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I  Introduction 

Our goal for this project was to provide methods and results to the landowners of Thundercroft 
Farm concerning the biodiversity of  herpetofauna and birds. In addition to conducting and presenting the 
results of our survey work, we provide resources for the landowner to assess the success of different 
wildlife management actions on the land in future years. We completed the following specific objectives: 
1) created a survey protocol for area constrained and cover board herpetofauna sampling methods to 
measure presence/absence and density in a way that can be easily used by others in the future, 2) created a 
survey protocol for bird relative abundance and density using point counts over 20 points within the five 
different cover types that can be easily used by others in the future, 3) compiled a comprehensive list of 
the diversity of bird and herpetofauna on the property in different habitat types to educate the landowner 
and provide some of the resources necessary for public education, and 4) analyzed results and discussed 
implications for future research. 

The mission of Thundercroft Farm is to manage habitat for native wildlife and increase 
biodiversity. Secondarily, the landowners aspire to use their land as an education opportunity for 
interested individuals. Our project helps advance this mission by setting a baseline of existing fauna and 
providing tools to monitor biodiversity of herpetofauna and bird species over time. We chose to first look 
at presence/ absence because to manage for wildlife species, you must first know what species currently 
inhabit the land. Monitoring species richness, relative abundance, and density over time will help 
determine management actions such as which habitat to preserve or alter to manage for particular species. 
Relative abundance is a key measure of biodiversity, and refers to how common or rare a species is 
related to other species in a given location. Density for our bird surveys is defined as the number of a 
given species per hectare in each of our cover types, and will be useful in both educating the landowner 
on what is on the land and for future management recommendations. Our project also aligns with farm’s 
mission by providing the landowners with general information on which species and how many species 
currently inhabit the property (species richness) that can then be used in educational materials, signage, 
and various other projects as they see fit. The goals previously described are a priority to the landowners 
so that they can continue to learn more about their land, how to work best with U.S. Department of 
Agriculture’s Natural Resource Conservation Service (NRCS) to manage it, and how to use it to benefit 
others in the context of conservation.  

We have also chosen the goal and specific objectives of this project to be able to better equip the 
landowners to deal with threats to biodiversity conservation, specifically invasive species, climate change, 
and habitat loss. Invasive plants can affect breeding habitat for birds and other taxa, affecting 
demographic traits as a result (Ortega et al. 2014). Being able to assess a variety of biodiversity measures 
is especially important considering threats to biodiversity such as climate change. Especially for 
migratory bird species which need two appropriate habitats across the different stages of their annual 
cycle, gathering relative abundance and density data is crucial in creating a baseline for long term 
monitoring. Our focus with herpetofauna addresses the iminent issue of climate change in addition to 
habitat loss/fragmentation. Thundercroft Farm falls within a biodiversity hotspot for herpetofauna 
unrivalled anywhere in the world (Pappas 2014). Global climate change is predicted to threaten many 
salamander species that rely on delicate microclimates (Milanovich et al. 2010). As climate change 
continues to be an ever-present threat, it can be expected that the factors that make this area a biodiversity 
hotspot will also change and many species currently present will be forced out of the area as they cannot 
cope with these changes. Herpetofauna are also good bioindicators, showing what parts of the habitat are 
healthier than others through species presence alone. Cataloging the species present on different sites at 
Thundercroft Farm could serve as an indicator of habitat/water quality (Townsend 2013). Habitat 
fragmentation is also a large threat to amphibians. Since they are not as mobile as some other animals, 
many species cannot move or disperse as easily between suitable habitat patches that are far from one 
another or escape habitat loss/destruction (Gibbs 1998). Better understanding the herpetofauna 
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community on Thundercroft Farm by beginning to catalog the species present allows for increased 
knowledge and ability to manage for herpetofauna biodiversity. 

II  Sampling Protocols 
 

II.a  Avian Point Count Survey Protocol for Thundercroft Farm 
This section outlines the proper procedure for continuation of the bird surveys conducted on 

Thundercroft Farm in Spring 2018. The purpose of this sampling protocol is to provide future students or 
investigators with the means to reproduce and continue the surveys. These surveys aim to understand bird 
presence/absence, relative abundance, and species densities in each of the five habitat types on the 
property. The goal is to provide a sense of the current biodiversity on Thundercroft Farm as well as long 
term data on the bird species that reside on the land.  
 
Cover/Habitat Types 
Grassland, Riparian, Mixed Forest, Savannah, and Hardwood (Figure 1). 
 
Location of Points 

The five cover types each include four survey points, for a total of 20 points. The GPS 
coordinates for each point are listed in Table 1, and Figure 1 shows these points on the map of 
Thundercroft Farm. To navigate to each point, the cellphone app Avenza Maps was used, rather than 
separate GPS units. Downloading the map to this application allowed for quick and easy movement 
between points and is highly recommended. The shape files and GPS coordinates for these points are also 
provided in our associated Google Drive folder for this class.  
 
Survey Methods 

The survey areas for this study are standardized with a 25 meter radius from each point. It is 
suggested that observers familiarize themselves with this distance, as birds heard or seen outside this 
distance are disregarded during surveys. Each survey is conducted for a five minute period following a 
one minute quiet period, and observations are recorded on the data sheet in Figure 2. 

