of habitat quality. 
Comments: 
“This species gives the appearance of being more sensitive to disturbance but due to its 
unique breeding habitats it was probably always more spotty in distribution even in an 
unaltered landscape.” 
 
Pseudotriton spp. (Mud salamander, P. montanus and Red salamander, P. ruber) 
% Canopy Cover: As canopy cover increases, habitat quality increases significantly. 
Distance to water: As distance from water increases, habitat quality decreases. 
Aspect: Northern/eastern is better than southern/western. 
Land Cover: Mesic forest, floodplain forest, upland depression swamp, dry oak/pine 
forest were ranked the highest. 
Distance to roads: As distance from roads increases, habitat quality increases. 
Relationship to protected areas: This species can be found in, near, or far from 
protected areas but may be more common in or near protected areas compared to far 
from protected areas. 
Forest Age: Forest age is of medium importance to this species (older is better). 
Forest Management: Tree harvest, chemical application, and pine plantation have 
strong negative impact on habitat quality. Understory burns have weak negative to no 
impact. 
Variable importance: % canopy cover, land cover, distance to water most important 
predictors of habitat quality. 
Comments? Do you think habitat differs significantly between the two species?: 
“ruber and montanus are different quite a bit.  Basically, ruber is much more upland and 
montanus is floodplain but both can be found in either.” 
 
“P. montanus tends to be in swampier habitat and P. ruber is generally more upland.  
However they are certainly found sympatrically.” 
 
“I don’t think it differs significantly. I have found this species to be a difficult to find in the 
field in the piedmont. Probably just my luck. Both live up to the name 'mud 
salamander'.” 
 
III. Rule-based models 
 
Maps of rule-based model outputs can be found in the Figures section of the paper 
(Figures 3-22). Overall, the rule-based method classified less area as "habitat" than the 
Maxent method. As expected, the models for D. fuscus, E. cirrigera, E. guttolineata, P. 
montanus, and P. ruber are strongly influenced by the location of streams. Models for A. 
maculatum, A. opacum, N. viridescens, P. cinereus, and P. cylindraceus are more 
scattered. Very little area was classified as habitat for H. scutatum.  Most of the models 
are predicting a chunk of good habitat at the southern edge of the 2-counties study 
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area, in the wetland area above Jordan Lake. This area is classified as floodplain forest 
and has high canopy cover. It is far from roads and close to a protected area, so it 
makes sense this score high in the rule-based method. The same trends were seen in 
the Duke Forest study area. 
 
When the rule-based models were combined into the "hotspot" map, the floodplain 
forest areas stood out even more (Figures 23-24). Historic salamander occurrence data 
from the NC Museum of Natural Sciences was displayed on top of the hotspot map 
(Figure 25). Records from the 1940's and some from the 1970's and 1980's were 
recorded right in that area. Other records were found north of there, in the Duke Forest 
and also a few in areas that are currently very urbanized and poor habitat (like 
downtown Durham.) 
 
The occurrence points for each species were overlaid on the habitat (score >=80) to see 
how often the occurrence points fell within predicted habitat (true positive) or fell outside 
of predicted habitat (false negative.) On average, occurrence points fell within predicted 
habitat 20% of the time (Table 11). There is a high rate of false negatives – real 
occurrences occurring in areas that were not predicted to be “habitat.”  
 

Table 11. Assessment of how often occurrence points fell within predicted habitat for 
rule-based models in the 2-counties study area. 

Species 
False 

Negative 
True 

Positive % True 

A. maculatum 170 5 3% 

A. opacum 76 32 30% 

D. fuscus 2 1 33% 

E. cirrigera 22 3 12% 

E. guttolineata 9 2 18% 

H. scutatum 8 0 0% 

N. viridescens 17 2 11% 

P. cinereus 107 9 8% 

P. cylindraceus 16 15 48% 

P. montanus* 
4 2 33% 

P. ruber* 

  Average: 20% 

*P. montanus and P. ruber were modeled together for the rule-based models, so their occurrence points 
were merged for this analysis. 

 
The rule-based models were not created with the occurrence data, so it makes sense 
that the data points would not strongly align with the models. Additionally, the >=80 
threshold assumed that salamanders would occur in the best habitat possible. Because 
there were so many false negatives, this may not be the case. To investigate this, I 
extracted the values of the rule-based models pre-thresholding to see how the exact 
locations of the salamander occurrences scored (Table 12). The average species 
occurrence point was located in an area that scored around a 70 (averages for 
individual species ranged from 61 to 81.) This makes sense, as a score of 60 
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represented “lowest score associated with consistent use and breeding.” A score 
between 60 and 80 is still decently good habitat, though 80-100 would be considered 
the best habitat. Therefore, my rule-based models are more stringent than they could 
have been, thresholding at 80. 
 

Table 12. This table shows the habitat quality values (0-100 scale) extracted from the 
rule-based habitat models where the salamanders were observed. 

Species Min Max Mean Median Mode 

A. maculatum 39.53 96.19 67.46 67.34 63.44 

A. opacum 36.54 91.93 73.53 73.06 76.06 

D. fuscus 70.45 94.17 81.07 78.59 N/A 

E. cirrigera 45.69 93.44 67.36 64.33 45.69 

E. guttolineata 40.58 91.68 68.38 68.91 68.91 

H. scutatum 49.93 66.06 61.32 63.64 66.06 

N. viridescens 69.60 82.14 74.80 73.94 73.94 

P. cinereus 55.36 88.08 69.97 68.46 68.46 

P. 
cylindraceus 39.87 88.95 75.70 78.05 81.25 

P. montanus* 
38.09 86.65 64.23 71.08 38.09 

P. ruber* 

AVERAGE 48.56 87.93 70.38 70.74 64.66 

*P. montanus and P. ruber were modeled together for the rule-based models, so their occurrence points 
were merged for this analysis. 

 
 
IV. Maxent models 
 
Maps of Maxent model outputs can be found in the Figures section of the paper 
(Figures 3-22). Overall, the Maxent method seems to have classified more area as 
"habitat" than the rule-based method. The Maxent models followed similar trends seen 
in the rule-based models. Models for D. fuscus, E. cirrigera, E. guttolineata, P. 
montanus, and P. ruber are strongly influenced by the location of streams. Models for A. 
maculatum, A. opacum, N. viridescens, P. cinereus, P. cylindraceus, and H. scutatum 
are more scattered. The same trends were seen in the Duke Forest study area.  
 
Interestingly, when the Maxent models were combined into the "hotspot" map, the 
resulting map showed much less “good habitat” than the rule-based hotspot map, even 
though the Maxent models usually predicted more habitat (Figures 23-24). The best 
areas highlighted are similar to the rule-based models, near the floodplain areas. 
 
The occurrence points for each species were overlaid on the habitat predicted from 
Maxent to see how often the occurrence points fell within predicted habitat (true 
positive) or fell outside of predicted habitat (false negative.) On average, occurrence 
points fell within predicted habitat 99% of the time (Table 13a). This is much higher than 
for the rule-based models, which makes sense as the Maxent models were created 
based on the occurrence points. After the logistic threshold was applied, percentage of 
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total study area classified as habitat ranged from 10% (D. fuscus) to 59% (A. opacum) 
across the 2-counties study area, and 7% (H. scutatum) to 47% (A. opacum) across the 
Duke Forest study area (Table 13b). This follows the general rarity of species in this 
region – the mole salamanders, A. opacum and A. maculatum, are much more common 
than D. fuscus and H. scutatum.  
 

Table 13a. Assessment of how often occurrence points fell within predicted habitat for 
Maxent models in the 2-counties study area. 

Species 
False 

Negative 
True 

Positive % True 

A. maculatum 5 170 97% 

A. opacum 2 106 98% 

D. fuscus 0 3 100% 

E. cirrigera 0 25 100% 

E. guttolineata 0 11 100% 

H. scutatum 0 8 100% 

N. viridescens 0 19 100% 

P. cinereus 0 116 100% 

P. cylindraceus 2 29 94% 

P. montanus 0 4 100% 

P. ruber 0 2 100% 

  Average: 99% 

 
Table 13b. Percentage of total study area predicted as habitat.  

Species 
Area of predicted habitat 
(acres), 2-counties study 

area 

Area of predicted 
habitat (acres), Duke 

Forest study area 

A. maculatum 195,026 (44%) 1,830 (28%) 

A. opacum 262,985 (59%) 3,131 (47%) 

D. fuscus 45,888 (10%)  

E. cirrigera 120,987 (27%) 1,513 (23%) 

E. guttolineata 69,233 (15%)  

H. scutatum 125,350 (28%) 464 (7%) 

N. viridescens 120,101 (27%) 2,015 (30%) 

P. cinereus 76,686 (17%) 999 (15%) 

P. cylindraceus 162,791 (36%) 1,241 (19%) 

P. montanus 66,516 (15%)  

P. ruber 51,620 (12%)  

 
V. Model comparison 
 
In almost every case, the Maxent models predicted more “habitat” than the rule-based 
models. It’s important to note that the output of the rule-based models is a score of how 
“good” the habitat is based on environmental variables important to the species, while 
the output of Maxent models is probability of occurrence of a species, so they can’t truly 
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be compared. A portion of the “habitat” predicted by both types of models overlapped 
for all species in both study areas (Table 14). 
 
Table 14.  Area classified as “habitat,” in acres. Bold values are the higher value of the 

two. 

 2-Counties   Duke Forest   

 

Rule-
based Maxent 

# of 
Overlapping 
Acres 

% 
Overlap Rule-

based Maxent 

# of 
Overlapping 
Acres 

% 
Overlap 

A. maculatum 95,005 195,027 39,549 15.79 767 1,830 152 6.22 

A. opacum 95,557 262,986 59,638 19.95 872 3,131 504 14.40 

D. fuscus 52,756 45,888 17,594 21.71 463    

E. cirrigera 29,199 120,988 11,353 8.18 440 1,513 96 5.17 

E. 
guttolineata 25,692 69,233 9,181 

10.71 
404   

 

H. scutatum 19,724 125,351 5,995 4.31 119 464 19 3.37 

N. viridescens 100,484 120,101 29,718 15.57 588 2,015 165 6.77 

P. cinereus 100,423 76,687 27,204 18.15 854 999 112 6.43 

P. 
cylindraceus 178,944 162,792 70,949 

26.20 
2,648 1,241 588 

17.81 

P. montanus* 
41,090 

66,516 10,082 10.34 
1,253    

P. ruber* 51,620 9,409 22.29    

*P. montanus and P. ruber were modeled together for the rule-based models, so their occurrence points 
were merged for this analysis. 

 
 

VI. Connectivity 
 
Each division of the Duke Forest had varying numbers of ponds, ranging from 4 in the 
smallest division, Oosting, to 65 in Durham and Korstian divisions combined. In each 
case, maximum connectivity would be represented by connections between each pair of 
ponds. This did not occur in any of the divisions. Corridors only occurred where a set of 
ponds was within 500 m of each other; for all ponds where this was not the case, a 
corridor did not exist as salamanders would not be able to move that far. The Eno 
division had 25% of potential corridors realized (number of corridors/number of potential 
corridors), while Durham and Korstian only had 3% realized (Table 15).  
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Table 15. Number of ponds in each Duke Forest division, number of corridors calculated 
between the ponds, and number of potential corridors (if all pairs of ponds were 

connected.) 

 
Oosting Eno Blackwood Hillsboro 

Durham & 
Korstian 

# Ponds 4 8 13 14 65 

# Corridors 1 7 10 14 60 

# Potential Corridors 6 28 78 91 2080 

% Connected 
(# corridors / # potential 
corridors) 

17% 25% 13% 15% 3% 

 
Corridor capacities are, literally, the length in feet of the smaller pond perimeter 
fragment that made up that corridor. More generally, they represent the amount of 
“flow,” in terms of salamander movement, between the two ponds. This is best 
understood by comparing one corridor’s capacity to another. Corridor capacities ranged 
from 104.29 to 4448.06. Figure 26 shows the distribution of the corridor capacities, 
which is skewed to the right.  
 

 
 

Figure 26. Distribution of corridor capacity values. The bigger the capacity, the more 
potential for migration (“flow”) there is between the two connected ponds. 
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The identified corridors were overlaid with Duke Forest gravel roads, Duke Forest 
official and unofficial foot paths, and county/state roads (Figures 27-28). The Oosting, 
Eno, and Hillsboro divisions all had corridors crossed by county/state roads, but no 
Duke Forest roads or trails. The Blackwood division had 7 corridors crossed by Duke 
Forest gravel roads and a smaller number crossed by county/state roads. Durham and 
Korstian divisions had corridors crossed by every type of road/trail (Table 16). 
 
Table 16. Number of corridors crossed by roads and trails. Some corridors are crossed 

by more than one type of road/trail. 
 Oosting Eno Blackwood Hillsboro Durham & 

Korstian 

# Corridors 1 7 10 14 60 

# crossed by DF 
gravel road 

0 0 7 (70%) 0 7 (12%) 

# crossed by DF 
official foot paths 

0 0 0 0 2 (3%) 

# crossed by DF 
unofficial foot paths 

0 0 0 0 1 (2%) 

# crossed by 
county/state roads 

1 (100%) 6 (86%) 4 (40%) 8 (57%) 34 (57%) 

 
 
DISCUSSION 
 
I. Literature review 
 
Results from my literature review showed an extremely uneven distribution of papers 
about each species, with many more about the Ambystomatids and P. cinereus and few 
for the other species. Additionally, many papers that turned up in my search focused on 
aspects such as reproduction, diet, or physiology, which contained little to no relevant 
information on habitat. All of this led to the decision to supplement the literature review 
with an expert survey. 
 
II. Expert survey 
 
Generally, responses from the experts surveyed agreed with the conclusions I had 
drawn from the literature. Often, my scores and the averaged expert scores were the 
same or within a few points of each other. The main point that can be drawn from the 
comments section of the survey is that habitat modeling on this level is a crude measure 
of designating habitat across a landscape. Salamanders are microhabitat specialists, 
and many important variables cannot be modeled in GIS, such as hydroperiod, 
temperature, downed woody debris, and presence of small mammal tunnels. 
 
This project was intended to provide a starting point for the Duke Forest to search for 
salamanders on their property. The results of my habitat maps can be used to identify 
priority search areas or priority management areas, and these can then be ground-
truthed at various times throughout the year. In the field, these microhabitat 
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characteristics can then be assessed to provide a more accurate assessment of habitat 
quality. 
 
III. Rule-based models 
 
From the rule-based models, it is clear that the best areas of habitat left in Durham and 
Orange counties are highly forested areas, especially if they are wetlands or floodplain 
forests. The historical NC Museum of Natural Sciences data suggests that salamanders 
used to be found in areas that have undergone land use changes and are now 
urbanized or lower quality habitat in other ways. However, the historical data points may 
be biased due to uneven sampling effort each decade, or targeted searches in different 
areas each decade.  
 
It seems that salamanders are not occupying the "best" habitat, according to the 0-100 
scale. This could be for multiple reasons. Because the salamander occurrence data was 
not collected systematically across the whole study area, the points are biased to 
wherever humans have been walking and happened to encounter them, or where they 
have chosen to search for them. There could very well be many salamanders in the 
best habitat areas, but these haven't been surveyed either due to access issues or 
people not reporting when they have found a salamander there. Alternatively, as the 
area urbanized and habitat became fragmented, salamander populations in the best 
habitat patches may have been locally extirpated when they were cut off from other 
populations. Additionally, the rule-based method is created entirely without the use of 
the occurrence points and is more theoretical, so it makes sense that the points would 
"fit" the model worse than they "fit" the Maxent models, which were created using the 
points. 
 
IV. Maxent models 
 
Though Maxent has been in use by ecologists for a number of years, questions about 
the "best practices" for its use still remain. There are numerous settings that can be 
adjusted which will alter the results in various ways. For example, adjusting the 
regularization parameter (B) will result in over- or under-fitting of the model. For this 
project, I tried to maximize the AUC by adjusting B.  
 
With Maxent models, the resulting probability of occurrence maps are only as good as 
the data points used to create them. With many of the species (D. fuscus, E. 
guttolineata, H. scutatum, P. montanus, P. ruber), <15 points went into the models. This 
makes them highly skewed toward whatever habitat existed at the occurrence points 
and potentially less accurate. On average, the Maxent models had high percentages of 
“true” positives or negatives based on the predicted habitat and non-habitat areas, 
suggesting that in general, they fit the data well. 
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V. Model comparison 
 
No model is completely accurate. Both the rule-based approach and Maxent approach 
have different strengths and weaknesses. I would recommend the rule-based approach 
when wildlife managers have few occurrence points for a species, when there is 
abundant literature on the species' habitat requirements, and/or when the manager has 
contacts with species experts that are familiar with its habitat needs in the region. I 
would recommend the Maxent approach when wildlife managers have >50 high-quality 
data points, or when the literature on species' habitat requirements is scarce. Ideally, 
using both approaches will allow for a comparison between the two model outputs to 
see whether they generally agree or disagree on predicted habitat. Where the two 
models overlap, or agree, managers can have the highest certainty that quality habitat 
exists. 
 
Overall, the Maxent models predicted more habitat than the rule-based models, which is 
not bad in itself. Because many of the Maxent models were created with so few data 
points, they are potentially less accurate and so it makes sense that there is little 
overlap between the rule-based and Maxent models for many of the species.  
 
Of course, both methods contained steps that were influenced by my own decisions, 
such as assigning scores based on the literature for the rule-based models, or choosing 
the settings for the Maxent models. I acknowledge that the model outputs are influenced 
by these decisions. Though I cannot predict how different the models might have turned 
out if I had assigned slightly different scores or different Maxent settings, I do not think 
that the results would differ greatly. 
 
For practical use of these models, I would suggest placing a priority on protecting the 
areas where both models agreed on habitat. These areas have the highest chance of 
salamander occurrence. These areas can be further improved by working on 
microhabitat characteristics like increasing downed woody debris, and avoiding 
detrimental practices in these areas such as clearcuts or chemical application. 
 
VI. Connectivity 
 
Assessing connectivity for salamanders is difficult, in general. Research suggests that 
salamanders may not traverse landscapes according to the best habitat or "least cost" 
paths. Instead, they tend to exhibit a "random walk" approach. This, in addition to their 
very small average dispersal distances, makes traditional connectivity approaches less 
relevant and accurate.  
 
This is why I chose to use the pond connectivity approach created by Matisziw et al. 
(2015). This approach can be modified for any pond-breeding species of amphibian, as 
long as you have a dataset of ponds and wetlands and know their typical dispersal 
distance. Because this connectivity method assesses pond-to-pond connectivity, it may 
be less effective for assessing the movement of adults from upland habitat to ponds and 
back. However, studies have suggested that survival of juvenile mole salamanders are 
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actually more important to population growth and decreasing the risk of local extinction 
(Sterrett et al. 2018). Juveniles that metamorphose and leave ponds will emigrate to 
other nearby ponds, making these pond-to-pond corridors important. Matisziw et al. 
(2015) noted that "straight-line...distance...between two breeding sites is thought to be 
one of the primary factors influencing colonization and extinction" for amphibians. 
Furthermore, all ponds were buffered by 500 m. Research suggests that this distance 
from a wetland or pond will capture ~90% of the salamander population. Therefore, a 
corridor between two ponds is likely capturing most of the adult salamanders that would 
migrate to either pond during the breeding season (Scott et al. 2013). 
 
Overlaying roads and foot paths over the corridors revealed that for every Duke Forest 
division, at least one state or county road crosses a potential corridor. The Duke Forest 
itself does not have control over these roads, but could work with the city on road 
closures during breeding seasons or the development of below-road tunnels. In the 
Blackwood, Durham, and Korstian divisions, many Duke Forest gravel roads also cross 
corridors. By looking at the maps and identifying which roads cross these corridors, 
Duke Forest could consider gating these roads during breeding seasons, or avoiding 
driving on them at night when salamanders will be moving. 
 
This analysis was limited by the quality of my ponds and wetlands datasets. I trust that 
the water bodies data from the National Hydrography Dataset by U.S. Geological 
Survey and the wetlands data by U.S. Fish and Wildlife Service is accurate, but there 
may be smaller bodies of water that were not included in these datasets. Again, 
surveying on the ground could help ground-truth this piece of the project. 
 
Next steps for this analysis could follow what Matisziw et al. (2015) did in the rest of 
their paper: laying a cost surface or resistance layer under the corridors to see if the 
corridors are actually feasible, or turning the corridor polygons and ponds into a vector-
node network to model corridor density and identify multi-step paths to model dispersal 
over multiple generations. 
 
VII. Recommendations for Duke Forest 
 
In general, I would recommend the following next steps: 

• Use the habitat model outputs to designate priority areas for salamander surveys 
and salamander management. Points taken from the “overlap” areas have been 
listed in Appendix X and can be used as a starting point for on the ground 
surveys in each division. Also listed in Appendix X are coordinates for the most 
“salamander-y” areas of the Duke Forest, taking into consideration presence of 
all the species overlapped. Points were taken from the center of “best” areas, so 
when surveying on the ground, staff or volunteers should look in the general 
vicinity of the point. 

• In these areas, improve microhabitat characteristics and avoid detrimental forest 
operations such as clearcuts and chemical application. 

• Survey year-round, as different species will be above-ground and/or migrating at 
different times. 
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• Consider adding new coverboard transects to the Duke Forest Herpetofauna 
Citizen Science program that cover some of the best areas for salamanders 
(using the hotspot map with all species combined). 

• In GIS, look at which of the Duke Forest roads are crossing the pond corridors. 
Consider gating roads or avoid night-driving during breeding seasons for spotted 
salamanders (spring) and marbled salamanders (fall). Coordinates for where 
Duke Forest gravel roads cross a pond corridor can be found in Appendix XI. 

 
Figure 29 shows the three areas where salamander presence and salamander 
movement are highest. I would recommend that Duke Forest staff first focus their 
management attention on these areas.  
 
CONCLUSION 
 
Salamander species in the Piedmont region of North Carolina are under-studied. This 
region is undergoing rapid expansion, urbanization, and human population growth, all of 
which will affect salamander habitat and salamanders directly. In addition, many of 
these species are “knowledge-gap priority species” for the NC Wildlife Resources 
Commission, and important to many managers of wildlife and protected areas, such as 
the Duke Forest.  
 
My project assessed the usage of two methods, rule-based modeling and Maxent 
modeling, to predict habitat for eleven species of salamander found in Durham and 
Orange counties. Both approaches have pros and cons, and agreed on some habitat 
areas but disagreed on others. Because of the lack of occurrence data for some 
species, rule-based models are preferable. For other species which had many data 
points, Maxent models might be more accurate. Overall, where the two models overlap 
creates the best prediction for salamander occurrence. 
 
These predicted habitat maps can be used to prioritize land conservation, areas for on-
the-ground salamander surveys or management, and areas to avoid the use of 
detrimental forest management activities. The best areas of habitat will become even 
more vital to protect as the Triangle region becomes more developed. 
 
My project also assessed the connectivity of ponds and wetlands used by pond-
breeding salamanders. Corridors were identified for each Duke Forest division, and 
potential conflict areas with roads were highlighted. The results of this can be used to 
mitigate road mortality during breeding seasons, when large numbers of adults migrate, 
and after breeding seasons, when juveniles metamorphose and emigrate. 
 
For the most urbanized part of the state, the Triangle region of North Carolina is still 
home to a surprising diversity of salamander species. As the region grows, salamander 
habitat will dwindle, making it important to identify and conserve the best habitat and 
current salamander populations. I hope that my work will be helpful in accomplishing 
these goals. 
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Figure 3. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the spotted salamander (Ambystoma maculatum). 
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Figure 4. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the marbled salamander (Ambystoma opacum). 



52 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the Northern dusky salamander (Desmognathus fuscus). 



53 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the Southern two-lined salamander (Eurycea cirrigera). 
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Figure 7. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the three-lined salamander (Eurycea guttolineata). 
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Figure 8. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the four-toed salamander (Hemidactylium scutatum). 
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Figure 9. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the red-spotted newt (Notophthalmus viridescens). 
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Figure 10. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the eastern red-backed salamander (Plethodon cinereus). 
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Figure 11. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the white-spotted slimy salamander (Plethodon cylindraceus). 
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Figure 12. Two-counties habitat output from rule-based (left) and Maxent (right) methods for the mud salamander (Pseudotriton montanus) and red salamander 

(Pseudotriton ruber). Both species were modeled together for the rule-based method. 
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Figure 13. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the spotted salamander (Ambystoma maculatum). 



61 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the marbled salamander (Ambystoma opacum). 
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Figure 15. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the Northern dusky salamander (Desmognathus fuscus). 
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Figure 16. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the Southern two-lined salamander (Eurycea cirrigera). 
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Figure 17. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the three-lined salamander (Eurycea guttolineata). 
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Figure 18. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the four-toed salamander (Hemidactylium scutatum). 
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Figure 19. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the red-spotted newt (Notophthalmus viridescens). 
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Figure 20. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the eastern red-backed salamander (Plethodon cinereus). 
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Figure 21. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the white-spotted slimy salamander (Plethodon cylindraceus). 
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Figure 22. Duke Forest habitat output from rule-based (left) and Maxent (right) methods for the mud salamander (Pseudotriton montanus) and red salamander 

(Pseudotriton ruber). 
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Figure 23. Two-counties salamander hotspot map, all rule-based models combined (left) and all Maxent models combined (right). 
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Figure 24. Duke Forest salamander hotspot map, all rule-based models combined (left) and all Maxent models combined (right). 
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Figure 25. Two-counties salamander hotspot map, all rule-based models combined (left) and all Maxent models combined (right), with overlaid historical 

salamander records from NC Museum of Natural Sciences. 
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Figure 27. Ponds (blue) and corridors (pink) overlaid with city and Duke Forest roads and trails in Eno, Hillsboro, Blackwood, and Oosting divisions.  



74 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28. Ponds (blue) and corridors (pink) overlaid with city and Duke Forest roads and trails in Durham and Korstian divisions.  
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Figure 29. Best management areas for all species combined (blue), overlaid with pond corridors (pink). Three major hotspots of salamander presence and 

movement are circled in red.
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I. LITERATURE REVIEW 

Table 1. Literature review of relevant habitat variables for each species. 

Species Designation Migration Ability 

Marbled 
Salamander 
(Ambystoma 
opacum) 

State salamander; “Herp Taxa Team designated 
the Marbled Salamander as a priority for both 
research and management concerns because of 
the uncertainty about population size and 
distribution in North Carolina’s Mountain ecoregion, 
and because the species is at risk for population 
decline due to disease and pathogens”.; Research 
priority b/c knowledge gap (NCWRC) 

average dispersal distance of 440 m, ranging from 142-1297 m; tiger salamander A. tigrinum 
ranges from 245-2830 m (Matisziw et al. 2015); mole salamanders moved more during April-May 
and August-September than June-July (Mazerolle 2004); “deposits eggs in dried ephemeral pools 
during early fall, larvae hatch after pool filling in winter, complete metamorphosis in spring” 
(Chambers 2008); “More likely to avoid clearcuts when emigrating than immigrating; if emigrated 
into clearcuts, more likely to reverse direction and return to wetlands.” Marbled migrate September 
to May (Todd et al. 2009); “breed and nest terrestrially during late summer and autumn in seasonal 
wetlands” (Croshaw and Scott 2006); “migration routes are spatially complex, Routes are 
unpredictable in the long term” (Jenkins et al. 2006); table of movement dates in Paton and Crouch 
2002; “newly metamorphosed A. opacum: 79% emigrate <90 m from wetland, 8% moved >172 m. 
28% of adults occurred beyond 172 m in all years. Buffer radius of 300-340 m estimated to include 
95% of adults. Possibly need up to 500 m radius of wetland protected” (Scott et al. 2013) 

Spotted 
Salamander 
(Ambystoma 
maculatum) Research priority b/c knowledge gap (NCWRC) 

mole salamanders moved more during April-May and August-September than June-July (Mazerolle 
2004); assuming 100 m or 500 m migration distance (Gibbs and Shriver 2005); “annual breeding 
migration mid-January to early March; high site fidelity; females travel further than males”; "high 
concordance in wetland entrance & exit sites" (Strickland et al. 2015); “mean max. distance moved 
from breeding pool was 106 m, range 1.6-427.6 m” (Veysey et al. 2009); “mean distance moved 
from breeding pond 118 m, observed up to 467 m” (Richardson 2012); “recently metamorphosed 
individuals moved straighter and with fewer turns through field habitat compared to forest and early 
successional. Significantly oriented movement toward forest when released in field or in edge 
between forest and field. Movement in the forest and early successional forest basically correlated 
random walk. Can perceive forest habitat from distances of at least 10 m. They have behavioral 
rules for moving through differing habitat types” (Pittman and Semlitsch 2013); “breed during spring 
and summer” (Chambers 2008); table of movement dates in Paton and Crouch 2002; “salamanders 
mostly exhibited nonrandom orientation; probably responded to microtopographic or other distrinct 
features of each pool rather than distant cues. Migratory success primarily a function of dist. to 
nearest forest. Few juvenile amphibians would be able to migrate >50 m across pastures. Breeding 
sites without connectivity to suitable terrestrial habitat might be population sinks b/c high juvenile 
mortality during emigration” (Rothermel 2004) 

Red-spotted 
Newt 
(Notophthalmus 
viridescens) none 

“efts will migrate away from ponds into upland forests; Efts require about 1 yr to migrate to 
woodlands 800 m distant which is the average distance from pond; Home ranges averaged 266.9 
m2 in one season and 353 m2 over two seasons; emigrating adults traveled in straighter paths than 
juveniles, 40-60% went 60 m from breeding pond, 13-17% went over 100 m., small amount went 
over 500 m.; in this study individuals moved 50-60 m in one night.” (Roe and Grayson 2008); 
“partial migration (variation in % of population that completes a migration) influenced by local 
environment and condition of individual. Measured % of newts migrating to terrestrial habitat vs. 
overwintering as pond residents. Higher density of newts = more migration, and earlier migration” 
(Grayson and Wilbur 2009); (Chambers 2008); “most migrate toward forest in September, toward 
lake in June and August; reduced migration during midsummer. May need multiple seasons to 
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migrate from terrestrial range to lake” (Leclair Jr et al. 2005);  movements of efts in August, April, 
October (Montanucci 2006); table of movement dates in Paton and Crouch 2002 

Northern Dusky 
Salamander 
(Desmognathus 
fuscus) none 

“in summer, female deposits eggs along banks of small, slow-moving stream...Females active 
during autumn and early winter”  (Hom 1988) 

Eastern Red-
backed 
Salamander 
(Plethodon 
cinereus) Research priority b/c knowledge gap (NCWRC) 

“Avg intergenerational dispersal of 3.5m; seasonal activity varies; in VA, courtship and mating 
March-May and October-November; HR size 10-25 m^2, have returned 90 m from displacement; 
return rate of displaced individuals declined with distance displaced; salamanders returned 
successfully as often through open habitat as through forest; first colonists of an area were young 
adults; even sedentary species may be able to move through matrix habitats that they wouldn't use 
otherwise; terrestrial salamanders are relatively sedentary, HRs in the order of tens of square 
meters and limited dispersal availability” (Marsh et al. 2004); typical dispersal distance < 10 m 
(Cosentino and Brubank 2018); “seasonal movement of adults uphill to rocky hilltop in fall and 
downhill to wet area in spring. Young age classes don't migrate; stay in wet area. Home range 0.16 
m^2 for adults. Noted to move 90 m” (Woolbright and Martin 2014); “adults median distance moved 
0.85-0.88 m and juveniles 1.14-1.22m; adult home range 1.15 m. Can move back to cover area 
when displaced 1-6.25 m, but movement was random when displaced long distances 12.5 m and 
25 m. P. cinereus territorial” (Ousterhout and Liebgold 2010) 

White-spotted 
Slimy 
Salamander 
(Plethodon 
cylindraceus) Research priority b/c knowledge gap (NCWRC) 

“genus Plethodon believed to have limited dispersal ability; found to traverse up to 90 m; typical 
distance likely <10 m; The maximum distance moved by a white-spotted slimy salamander in 
Durham County, North Carolina, was 91.5 m, though most adults moved < 9 m. Juveniles are more 
sedentary, and only one juvenile moved > 9 m. Most juvenile movements were < 6 m” 
(AmphibiaWeb Lanoo) 

Four-toed 
Salamander 
(Hemidactylium 
scutatum) SGCN in NC/SC 

“reside under forest floor debris during nonnesting season. Migrate to wetlands in spring or winter 
to lay eggs” (Chalmers and Loftin 2006) 

Mud 
Salamander 
(Pseudotriton 
montanus) Research priority b/c knowledge gap (NCWRC) nothing found 

Red 
Salamander 
(Pseudotriton 
ruber) Research priority b/c knowledge gap (NCWRC) 

“females go to aquatic habitat in autumn/early winter to deposit eggs; terrestrial activity most 
common in spring and early summer” (Marvin 2003); more terrestrial (warm rains early spring and 
fall) (Montanucci 2006) 

Southern Two-
lined 
Salamander 
(Eurycea 
cirrigera) none 

“Up to >100m to/from breeding habitat; low-order streams; inhabitat terrestrial env. (forest) during 
summer and fall; can move >100 m from stream; drought conditions will cause them to return to 
aquatic habitat even if not for breeding” (Muncy et al. 2014) 

Three-lined 
Salamander none 

“females go to aquatic habitat in late autumn and winter to deposit eggs; adults often found in 
terrestrial habitats during nonbreeding seasons” (Marvin 2003); nocturnal terrestrial activity in 
spring, fall, early winter rains (Montanucci 2006) 
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(Eurycea 
guttolineata) 
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Species Effect of Roads Elevation Aspect Slope 

Marbled 
Salamander 
(Ambystoma 
opacum) 

average % DOR [mole salamanders] was 39.8-42.5%; "number of ambystomatid 
salamanders dead on the road did not respond to traffic intensity" (Mazerolle 
2004); “significant effect of distance from logging road on breeding-site selection; 
the ambystomatids bred farther from the road than the newts. Newts are much 
more generalist” (Chambers 2008) 

“females used nesting cover 
most frequently at low 
elevations” (Croshaw and 
Scott 2006) nothing found 

nothing 
found 

Spotted 
Salamander 
(Ambystoma 
maculatum) 

average % DOR [mole salamanders] was 39.8-42.5%; "number of ambystomatid 
salamanders dead on the road did not respond to traffic intensity" (Mazerolle 
2004); “annual risk of road mortality for adults of >10% can lead to local 
population extirpation, if road density is >2.5 km per km^2 of landscape and traffic 
volumes >250 vehicles/lane/day, then you probably need mitigation efforts” 
(Gibbs and Shriver 2005); “Less likely to remain immobile in May-June compared 
to July-September” (Mazerolle et al. 2005); “avoid crossing where there was a 
wetland within 15 m of the downslope of the road; didn't show strong preference 
for crossing near existing culverts. No preference for culverts of varying aperture 
size, length, or substrate. Patterns of occurrence at the crossing hotspot are 
linked to physical attributes” (Patrick et al. 2010); “significant effect of distance 
from logging road on breeding-site selection; the ambystomatids bred farther from 
the road than the newts. Newts are much more generalist” (Chambers 2008); 
“road mortality during migrations can be high and result in local extinction; 
recommends installing tunnel systems” (see Jackson & Tyning 1989) (Montanucci 
2006) 350 m (Faccio 2003) nothing found 

20.3% slope 
(Faccio 
2003) 

Red-spotted 
Newt 
(Notophthalmus 
viridescens) 

“significant effect of distance from logging road on breeding-site selection; the 
ambystomatids bred farther from the road than the newts. Newts are much more 
generalist” (Chambers 2008) nothing found nothing found 

nothing 
found 

Northern Dusky 
Salamander 
(Desmognathus 
fuscus) nothing found 

scarce above 1200 m 
(Montanucci 2006) nothing found 

nothing 
found 

Eastern Red-
backed 
Salamander 
(Plethodon 
cinereus) 