Surveys begin around sunrise (give or take 15 minutes) each morning, and temperature and 
weather at the time of the first point are to be recorded. Conduct the point count in pairs or groups of 
three, but never alone. Denote one individual as a primary observer, who is responsible for the majority of 
the observations. The other person(s) is the secondary observer, who records information on the data 
sheet indicated by the primary observer, as well as birds that the primary observer missed.  

It is advised to record bird calls at each point as a way to compensate for lack of expertise in bird 
call identification. This allows any unknown call to be revisited later on by other individuals and with 
reference to online bird call libraries. This can be done using a microphone that can be connected to a cell 
phone. 
 
Replication 

There were 3 rounds of surveys where each point was surveyed once per round. These rounds 
were conducted on March 22, March 29th, and April 12th to allow time for migrants to arrive on the 
property. There was an additional survey on March 31st, as two of the points were placed in an area 
where trees had recently been cut down due to the Mountain Valley Pipeline. The team had to create two 
new points in the Hardwood cover type the following week, so the two new points could not be surveyed 
on the first round of surveys. Since all the points have been successfully surveyed, there is no need for 
this additional survey date in the following years. We replicate a minimum of three surveys per season, 
but the more surveys that can be conducted, the more species will be detected and the abundance and 
density estimates will become more accurate. 
 
Data Analyses 
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We chose to calculate relative abundance of each species per cover type to best represent the 
biodiversity on Thundercroft Farm. For each of the five cover types, we summarized species occurrence 
across our surveys and divided that number by the total number of birds found in that cover type.  
To do this, we used the following formula in excel for each cover type: 
 

Relative Abundance = ��� �����	�����	���	�������	��	�����	����
�����	�����	��	���	�����	��������	��	�����	����

 
 

In addition to relative abundance, we calculated density of each species per cover type as well. 
Density helps visualize the amount of birds per cover type easily, and we chose to present our final results 
in terms of species densities for each covert type. Density is calculated by dividing total birds found in a 
cover type throughout the surveys by total area of surveys. The total area survey is the area of a circle 
with a 25 m radius and it is multiplied by 4 because there were 4 survey areas per cover type. We then 
multiplied the density per meters squared by 10,000 to get density per hectare.  

 
Density = ( �����	�����	���	�������	��	�����	����

�����	����	��������	��	�����	����	���	������	�������
)× 10,000birds per hectare 

 
Total area surveyed in cover type per meters squared =4 ×� × 25�2  

 
1 Hectare= 10,000 meters squared 

 
From this point, we made four pie charts showing relative abundance (Figures 3-7), one bar graph 
showing species richness (Figure 8), and two tables displaying density and relative abundance across 
cover types and species (Tables 2-3).  
 

II.b  Herpetofauna Survey Protocol for Thundercroft Farm 
This section outlines the proper procedure for continuation of the herpetofauna surveys conducted 

on Thundercroft Farm in Spring 2018. The purpose of this sampling protocol is to provide future students 
with the methods to reproduce and continue the surveys. These surveys aim to understand herpetofauna 
presence/absence, density, and relative abundance in each of the habitat types that we found to be suitable 
herpetofauna habitat, and therefore sampled. The goal is to provide a sense of the current biodiversity on 
Thundercroft Farm as well as long term data on the herpetofauna species that reside there. 
 
Cover/Habitat Types 
Area-Constrained Search Grids: Hardwood, Mixed Forest, and Riparian 
Cover Boards: Riparian, Mixed Forest, Hardwood, Grassland, and Savannah 
(Figure 1) 
 
Location of Points 
Area-Constrained Plots: 

Three plots were delineated for herpetofauna surveys. Each plot consists of six adjacent 10x10m 
squares, resulting in each plot consisting of a 600m2 grid (Figure 9). We identified three cover types: 
hardwood, mixed, and riparian; and placed one grid per cover type. The site locations for the plots were 
selected to give a diverse set of cover types to ensure all species niches were covered. The sites were also 
chosen for the likelihood that herpetofauna would reside there upon examination of the habitat. Plots were 
chosen that had ample ground cover or water sources where salamanders and other herpetofauna were 
likely to be found. We recorded the GPS coordinates at the corner (n = 12) of each square cell in each 
grid and displayed them on the map of Thundercroft Farm (Figure 1). GPS points are also provided in 
Table 4 and the associated project Google Drive folder for future students and investigators if they wish 
to recreate and/or visit the survey sites.  
  



 
6 

 

Cover Board Placement: 
We placed 15 cover boards around Thundercroft Farm (Figure 1, Table 5). Of the 15 cover 

boards, 13 were spaced out over five different cover types: Riparian, Mixed Forest, Hardwood, Savannah, 
and Grassland. The 3 remaining cover boards were placed on educational points, that were previously 
established by a past group and the landowners, to further species information at those locations. GPS 
coordinates were taken at each cover board location and are provided in Table 4. All points reside close to 
a path, which will ease detection and use of the cover board network. While cover boards are a reasonable 
method for sampling salamanders, the goal of the cover board grid implemented on Thundercroft Farm is 
to assess snake presence. Due to this goal, we targeted edge habitats as these areas are prone to snake 
activity from both field and forest specialist snake species (Carfagno & Weatherhead 2006). However, 
cover boards are interspersed across the five cover types to ensure maximum likelihood of use.  
 