Edge effect to about 20-30m; potentially to 80 m in dry years; "reduce movement 
by 25-75%"; “Ungated roads = consistent edge effects on salamanders; gated 
roads = no detectable edge effects. Road width equally good at predicting 
magnitude of edge effects as gate presence. Verge width mostly unrelated. 
Gradients in habitat variables unrelated. Narrow, gated roads don't usually have 
edge effects; wider, ungated roads have big edge effects” (Marsh 2007); “gene 
flow across very large roads is rare; bisected populations are likely to diverge from 
one another. Smaller roads: effects on genetic pop. structure less worrisome than 
mortality/habitat alteration. Other studies say narrow, paved roads reduce P. 
cinereus movement by 25-75% but don't eliminate it” (Marsh et al. 2008) Sea level to at least 1463m Negligible effect 

nothing 
found 

White-spotted 
Slimy 
Salamander nothing found sea level up to 1500 m nothing found 

nothing 
found 
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(Plethodon 
cylindraceus) 

Four-toed 
Salamander 
(Hemidactylium 
scutatum) nothing found nothing found 

north-facing aspect for 
nests (Banning et al. 
2008); north is probably 
best, east and west 
okay, south worst (Wahl 
et al. 2008); gently 
sloping hillside facing 
east (Easterla 1971) 

like steep 
bank angle 
next to water 
(Banning et 
al. 2008) 

Mud 
Salamander 
(Pseudotriton 
montanus) nothing found nothing found nothing found 

nothing 
found 

Red 
Salamander 
(Pseudotriton 
ruber) nothing found sea level up to 1,500 m nothing found 

nothing 
found 

Southern Two-
lined 
Salamander 
(Eurycea 
cirrigera) 

Can cross roads when migrating during breeding season (no indication of dificulty 
level) 0-2000m nothing found 

nothing 
found 

Three-lined 
Salamander 
(Eurycea 
guttolineata) nothing found 

“rarely are found above 800 
m and almost always below 
1,000 m;  below elevations 
of 800m but can reach up to 
1000m in southern 
Appalachians” (Montanucci 
2006) nothing found 

nothing 
found 

 

Species Temperature Precipitation Vegetation/Land Cover type 

Marbled Salamander 
(Ambystoma opacum) 

Daily temp. higher in fields than 
forests  (Rothermel and Semlitsch 
2006) nothing found 

“Pools were in contiguous mixed-deciduous forest, with no fish” (Chambers 2008); “survival 
in field habitat is low; survival in forested habitat much higher; breeding sites surrounded by 
non-forested habitat may be population sinks” (Rothermel and Semlitsch 2006); “deciduous 
forest consistently associated with lower levels of population isolation; populations in regions 
of agriculture and anthropogenic development more isolated” (Greenwald et al. 2009); 
“Ambystomatids spend 90-95% of life in upland forests, up to several hundred meters from 
breeding pools” (Compton et al. 2007); upland forests, bottomland hardwood forest the best 
(Montanucci 2006); “associated w/ hardwood and mixed hardwood-pine forests” (Ousterhout 
et al. 2015); marbled salamanders selected habitat at random (Graeter et al. 2008); “mature 
deciduous forests are preferred, Mixed hardwood and pine stands, floodplains, and uplands 
are also utilized, and can be found on rocky hillsides” (AmphibiaWeb Lanoo); “A. opacum 
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inhabits sandy and gravelly areas of mixed deciduous woodlands (especially oak-maple and 
oak-hickory)” (AmphibiaWeb) 

Spotted Salamander 
(Ambystoma 
maculatum) 

Daily temp. higher in fields than 
forests (Rothermel and Semlitsch 
2006) nothing found 

Strickland et al. 2015 study site: 0.92 ha ephemeral wetland; salamanders entered and 
crossed clear cuts; “clear cuts are semi-permeable to adult spotted salamanders, but that 
degree of permeability and the effects of buffer treatment largely depend on weather 
conditions. [FORESTED] Upland buffer zones are primary proposed management tool for 
vernal pool breeding amphibians" (Semlitsch 1998: 164.3 m will protect 95% of local 
salamander population); used clear cutting to manipulate upland buffer widths at vernal pools 
(Veysey et al. 2009); Pools were in contiguous mixed-deciduous forest, with no fish 
(Chambers 2008); “survival in field habitat is low; survival in forested habitat much higher; 
breeding sites surrounded by non-forested habitat may be population sinks” (Rothermel and 
Semlitsch 2006); “Ambystomatids spend 90-95% of life in upland forests, up to several 
hundred meters from breeding pools” (Compton et al. 2007); woodland vernal ponds 1 m 
deep and deciduous forest habitat (Montanucci 2006); “associated w/ hardwood and mixed 
hardwood-pine forests” (Ousterhout et al. 2015); “Used well-shaded, deciduous forest stands 
with abundant logs and stumps. Really associated with vertical mammal tunnels. Pools were 
temporary, in beech/maple/hemlock stand” (Faccio 2003); “occur within eastern mixed-
deciduous forest habitats and are common in mesic to floodplain habitats. Along the Atlantic 
Coastal Plain, spotted salamanders are not common in the drier, sandy, upland 
environments and are mostly found in hardwood, bottomland habitats with lower soil 
temperatures and higher soil moisture” (AmphibiaWeb Lanoo) 

Red-spotted Newt 
(Notophthalmus 
viridescens) 

“12-28 C; temp. and rainfall affected 
whether efts emerged from refuge 
and then rainfall & humidity affected 
distance traveled” (Roe and Grayson 
2008); “Efts rarely move about when 
the temperature drops below 10 ˚C, 
but will be active above 12 ˚C” 
(Healy, 1975a). Pough (1974) found 
that efts select for environmental 
temperatures of 26–28 ˚C. 
(AmphibiaWeb Lanoo) 

temp. and 
rainfall 
affected 
whether efts 
emerged 
from refuge 
and then 
rainfall & 
humidity 
affected 
distance 
traveled (Roe 
and Grayson 
2008) 

wooded areas; Pools were in contiguous mixed-deciduous forest, with no fish (Chambers 
2008);  “marshy areas, small ponds, pools near streams; efts: damp hardwood forest” 
(Montanucci 2006) 

Northern Dusky 
Salamander 
(Desmognathus 
fuscus) nothing found nothing found 

“Populations of southern two-lined salamander (E. cirrigera) and northern dusky salamander 
(D. fuscus) were found to have declined between 20-44% in three decades, associated with 
the conversion of forest to developed land” (Price et al. 2006); “in summer, female deposits 
eggs along banks of small, slow-moving stream. Nests = shallow depressions in moist soil 
covered by rotting log, rock, mat of moss, leaf litter. Females active during autumn and early 
winter. Use rocks more often in spring, then use moss for breeding time” (Hom 1988); 
Brimley (1944) stated that “in North Carolina they are salamanders of small woodland 
brooks, found in both streams and under rocks, logs, rubbish or other shelter close by, but 
never in strictly terrestrial surroundings” (AmphibiaWeb Lanoo); “rock-strewn woodland 
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streams, seepages, and springs in north; floodplains, sloughs, and mucky sites along upland 
streams in south” (AmphibiaWeb IUCN) 

Eastern Red-backed 
Salamander 
(Plethodon cinereus) 

“Max of 32.3-34.6C, movement 
inhibited when <10C; ideally 16.2-
20C in summer/fall; Prefer 
temperatures around 16 C. 
Movement only at temp above 10 C” 
(Woolbright and Martin 2014) 

no movement 
when rainfall 
<2.5 mm 
(Woolbright 
and Martin 
2014) 

“Deciduous and mixed conifer/deciduous primarily; preference for mature hardwood; less 
often in pure conifer stands” (AmphibiaWeb, Lannoo); “presence & abundance positively 
correlated w/ increasing cover of herb. Veg. and negatively associated with intensity of 
agricultural disturbance. P. cinereus still somewhat tolerant of some forest conversion to ag.” 
(Riedel et al. 2008); “historical agriculture affected salamander abundance by altering forest 
vegetation at a local scale and forest cover at a landscape scale; lowest abundance at post-
ag sites with low woody vegetation, leaf litter depth, and canopy cover. Abundance positively 
related to historical forest cover --> connectivity to source populations affects colonization of 
rengerating forests; abundance negatively related to current forest fragmentation” (Cosentino 
and Brubaker 2018); “P. cinereus abundances lower in pine plantations than decudous 
woods. They will cross edges and less favorable habitat” (Renaldo et al. 2011) 

White-spotted Slimy 
Salamander 
(Plethodon 
cylindraceus) 

"critical thermal limit" 33-36 degrees 
C (Clay and Gifford 2015) nothing found 

“both virgin and second-growth forest; Wooded slopes, ravines, floodplains, shalebanks, and 
cave entrances, most often in hardwood forest, sometimes in pinelands; oak-hickory forest 
on a gently sloping hill (Durham Co.)” (AmphibiaWeb Lanoo)  

Four-toed Salamander 
(Hemidactylium 
scutatum) 

temperature increases as aspect 
goes from north to south, which they 
don't like (Wahl et al. 2008) nothing found 

“need for shallow and fishless wetlands, intact hardwood forests for reproduction” (Herman 
and Bouzat 2016); “nests are terrestrial, at edge of fishless ponds of bogs. Prefer steep bank 
angle next to water, presence of moss” (Banning et al. 2008); ‘Wetlands with nests best 
predicted by shoreline microhabitat of Sphagnum spp., wood substrate, water flow, blue-joint 
reed grass, meadowsweet, steeplebush, sensitive fern, and absence of sheep laurel or 
deciduous forest canopy. Steep shore, greater near-shore and basin water depth, deeper 
nesting veg., presence of moss and winterberry. Nest in wetlands, reside under forest floor 
debris during nonnesting season. Migrate to wetlands in spring or winter to lay eggs in leafy 
moss species like Sphagnum or Thuidium” (Chalmers and Loftin 2006); “found in two very 
small streams in oak-hickory-sweetgum forest, gently sloping hillside facing east. Some 
boulders and rocks. In mosses by pools, not rapids” (Easterla 1971);  “Shallow bog streams, 
ponds, seepage springs, stagnant pools. Deciduous biomes, coniferous woods. Nests near 
cypress, loblolly pine, holly, sycamore, beech, white oak, chestnut oak” (Wood 1955); “bogs, 
shallow vernal pools, marshy areas with emergent veg. and moss mats” (Montanucci 2006); 
mature hardwood or coniferous forests (AmphibiaWeb Lanoo) 

Mud Salamander 
(Pseudotriton 
montanus) nothing found nothing found 

“lowland environments; muddy springs and streams, swampy pools and ponds; autumn and 
winter egg-laying period in NC; individuals in this study found in damp, muddy habitats 
adjacent to sluggish springs and streams and swampy sloughs and ponds within bottomland 
deciduous forests; burrows in the mud along the banks out to 15-20 m from stream” (Bruce 
1975); “observed only in bottomland swamp in the floodplain of a 3rd order stream, likes 
lowland and lentic habitats.” (Bruce 2003);  “sluggish, meandering streams with muddy 
substrates in bottomland hardwood forest; burrow along edge of stream, bog, seepage, 
springs, moss mats” (Montanucci 2006); “lowland seeps, palustrine wetlands, muddy springs 
and streams, and swampy pools and ponds.” Mount (1975) reported finding mud 
salamanders beneath logs in low, wooded flood plains.  Funderburg (1955) observed that “it 
is a subterranean form and is seldom found under old logs as it is in other localities” in North 
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Carolina.  Barbour (1953) found a female under a stone in a dry, rocky pasture during August 
in Kentucky. (AmphibiaWeb Lanoo) 

Red Salamander 
(Pseudotriton ruber) nothing found nothing found 

“wooded ravines, swamps, open fields, and meadows, pasturelands, forests; springs, lower-
order streams, and terrestrial habitats; majority of range in upland habitats in Piedmont and 
Appalachian mountains” (Folt et al. 2016); “showed affinity for springs and wide distribution in 
higher-order streams and small ponds. Larvae of P. ruber found in limnocrenes and 
helocrenes” (Bruce 2003); “springs, seepages, leaf packs along spring-fed brooks” 
(Montanucci 2006) 

Southern Two-lined 
Salamander (Eurycea 
cirrigera) nothing found nothing found 

“Wooded terrestrial habitats in wet warm weather; Streams, pools, seeps, ditches and damp 
woods” (Amphibiaweb); “larval abundance decreased with increasing impervious surface 
cover but not affected by buffer width; abundance increased with detritus cover to a certain 
threshhold and then decreased. Abundance increased as % pebble substrate increased” 
(Miller et al. 2007); low-order streams; inhabitat terrestrial env. (forest) during summer and 
fall (Muncy et al. 2014) 

Three-lined 
Salamander (Eurycea 
guttolineata) nothing found nothing found 

“breeding: sluggish streams and seeps, bogs, and cypress bays; river-bottom wetlands and 
in the vicinity of springs and streams (sometimes ditches, vernal ponds, and bogs); forested 
floodplains, ditches, damp streamsides and seepage springs. It may disperse into wooded 
terrestrial habitats in wet weather”; “Populations of southern two-lined salamander (E. 
cirrigera) and northern dusky salamander (D. fuscus) were found to have declined between 
20-44% in three decades, associated with the conversion of forest to developed land” (Price 
et al. 2006); “females go to aquatic habitat in late autumn and winter to deposit eggs; adults 
often found in terrestrial habitats during nonbreeding seasons” (Marvin 2003);  streams along 
bottomland hardwoods in the Piedmont (Montanucci 2006) 

 

Species Canopy cover 
Mgmt/Disturbance 
Tolerance Distance to water 

Coarse 
woody debris 

Marbled 
Salamander 
(Ambystoma 
opacum) 

Used routes with higher 
canopy cover (Jenkins et al. 
2006) 

Forest edge didn't have a 
big difference (Rothermel 
and Semlitsch 2006); 
“salamanders more 
sensitive to forest removal 
than frogs; greater 
proportion of salamanders 
migrating through forested 
habitat. More likely to avoid 
clearcuts when emigrating 
than immigrating; if 
emigrated into clearcuts, 
more likely to reverse 
direction and return to 
wetlands” (Todd et al. 
2009); More likely to enter 
clearcuts when soil 

“Ambystomatids spend 90-95% of life in upland forests, up to several 
hundred meters from breeding pools” (Compton et al. 2007); like to be near 
small ponds and streams to hide under logs? (Montanucci 2006);  “43% of 
ponds with larvae were ephemeral, 14% seasonal, and 41% permanent. 
Habitat average 71% forested within 300 m of ponds. Pond area ranged 1 
m^2 to 20341 m^2. Few had fish. A. opacum densities greatest in fishless 
ponds with more surrounding forest and ephemeral hydroperiod. A. 
maculatum densities greater in ponds with longer hydroperiod, smaller area, 
and great % of forest within 300 m.” (Ousterhout et al. 2015); “based on 
species, need ponds to be flooded for 125-580 days. For A. opacum: breed 
primarily in seasonally flooded ponds, 95% of metamorphs had emigrated 
from breeding ponds by July 31; species using semipermanent ponds 
needed innudation until November 18. Water in ponds from March-August to 
help most species” (Paton and Crouch 2002); “newly metamorphosed A. 
opacum: 79% emigrate <90 m from wetland, 8% moved >172 m. 28% of 
adults occurred beyond 172 m in all years. Buffer radius of 300-340 m 
estimated to include 95% of adults. Possibly need up to 500 m radius of nothing found 
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moisture is high (Grater et 
al. 2008) 

wetland protected” (Scott et al. 2013); Adults dispersed an average of 194 m 
from the wetland breeding site (AmphibiaWeb Lanoo) 

Spotted 
Salamander 
(Ambystoma 
maculatum) 

“litter depth, canopy cover, 
soil water content best 
described distribution of 
individuals. Females arriving 
from mature extensive forest 
habitat were older than those 
coming from forest with ag. 
edge. Prefer high levels of 
leaf litter, canopy cover, and 
well-drained soils. 
Residential & ag edges may 
be more permeable than 
road edges” (Homan et al. 
2008); “90% green cover, 4% 
shrub cover, 5% fern cover, 
1% grass/sedge cover, 5.5% 
forb cover, 5.6% moss cover, 
12.7% saplings, 16.26% 
coniferous canopy, 72% 
deciduous canopy, 29% 
midstory canopy” (Faccio 
2003) 

Forest edge didn't have a 
big difference (Rothermel 
and Semlitsch 2006); “litter 
depth, canopy cover, soil 
water content best 
described distribution of 
individuals. Females 
arriving from mature 
extensive forest habitat 
were older than those 
coming from forest with ag. 
edge. Prefer high levels of 
leaf litter, canopy cover, 
and well-drained soils. 
Residential & ag edges 
may be more permeable 
than road edges” (Homan 
et al. 2008); “juvenile 
movement: 10% decreased 
prob. of settling in open 
canopy clearcut habitat 
compared to closed-canopy 
forest habitat” (Osbourn et 
al. 2014); “along a 10 km 
spatially continuous 
gradient of forest 
fragmentation, A. 
maculatum absent where 
forest cover reduced to 
below 30%” (Gibbs 1998) 

“60% of spotted salamanders wintered >100 from the breeding pond” 
(Regosin et al. 2005); “Ambystomatids spend 90-95% of life in upland forests, 
up to several hundred meters from breeding pools” (Compton et al. 2007); 
“43% of ponds with larvae were ephemeral, 14% seasonal, and 41% 
permanent. Habitat average 71% forested within 300 m of ponds. Pond area 
ranged 1 m^2 to 20341 m^2. Few had fish. A. opacum densities greatest in 
fishless ponds with more surrounding forest and ephemeral hydroperiod. A. 
maculatum densities greater in ponds with longer hydroperiod, smaller area, 
and great % of forest within 300 m.” (Ousterhout et al. 2015); “emigration 
distance from breeding pool edge varied from 30-219 m with mean of 112.8 
m. A salamander "life zone" that would encompass 95% of population 
resulted in area 175 m from pool's edge” (Faccio 2003); “based on species, 
need ponds to be flooded for 125-580 days. species using semipermanent 
ponds needed innudation until November 18. Water in ponds from March-
August to help most species” (Paton and Crouch 2002) 

“More likely to 
settle under 
conditions of 
high burrow 
density and 
high coarse 
woody debris” 
(Osbourn et 
al. 2014) 

Red-spotted 
Newt 
(Notophthalmus 
viridescens) 

can migrate across both 
open and forested habitat 

“along a 10 km spatially 
continuous gradient of 
forest fragmentation, N. 
viridenscens absent where 
forest cover reduced to 
below 50%” (Gibbs 1998) 

“larval and adult stages live in water; Newts largely absent from upland forest 
adjacent to breeding pond during spring and summer, but entered in large 
numbers in winter” (Regosin et al. 2015); “based on species, need ponds to 
be flooded for 125-580 days. species using semipermanent ponds needed 
innudation until November 18. Water in ponds from March-August to help 
most species” (Paton and Crouch 2002) nothing found 

Northern Dusky 
Salamander 
(Desmognathus 
fuscus) nothing found nothing found 

“high probability of nest-site occurrence at reaches with watershed sizes <70 
ha and gradients >2%; reaches with narrow channels located at the head of 
streams supported largest # of nests” (Snodgrass et al. 2007); “in summer, 
female deposits eggs along banks of small, slow-moving stream. Nests = 
shallow depressions in moist soil covered by rotting log, rock, mat of moss, nothing found 
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leaf litter” (Hom 1988);  abundant along streams, likes water's edge 
(Montanucci 2006) 

Eastern Red-
backed 
Salamander 
(Plethodon 
cinereus) 

High? (to prevent dessication 
and heating of soil/leaf litter) 

“Logging exposes 
terrestrial salamanders to 
altered microclimates, 
increased soil compaction 
and desiccation, and 
reduced habitat complexity; 
population may recover 30-
60 years following clearcut” 
(Pough et al., 1987; 
deMaynadier and Hunter, 
1995); They will cross 
edges and less favorable 
habitat (Renaldo et al. 
2011); “along a 10 km 
spatially continuous 
gradient of forest 
fragmentation, P. cinereus 
occupied available habitat 
along the whole thing” 
(Gibbs 1998) nothing found 

prefers "high" 
cover object 
density 

White-spotted 
Slimy 
Salamander 
(Plethodon 
cylindraceus) nothing found 

“displaced individuals 
moving through timber cut 
oriented less strongly to 
their home range and 
moved shorter distances 
than individuals going 
through closed canopy, but 
no difference in return to 
original sample site; P. 
glutinosus, actually higher 
detection & occupancy 
prob. in disturbed areas” 
(Bailey et al. 2004);  
“studies show it is relatively 
resilient to anthropogenic 
disturbances and often 
found in small woodland 
fragments” (Kapfer and 
Munoz 2012) 

“P. cylindraceous less sensitive to availability of aquatic habitats” (Kapfer and 
Munoz 2012) 

*likely this 
data is not 
available as 
GIS/landscape 
scale 

Four-toed 
Salamander nothing found nothing found 

Nest right next to water (Banning et al. 2008); “In mosses by pools, not 
rapids” (Easterla 1971); “slow moving or still water + material next to the 
water to hide eggs (mosses, sedges, under bark, in rotten wood). Shallow nothing found 
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(Hemidactylium 
scutatum) 

bog streams, ponds, seepage springs, stagnant pools. Nests 3-8 in. from 
water surface and water fraction of an inch to several feet deep, usually clear 
and still” (Wood 1955) 

Mud 
Salamander 
(Pseudotriton 
montanus) nothing found nothing found 

“lowland environments; muddy springs and streams, swampy pools and 
ponds; autumn and winter egg-laying period in NC; individuals in this study 
found in damp, muddy habitats adjacent to sluggish springs and streams and 
swampy sloughs and ponds within bottomland deciduous forests; burrows in 
the mud along the banks out to 15-20 m from stream” (Bruce 1975); “burrow 
along edge of stream, bog, seepage, springs, moss mats” (Montanucci 2006) nothing found 

Red 
Salamander 
(Pseudotriton 
ruber) nothing found 

Deforestation, pollution, 
stream siltation, and acid 
runoff (coal mining) all may 
result in local declines 

“need springs, headwater streams, and seepage-fed mountain bogs for egg 
depositing; adult aquatic habitat slow-moving headwater springs and seeps in 
wooded lowland and upland areas; springs, seepages, leaf packs along 
spring-fed brooks” (Montanucci 2006) 

under rocks, 
logs, or mats 
of sphagnum 
moss 

Southern Two-
lined 
Salamander 
(Eurycea 
cirrigera) nothing found nothing found nothing found nothing found 

Three-lined 
Salamander 
(Eurycea 
guttolineata) nothing found 

Forested buffers should be 
retained along streams and 
associated wetlands 

“rarely stray far from aquatic habitats; streams along bottomland hardwoods 
in the Piedmont” (Montanucci 2006); “Mainly terrestrial as adults, however, 
they rarely are found considerable distances from wetlands. Most abundant 
in river-bottom wetlands and in the vicinity of springs and streams 
(sometimes ditches, vernal ponds, and bogs)” (AmphibiaWeb Lanoo) nothing found 

 

Species Leaf litter depth Soil type Soil moisture pH Notes 

Marbled 
Salamander 
(Ambystoma 
opacum) nothing found nothing found 

Forest soils tended to be the driest?? 
(Rothermel and Semlitsch 2006); picked 
high soil moisture content (Jenkins et al. 
2006); “Compared to other 
ambystomatids, marbled salamanders 
may use substantially drier habitat and 
tolerate higher substrate temperatures” 
(AmphibiaWeb Lanoo)  

“One laboratory 
experiment indicated a 
preference for relatively 
basic substrates (pH 
7.7), although animals in 
the field were found on 
more acidic (pH 5.5) 
substrates” 
(AmphibiaWeb Lanoo)  n/a 

Spotted 
Salamander 
(Ambystoma 
maculatum) 

“litter depth, canopy cover, soil water 
content best described distribution of 
individuals. Females arriving from mature 
extensive forest habitat were older than 
those coming from forest with ag. edge. 
Prefer high levels of leaf litter, canopy 
cover, and well-drained soils. Residential 
& ag edges may be more permeable than 
road edges” (Homan et al. 2008); “48.5% 

“Less likely to 
settled in 
compacted soil 
(like old 
skidding 
roads)” 
(Osbourn et al. 
2014) 

Forest soils tended to be the driest?? 
(Rothermel and Semlitsch 2006); “litter 
depth, canopy cover, soil water content 
best described distribution of individuals. 
Females arriving from mature extensive 
forest habitat were older than those 
coming from forest with ag. edge. Prefer 
high levels of leaf litter, canopy cover, and 
well-drained soils. Residential & ag edges nothing found 

"slope, land cover, 
wetland density and 
the presence of 
rivers and roads on 
the landscape might 
influence the genetic 
connectivity" 
(Richardson 2012) 
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deciduous leaf litter, 5.6% coniferous leaf 
litter, 10% bare ground” (Faccio 2003) 

may be more permeable than road edges” 
(Homan et al. 2008); 67% soil moisture 
(Faccio 2003) 

Red-spotted 
Newt 
(Notophthalmus 
viridescens) 

“forage in the forest floor leaf litter; newts 
often found on or close to the surface, use 
debris (leaves, branches less than 10 cm 
diameter, logs more than 10 cm, rocks, 
grass, moss)  as cover; none observed 
using subterranean habitat” (Roe and 
Grayson 2008) nothing found nothing found nothing found n/a 

Northern Dusky 
Salamander 
(Desmognathus 
fuscus) nothing found nothing found nothing found nothing found n/a 

Eastern Red-
backed 
Salamander 
(Plethodon 
cinereus) 

Fairly deep (no specifics...); “prefer 
deciduous leaves over coniferous pine 
needles as substrate, and deciduous 
soil/deciduous leaf litter combo over all 
others. Leaf litter type might be more 
important than soil type in substrate 
preference” (Renaldo et al. 2011) 

Avoid shallow, 
rocky, or hydric 
soils 

“Interstitial moisture of >85%” (Heatwole 
and Lim, 1961; Heatwole, 1962); “Soil 
moisture higher in downhill area. Soil 
temp didn't differ. Downhill soil moisture 
ranged 29-52%, uphill ranged 11-31%.” 
(Woolbright and Martin 2014) 

“>3.7; ideally 6.0-6.8; pH 
lower in downhill area, 
Downhill samples at or 
below 6.6, uphill samples 
6.7 or higher” 
(Woolbright and Martin 
2014) 

“Soil moisture, soil 
pH, cover object 
availability, and light 
intensity all affect 
salamander 
distribution, with soil 
pH being the most 
influential factor” 
(Wyman, 1988a,b; 
Frisbie and Wyman, 
1992; Sugalski and 
Claussen, 1997; 
Grover, 1998). 

White-spotted 
Slimy 
Salamander 
(Plethodon 
cylindraceus) thick layer of leaf litter nothing found nothing found nothing found 

overlap with TONS 
of other salamander 
species 

Four-toed 
Salamander 
(Hemidactylium 
scutatum) nothing found nothing found nothing found nothing found n/a 

Mud 
Salamander 
(Pseudotriton 
montanus) nothing found nothing found nothing found nothing found n/a 

Red 
Salamander 
(Pseudotriton 
ruber) nothing found nothing found nothing found nothing found 

JJ: "Closely tied to 
water sources of 
some kind, but can 
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be found in most 
forest types" 

Southern Two-
lined 
Salamander 
(Eurycea 
cirrigera) nothing found 

Coarse sand 
and gravel, as 
well as broken 
limestone rock, 
leaf litter, and 
crayfish 
burrows nothing found nothing found 

JJ: "All of the 
Eurycea species will 
fit in here 
[Terrestrial], but 
could also be 
considered a 
streamside species" 

Three-lined 
Salamander 
(Eurycea 
guttolineata) nothing found nothing found where seepage keeps the ground moist nothing found 

similar to other 
Eurycea; may stay 
closer to water 
sources than other 
Eurycea 
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II. EXPERT SURVEY QUESTIONS 

For my Master's Project at Duke University, I am assessing salamander habitat and connectivity 
in Durham and Orange counties, NC. On the following pages, please indicate habitat suitability 
for categories of environmental variables for each species, to the best of your knowledge, in the 
Piedmont region of North Carolina. Each page corresponds with one species. Feel free to skip 
pages for species you are not as familiar with.  
 
Pg. 2: Marbled salamander (Ambystoma opacum) 
Pg. 3: Spotted salamander (Ambystoma maculatum) 
Pg. 4: Red-spotted Newt (Notophthalmus viridescens) 
Pg. 5: Northern Dusky Salamander (Desmognathus fuscus) 
Pg. 6: Southern Two-lined Salamander (Eurycea cirrigera) 
Pg. 7: Three-lined Salamander (Eurycea guttolineata) 
Pg. 8: Eastern Red-backed Salamander (Plethodon cinereus) 
Pg. 9: White-spotted Slimy Salamander (Plethodon cylindraceus) 
Pg. 10: Four-toed Salamander (Hemidactylium scutatum) 
Pg. 11: Pseudotriton spp. (Mud Salamander, Pseudotriton montanus & Red Salamander, 
Pseudotriton ruber) 
 
Name (optional): 
 
Email address (optional): 
 
Marbled Salamander (Ambystoma opacum) *Each page of the survey had a different species 
and the same questions were repeated on each page 
 
Please answer the following questions to the best of your own expert knowledge for this 
species. If you don't know or are unsure, select the Don't Know/Unsure answer. 
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**P. montanus and P. ruber were the only species combined on one page. Their page 

contained the following modified final question:  
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III. Salamander Occurrence Data 

 

Table 3a. Occurrence points that fell within Duke Forest. [REDACTED] 
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Table 3b. Occurrence points that did not fall within Duke Forest. [REDACTED] 
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Table 3c. Breakdown of salamander occurrence points by source. 

 

 

iNaturalist - 
98 total 

Herpmapper - 
225 total Duke Forest 

NC Museum of 
Natural Sciences 

Species Durham Orange Durham Orange Both Counties Both Counties 

Ambystoma maculatum 8 4 2 103 51 7 

Ambystoma opacum 33 13 20 35 6 1 

Desmognathus fuscus 1 0 0 1 0 1 

Eurycea cirrigera 1 6 4 8 2 4 

Eurycea guttolineata 0 2 1 5 0 3 

Hemidactylium scutatum 0 0 0 3 5 0 

Notophthalmus 
viridescens 1 4 0 12 2 0 

Plethodon cinereus 10 3 10 0 93 0 

Plethodon cylindraceus 3 6 3 15 3 1 

Pseudotriton montanus 0 3 0 1 0 0 

Pseudotriton ruber 0 0 0 2 0 0 

TOTAL 57 41 40 185 162 17 
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IV. SEGAP and DF operations condensing breakdown 

Table 4. This table shows how the SEGAP land cover classes were grouped together to 

decrease the total number of classes. 

Value CLASS_NAME 

  

1 Open Water (Fresh) 

4, 5 Developed Open Space, Low Intensity Developed 

6, 7 Medium Intensity Developed, High Intensity Developed 

17 Bare Soil 

30 Southern Piedmont Cliff 

66, 86, 
108 

Southern Piedmont Dry Oak-(Pine) Forest - Hardwood Modifier, Southern Piedmont Dry Oak-
(Pine) Forest - Loblolly Pine Modifier, Southern Piedmont Dry Oak-(Pine) Forest - Mixed 
Modifier 

68 Southern Piedmont Mesic Forest 

71 Evergreen Plantations or Managed Pine (can include dense successional regrowth) 

127, 146, 
147 Successional Shrub/Scrub (Other), Other - Herbaceous, Utility Swath - Herbaceous 

148, 149 Pasture/Hay, Row Crop 

164, 165 
Southern Piedmont Large Floodplain Forest - Forest Modifier, Southern Piedmont Small 
Floodplain and Riparian Forest 

182 Southern Piedmont/Ridge and Valley Upland Depression Swamp 
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Table 5. This table shows how the Duke Forest operations were condensed. Light green 

= tree harvest, Yellow = Herbicide/chemical, Gray = pine plantation, Brown = understory 

burn, White = No operations/major disturbance. 

VALUE COUNT NAME 

1, 9, 10, 21, 23, 
30 12268 Seed tree removal 

2 7412 Clearcut 

3, 22, 29 8015 Selective cut 

4 13400 Thinning 

5 2081 PCT 

11, 34, 35, 44 4383 Shelterwood tree removal 

31 8 Salvage 

32 323 Group retention 

36 297 Patch cutting 

45 178 Femelschlag strips 

6 5943 Herbicide application 

7 468 Plantation 

16 9 Plant PIPA 

40, 46, 49 105 Plant loblolly pine 

8 265 Burn 

14 404 Wildfire 

17 325 Open field/understory burn 

18 1076 Understory burn 

25 46 Open field burn 

47 18 Site prep burn 

12 65 Invasive control 

13, 24 1688 Hand removal 

20 117 Mowing 

27 20 Site remediation 

28 5882 Ice storm 

100 203242 No operations 
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V. Rule-based Scoring 

Table 6a. This table contains the scoring system for the 2-counties study area rule-

based models.  

Factor Category Marbled Spotted Red-spotted Newt 

  Julia Expert Average Julia Expert Average Julia Expert Average 

Canopy 
Cover (%) 0-33 30 38 34 30 41 36 20 73 47 

 33-66 70 75 73 70 77 74 60 80 70 

 66-100 100 96 98 100 96 98 100 85 93 

 Weight 20 30 25 20 25 23 20 25 23 

Distance to 
water <50 m (164 ft) 100 78 89 100 84 92 100 85 93 

 50-400 m (1312 ft) 80 63 72 80 69 75 100 73 87 

 >400 m 30 50 40 30 53 42 80 68 74 

 Weight 20 25 23 20 25 23 30 20 25 

Distance to 
Roads* 0-1 m (3 ft) 0 X 0 0 X 0 0 X 0 

*qualitative 
expert input 
was 1-30 m (98 ft) 50 X 50 30 X 30 50 X 50 

used to 
modify my 
scores 
directly 30-80 m (262.5 ft) 60 X 60 60 X 60 70 X 70 

 >80 m 100 X 100 100 X 100 100 X 100 

 Weight 15 15 15 15 10 13 10 10 10 

Aspect Northern/Eastern ?? 85 85 ?? 85 85 ?? 70 70 

 Southern/Western ?? 85 85 ?? 85 85 ?? 70 70 

 Weight 5 5 5 5 5 5 5 5 5 

Distance to 
protected 
areas 0-1 m (3 ft) 100 100 100 100 100 100 100 100 100 

 1-100 m (328 ft) 60 100 80 60 100 80 80 90 85 

 >100 m 60 80 70 60 70 65 80 90 85 

 Weight 15 5 10 15 15 15 10 15 13 

SEGAP 
Land Cover 1 - Open Water (Fresh) 50 X 0 50 X 0 80 X 0 

*changed 
open water 

4, 5 - Developed Open 
Space, Low Intensity 
Developed 30 36 33 30 35 33 40 42 41 



111 
 

to 0 for all 
spp. 