Survey Methods 
Area-Constrained Plot Construction: 

This section outlines the protocol used for plot construction in Spring 2018, and serves as 
instructions for any who wish to recreate the plots or to select new plots. Our area-constrained plots 
measured 30 meters in length and 20 meters in width, occupying a total area of 600m2. First, identify 
which cover types need to be represented. In our case, we chose three: hardwood, mixed, and riparian. 
Once the area for the intended plot is found, plot construction begins with identifying the starting corner. 
From there, measure a 30 meter line transect placing corner flags every 10 meters. At each corner flag, 
attach reflective tape to ensure easy visibility at night. This transect represents the length side of the 
rectangular plot. You should now have a 30 meter transect with four marked corners (0, 10, 20, and 30 
meters). At each of these four corner points, measure out a 20 meter transect perpendicular to the 30 
meter transect. Mark corner stakes every 10 meters along the 20 meter transect and attach reflective tape 
to each corner flag. At this point, there will be 12 corners marked with flags/stakes and these will form 
the cells that make up the rectangular 30 x 20 meter grid. Between each corner flag, it is recommended to 
place additional flags to mark the boundary of each cell of the grid, ensuring that these flags are a 
different color than the corner flags. The final grid will be composed of six 10 x 10 meter cells, 
resembling Figure 9.  
 
Area-Constrained Survey Protocol: 

Surveys of area constrained plots were conducted at night, as this makes them more successful at 
detecting amphibian species that are more active at night (Harpole & Haas 1999). Our surveys began one 
hour after nightfall. Warm temperatures (>45°F) and wet/rainy conditions represent the ideal conditions 
for surveying herpetofauna (Harpole & Haas 1999; Smith & Petranka 2000). For each plot, all surveyors 
lined up on a cell boundary and conduct a physical search for any specimens within the cell. Physical 
searching includes checking under logs, woody debris, leaves, rocks, etc. Making sure a thorough sweep 
of the cell is done, repeat until the entire grid (in our case 6 cells) has been searched. Animals could either 
be captured or observed for this survey method. Once a species was sighted/captured it was added to the 
data sheet (Figure 10). We collected data on the species identification, age class (juvenile or adult), cover 
object the specimen was found under (log, rock, open), and anything of note about the individual (such as 
if the specimen is missing its tail, is a special color morph, etc.).  
 
Cover Board Survey Construction and Protocol: 

Cover boards have been a proven method of using artificial cover to help reduce the time and 
labor requirements of surveying for herpetofauna (Grant et al. 1992). Material of the boards can also 
affect the use by herpetofauna (Grant et al. 1992). For the cover boards implemented on Thundercroft 
Farm, the boards are made of roto-molded polyethylene from Behlen Country Farm & Ranch Equipment. 
We received two rolls of material that we used to cut all boards to measure 2x3 feet. The boards are held 
down by a metal stake and also include a uniquely numbered tag [Install Year, #x]. Surveying a cover 
board is very straightforward. Once the stake is removed, simply lift the board toward yourself (so that 
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the board would be in between you and any potential snake underneath) and record species that were 
observed/captured. This method is easiest to use with 2+ people, one person to lift and one to 
capture/observe and record the species. 
 
Replication  

Due to prolonged cold spring weather, we were forced to conduct our area-constrained surveys on 
the warmest possible night, but there was very little ambient moisture. Each plot was sampled once on 
April 3rd, 2018, weather leading up to the survey night had been cold and snowy. It rained on April 2nd 
and temperatures were in the mid-50s (℉) for the April 3rd survey night.  
 
Data Analysis 

Relative abundance is important when comparing species abundance in or between sites. It is also 
used when conducting long term data studies. For the herpetofauna area-constrained surveys, we chose to 
calculate relative abundance to compare individual species abundance between the three plot sites (mixed 
forest, Riparian, and hardwood). The results of these calculations are presented in Table 6. All 
calculations were done in Microsoft Excel.  

 
Relative Abundance of Species X in Grid/Cover Type A= 

( ������	��	�������	�	�����	��	����	�
�����	������	�����������	�����	����	�

) 
 

Density can be helpful when trying to get an idea of how many individuals there are in an area. It 
can be a useful benchmark when trying to improve habitat, as you can compare past and present density 
values to determine if the area as become more suitable for a species. Below is the formula used to 
calculate density for each species found in each grid/ cover type. The results of these calculations are 
presented in Table 7, as well as Figure 11, along with standard deviation. All calculations were done in 
Microsoft Excel. 

 
Density of Species X in Grid/Cover Type A = (�����	�������	�	��	����	�

600�²
) 

 
III 2018 Survey Results 
 
Avian  

During our bird point count surveys, 37 bird species were found throughout the property. Species 
richness was highest in the Mixed cover type with 25 species, followed by Riparian, Savannah, 
Grassland, and Hardwood cover types respectively (Figure 8). Field sparrow relative abundance was 
highest in both grasslands and savannahs (Figures 3 and 6), while Tufted titmouse relative abundance was 
highest in mixed and riparian cover types (Figures 4 and 7). In the hardwood cover type, the white-
breasted nuthatch had the highest relative abundance (Figure 5). For a full account of relative abundance, 
please refer to Table 3. We did not represent species densities with graphs, but the results can be seen in 
Table 2. 
 