 

6, 7 - Medium Intensity 
Developed, High 
Intensity Developed 0 24 12 0 16 8 0 32 16 

 17 - Bare Soil 0 8 4 0 8 4 0 32 16 

 

30 - Southern 
Piedmont Cliff 0 5 3 0 9 5 0 27 14 

 

66, 86, 108 - Southern 
Piedmont Dry Oak-
(Pine) Forest - 
Hardwood Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Loblolly Pine Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Mixed Modifier 70 43 57 70 45 58 40 60 50 

 

68 - Southern 
Piedmont Mesic Forest 100 71 86 100 75 88 100 68 84 

 

71 - Evergreen 
Plantations or 
Managed Pine (can 
include dense 
successional regrowth) 30 27 29 30 24 27 20 50 35 

 

127, 146, 147 - 
Successional 
Shrub/Scrub (Other), 
Other - Herbaceous, 
Utility Swath - 
Herbaceous 10 19 15 0 24 12 0 40 20 

 

148, 149 - 
Pasture/Hay, Row 
Crop 0 8 4 0 8 4 0 6 3 

 

164, 165 - Southern 
Piedmont Large 
Floodplain Forest - 
Forest Modifier, 
Southern Piedmont 
Small Floodplain and 
Riparian Forest 100 88 94 100 77 89 100 78 89 

 

182 - Southern 
Piedmont/Ridge and 
Valley Upland 
Depression Swamp 100 96 98 100 91 96 100 95 98 

 Weight 25 20 23 25 20 23 25 25 25 
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Factor Category Northern Dusky 
Southern Two-

Lined Three-Lined 

  Julia Expert Average Julia Expert Average Julia Expert Average 

Canopy 
Cover (%) 0-33 20 50 35 30 43 37 30 37 34 

 33-66 60 75 68 60 75 68 60 80 70 

 66-100 100 90 95 90 95 93 90 95 93 

 Weight 20 25 23 20 25 23 20 25 23 

Distance to 
water <50 m (164 ft) 100 100 100 100 100 100 100 95 98 

 50-400 m (1312 ft) 80 38 59 80 55 68 80 57 69 

 >400 m 40 17 29 40 22 31 30 23 27 

 Weight 30 30 30 35 30 33 35 30 33 

Distance to 
Roads* 0-1 m (3 ft) 0 X 0 0 X 0 0 X 0 

*qualitative 
expert input 
was 1-30 m (98 ft) 50 X 50 30 X 30 30 X 30 

used to 
modify my 
scores 
directly 30-80 m (262.5 ft) 80 X 80 70 X 70 60 X 70 

 >80 m 100 X 100 100 X 100 100 X 100 

 Weight 10 10 10 10 5 7 10 5 7 

Aspect Northern/Eastern ?? 80 80 ?? 100 100 ?? 85 85 

 Southern/Western ?? 57 57 ?? 85 85 ?? 85 85 

 Weight 5 5 5 5 5 5 5 5 5 

Distance to 
protected 
areas 0-1 m (3 ft) 100 100 100 100 100 100 100 100 100 

 1-100 m (328 ft) 80 100 90 80 100 90 80 100 90 

 >100 m 80 100 90 80 100 90 80 90 85 

 Weight 10 10 10 5 10 7 5 10 7 

SEGAP 
Land Cover 1 - Open Water (Fresh) 80 X 0 80 X 0 80 X 0 

*changed 
open water 
to 0 for all 
spp. 

4, 5 - Developed Open 
Space, Low Intensity 
Developed 20 55 38 30 55 43 20 50 35 
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6, 7 - Medium Intensity 
Developed, High 
Intensity Developed 0 32 16 0 45 23 0 22 11 

 17 - Bare Soil 0 22 11 0 17 9 0 5 3 

 

30 - Southern 
Piedmont Cliff 0 27 14 0 33 17 0 22 11 

 

66, 86, 108 - Southern 
Piedmont Dry Oak-
(Pine) Forest - 
Hardwood Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Loblolly Pine Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Mixed Modifier 0 60 30 0 48 24 0 52 26 

 

68 - Southern 
Piedmont Mesic Forest 80 95 88 70 95 83 70 95 83 

 

71 - Evergreen 
Plantations or 
Managed Pine (can 
include dense 
successional regrowth) 0 15 8 0 18 9 0 12 6 

 

127, 146, 147 - 
Successional 
Shrub/Scrub (Other), 
Other - Herbaceous, 
Utility Swath - 
Herbaceous 0 26 13 0 27 14 0 6 3 

 

148, 149 - 
Pasture/Hay, Row 
Crop 0 0 0 0 0 0 0 0 0 

 

164, 165 - Southern 
Piedmont Large 
Floodplain Forest - 
Forest Modifier, 
Southern Piedmont 
Small Floodplain and 
Riparian Forest 100 67 84 100 73 87 100 85 93 

 

182 - Southern 
Piedmont/Ridge and 
Valley Upland 
Depression Swamp 100 55 78 100 55 78 100 55 78 

 Weight 25 20 23 25 25 25 25 25 25 
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Factor Category 
Eastern Red-

backed 
White-spotted 

Slimy Four-Toed 

  Julia Expert Average Julia Expert Average Julia Expert Average 

Canopy 
Cover (%) 0-33 30 36 33 30 37 34 30 32 31 

 33-66 70 76 73 80 87 84 60 63 62 

 66-100 100 96 98 100 100 100 90 100 95 

 Weight 35 30 33 35 30 33 25 25 25 

Distance to 
water <50 m (164 ft) 80 87 84 80 74 77 100 95 98 

 50-400 m (1312 ft) 80 87 84 80 83 82 60 68 64 

 >400 m 80 87 84 80 83 82 30 50 40 

 Weight 10 10 10 10 10 10 25 20 23 

Distance to 
Roads* 0-1 m (3 ft) 0 X 0 0 X 0 0 X 0 

*qualitative 
expert input 
was 1-30 m (98 ft) 30 X 30 30 X 30 40 X 40 

used to 
modify my 
scores 
directly 30-80 m (262.5 ft) 60 X 60 60 X 60 70 X 70 

 >80 m 100 X 100 100 X 100 100 X 100 

 Weight 15 10 13 15 10 13 10 10 10 

Aspect Northern/Eastern ?? 82 82 ?? 85 85 100 100 100 

 Southern/Western ?? 46 46 ?? 75 75 50 100 75 

 Weight 5 10 7 5 10 7 5 5 5 

Distance to 
protected 
areas 0-1 m (3 ft) 100 100 100 100 100 100 100 100 100 

 1-100 m (328 ft) 80 80 80 80 100 90 60 70 65 

 >100 m 60 60 60 60 100 80 30 50 40 

 Weight 5 10 7 5 10 7 10 20 15 

SEGAP 
Land Cover 1 - Open Water (Fresh) 0 X 0 0 X 0 80 X 0 

*changed 
open water 

4, 5 - Developed Open 
Space, Low Intensity 
Developed 10 54 32 10 47 29 20 32 26 
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to 0 for all 
spp. 

 

6, 7 - Medium Intensity 
Developed, High 
Intensity Developed 0 33 17 0 37 19 0 17 9 

 17 - Bare Soil 0 16 8 0 20 10 0 10 5 

 

30 - Southern 
Piedmont Cliff 10 50 30 20 47 34 0 17 9 

 

66, 86, 108 - Southern 
Piedmont Dry Oak-
(Pine) Forest - 
Hardwood Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Loblolly Pine Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Mixed Modifier 50 68 59 60 77 69 20 43 32 

 

68 - Southern 
Piedmont Mesic Forest 80 96 88 80 96 88 100 85 93 

 

71 - Evergreen 
Plantations or 
Managed Pine (can 
include dense 
successional regrowth) 20 10 15 10 37 24 0 5 3 

 

127, 146, 147 - 
Successional 
Shrub/Scrub (Other), 
Other - Herbaceous, 
Utility Swath - 
Herbaceous 10 11 11 10 27 19 0 6 3 

 

148, 149 - 
Pasture/Hay, Row 
Crop 0 0 0 0 0 0 0 0 0 

 

164, 165 - Southern 
Piedmont Large 
Floodplain Forest - 
Forest Modifier, 
Southern Piedmont 
Small Floodplain and 
Riparian Forest 80 64 72 80 69 75 100 95 98 

 

182 - Southern 
Piedmont/Ridge and 
Valley Upland 
Depression Swamp 80 31 56 80 49 65 100 95 98 

 Weight 30 30 30 30 30 30 25 20 23 
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Factor Category Pseudotriton 

  Julia Expert Average 

Canopy Cover 
(%) 0-33 40 30 35 

 33-66 70 85 78 

 66-100 90 100 95 

 Weight 20 30 25 

Distance to 
water <50 m (164 ft) 100 100 100 

 50-400 m (1312 ft) 60 68 64 

 >400 m 30 54 42 

 Weight 30 20 25 

Distance to 
Roads* 0-1 m (3 ft) 0 X 0 

*qualitative 
expert input was 1-30 m (98 ft) 30 X 30 

used to modify 
my scores 
directly 30-80 m (262.5 ft) 80 X 80 

 >80 m 100 X 100 

 Weight 10 10 10 

Aspect Northern/Eastern ?? 100 100 

 Southern/Western ?? 85 85 

 Weight 5 5 5 

Distance to 
protected areas 0-1 m (3 ft) 100 100 100 

 1-100 m (328 ft) 60 80 70 

 >100 m 30 60 45 

 Weight 5 10 7 

SEGAP Land 
Cover 1 - Open Water (Fresh) 60 X 0 

*changed open 
water to 0 for all 
spp. 4, 5 - Developed Open Space, Low Intensity Developed 0 43 22 

 6, 7 - Medium Intensity Developed, High Intensity Developed 0 32 16 

 17 - Bare Soil 0 5 3 

 30 - Southern Piedmont Cliff 0 27 14 

 

66, 86, 108 - Southern Piedmont Dry Oak-(Pine) Forest - 
Hardwood Modifier, Southern Piedmont Dry Oak-(Pine) Forest 30 70 50 
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- Loblolly Pine Modifier, Southern Piedmont Dry Oak-(Pine) 
Forest - Mixed Modifier 

 68 - Southern Piedmont Mesic Forest 100 90 95 

 

71 - Evergreen Plantations or Managed Pine (can include 
dense successional regrowth) 0 8 4 

 

127, 146, 147 - Successional Shrub/Scrub (Other), Other - 
Herbaceous, Utility Swath - Herbaceous 0 15 8 

 148, 149 - Pasture/Hay, Row Crop 0 0 0 

 

164, 165 - Southern Piedmont Large Floodplain Forest - Forest 
Modifier, Southern Piedmont Small Floodplain and Riparian 
Forest 100 94 97 

 

182 - Southern Piedmont/Ridge and Valley Upland Depression 
Swamp 100 83 92 

 Weight 30 25 27 

 

Table 6b. This table contains the scoring system for the Duke Forest study area rule-

based models.  

Factor Category Marbled Spotted Red-spotted Newt 

  Julia Expert Average Julia Expert Average Julia Expert Average 

Canopy 
Cover (%) 0-33 30 38 34 20 41 31 20 73 47 

 33-66 70 75 73 70 77 74 50 80 65 

 66-100 100 96 98 100 96 98 100 85 93 

 Weight 20 25 23 20 25 23 20 20 20 

Distance 
to water <50 m 100 78 89 100 84 92 100 85 93 

 50-400 m 80 63 72 80 69 75 100 73 87 

 >400 m 30 50 40 30 53 42 80 68 74 

 Weight 20 20 20 25 25 25 30 15 23 

Distance 
to Roads 0-1 m 0 X 0 0 X 0 0 X 0 

 1-30 m 30 X 50 30 X 30 50 X 50 

 30-80 m 60 X 60 60 X 60 70 X 70 

 >80 m 100 X 100 100 X 100 100 X 100 

 Weight 15 10 13 15 10 13 10 15 13 

Aspect Northern/Eastern ?? 85 85 ?? 85 85 ?? 70 70 

 Southern/Western ?? 85 85 ?? 85 85 ?? 70 70 

 Weight 5 5 5 5 5 5 5 5 5 



118 
 

DF Stand 
Age 1 - 0-20 years ?? 60 60 ?? 60 60 ?? 70 70 

*gave a 
score of 0 
to non-
forested 
areas (9) 2 - 20-40 years ?? 60 60 ?? 60 60 ?? 70 70 

*gave a 
score of 
50 to 
uneven 
aged (8) 3 - 40-60 years ?? 80 80 ?? 70 70 ?? 80 80 

 4 - 60-80 years ?? 100 100 ?? 90 90 ?? 100 100 

 5 - 80-100 years ?? 100 100 ?? 100 100 ?? 100 100 

 6 - 100-120 years ?? 100 100 ?? 100 100 ?? 100 100 

 7 - 120-140 years ?? 100 100 ?? 100 100 ?? 100 100 

 Weight 10 10 10 5 10 7 5 15 10 

DF 
operations 

1 - Tree harvest 
(includes seed tree, 
shelterwood, selective 
cut, thinning, etc. with 
heavy equipment on the 
ground) 50 20 35 40 20 30 30 50 40 

 

2 - Herbicide/chemical 
application 40 20 30 40 10 25 30 20 25 

 

3 - Pine Plantation (no 
heavy equipment, 
planting by hand, holes 
dug 8-9 inches into soil) 40 30 35 40 30 35 20 40 30 

 

4 - Controlled 
understory burn 60 50 55 60 50 55 70 60 65 

 

5 - No 
operations/disturbance 100 100 100 100 100 100 100 90 95 

 Weight 10 10 10 10 10 10 5 10 7 

SEGAP 
Land 
Cover 1 - Open Water (Fresh) 50 X 0 50 X 0 80 X 0 

*changed 
open 
water to 0 
for all spp. 

4, 5 - Developed Open 
Space, Low Intensity 
Developed 30 36 33 30 35 33 40 42 41 

 

6, 7 - Medium Intensity 
Developed, High 
Intensity Developed 0 24 12 0 16 8 0 32 16 

 17 - Bare Soil 0 8 4 0 8 4 0 32 16 

 

30 - Southern Piedmont 
Cliff 0 5 3 0 9 5 0 27 14 
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66, 86, 108 - Southern 
Piedmont Dry Oak-
(Pine) Forest - 
Hardwood Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Loblolly Pine Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Mixed Modifier 70 43 57 70 45 58 40 60 50 

 

68 - Southern Piedmont 
Mesic Forest 100 71 86 100 75 88 100 68 84 

 

71 - Evergreen 
Plantations or Managed 
Pine (can include dense 
successional regrowth) 30 27 29 30 24 27 20 50 35 

 

127, 146, 147 - 
Successional 
Shrub/Scrub (Other), 
Other - Herbaceous, 
Utility Swath - 
Herbaceous 10 19 15 0 24 12 0 40 20 

 

148, 149 - Pasture/Hay, 
Row Crop 0 8 4 0 8 4 0 6 3 

 

164, 165 - Southern 
Piedmont Large 
Floodplain Forest - 
Forest Modifier, 
Southern Piedmont 
Small Floodplain and 
Riparian Forest 100 88 94 100 77 89 100 78 89 

 

182 - Southern 
Piedmont/Ridge and 
Valley Upland 
Depression Swamp 100 96 98 100 91 96 100 95 98 

 Weight 20 20 20 20 15 17 25 20 23 

 

Factor Category Northern Dusky 
Southern Two-

Lined Three-Lined 

  Julia Expert Average Julia Expert Average Julia Expert Average 

Canopy 
Cover (%) 0-33 20 50 35 30 43 37 30 37 34 

 33-66 60 75 68 60 75 68 60 80 70 

 66-100 100 90 95 90 95 93 90 95 93 

 Weight 20 20 20 20 20 20 20 20 20 

Distance 
to water <50 m 100 100 100 100 100 100 100 95 98 
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 50-400 m 80 38 59 80 55 68 80 57 69 

 >400 m 40 17 29 40 22 31 30 23 27 

 Weight 30 25 27 30 25 27 30 25 27 

Distance 
to Roads 0-1 m 0 X 0 0 X 0 0 X 0 

 1-30 m 20 X 50 30 X 30 20 X 30 

 30-80 m 60 X 80 60 X 70 60 X 70 

 >80 m 100 X 100 100 X 100 100 X 100 

 Weight 10 10 10 10 5 7 10 5 7 

Aspect Northern/Eastern ?? 80 80 ?? 100 100 ?? 85 85 

 Southern/Western ?? 57 57 ?? 85 85 ?? 85 85 

 Weight 5 5 5 5 5 5 5 5 5 

DF Stand 
Age 1 - 0-20 years ?? 80 80 ?? 90 90 ?? 60 60 

*gave a 
score of 0 
to non-
forested 
areas (9) 2 - 20-40 years ?? 80 80 ?? 90 90 ?? 70 70 

*gave a 
score of 
50 to 
uneven 
aged (8) 3 - 40-60 years ?? 100 100 ?? 100 100 ?? 80 80 

 4 - 60-80 years ?? 100 100 ?? 100 100 ?? 90 90 

 5 - 80-100 years ?? 100 100 ?? 100 100 ?? 10 100 

 6 - 100-120 years ?? 100 100 ?? 100 100 ?? 100 100 

 7 - 120-140 years ?? 100 100 ?? 100 100 ?? 100 100 

 Weight 5 10 7 5 10 7 5 15 10 

DF 
operations 

1 - Tree harvest 
(includes seed tree, 
shelterwood, selective 
cut, thinning, etc. with 
heavy equipment on the 
ground) 50 60 55 50 50 50 50 20 35 

 

2 - Herbicide/chemical 
application 30 40 35 30 30 30 30 20 25 

 

3 - Pine Plantation (no 
heavy equipment, 
planting by hand, holes 
dug 8-9 inches into soil) 40 30 35 20 40 30 20 20 20 

 

4 - Controlled 
understory burn 50 60 55 50 50 50 50 50 50 
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5 - No 
operations/disturbance 100 90 95 100 90 95 100 90 95 

 Weight 10 10 10 5 15 10 5 10 7 

SEGAP 
Land 
Cover 1 - Open Water (Fresh) 80 X 0 80 X 0 80 X 0 

*changed 
open 
water to 0 
for all spp. 

4, 5 - Developed Open 
Space, Low Intensity 
Developed 20 55 38 30 55 43 20 50 35 

 

6, 7 - Medium Intensity 
Developed, High 
Intensity Developed 0 32 16 0 45 23 0 22 11 

 17 - Bare Soil 0 22 11 0 17 9 0 5 3 

 

30 - Southern Piedmont 
Cliff 0 27 14 0 33 17 0 22 11 

 

66, 86, 108 - Southern 
Piedmont Dry Oak-
(Pine) Forest - 
Hardwood Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Loblolly Pine Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Mixed Modifier 0 60 30 0 48 24 0 52 26 

 

68 - Southern Piedmont 
Mesic Forest 80 95 88 70 95 83 70 95 83 

 

71 - Evergreen 
Plantations or Managed 
Pine (can include dense 
successional regrowth) 0 15 8 0 18 9 0 12 6 

 

127, 146, 147 - 
Successional 
Shrub/Scrub (Other), 
Other - Herbaceous, 
Utility Swath - 
Herbaceous 0 26 13 0 27 14 0 6 3 

 

148, 149 - Pasture/Hay, 
Row Crop 0 0 0 0 0 0 0 0 0 

 

164, 165 - Southern 
Piedmont Large 
Floodplain Forest - 
Forest Modifier, 
Southern Piedmont 
Small Floodplain and 
Riparian Forest 100 67 84 100 73 87 100 85 93 

 

182 - Southern 
Piedmont/Ridge and 100 55 78 100 55 78 100 55 78 
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Valley Upland 
Depression Swamp 

 Weight 20 20 20 25 20 23 25 20 23 

 

           

Factor Category 
Eastern Red-

backed 
White-spotted 

Slimy Four-Toed 

  Julia Expert Average Julia Expert Average Julia Expert Average 

Canopy 
Cover (%) 0-33 30 36 33 30 37 34 30 32 31 

 33-66 70 76 73 80 87 84 60 63 62 

 66-100 100 96 98 100 100 100 90 100 95 

 Weight 30 30 30 30 30 30 20 25 23 

Distance 
to water <50 m 80 87 84 80 74 77 100 95 98 

 50-400 m 80 87 84 80 83 82 60 68 64 

 >400 m 80 87 84 80 83 82 30 50 40 

 Weight 5 5 5 5 5 5 25 25 25 

Distance 
to Roads 0-1 m 0 X 0 0 X 0 0 X 0 

 1-30 m 30 X 30 30 X 30 20 X 20 

 30-80 m 60 X 60 60 X 60 60 X 60 

 >80 m 100 X 100 100 X 100 100 X 100 

 Weight 10 5 7 10 5 7 5 5 5 

Aspect Northern/Eastern ?? 82 82 ?? 85 85 100 100 100 

 Southern/Western ?? 46 46 ?? 75 75 50 100 75 

 Weight 5 5 5 5 5 5 5 5 5 

DF Stand 
Age 1 - 0-20 years ?? 70 70 ?? 60 60 ?? 60 60 

*gave a 
score of 0 
to non-
forested 
areas (9) 2 - 20-40 years ?? 70 70 ?? 60 60 ?? 60 60 

*gave a 
score of 
50 to 
uneven 
aged (8) 3 - 40-60 years ?? 80 80 ?? 70 70 ?? 70 70 

 4 - 60-80 years ?? 90 90 ?? 80 80 ?? 80 80 
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 5 - 80-100 years ?? 100 100 ?? 90 90 ?? 90 90 

 6 - 100-120 years ?? 100 100 ?? 100 100 ?? 100 100 

 7 - 120-140 years ?? 100 100 ?? 100 100 ?? 100 100 

 Weight 10 15 13 10 15 13 10 10 10 

DF 
operations 

1 - Tree harvest 
(includes seed tree, 
shelterwood, selective 
cut, thinning, etc. with 
heavy equipment on the 
ground) 40 10 25 60 10 35 30 20 25 

 

2 - Herbicide/chemical 
application 30 20 25 30 30 30 20 20 20 

 

3 - Pine Plantation (no 
heavy equipment, 
planting by hand, holes 
dug 8-9 inches into soil) 30 20 25 40 40 40 20 20 20 

 

4 - Controlled 
understory burn 40 40 40 30 50 40 20 50 35 

 

5 - No 
operations/disturbance 100 90 95 100 90 95 100 90 95 

 Weight 10 15 13 10 15 13 10 5 7 

SEGAP 
Land 
Cover 1 - Open Water (Fresh) 0 X 0 0 X 0 80 X 0 

*changed 
open 
water to 0 
for all spp. 

4, 5 - Developed Open 
Space, Low Intensity 
Developed 10 54 32 10 47 29 20 32 26 

 

6, 7 - Medium Intensity 
Developed, High 
Intensity Developed 0 33 17 0 37 19 0 17 9 

 17 - Bare Soil 0 16 8 0 20 10 0 10 5 

 

30 - Southern Piedmont 
Cliff 10 50 30 20 47 34 0 17 9 

 

66, 86, 108 - Southern 
Piedmont Dry Oak-
(Pine) Forest - 
Hardwood Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Loblolly Pine Modifier, 
Southern Piedmont Dry 
Oak-(Pine) Forest - 
Mixed Modifier 50 68 59 60 77 69 20 43 32 

 

68 - Southern Piedmont 
Mesic Forest 80 96 88 80 96 88 100 85 93 

 

71 - Evergreen 
Plantations or Managed 20 10 15 10 37 24 0 5 3 
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Pine (can include dense 
successional regrowth) 

 

127, 146, 147 - 
Successional 
Shrub/Scrub (Other), 
Other - Herbaceous, 
Utility Swath - 
Herbaceous 10 11 11 10 27 19 0 6 3 

 

148, 149 - Pasture/Hay, 
Row Crop 0 0 0 0 0 0 0 0 0 

 

164, 165 - Southern 
Piedmont Large 
Floodplain Forest - 
Forest Modifier, 
Southern Piedmont 
Small Floodplain and 
Riparian Forest 80 64 72 80 69 75 100 95 98 

 

182 - Southern 
Piedmont/Ridge and 
Valley Upland 
Depression Swamp 80 31 56 80 49 65 100 95 98 

 Weight 30 25 27 30 25 27 25 25 25 

 

Factor Category Pseudotriton 

  Julia Expert Average 

Canopy Cover 
(%) 0-33 40 30 35 

 33-66 70 85 78 

 66-100 90 100 95 

 Weight 25 25 25 

Distance to water <50 m 100 100 100 

 50-400 m 60 68 64 

 >400 m 30 54 42 

 Weight 25 20 23 

Distance to 
Roads 0-1 m 0 X 0 

 1-30 m 20 X 20 

 30-80 m 60 X 60 

 >80 m 100 X 100 

 Weight 5 5 5 

Aspect Northern/Eastern ?? 100 100 
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 Southern/Western ?? 85 85 

 Weight 5 5 5 

DF Stand Age 1 - 0-20 years ?? 60 60 

*gave a score of 
0 to non-forested 
areas (9) 2 - 20-40 years ?? 60 60 

*gave a score of 
50 to uneven 
aged (8) 3 - 40-60 years ?? 70 70 

 4 - 60-80 years ?? 80 80 

 5 - 80-100 years ?? 90 90 

 6 - 100-120 years ?? 100 100 

 7 - 120-140 years ?? 100 100 

 Weight 5 15 10 

DF operations 
1 - Tree harvest (includes seed tree, shelterwood, selective 
cut, thinning, etc. with heavy equipment on the ground) 20 20 20 

 2 - Herbicide/chemical application 20 0 10 

 

3 - Pine Plantation (no heavy equipment, planting by hand, 
holes dug 8-9 inches into soil) 20 20 20 

 4 - Controlled understory burn 30 40 35 

 5 - No operations/disturbance 100 90 95 

 Weight 10 5 7 

SEGAP Land 
Cover 1 - Open Water (Fresh) 60 X 0 

*changed open 
water to 0 for all 
spp. 4, 5 - Developed Open Space, Low Intensity Developed 0 43 22 

 6, 7 - Medium Intensity Developed, High Intensity Developed 0 32 16 

 17 - Bare Soil 0 5 3 

 30 - Southern Piedmont Cliff 0 27 14 

 

66, 86, 108 - Southern Piedmont Dry Oak-(Pine) Forest - 
Hardwood Modifier, Southern Piedmont Dry Oak-(Pine) Forest 
- Loblolly Pine Modifier, Southern Piedmont Dry Oak-(Pine) 
Forest - Mixed Modifier 30 70 50 

 68 - Southern Piedmont Mesic Forest 100 90 95 

 

71 - Evergreen Plantations or Managed Pine (can include 
dense successional regrowth) 0 8 4 

 

127, 146, 147 - Successional Shrub/Scrub (Other), Other - 
Herbaceous, Utility Swath - Herbaceous 0 15 8 

 148, 149 - Pasture/Hay, Row Crop 0 0 0 
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164, 165 - Southern Piedmont Large Floodplain Forest - 
Forest Modifier, Southern Piedmont Small Floodplain and 
Riparian Forest 100 94 97 

 

182 - Southern Piedmont/Ridge and Valley Upland Depression 
Swamp 100 83 92 

 Weight 25 25 25 
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VI. Correlation Scores of Variables 

 

Table 7. Correlation scores between variables for habitat models. 

 

Fine 
TPI 

DEM Aspect 
Canopy 
Cover 

Distance 
to PA 

Distance 
to roads 

Distance 
to water 
bodies 

pH rH2O 
Land 
cover 

Slope TCI 
Coarse 
TPI 

Fine TPI 1.0000 0.0532 0.0025 -0.0508 0.0003 -0.0158 0.0800 0.0083 -0.0811 0.0027 -0.0018 -0.0030 0.5015 

DEM 1.0000 1.0000 0.0221 0.0062 0.3212 0.0054 0.1604 0.4749 -0.1038 0.2243 -0.0516 -0.0303 0.1390 

Aspect 1.0000 1.0000 1.0000 0.0325 0.0167 -0.0083 0.0217 -0.0102 -0.0093 0.0034 -0.0090 -0.0075 0.0138 

Canopy Cover 1.0000 1.0000 1.0000 1.0000 -0.0644 0.1529 -0.0708 0.0962 0.1086 -0.0587 0.2240 -0.0311 -0.1310 

Distance to PA 1.0000 1.0000 1.0000 1.0000 1.0000 -0.0104 0.0293 0.1012 -0.0655 0.0895 -0.0913 -0.0147 0.0086 

Distance to roads 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -0.1654 0.1103 0.1407 0.2119 0.0247 0.0319 -0.0497 

Distance to water 
bodies 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.0001 -0.2383 -0.1300 -0.0289 -0.0219 0.3584 

pH 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.0280 0.2095 -0.0135 0.0013 0.0144 

rH2O 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 0.1177 -0.1516 0.0118 -0.2013 

Land cover 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -0.0777 -0.0249 0.0032 

Slope 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -0.0235 -0.0789 

TCI 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 -0.0061 

Coarse TPI 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
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VII. Maxent β values and AUC Scores 

Table 8. This table shows resulting AUC scores from Maxent runs for the 2-county study 

area of varying β values (highest AUC value for each species in bold), and AUC scores 

from Maxent runs for the Duke Forest study area with the final β values. 

 
β values → 

0.5 1 1.5 2 2.5 

County 
# 

observations AUC AUC AUC AUC AUC 

A. maculatum 175 0.859 0.858 0.857 0.855 0.851 

A. opacum 108 0.830 0.837 0.842 x 0.844 

D. fuscus 3 0.992 0.988 0.990 0.990 0.981 

E. cirrigera 25 0.964 0.941 0.927 0.916 0.911 

E. guttolineata 11 0.989 0.986 0.983 0.977 0.972 

H. scutatum 8 0.979 0.979 0.954 0.934 0.895 

N. viridescens 19 0.970 0.921 0.908 0.889 0.858 

P. cinereus 116 0.971 0.970 0.973 0.974 0.972 

P. 
cylindraceus 31 0.932 0.902 0.895 0.889 0.884 

P. montanus 4 0.994 0.983 0.985 0.975 0.974 

P. ruber 2 0.998 0.998 0.996 0.995 0.994 

       

   0.5 1 1.5 2 2.5 

DF 
# 

observations AUC AUC AUC AUC AUC 

A. maculatum 63 0.812     
A. opacum 13     0.951 

E. cirrigera 4 0.994     
H. scutatum 5 0.993     
N. viridescens 4 0.982     
P. cinereus 99    0.974  
P. 
cylindraceus 5 0.994     
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VIII. Maxent logistic thresholds 

Table 9. This table shows the logistic threshold value used to determine a “habitat” cut-

off for Maxent models. 

  

Logistic threshold - Balance training omission, 
predicted area and threshold value 

Species B County DF 

Amaculatum 0.5 0.002 0.038 

Aopacum 2.5 0.137 0.101 

Dfuscus 0.5 0.007   

Ecirrigera 0.5 0.035 0.035 

Eguttolineata 0.5 0.022   

Hscutatum 0.5 0.060 0.002 

Nviridescens 0.5 0.002 0.066 

Pcinereus 2 0.025 0.011 

Pcylindraceus 0.5 0.008 0.024 

Pmontanus 0.5 0.015   

Pruber 0.5 0.003   
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IX. Expert Survey Results 

 

Table 10a. Marbled salamander (Ambystoma opacum) 

Start Date End Date 
Name 
(optional): 

% Canopy Cover - 
0-33 % Canopy Cover - 33-66 % Canopy Cover - 66-100 

11/28/2018 
9:25 

11/28/2018 
9:37 

Nicolette 
Cagle 

Occasional use 
and/or little to no 
breeding 

Consistent use and/or 
breeding 

Best habitat, highest 
survival and reproductive 
success 

12/3/2018 
20:48 

12/3/2018 
21:06 Brenna Forester   

12/7/2018 
11:42 

12/7/2018 
13:48 

David G. 
Cooper 

Occasional use 
and/or little to no 
breeding 

Consistent use and/or 
breeding 

Best habitat, highest 
survival and reproductive 
success 

12/10/2018 
7:59 

12/10/2018 
8:57 

Nathan 
Shepard 

Occasional use 
and/or little to no 
breeding 

Consistent use and/or 
breeding 

Best habitat, highest 
survival and reproductive 
success 

12/11/2018 
7:47 

12/11/2018 
8:10 Graham Reynolds  

Best habitat, highest 
survival and reproductive 
success 

12/19/2018 
6:44 

12/19/2018 
7:10 

David 
Beamer 

Consistent use 
and/or breeding 

Consistent use and/or 
breeding 

Best habitat, highest 
survival and reproductive 
success 

1/2/2019 
8:35 

1/2/2019 
8:53 

Jerry 
Reynolds 

Don't 
Know/Unsure 

Consistent use and/or 
breeding 

Best habitat, highest 
survival and reproductive 
success 

1/3/2019 
14:12 

1/3/2019 
14:40 Jeff Hall 

Consistent use 
and/or breeding 

Best habitat, highest 
survival and reproductive 
success 

Consistent use and/or 
breeding 

1/10/2019 
5:57 

1/10/2019 
14:40 Ed Kabay 

Absolute non-
habitat and no 
breeding Don't Know/Unsure 

Best habitat, highest 
survival and reproductive 
success 
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Distance to 
breeding 
water - <50 
m 

Distance to 
breeding 
water - 50-
400 m 

Distance to 
breeding 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

        
Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Absolute 
non-habitat 

Absolute 
non-habitat 

Absolute 
non-
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and no 
breeding 

and no 
breeding 

habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

 

Land Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont 
Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover 
- Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceous 

Land Cover - 
Agriculture 
(pasture/hay/row 
crop) 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

        

 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 
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reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, highest 
survival and reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, highest 
survival and reproductive 
success 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Occasional use 
and/or little to 
no breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional use and/or 
little to no breeding 

Occasional use 
and/or little to 
no breeding 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 
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Habitat 
farther 
from roads 
is better 
for this 
species. 

Is this species 
found: 

Does this 
species 
prefer older 
forests? 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree harvest 
(includes 
seed tree, 
shelterwood
, selective 
cut, 
thinning, etc. 
with heavy 
equipment 
on the 
ground) 

Please rank the 
following forest 
operations based 
on their impact on 
the species. - 
Herbicide/chemica
l application 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Controlled 
understory 
burn 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbanc
e 

Strongly 
agree 

In or near 
protected areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsur
e 

Don't 
Know/Unsur
e Strong positive impact 

        

Strongly 
agree 

In, near, or far 
from protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsur
e 

Don't 
Know/Unsur
e Strong positive impact 

Somewhat 
agree 

In, near, or far 
from protected 
areas Maybe 

Strong 
negative 
impact 

Don't 
Know/Unsure 

Strong 
negative 
impact No impact Strong positive impact 

Neither 
agree nor 
disagree 

In or near 
protected areas 

Don't 
Know/Unsur
e 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Don't 
Know/Unsur
e Strong positive impact 
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Somewhat 
agree 

In, near, or far 
from protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Weak 
negative 
impact 

Weak 
negative 
impact Weak positive impact 

Somewhat 
agree 

In, near, or far 
from protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact No impact Strong positive impact 

Strongly 
agree 

In, near, or far 
from protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Weak 
positive 
impact Strong positive impact 

Somewhat 
agree 

In or near 
protected areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Weak 
positive 
impact Strong positive impact 

 

 

 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important 

Finally, 
please 
drag and 
drop the 
variables 
to rank 
their 
importan
ce in 
determini
ng quality 
habitat/p
resence 
for this 
species. 
(Most 
important Any comments? 
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= 1, Least 
important 
= 8) - % 
Canopy 
Cover 

= 1, Least 
important 
= 8) - 
Distance 
to Water 

= 1, Least 
important 
= 8) - 
Distance 
to Roads 

= 1, Least 
important 
= 8) - 
Aspect 

= 1, Least 
important 
= 8) - 
Land 
cover 

= 1, Least 
important 
= 8) - 
Land 
Protectio
n status 

= 1, Least 
important 
= 8) - 
Forest 
Age 

= 1, Least 
important 
= 8) - 
Forest 
Operatio
ns 

2 1 5 8 4 3 7 6  

         

3 1 4 8 6 7 2 5  
1 2 4 7 3 5 6 8  
1 2 8 7 3 4 6 5  

2 3 7 8 1 4 6 5 

Regarding the ranking, I suspect pine 
agriculture and herbicide treatments 
have impacts but this species is resilient 
especially if the surrounding habitat has a 
mosaic of unimpacted areas. 

2 4 6 7 1 8 3 5  

5 4 3 8 2 7 6 1 

I'm not sure any of these categories really 
captures the elements necessary for 
good marbled salamander habitat.  It all 
depends on the quality and type of 
wetlands and uplands present - and not 
necessarily captured by these specific 
metrics.  Other factors that are important 
are hydroperiod, extreme temperatures 
and/or weather events, and downed 
woody debris. 

1 2 7 8 4 5 6 3 

Marbled salamanders are an adaptable 
species. I have only observed them 
breeding in closed canopy forests with 
open understory layers where pools of 
water form in the winter. However, I 
have found individuals under cover in a 
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wider range of habitats. They are very 
common in the triangle area. 