Herpetofauna  

During our herpetofauna area-constrained surveys we found 66 total individuals, the breakdown 
of which was 42 in Hardwood, 22 in Mixed Forest, and 2 in Riparian. We found a total of four species 
during our plot surveys, Red-backed Salamander, Northern Slimy Salamander, Wehrle’s Salamander, and 
Southern Two-lined Salamander (Plethodon cinereus, Plethodon glutinosus, Plethodon wehrlei, and 
Eurycea cirrigera). In all, we found three species in the hardwood cover type, and only two species in the 
mixed and riparian cover types. We found that red-backed salamanders (P. cinereus) were most dense 
(Table 7 and Figure 11) and most abundant across all three cover types (Table 6). Both P. cinereus and P. 
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glutinosus were most dense in the hardwood cover type, and P. cinereus and E. cirrigera were equally 
dense in the riparian cover type (Table 7). Our cover boards have produced no results thus far.  

 
IV Conclusion and Recommendations 
 
Birds 

Overall 37 bird species were found on Thundercroft Farm. For future work, we recommend that 
the surveys be more spaced out into the warmer months to allow for an even wider array of species to be 
detected on the property. It is recommended that future surveys be done in the company of someone with 
migrant bird sight and call identification experience as many of the birds toward the end of the survey 
were migrants.This will increase detection of migrant species during the surveys. To increase 
identification success in the field overall, it is recommended that an experienced birder or ornithologist 
accompany future groups.  

The Brown-headed nuthatch is the least abundant nuthatch in North America, common only in 
southern pine forests (National Audubon Society 2014). Brown-headed nuthatches were recorded during 
our surveys on the property, and were found exclusively in the savannah cover type which included a 
large percentage of pine trees. The National Audubon Society predicts a 60% increase in suitable winter 
habitat for this species from 2000 to 2080 (National Audubon Society 2014). Their interactive range map 
for the Brown-headed nuthatch shows a winter range expansion into the Montgomery County area due to 
climate change until 20800, so it is likely Thundercroft Farm could be seeing more of these birds if the 
landowners focus on managing for their prefered habitat (Figure 12). In order to increase habitat for this 
species, more pine trees could be planted in the savannah and mixed cover types.  

 
Herpetofauna 

In total, we found seven species of amphibians, three during area-constrained searches with the 
other four being found outside of surveys. Overall, our densities for the three species encountered during 
our area-constrained searches were low for this part of Virginia. Studies conducted at Mountain Lake 
Biological Station yielded an average density for red-backed salamanders of .25 salamanders/m2 (Grover 
1998), while we our maximum density for red-backed salamanders was .07 salamanders/m2. The low 
diversity of herpetofauna species found on Thundercroft was mainly attributed to weather events. Leading 
up to the survey night in Spring 2018, weather had been unusually cold and snow events were frequent. 
Our chosen survey night, though still relatively cold for effective herpetofauna surveying, was the 
warmest day available to us for surveying. Another possible reason for low species diversity could be the 
viability of the habitats surveyed. We had higher density and abundance numbers in the hardwood grid 
due to hardwoods being preferred habitat of salamanders (Grover 1998).  

For future replication, it is recommended to survey on a warmer night, possibly during a rain 
event to maximize species sightings. It is also recommended to try and survey plots multiple times to gain 
more information on abundance and density of herpetofauna on Thundercroft. Surveying at different 
times of the year could also yield a more informative species list (Smith & Petranka 2000). Planting more 
hardwoods on the farm would also be beneficial for salamander populations in the long term but further 
surveying of the existing hardwoods on Thundercroft could give a clearer picture of current abundance 
and density for herpetofauna on Thundercroft Farm.  

The cover boards were not sampled in Spring 2018. The boards were laid too late and will likely 
not be routinely inhabited until Spring 2019. If possible, it is recommended that the cover boards be 
checked weekly to monitor the capture rates under each board. Going forward, to improve the cover board 
network it is recommended to add more cover boards and move the boards that have low capture rates. 

Further recommendations for helping increase herpetofauna species diversity on Thundercroft 
includes creating vernal pools. Vernal pools serve as unperturbed breeding grounds for many 
herpetofauna species (Calhoun et al. 2014). Creating vernal pools will attract many species already 
present on Thundercroft Farm and allow us to build a more inclusive species list. The koi pond present 
near the rental house is a testament to how important standing water is for amphibians. One day mid-
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February we found two species as soon as we walked up to the pond, red-spotted newts and wood frogs; 
we found two individuals of each species. We also saw two eggs masses in the pond, but could not 
identify the species. Adding vernal pools to the property, especially in the hardwood area, would attract 
even more diversity and provide areas for breeding (Calhoun et al. 2014). We have included, as a 
reference, a handbook of sorts on creating vernal pools for the landowners to utilize should they chose to 
look further into this recommendation (Biebighauser 2002).  This guidebook covers the many aspects of 
designing, creating, funding, and any necessary permitting for constructing vernal pools. 
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Figure 1: Map of defined cover types found at Thundercroft Farm along with mapped coordinates for bird 

point count points (divided and labeled by cover type and a number), location of area-constrained 
herpetofauna plots, and cover board placements.  
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Figure 2: Data sheet used for recording birds identified by sight and sound for the avian point count 

surveys conducted throughout the semester. Birds estimated location from observers were recorded within 
the 25 meter radius circle indicated on the sheet. 
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Figure 3:Pie chart of the Grassland habitat type bird species showing the relative abundance of each 

species based on the data from the three point count surveys at the Grassland points. 
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Figure 4: Pie chart of the Mixed habitat type bird species showing the relative abundance of each species 

based on the data from the three point count surveys at the Mixed points. 
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Figure 5: Pie chart of the Hardwood habitat type bird species showing the relative abundance of each 
species based on the data from the three point count surveys at the Hardwood points. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Pie chart of the Savannah habitat type bird species showing the relative abundance of each 

species based on the data from the three point count surveys at the Savannah points. 
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Figure 7: Pie chart of the Riparian habitat type bird species showing the relative abundance of each 

species based on the data from the three point count surveys at the riparian points. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
18 

 

 
Figure 8: Bird species richness for each of the five cover types on Thundercroft farms from the three 

rounds of point count surveys conducted at each of the 20 points.  
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Figure 9: Visual representation of area constrained grids. Each cell, 1-6, measures 10m2. With total area 
of each grid at 600m2

 
Figure 10. Herpetofauna area-constrained search data sheet to record species, age class, and cover object 
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for each individual amphibian found. 