 

 

Table 10b. Spotted salamander (Ambystoma maculatum) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance to 
breeding 
water - 50-
400 m 

Distance to 
breeding 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette 
Cagle 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Brenna Forester        

David G. 
Cooper 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Graham Reynolds  

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 
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David 
Beamer 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry 
Reynolds 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jeff Hall 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Occasional 
use 
and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont 
Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 
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Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 
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and no 
breeding 

reproductive 
success 

reproductive 
success 

 

 

Land Cover 
- Evergreen 
Plantations 
or 
Managed 
Pine (can 
include 
dense 
successiona
l regrowth) 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceo
us 

Land Cover - 
Agriculture 
(pasture/hay/ro
w crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. Is this species found: 

Does 
this 
species 
prefer 
older 
forests
? 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree 
harvest 
(includes 
seed tree, 
shelterwoo
d, selective 
cut, 
thinning, 
etc. with 
heavy 
equipment 
on the 
ground) 

Please rank the 
following forest 
operations based 
on their impact 
on the species. - 
Herbicide/chemic
al application 

Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

Only in protected areas 
(designated forests, 
parks, conservation 
easements, etc.) Maybe 

Strong 
negative 
impact 

Strong negative 
impact 
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Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or far from 
protected areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or far from 
protected areas Yes 

Strong 
negative 
impact 

Don't 
Know/Unsure 

Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Occasional use 
and/or little to 
no breeding 

Neither 
agree nor 
disagree 

In, near, or far from 
protected areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In, near, or far from 
protected areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In, near, or far from 
protected areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Consistent 
use and/or 
breeding 

Consistent use and/or 
breeding 

Occasional use 
and/or little to 
no breeding 

Strongly 
agree 

In, near, or far from 
protected areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In or near protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

 

Please rank the 
following forest 
operations based 
on their impact 
on the species. - 

Please rank the 
following forest 
operations based 
on their impact 
on the species. - 

Please rank the 
following forest 
operations based on 
their impact on the 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
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Pine Plantation 
(no heavy 
equipment, 
planting by hand, 
holes dug 8-9 
inches into soil) 

Controlled 
understory burn 

species. - No 
operations/disturbance 

determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

Don't 
Know/Unsure 

Don't 
Know/Unsure Strong positive impact 3 1 4 

      
Don't 
Know/Unsure 

Don't 
Know/Unsure Strong positive impact 3 1 4 

Strong negative 
impact No impact Strong positive impact 4 3 6 

Strong negative 
impact 

Don't 
Know/Unsure Strong positive impact 1 2 8 

Strong negative 
impact 

Strong negative 
impact Weak positive impact 1 5 7 

Strong negative 
impact No impact Strong positive impact 2 5 6 

Weak negative 
impact 

Weak positive 
impact Strong positive impact 5 4 3 

Weak negative 
impact 

Weak positive 
impact Strong positive impact 1 2 4 

 

 

Finally, please 
drag and drop 
the variables 
to rank their 

Finally, please 
drag and drop 
the variables 
to rank their 

Finally, please 
drag and drop 
the variables 
to rank their 

Finally, please 
drag and drop 
the variables 
to rank their 

Finally, please 
drag and drop 
the variables 
to rank their Any comments? 
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importance in 
determining 
quality 
habitat/prese
nce for this 
species. 
(Most 
important = 
1, Least 
important = 
8) - Aspect 

importance in 
determining 
quality 
habitat/prese
nce for this 
species. 
(Most 
important = 
1, Least 
important = 
8) - Land 
cover 

importance in 
determining 
quality 
habitat/prese
nce for this 
species. 
(Most 
important = 
1, Least 
important = 
8) - Land 
Protection 
status 

importance in 
determining 
quality 
habitat/prese
nce for this 
species. 
(Most 
important = 
1, Least 
important = 
8) - Forest 
Age 

importance in 
determining 
quality 
habitat/prese
nce for this 
species. 
(Most 
important = 
1, Least 
important = 
8) - Forest 
Operations 

8 6 2 5 7  

      

8 6 7 2 5  
7 1 5 2 8  
7 4 5 6 3  
8 2 4 3 6  
7 1 8 3 4  
8 2 7 6 1 Same as comments for marbled salamander. 

7 3 5 6 8 

In my experience, spotted salamanders are adaptable like 
the marbled salamander. However, I have not found them 
in as many locations as marbled salamanders. Both species 
depend on fishless pools for egg deposition and breeding. 

 

Table 10c. Red-spotted newt (Notophthalmus viridescens) 

Name 
(optional): 

% Canopy 
Cover - 0-33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance to 
breeding 
water - 50-
400 m 

Distance to 
breeding 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        
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Brenna Forester        

David G. 
Cooper 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Nathan 
Shepard 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Graham 
Reynolds 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

David 
Beamer 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry Reynolds        

Jeff Hall 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 
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Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land Cover - 
Bare soil 

Land Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover - 
Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

         

         

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 
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Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceous 

Land Cover - 
Agriculture 
(pasture/hay/row 
crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this species 
found: 

Does 
this 
species 
prefer 
older 
forests? 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree harvest 
(includes 
seed tree, 
shelterwood, 
selective cut, 
thinning, etc. 
with heavy 
equipment 
on the 
ground) 

Please rank the 
following forest 
operations based 
on their impact on 
the species. - 
Herbicide/chemical 
application 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 
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Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsure 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewhat 
agree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Don't 
Know/Unsure 

Weak 
negative 
impact 

Don't Know/Unsure 

Absolute non-
habitat and no 
breeding 

Somewhat 
disagree 

In, near, or 
far from 
protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Weak 
negative 
impact 

        

Consistent use and/or 
breeding 

Occasional use 
and/or little to 
no breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas No 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Don't Know/Unsure 
Don't 
Know/Unsure 

Somewhat 
agree 

In or near 
protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

 

Please rank 
the following 
forest 
operations 
based on their 
impact on the 
species. - 
Controlled 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
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understory 
burn 

for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

for this species. 
(Most important 
= 1, Least 
important = 8) - 
Aspect 

for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land cover 

       

       
Weak positive 
impact Don't Know/Unsure 1 3 2 8 4 

Don't 
Know/Unsure Strong positive impact 2 5 6 7 1 

Don't 
Know/Unsure Strong positive impact 2 1 8 7 3 

Weak negative 
impact Weak positive impact 6 4 7 8 1 

       
Strong positive 
impact Strong positive impact 5 4 3 8 2 

Weak positive 
impact Strong positive impact 2 1 5 7 3 

 

 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presenc
e for this 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presenc
e for this 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presenc
e for this Any comments? 
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species. (Most 
important = 1, 
Least important 
= 8) - Land 
Protection 
status 

species. (Most 
important = 1, 
Least important 
= 8) - Forest Age 

species. (Most 
important = 1, 
Least important 
= 8) - Forest 
Operations 

    

    

7 5 6  

3 4 8 
They can migrate great distances to water sources for breeding.  Efts live in upland 
habitats until ready to breed, then slowly make their way back. 

4 5 6  
3 5 2  

    

7 6 1 Same as comments for marbled salamander. 

4 6 8 

The aquatic adult stage of the eastern newt presents interesting problems for a 
terrestrial survey. The eft stage of this species can and does wander large distances 
overland through a different habitats, but the adults are almost entirely aquatic, 
which makes the responses difficult to determine with such different influences on 
different life stages of the species. 

 

Table 10d. Northern dusky salamander (Desmognathus fuscus) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance 
to 
breeding 
water - 
50-400 m 

Distance 
to 
breeding 
water - 
>400 m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        

Brenna Forester        

David G. 
Cooper 

Occasional 
use 
and/or 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Occasional 
use 
and/or 

Absolute 
non-
habitat 

Don't 
Know/Unsure 

Don't 
Know/Unsure 
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little to no 
breeding 

reproductive 
success 

reproductive 
success 

little to no 
breeding 

and no 
breeding 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Graham 
Reynolds 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

David 
Beamer 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry Reynolds        

Jeff Hall 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

 

Land Cover - 
Developed 
open 
space/Low 

Land Cover - 
Medium/High intensity 
developed 

Land Cover - Bare 
soil 

Land 
Cover - 
Southern 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont 

Land Cover - 
Southern 
Piedmont 

Land Cover - 
Southern 
Piedmont Upland 
Depression Swamp 
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intensity 
developed 

Piedmont 
Cliff 

Dry Oak/Pine 
Forest 

Floodplain 
Forest 

        

        

Occasional 
use and/or 
little to no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Occasiona
l use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductiv
e success 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional use 
and/or little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductiv
e success 

Consistent use and/or 
breeding 

Best habitat, 
highest survival 
and reproductive 
success 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductiv
e success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional use 
and/or little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductiv
e success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest survival 
and reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Occasiona
l use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductiv
e success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional use 
and/or little to no 
breeding 

        

Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Occasiona
l use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductiv
e success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent use 
and/or breeding 

Consistent 
use and/or 
breeding 

Occasional use and/or 
little to no breeding 

Occasional use 
and/or little to 
no breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent use 
and/or breeding 
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Land Cover - 
Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceou
s 

Land Cover - 
Agriculture 
(pasture/hay/ro
w crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this 
species 
found: 

Does this 
species 
prefer older 
forests? 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree harvest 
(includes 
seed tree, 
shelterwood, 
selective cut, 
thinning, etc. 
with heavy 
equipment 
on the 
ground) 

Please rank the 
following forest 
operations based 
on their impact on 
the species. - 
Herbicide/chemica
l application 

        

        
Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong positive 
impact 

Occasional 
use and/or 
little to no 
breeding 

Consistent use and/or 
breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t disagree 

In, near, or 
far from 
protected 
areas No No impact 

Don't 
Know/Unsure 
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Absolute 
non-habitat 
and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

        
Occasional 
use and/or 
little to no 
breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Absolute 
non-habitat 
and no 
breeding Don't Know/Unsure 

Don't 
Know/Unsure 

Somewha
t agree 

In, near, or 
far from 
protected 
areas 

Don't 
Know/Unsur
e 

Don't 
Know/Unsur
e 

Strong negative 
impact 

 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Controlled 
understory 
burn 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturban
ce 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presen
ce for this 
species. (Most 
important = 1, 
Least 
important = 8) - 
% Canopy 
Cover 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presen
ce for this 
species. (Most 
important = 1, 
Least 
important = 8) - 
Distance to 
Water 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presen
ce for this 
species. (Most 
important = 1, 
Least 
important = 8) - 
Distance to 
Roads 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presen
ce for this 
species. (Most 
important = 1, 
Least 
important = 8) - 
Aspect 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presen
ce for this 
species. (Most 
important = 1, 
Least 
important = 8) - 
Land cover 
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Weak 
negative 
impact No impact 

Strong positive 
impact 2 1 7 8 3 

Strong 
negative 
impact No impact 

Strong positive 
impact 2 1 8 3 4 

Weak 
negative 
impact 

Don't 
Know/Unsur
e 

Strong positive 
impact 2 1 7 8 3 

Strong 
negative 
impact 

Weak 
negative 
impact Weak positive impact 2 1 7 8 3 

        
Weak 
negative 
impact No impact 

Strong positive 
impact 5 4 3 8 2 

Don't 
Know/Unsur
e 

Don't 
Know/Unsur
e Don't Know/Unsure 2 1 6 7 3 

 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - Any comments? 



155 
 

Land Protection 
status 

important = 8) - 
Forest Age 

Forest 
Operations 

    

    

4 5 6  
6 5 7  
4 6 5  
4 6 5  

    

7 6 1 
Same as comments for marbled salamander (e.g. all depends on 
available habitat). 

4 5 8 
A stream species. In my experience they can be found in a wide 
variety of stream type and quality.  

 

Table 10e. Southern two-lined salamander (Eurycea cirrigera) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance to 
breeding 
water - 50-
400 m 

Distance 
to 
breeding 
water - 
>400 m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        

Brenna Forester        

David G. 
Cooper 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 
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Graham 
Reynolds 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

David 
Beamer 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry Reynolds        

Jeff Hall 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land 
Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont 
Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover - 
Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 
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Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

         

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 
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Land Cover - 
Successional 
Shrub/Scrub/Herbaceous 

Land Cover - 
Agriculture 
(pasture/hay/row 
crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this species 
found: 

Does 
this 
species 
prefer 
older 
forests? 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree harvest 
(includes 
seed tree, 
shelterwood, 
selective cut, 
thinning, etc. 
with heavy 
equipment 
on the 
ground) 

Please rank the 
following forest 
operations based 
on their impact on 
the species. - 
Herbicide/chemical 
application 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

        

        

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or far 
from 
protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or far 
from 
protected 
areas Maybe 

Strong 
negative 
impact 

Weak negative 
impact 

Weak 
negative 
impact 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewhat 
disagree 

In, near, or far 
from 
protected 
areas No 

Weak 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 
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Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewhat 
agree 

In, near, or far 
from 
protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

        

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or far 
from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Consistent use and/or 
breeding 

Don't 
Know/Unsure 

Somewhat 
agree 

In, near, or far 
from 
protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsure 

 

Please rank 
the following 
forest 
operations 
based on their 
impact on the 
species. - 
Controlled 
understory 
burn 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Aspect 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land cover 

       

       
Don't 
Know/Unsure Strong positive impact 2 1 6 8 3 

No impact Strong positive impact 2 1 8 4 3 
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Don't 
Know/Unsure Strong positive impact 2 1 8 7 4 

Weak negative 
impact Weak positive impact 2 4 7 8 1 

       

No impact Strong positive impact 5 4 3 8 2 

Weak positive 
impact Weak positive impact 3 1 5 7 2 

 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land Protection 
status 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest Age 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest 
Operations Any comments? 

    

    

7 4 5  
5 6 7  
5 6 3  
5 3 6  

    

7 6 1 
Same as comments for marbled salamander (e.g. all depends on 
available habitat). 
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4 6 8 
Streams are the key habitat feature with this species. In my 
experience, they can be in almost any stream. 

 

 

Table 10f. Three-lined salamander (Eurycea guttolineata) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance 
to 
breeding 
water - 
50-400 m 

Distance 
to 
breeding 
water - 
>400 m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        

Brenna Forester        

David G. 
Cooper 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Graham 
Reynolds 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

David 
Beamer 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 
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Jerry Reynolds        

Jeff Hall 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land 
Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover - 
Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

         

         

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 
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Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

         

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

 

 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceous 

Land Cover - 
Agriculture 
(pasture/hay/row 
crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this species 
found: 

Does 
this 
species 
prefer 
older 
forests? 

Please rank 
the following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree harvest 
(includes 

Please rank the 
following forest 
operations based 
on their impact on 
the species. - 
Herbicide/chemical 
application 

Please rank 
the 
following 
forest 
operations 
based on 
their 
impact on 
the 
species. - 
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seed tree, 
shelterwood, 
selective cut, 
thinning, etc. 
with heavy 
equipment 
on the 
ground) 

Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

        

        

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or far 
from 
protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewhat 
agree 

In, near, or far 
from 
protected 
areas Yes 

Strong 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewhat 
disagree 

In or near 
protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewhat 
agree 

In, near, or far 
from 
protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

        

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or far 
from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Don't Know/Unsure 

Absolute non-
habitat and no 
breeding 

Somewhat 
agree 

In, near, or far 
from Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 
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protected 
areas 

 

Please rank 
the following 
forest 
operations 
based on their 
impact on the 
species. - 
Controlled 
understory 
burn 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Aspect 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land cover 

       

       
Don't 
Know/Unsure Strong positive impact 2 1 6 8 5 

No impact Strong positive impact 3 1 8 7 2 

Don't 
Know/Unsure Strong positive impact 1 2 8 7 3 

Weak negative 
impact Weak positive impact 3 2 7 8 1 

       

No impact Strong positive impact 5 4 3 8 2 

Weak positive 
impact Weak positive impact 2 1 5 6 4 
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Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land Protection 
status 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest Age 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest 
Operations Any comments? 

    

    

7 3 4  
4 5 6  
4 5 6  
6 4 5  

    

7 6 1 
Same as comments for marbled salamander (e.g. all depends 
on available habitat). 

3 7 8 
Another stream species. Proximity to a stream is the biggest 
habitat determining variable.  

 

Table 10g. Eastern red-backed salamander (Plethodon cinereus) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
water - <50 
m 

Distance to 
water - 50-
400 m 

Distance to 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 
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Nicolette 
Cagle 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Brenna 
Forester 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding Consistent use and/or breeding  

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

David G. 
Cooper 

Occasional 
use 
and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Graham 
Reynolds 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

David 
Beamer 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry Reynolds        

Jeff Hall 
Consistent 
use 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Don't 
Know/Unsure 

Don't 
Know/Unsure 
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and/or 
breeding 

reproductive 
success 

reproductive 
success 

reproductive 
success 

reproductive 
success 

Ed Kabay 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont 
Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover - 
Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 
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Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

         

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceo
us 

Land Cover - 
Agriculture 
(pasture/hay/ro
w crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this 
species 
found: 

Does 
this 
species 
prefer 
older 
forests
? 

Please rank 
the 
following 
forest 
operations 
based on 
their 

Please rank the 
following forest 
operations based 
on their impact 
on the species. - 
Herbicide/chemic
al application 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
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impact on 
the species. 
- Tree 
harvest 
(includes 
seed tree, 
shelterwoo
d, selective 
cut, 
thinning, 
etc. with 
heavy 
equipment 
on the 
ground) 

on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

on the 
species. - 
Controlled 
understory 
burn 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In or near 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsur
e 

Don't 
Know/Unsur
e 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Neither 
agree nor 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Don't 
Know/Unsur
e 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

In or near 
protected 
areas Yes 

Strong 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

Don't 
Know/Unsur
e 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

In or near 
protected 
areas Yes 

Strong 
negative 
impact 

Don't 
Know/Unsure 

Strong 
negative 
impact 

Weak 
negative 
impact 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsur
e 

Don't 
Know/Unsur
e 
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Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

Weak 
negative 
impact 

         

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Weak 
negative 
impact 

Occasional use and/or 
little to no breeding 

Don't 
Know/Unsure 

Neither 
agree nor 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Weak 
positive 
impact 

 

 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Aspect 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land cover 

Strong positive impact 1 7 5 8 3 

No impact 3 5 6 4 1 

Strong positive impact 1 8 7 3 4 
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Strong positive impact 1 7 6 5 2 

Strong positive impact 1 7 8 2 3 

Weak positive impact 1 6 7 8 4 

      

Strong positive impact 4 8 3 7 2 

Strong positive impact 1 5 6 7 2 

 

 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land Protection 
status 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest Age 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest 
Operations Any comments? 

2 4 6  
7 2 8  
6 2 5  
3 4 8  
6 4 5  
5 2 3  

    

6 5 1 
Same as comments for marbled salamander (e.g. all depends on 
available habitat). 
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8 4 3 
Common woodland salamander, most likely of the listed species to 
be found in disturbed or developed land. 