 
Figure 11: Species density per cover type for the herpetofauna area-constrained surveys with error bars 

for standard deviation.  
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Figure 12: Brown-headed nuthatch species range change from 2000 to 2080 showing the predicted 

expansion of the species’ winter range in the United States due to climate change. 
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Table 1. GPS coordinates for the locations of the bird point count surveys. Note that “OLD” refers to the 
Hardwood cover type, “MIX” to the Mixed cover type, “RIP” to Riparian, “GRASS” to Grassland, and 

“SAV” to the Savannah cover type. 
Point Latitude Longitude 

OLD1 37.29700000 -80.36497000 

OLD2 37.29715000 -80.36371000 

OLD3 37.29754226 -80.36203039 

OLD4 37.29665008 -80.36166124 

MIX1 37.29068764 -80.36678253 

MIX2 37.29011694 -80.36649834 

MIX3 37.28992128 -80.36593012 

MIX4 37.28987670 -80.36528186 

RIP1 37.28962771 -80.36597763 

RIP2 37.28970362 -80.36675517 

RIP3 37.28983423 -80.36784116 

RIP4 37.29078000 -80.36897000 

GRASS1 37.29004955 -80.36861894 

GRASS2 37.29450020 -80.36768155 

GRASS3 37.29451219 -80.36697067 

GRASS4 37.29402324 -80.36656010 

SAV1 37.29332239 -80.36781690 

SAV2 37.29341048 -80.36864110 

SAV3 37.29127559 -80.36800615 

SAV4 37.29070234 -80.36768687 
 
 
 
 
 
 
 
 

 
 
Table 2. Bird Density per Cover Type by Species found on Thundercroft Farms calculated as number of 

birds per hectare. 
Density per hectare 

 Cover Type 
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Species Grassland Mixed Hardwood Savannah Riparian 

American crow (Corvus brachyrhynchos) 1.27 5.09 0 3.82 2.55 

American goldfinch (Spinus tristis) 0 8.91 2.55 5.09 3.82 

Barred owl (Strix varia) 0 1.27 0 0 0 

Blue jay (Cyanocitta cristata) 2.55 7.64 6.37 7.64 16.55 

Blue-gray gnatcatcher (Polioptila caerulea) 0 1.27 0 0 0 

Blue-headed vireo (Vireo solitarius) 0 3.82 0 0 0 

Brown thrasher (Toxostoma rufum) 1.27 0 0 0 1.27 

Brown-headed cowbird (Molothrus ater) 0 1.27 0 0 1.27 

Brown-headed nuthatch (Sitta pusilla) 0 0 0  0 

Carolina chickadee (Poecile carolinensis) 3.82 3.82 6.37 3.82 15.28 

Carolina wren (Thryothorus Ludovicianus) 3.82 5.09 2.55 6.37 1.27 

Chipping sparrow (Spizella passerina) 0 0 0 0 1.27 

Common grackle (Quiscalus quiscula) 0 1.27 0 0 0 

Dark-eyed junco (Junco hyemalis) 0 1.27 0 0 0 

Downy woodpecker (Picoides pubescens) 0 2.55 0 2.55 0 

Eastern bluebird (Sialia sialisi) 2.55 0 0 0 1.27 

Eastern phoebe (Sayornis phoebe) 3.82 0 7.64 1.27 0 

Eastern towhee (Pipilo erythrophthalmus) 5.09 3.82 5.09 11.46 12.73 

Field sparrow (Spizella pusilla) 6.37 2.55 1.27 14.01 5.09 

Golden-crowned kinglet (Regulus satrapa) 0 1.27 0 0 0 

Hairy woodpecker (Leuconotopicus villosus) 0 0 0 0 1.27 

Hermit thrush (Catharus guttatus) 0 3.82 0 0 1.27 

Lousiana waterthrush (Parkesia motacilla) 0 0 0 0 3.82 

Mourning dove (Zenaida macroura) 0 2.55 1.27 1.27 1.27 

Northern cardinal (Cardinalis cardinalis) 1.27 5.09 5.09 3.82 3.82 

Pileated woodpecker (Hylatomus pileatus) 0 0 1.27 2.55 0 
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Red-bellied woodpecker (Melanerpes 
carolinus) 1.27 5.09 3.82 5.09 1.27 

Red-tailed hawk (Buteo jamaicensis) 1.27 0 0 0 0 

Ruby-crowned kinglet (Regulus calenula) 0 6.37 0 0 11.46 

Song sparrow (Melospiza melodia) 3.82 0 0 2.55 0 

Tufted titmouse (Baeolophus bicolor) 2.55 15.28 10.19 12.73 19.10 

White-breasted nuthatch (Sitta carolinensis) 0 3.82 11.46 3.82 5.09 

White-throated sparrow (Zonotrichia albicollis) 3.82 0 0 0 0 

Winter wren (Troglodytes hiemalis) 0 1.27 0 0 1.27 

Wood thrush (Hylocichla mustelina) 0 1.27 0 0 0 

Yellow-bellied sapsucker (Sphyrapicus varius) 0 1.27 0 0 0 

Yellow-rumped warbler (Setophaga coronata) 0 0 0 0 1.27 
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Table 3. Bird Relative Abundance per Cover Type by Species with standard deviation. 
Relative Abundance 

 Cover Type 

Species Grassland Mixed Hardwood Savannah Riparian 

American crow (Corvus brachyrhynchos) 0.03±0.30 0.05±0.65 0 0.04±0.62 0.02±0.39 

American goldfinch (Spinus tristis) 0 0.09±1.16 0.04±0.58 0.06±0.65 0.03±0.45 

Barred owl (Strix varia) 0 0.01±0.29 0 0 0 

Blue jay (Cyanocitta cristata) 0.06±0.39 0.08±0.67 0.1±0.67 0.08±0.80 0.15±1.24 

Blue-gray gnatcatcher (Polioptila caerulea) 0 0.01±0.29 0 0 0 

Blue-headed vireo (Vireo solitarius) 0 0.04±0.62 0 0 0 

Brown thrasher (Toxostoma rufum) 0.03±0.30 0 0 0 0.01±0.29 

Brown-headed cowbird (Molothrus ater) 0 0.01±0.29 0 0 0.01±0.29 

Brown-headed nuthatch (Sitta pusilla) 0 0 0 0 0 

Carolina chickadee (Poecile carolinensis) 0.09±0.45 0.04±0.45 01.0±1.16 0.03±0.39 0.13±0.95 

Carolina wren (Thryothorus Ludovicianus) 0.09±0.45 0.05±0.49 0.04±0.39 0.07±0.67 0.01±0.29 

Chipping sparrow (Spizella passerina) 0 0 0 0 0.01±0.29 

Common grackle (Quiscalus quiscula) 0 0.01±0.29 0 0 0 

Dark-eyed junco (Junco hyemalis) 0 0.01±0.29 0 0 0 

Downy woodpecker (Picoides pubescens) 0 0.03±0.39 0  0 

Eastern bluebird (Sialia sialisi) 0.06±0.60 0 0 0 0.01±0.29 

Eastern phoebe (Sayornis phoebe) 0.09±0.62 0 0.12±0.90 0.01±0.29 0 

Eastern towhee (Pipilo erythrophthalmus) 0.11±0.65 0.04±0.45 0.08±0.49 0.13±0.75 0.11±1.03 
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Field sparrow (Spizella pusilla) 0.14±0.90 0.03±0.39 0.02±0.29 0.15±1.08 0.04±0.65 

Golden-crowned kinglet (Regulus satrapa) 0 0.01±0.29 0 0 0 

Hairy woodpecker (Leuconotopicus villosus) 0 0 0 0 0.01±0.29 

Hermit thrush (Catharus guttatus) 0 0.04±0.62 0 0 0.01±0.29 

Lousiana waterthrush (Parkesia motacilla) 0 0 0 0 0 

Mourning dove (Zenaida macroura) 0 0.03±0.39 0.02±0.29 0.01±0.29 0.01±0.29 

Northern cardinal (Cardinalis cardinalis) 0.03±0.30 0.05±0.65 0.08±0.49 0.04±0.62 0.03±0.45 

Pileated woodpecker (Hylatomus pileatus) 0 0 0.02±0.29 0.03±0.58 0 

Red-bellied woodpecker (Melanerpes 
carolinus) 0.03±0.30 0.05±0.49 0.06±0.45 0.06±0.49 0.01±0.29 

Red-tailed hawk (Buteo jamaicensis) 0.03±0.30 0 0 0 0 

Ruby-crowned kinglet (Regulus calenula) 0 0.07±0.67 0 0 0.10±1.36 

Song sparrow (Melospiza melodia) 0.09±0.62 0 0 0.03±0.39 0 

Tufted titmouse (Baeolophus bicolor) 0.06±0.58 0.16±0.85 0.16±0.78 0.14±0.94 0.17±0.75 

White-breasted nuthatch (Sitta carolinensis) 0 0.04±0.62 0.18±1.06 0.04±0.62 0.04±0.65 

White-throated sparrow (Zonotrichia 
albicollis) 0.09±0.62 0 0 0 0 

Winter wren (Troglodytes hiemalis) 0 0.01±0.29 0 0 0.01±0.29 

Wood thrush (Hylocichla mustelina) 0 0.01±0.29 0 0 0 

Yellow-bellied sapsucker (Sphyrapicus 
varius) 0 0.01±0.29 0 0 0 

Yellow-rumped warbler (Setophaga 
coronata) 0 0 0 0 0.01±0.29 
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Table 4: GPS points of the 12 cell corners for each of the three 600m2 area-constrained plots surveyed at 

Thundercroft Farm. Each cover type listed is a separate plot that was set up within that cover type. 
 Hardwood Plot Mixed Plot Riparian Plot 