 

 

Table 10h. White-spotted slimy salamander (Plethodon cylindraceus) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
water - <50 
m 

Distance to 
water - 50-
400 m 

Distance to 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        

Brenna Forester        

David G. 
Cooper 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Graham 
Reynolds 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

David 
Beamer 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 
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Jerry 
Reynolds 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Jeff Hall 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont 
Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover 
- Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover - 
Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

         

         

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 
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Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 
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Land Cover - 
Successional 
Shrub/Scrub/Herbace
ous 

Land Cover - 
Agriculture 
(pasture/hay/ro
w crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this 
species 
found: 

Does 
this 
species 
prefer 
older 
forests
? 

Please rank 
the 
following 
forest 
operations 
based on 
their 
impact on 
the species. 
- Tree 
harvest 
(includes 
seed tree, 
shelterwoo
d, selective 
cut, 
thinning, 
etc. with 
heavy 
equipment 
on the 
ground) 

Please rank the 
following forest 
operations based 
on their impact 
on the species. - 
Herbicide/chemi
cal application 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Controlled 
understory 
burn 

         

         

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas Yes 

Strong 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

Don't 
Know/Unsu
re 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

In, near, or 
far from 
protected 
areas Yes 

Strong 
negative 
impact 

Don't 
Know/Unsure 

Weak 
negative 
impact 

Don't 
Know/Unsu
re 
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Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at 
disagree 

In, near, or 
far from 
protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsu
re No impact 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Weak 
negative 
impact 

Weak 
negative 
impact 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at 
disagree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact No impact 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Weak 
negative 
impact 

Weak 
negative 
impact 

Consistent use and/or 
breeding 

Don't 
Know/Unsure 

Somewh
at agree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsu
re 

Weak 
positive 
impact 

 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
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important = 8) - 
% Canopy Cover 

Distance to 
Water 

Distance to 
Roads 

important = 8) - 
Aspect 

important = 8) - 
Land cover 

      

      

Strong positive impact 1 8 6 5 3 

Strong positive impact 3 6 7 5 1 

Strong positive impact 1 8 7 6 2 

Weak positive impact 1 8 6 7 2 

Strong positive impact 2 6 7 4 1 

Strong positive impact 4 8 3 7 2 

Strong positive impact 1 3 6 7 2 

 

 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land Protection 
status 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest Age 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest 
Operations Any comments? 

    

    

7 2 4  
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4 2 8 

Slimy Salamanders can put up with quite a lot of distrubances but in pine 
plantations or pine heavy forests, the soil can be a bit too acidic for them to 
do well in. 

4 3 5  
5 3 4  
8 3 5  

6 5 1 
Same as comments for marbled salamander (e.g. all depends on available 
habitat). 

8 4 5 Second most adaptable species on the list after the red-backed. 

 

 

Table 10i. Four-toed salamander (Hemidactylium scutatum) 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 
33-66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance to 
breeding 
water - 50-
400 m 

Distance to 
breeding 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        

Brenna Forester        

David G. 
Cooper 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Graham 
Reynolds 

Absolute 
non-
habitat 

Occasional 
use 
and/or 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Occasional 
use and/or 

Absolute 
non-habitat 

Don't 
Know/Unsure 

Don't 
Know/Unsure 
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and no 
breeding 

little to no 
breeding 

reproductive 
success 

reproductive 
success 

little to no 
breeding 

and no 
breeding 

David 
Beamer 

Consistent 
use 
and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry Reynolds        

Jeff Hall 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land 
Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land 
Cover - 
Southern 
Piedmont 
Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

Land Cover 
- Evergreen 
Plantations 
or Managed 
Pine (can 
include 
dense 
successional 
regrowth) 

         

         

Absolute 
non-habitat 

Absolute 
non-habitat 

Absolute 
non-
habitat 

Absolute 
non-
habitat 

Consistent 
use and/or 
breeding 

Occasional 
use 
and/or 

Best habitat, 
highest 
survival and 

Best habitat, 
highest 
survival and 

Absolute 
non-habitat 
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and no 
breeding 

and no 
breeding 

and no 
breeding 

and no 
breeding 

little to no 
breeding 

reproductive 
success 

reproductive 
success 

and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use 
and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-habitat 
and no 
breeding 

         

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use 
and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Absolute 
non-habitat 
and no 
breeding 

 

 

Land Cover - 
Successional 

Land Cover - 
Agriculture 

Habitat 
farther Is this species found: 

Does 
this 

Please rank 
the 

Please rank the 
following forest 

Please rank 
the 
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Shrub/Scrub/Herbace
ous 

(pasture/hay/ro
w crop) 

from 
roads is 
better 
for this 
species. 

species 
prefer 
older 
forests
? 

following 
forest 
operations 
based on 
their 
impact on 
the species. 
- Tree 
harvest 
(includes 
seed tree, 
shelterwoo
d, selective 
cut, 
thinning, 
etc. with 
heavy 
equipment 
on the 
ground) 

operations based 
on their impact 
on the species. - 
Herbicide/chemi
cal application 

following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Pine 
Plantation 
(no heavy 
equipment, 
planting by 
hand, holes 
dug 8-9 
inches into 
soil) 

        

        

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree In or near protected areas Yes 

Strong 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree In or near protected areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

Only in protected areas 
(designated forests, parks, 
conservation easements, 
etc.) Yes 

Strong 
negative 
impact 

Strong negative 
impact No impact 
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Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewh
at agree 

In, near, or far from 
protected areas Maybe 

Weak 
negative 
impact 

Weak negative 
impact 

Strong 
negative 
impact 

        

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or far from 
protected areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Strong 
negative 
impact 

Don't Know/Unsure 

Absolute non-
habitat and no 
breeding 

Somewh
at agree In or near protected areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsu
re 

 

Please rank 
the following 
forest 
operations 
based on their 
impact on the 
species. - 
Controlled 
understory 
burn 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Aspect 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land cover 

       

       
Don't 
Know/Unsure Strong positive impact 1 2 7 8 4 

Don't 
Know/Unsure Strong positive impact 2 5 7 6 1 

Don't 
Know/Unsure Strong positive impact 1 2 8 7 3 
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Weak negative 
impact Weak positive impact 3 2 7 8 1 

       

No impact Strong positive impact 5 4 3 8 2 

Weak positive 
impact Strong positive impact 1 2 3 7 5 

 

 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Land Protection 
status 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest Age 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Forest 
Operations Any comments? 

    

    

5 3 6  
4 3 8  
4 5 6  

6 5 4 

This species gives the appearance of being more sensitive to disturbance but 
due to it's unique breeding habitats it was probably always more spotty in 
distribution even in an unaltered landscape. 
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7 6 1 
Same as comments for marbled salamander (e.g. all depends on available 
habitat). 

4 6 8 I have relatively little experience with this species. 

 

Table 10j. Pseudotriton spp. 

Name 
(optional): 

% Canopy 
Cover - 0-
33 

% Canopy 
Cover - 33-
66 

% Canopy 
Cover - 66-
100 

Distance to 
breeding 
water - <50 
m 

Distance to 
breeding 
water - 50-
400 m 

Distance to 
breeding 
water - >400 
m 

Aspect - 
North/East 

Aspect - 
South/West 

Nicolette Cagle        

Brenna Forester        

David G. 
Cooper 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Nathan 
Shepard 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Graham 
Reynolds 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

David 
Beamer 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Jerry Reynolds        
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Jeff Hall 

Occasional 
use 
and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Ed Kabay 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

 

 

Land Cover - 
Developed 
open 
space/Low 
intensity 
developed 

Land Cover - 
Medium/High 
intensity 
developed 

Land 
Cover - 
Bare soil 

Land Cover - 
Southern 
Piedmont 
Cliff 

Land Cover - 
Southern 
Piedmont 
Mesic Forest 

Land Cover - 
Southern 
Piedmont Dry 
Oak/Pine 
Forest 

Land Cover - 
Southern 
Piedmont 
Floodplain 
Forest 

Land Cover - 
Southern 
Piedmont 
Upland 
Depression 
Swamp 

        

        

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Consistent 
use and/or 
breeding 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 
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Consistent 
use and/or 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

        

Occasional 
use and/or 
little to no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Absolute 
non-
habitat 
and no 
breeding 

Absolute 
non-habitat 
and no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Consistent 
use and/or 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use and/or 
little to no 
breeding 

Occasional 
use 
and/or 
little to no 
breeding 

Best habitat, 
highest 
survival and 
reproductive 
success 

Best habitat, 
highest 
survival and 
reproductive 
success 

Don't 
Know/Unsure 

Don't 
Know/Unsure 

Best habitat, 
highest 
survival and 
reproductive 
success 

 

Land Cover - 
Evergreen 
Plantations or 
Managed Pine 
(can include 
dense 
successional 
regrowth) 

Land Cover - 
Successional 
Shrub/Scrub/Herbaceou
s 

Land Cover - 
Agriculture 
(pasture/hay/ro
w crop) 

Habitat 
farther 
from 
roads is 
better for 
this 
species. 

Is this 
species 
found: 

Does this 
species 
prefer older 
forests? 

Please rank 
the 
following 
forest 
operations 
based on 
their impact 
on the 
species. - 
Tree harvest 
(includes 

Please rank the 
following forest 
operations based 
on their impact on 
the species. - 
Herbicide/chemica
l application 
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seed tree, 
shelterwood
, selective 
cut, 
thinning, 
etc. with 
heavy 
equipment 
on the 
ground) 

        

        

Absolute non-
habitat and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In, near, or 
far from 
protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Absolute non-
habitat and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In, near, or 
far from 
protected 
areas Yes 

Strong 
negative 
impact 

Strong negative 
impact 

Don't 
Know/Unsure 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t disagree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 

Absolute non-
habitat and no 
breeding 

Absolute non-habitat 
and no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In, near, or 
far from 
protected 
areas Maybe 

Weak 
negative 
impact 

Strong negative 
impact 

        

Occasional use 
and/or little to 
no breeding 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Strongly 
agree 

In, near, or 
far from 
protected 
areas Maybe 

Strong 
negative 
impact 

Strong negative 
impact 
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Don't 
Know/Unsure 

Occasional use and/or 
little to no breeding 

Absolute non-
habitat and no 
breeding 

Somewha
t agree 

In or near 
protected 
areas 

Don't 
Know/Unsur
e 

Strong 
negative 
impact 

Strong negative 
impact 

 

 

Please rank the 
following forest 
operations based 
on their impact 
on the species. - 
Pine Plantation 
(no heavy 
equipment, 
planting by hand, 
holes dug 8-9 
inches into soil) 

Please rank the 
following forest 
operations 
based on their 
impact on the 
species. - 
Controlled 
understory burn 

Please rank the 
following forest 
operations based on 
their impact on the 
species. - No 
operations/disturbance 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
% Canopy Cover 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Water 

Finally, please 
drag and drop 
the variables to 
rank their 
importance in 
determining 
quality 
habitat/presence 
for this species. 
(Most important 
= 1, Least 
important = 8) - 
Distance to 
Roads 

      

      
Strong negative 
impact 

Don't 
Know/Unsure Strong positive impact 1 4 6 

Strong negative 
impact 

Don't 
Know/Unsure Strong positive impact 2 4 6 

Don't 
Know/Unsure No impact Strong positive impact 2 1 8 

Strong negative 
impact 

Weak negative 
impact Weak positive impact 1 5 7 

      
Strong negative 
impact No impact Strong positive impact 5 4 3 
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Weak negative 
impact No impact Strong positive impact 2 1 6 

 

 

Finally, please 
drag and drop 
the variables 
to rank their 
importance in 
determining 
quality 
habitat/prese
nce for this 
species. (Most 
important = 1, 
Least 
important = 8) 
- Aspect 

Finally, please 
drag and drop 
the variables 
to rank their 
importance in 
determining 
quality 
habitat/prese
nce for this 
species. (Most 
important = 1, 
Least 
important = 8) 
- Land cover 

Finally, please 
drag and drop 
the variables 
to rank their 
importance in 
determining 
quality 
habitat/prese
nce for this 
species. (Most 
important = 1, 
Least 
important = 8) 
- Land 
Protection 
status 

Finally, please 
drag and drop 
the variables 
to rank their 
importance in 
determining 
quality 
habitat/prese
nce for this 
species. (Most 
important = 1, 
Least 
important = 8) 
- Forest Age 

Finally, please 
drag and drop 
the variables 
to rank their 
importance in 
determining 
quality 
habitat/prese
nce for this 
species. (Most 
important = 1, 
Least 
important = 8) 
- Forest 
Operations 

Any comments? Do you think habitat for the two 
Psuedotriton species significantly differs in the Piedmont 
region of NC? If so, in what ways? 

      

      

8 3 7 2 5  

7 1 5 3 8 

ruber and montanus are different quite a bit.  Basically, 
ruber is much more upland and montanus is floodplain 
but both can be found in either. 

7 3 6 4 5  

8 2 6 4 3 

P. montanus tends to be in swampier habitat and P. 
ruber is generally more upland.  However they are 
certainly found sympatrically. 
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8 2 7 6 1 
Same as comments for marbled salamander (e.g. all 
depends on available habitat). 

7 3 4 5 8 

I dont think it differs significantly. I have found this 
species to be a difficult to find in the field in the 
piedmont. Probably just my luck. Both live up to the 
name 'mud salamander'. 
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X. Recommended points for Duke Forest salamander surveys 

Below are GPS coordinates (in Degrees Lat Long) of >=10 general places in Duke 
Forest to look for each species. These are based on the Duke Forest study area 
models. When a species had both a rule-based and a Maxent model, the points were 
taking from the areas that both models classified as habitat. When a species had only a 
rule-based model, the points were taken from the areas classified as habitat by the rule-
based model. 
 
Marbled Salamander (Ambystoma opacum)* 
[REDACTED] 
 
Spotted Salamander (Ambystoma maculatum)* 
[REDACTED] 
 
Red-spotted Newt (Notophthalmus viridescens)* 
[REDACTED] 
 
Northern Dusky Salamander (Desmognathus fuscus)** 
[REDACTED] 
 
Eastern Red-backed Salamander (Plethodon cinereus)* 
[REDACTED] 
 
White-spotted Slimy Salamander (Plethodon cylindraceus)* 
[REDACTED] 
 
Four-toed Salamander (Hemidactylium scutatum)* 
[REDACTED] 
 
Southern Two-lined Salamander (Eurycea cirrigera)* 
[REDACTED] 
 
Three-lined Salamander (Eurycea guttolineata)** 
[REDACTED] 
 
Pseudotriton spp. (Mud Salamander (Pseudotriton montanus), Red Salamander 
(Pseudotriton ruber))** 
[REDACTED] 
 
*Based on overlap between Maxent and rule-based models 
**Based only on rule-based models (no Maxent models for this species for the Duke 
Forest study area because there were no occurrence points in Duke Forest) 
 
 
 



193 
 

Below are GPS coordinates (in Degrees Lat Long) taken from the middle of the 20 most 
“salamander-y” places in Duke Forest, considering presence of all species overlapped.  
 
Blackwood Division: 
[REDACTED] 
 
Oosting Division: 
[REDACTED] 
 
Korstian Division: 
[REDACTED] 
 
Durham Division: 
[REDACTED] 
 
Eno Division: 
[REDACTED] 

Hillsboro Division: 

[REDACTED]
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XI. Duke Forest gravel road-pond corridor crossing coordinates 

Below are GPS coordinates (in Degrees Lat Long) to give a sense of where the 

corridors are crossing the road. Coordinates indicate that the entire stretch of road 

between those two points are within the pond corridor or wetland area. Last column 

indicates how far into the width of the corridor the coordinates fall. Referring to the pond 

corridor maps will help visualize this. 

 

 

DIVISION ROAD START COORDINATES STOP COORDINATES 
PLACEMENT OF COORDINATES 

WITHIN CORRIDOR 

DURHAM Gate 11 to 12 Road 36.0248646°, -078.9959294° 36.0238661°, -078.9958835° 

Both start and stop coordinates are on 
edge of corridor;  
road crosses the width of the corridor 

DURHAM [Null road] - didn't have name in database 35.9971345°, -078.9689987° 35.9974530°, -078.9692266° 

Start coordinates on edge of corridor, 
Stop coordinates have ~60 ft. of 
corridor to NE and 500+ ft. of corridor to 
SW 

DURHAM Lemur Lane 35.9928366°, -078.9638243° 35.9917565°, -078.9649180° 
Both start and stop coordinates are on 
edge of corridor 

KORSTIAN Mrs. Brown's Fire Trail 35.9805137°, -078.9994675° 35.9810787°, -079.0007473° 

Both start and stop coordinates have 
~400-500+ ft. of corridor all around 
point 

KORSTIAN Duke Forest Road 36.0090790°, -079.0366225° 
 
36.0084683°, -079.0391712° 

Start coordinates have ~100 ft. of 
corridor to N and S; Stop coordinates 
on edge of corridor 

BLACKWOOD Blackwood Fire Trail 35.9852118°, -079.0959596° 35.9821606°, -079.0986807° 

Start coordinates on edge of corridor, 
Stop coordinates in middle of corridor  
(about ~700-800 feet of corridor on 
either side) 

BLACKWOOD Bald Mountain Fire Trail 35.9794453°, -079.1050082° 35.9787864°, -079.1093168° 

Start coordinates in middle of corridor 
(500+ ft on either side), 
Stop coordinates on edge of corridor 

BLACKWOOD Long Road 35.9774689°, -079.0955404° 35.9785099°, -079.0977962° 

Start coordinates on edge of corridor,  
Stop coordinates have ~80 ft of corridor 
and then the wetland area to the west, 
 500+ ft. of corridor to the east 

BLACKWOOD Meadow Flats Fire Trail 35.9743601°, -079.0970546° 35.9735818°, -079.1005051° 

Start coordinates are on edge of 
wetland area,  
Stop coordinates are in middle of 
wetland area (500+ ft. radius around 
point) 

BLACKWOOD Blackwood Fire Trail 35.9673874°, -079.0962467° 35.9671892°, -079.0962465° 

Start coordinates are on edge of 
corridor,  
Stop coordinates have 420 ft. of 
corridor to west, 20 ft. to east 