Point Latitude Longitude Latitude Longitude Latitude Longitude 

1 37.289797 -80.364668 37.297342 -80.363751 37.292182 -80.370350 

2 37.289772 -80.364662 37.297386 -80.363650 37.292075 -80.370296 

3 37.289789 -80.364433 37.297422 -80.363548 37.292058 -80.370187 

4 37.289808 -80.364391 37.297448 -80.363435 37.292035 -80.370148 

5 37.289690 -80.364738 37.297296 -80.363729 37.292099 -80.370406 

6 37.289679 -80.364617 37.297323 -80.363639 37.292037 -80.370345 

7 37.289714 -80.364495 37.297322 -80.363515 37.292016 -80.370294 

8 37.289707 -80.364392 37.297412 -80.363390 37.292058 -80.370489 

9 37.289645 -80.364715 37.297251 -80.363718 37.292017 -80.370402 

10 37.289614 -80.364615 37.297242 -80.363594 37.291923 -80.370278 

11 37.289608 -80.364479 37.297286 -80.363470 37.291803 -80.370165 

12 37.289609 -80.364392 37.297358 -80.363413 37.291934 -80.370035 
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Table 5: GPS Coordinates of Cover Board Network on Thundercroft Farm. 

Board # Latitude Longitude 

1 37.293443 -80.366757 

2 37.293649 -80.367463 

3 37.294096 -80.367276 

4 37.292057 -80.365525 

5 37.289977 -80.367821 

6 37.289864 -80.368207 

7 37.289356 -80.367102 

8 37.289435 -80.364901 

9 37.929110 -80.364938 

10 37.292566 -80.364311 

11 37.296752 -80.363807 

12 37.297155 -80.364185 

13 37.293461 -80.368076 

14 37.292443 -80.368509 

15 37.291640 -80.368855 
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Table 6: Amphibian relative abundance per cover type 
 Cover Type 

Species Hardwood Mixed Riparian 
Red-backed Salamander 

(Plethodon cinereus) 0.93 0.95 0.50 

Northern Slimy Salamander 
(Plethodon glutinosus) 0.05 0.05 -- 

Wehrle’s Salamander 
(Plethodon wehrlei) 0.02 -- -- 

Two-lined Salamander 
(Eurycea cirrigera) -- -- 0.50 
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Table 7: Amphibian density by species per cover type with standard deviation. 
 Cover Type 

Species Hardwood Mixed Forest Riparian 
Red-backed Salamander 

(Plethodon cinereus) 0.07±0.04 0.04±0.02 0.002±0.004 
Northern Slimy Salamander 

(Plethodon glutinosus) 0.003±0.005 0.002±0.004 0.00±0.00 

Wehrle’s Salamander 
(Plethodon wehrlei) 0.002±0.004 0.00±0.00 0.00±0.00 
Southern Two-Lined 
Salamander (Eurycea 

cirrigera) 0.00±0.00 0.00±0.00 0.002±0.004 
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VIII Appendix 
 

Species List for Thundercroft Farm 
Birds:  
  

Accipitriformes 
 Accipitridae 
  Red-tailed Hawk (Buteo jamaicensis) 
Columbiformes 
 Columbidae 
  Mourning dove (Zenaida macroura) 
Galliformes 
 Phasianidae 
  Wild Turkey (Meleagris gallopavo)* 
Passeriformes  
 Bombycillidae 
  Cedar Waxwing (Bombycilla cedrorum)* 

Cardinalidae 
  Northern cardinal (Cardinalis cardinalis) 

Corvidae 
  American Crow (Corvus brachyrhynchos) 
  Blue jay (Cyanocitta cristata) 
 Icteridae 
  Brown-headed cowbird (Molothrus ater) 
  Common grackle (Quiscalus quiscula) 
  Paridae 
  Carolina chickadee (Poecile carolinensis) 
  Tufted titmouse (Baeolophus bicolor) 

Mimidae 
  Brown thrasher (Toxostoma rufum) 
 Parulidae 
  Louisiana waterthrush (Parkesia motacilla) 
 Passerellidae 
  Chipping sparrow (Spizella passerina) 
  Dark-eyed junco (Junco hyemalis) 
  Eastern towhee (Pipilo erythrophthalmus) 
  Field sparrow (Spizella pusilla) 
  Song sparrow (Melospiza melodia) 
  White-throated sparrow (Zonotrichia albicollis) 

Polioptilidae 
  Blue-gray gnatcatcher (Polioptila caerulea) 

Regulidae 
  Golden-crowned kinglet (Regulus satrapa) 
  Ruby-crowned kinglet (Regulus calenula) 

Sittidae 
  Brown-headed nuthatch (Sitta pusilla) 
  White-breasted nuthatch (Sitta carolinensis) 
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Troglodytidae 
  Carolina wren (Thryothorus Ludovicianus) 
  Winter wren (Troglodytes hiemalis) 
 Turdidae 
  Eastern bluebird (Sialia sialisi) 
  Hermit thrush (Catharus guttatus) 
  Wood thrush (Hylocichla mustelina) 
 Tyrannidae 
  Eastern phoebe (Sayornis phoebe) 

Vireonidae 
  Blue-headed vireo (Vireo solitarius) 
Piciformes 
 Picidae 
  Downy Woodpecker (Picoides pubescens) 

Pileated woodpecker (Hylatomus pileatus) 
Red-bellied woodpecker (Melanerpes carolinus) 
Yellow-bellied sapsucker (Sphyrapicus varius) 

Strigiformes 
 Strigidae 
  Barred Owl (Strix varia) 

  
  
Amphibians: 
 Caudata 

Plethodontidae  
 Dusky Salamander (unidentified sp.) (Desmognathus spp.)* 
 Red-backed Salamander (Plethodon cinereus) 
 Wehrle’s Salamander (Plethodon wehrlei) 
 Northern Slimy Salamander (Plethodon glutinosus) 

Southern Two-lined Salamander (Eurycea cirrigera) 
Salamandridae 

Red-spotted Newt (Notophthalmus viridescens)* 
 Anura 
  Bufonidae 

American Toad (Anaxyrus americanus)* 
  Ranidae 

 Wood Frog (Lithobates sylvaticus)*   
Reptiles: 
 None as of May 2018 
*Observed but not during surveys 
 

Relative Abundance 
 Cover Type 

Species 
Grasslan
d Mixed 

Hardwo
od 

Savanna
h 

Riparia
n 

American crow (Corvus 
brachyrhynchos) 0.03±0.30 

0.05±0.6
5 0 

0.04±0.6
2 

0.02±0.3
9 
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American goldfinch (Spinus 
tristis) 0 

0.09±1.1
6 

0.04±0.5
8 

0.06±0.6
5 

0.03±0.4
5 

Barred owl (Strix varia) 0 
0.01±0.2

9 0 0 0 

Blue jay (Cyanocitta cristata) 0.06±0.39 
0.08±0.6

7 0.1±0.67 
0.08±0.8

0 
0.15±1.2

4 
Blue-gray gnatcatcher (Polioptila 
caerulea) 0 

0.01±0.2
9 0 0 0 

Blue-headed vireo (Vireo 
solitarius) 0 

0.04±0.6
2 0 0 0 

Brown thrasher (Toxostoma 
rufum) 0.03±0.30 0 0 0 

0.01±0.2
9 

Brown-headed cowbird 
(Molothrus ater) 0 

0.01±0.2
9 0 0 

0.01±0.2
9 

Brown-headed nuthatch (Sitta 
pusilla) 0 0 0 0 0 
Carolina chickadee (Poecile 
carolinensis) 0.09±0.45 

0.04±0.4
5 

01.0±1.1
6 

0.03±0.3
9 

0.13±0.9
5 

Carolina wren (Thryothorus 
Ludovicianus) 0.09±0.45 

0.05±0.4
9 

0.04±0.3
9 

0.07±0.6
7 

0.01±0.2
9 

Chipping sparrow (Spizella 
passerina) 0 0 0 0 

0.01±0.2
9 

Common grackle (Quiscalus 
quiscula) 0 

0.01±0.2
9 0 0 0 

Dark-eyed junco (Junco hyemalis) 0 
0.01±0.2

9 0 0 0 
Downy woodpecker (Picoides 
pubescens) 0 

0.03±0.3
9 0  0 

Eastern bluebird (Sialia sialisi) 0.06±0.60 0 0 0 
0.01±0.2

9 

Eastern phoebe (Sayornis phoebe) 0.09±0.62 0 
0.12±0.9

0 
0.01±0.2

9 0 
Eastern towhee (Pipilo 
erythrophthalmus) 0.11±0.65 

0.04±0.4
5 

0.08±0.4
9 

0.13±0.7
5 

0.11±1.0
3 
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Field sparrow (Spizella pusilla) 0.14±0.90 
0.03±0.3

9 
0.02±0.2

9 
0.15±1.0

8 
0.04±0.6

5 
Golden-crowned kinglet (Regulus 
satrapa) 0 

0.01±0.2
9 0 0 0 

Hairy woodpecker 
(Leuconotopicus villosus) 0 0 0 0 

0.01±0.2
9 

Hermit thrush (Catharus guttatus) 0 
0.04±0.6

2 0 0 
0.01±0.2

9 
Lousiana waterthrush (Parkesia 
motacilla) 0 0 0 0 0 
Mourning dove (Zenaida 
macroura) 0 

0.03±0.3
9 

0.02±0.2
9 

0.01±0.2
9 

0.01±0.2
9 

Northern cardinal (Cardinalis 
cardinalis) 0.03±0.30 

0.05±0.6
5 

0.08±0.4
9 

0.04±0.6
2 

0.03±0.4
5 

Pileated woodpecker (Hylatomus 
pileatus) 0 0 

0.02±0.2
9 

0.03±0.5
8 0 

Red-bellied woodpecker 
(Melanerpes carolinus) 0.03±0.30 

0.05±0.4
9 

0.06±0.4
5 

0.06±0.4
9 

0.01±0.2
9 

Red-tailed hawk (Buteo 
jamaicensis) 0.03±0.30 0 0 0 0 
Ruby-crowned kinglet (Regulus 
calenula) 0 

0.07±0.6
7 0 0 

0.10±1.3
6 

Song sparrow (Melospiza melodia) 0.09±0.62 0 0 
0.03±0.3

9 0 
Tufted titmouse (Baeolophus 
bicolor) 0.06±0.58 

0.16±0.8
5 

0.16±0.7
8 

0.14±0.9
4 

0.17±0.7
5 

White-breasted nuthatch (Sitta 
carolinensis) 0 

0.04±0.6
2 

0.18±1.0
6 

0.04±0.6
2 

0.04±0.6
5 

White-throated sparrow 
(Zonotrichia albicollis) 0.09±0.62 0 0 0 0 
Winter wren (Troglodytes 
hiemalis) 0 

0.01±0.2
9 0 0 

0.01±0.2
9 

Wood thrush (Hylocichla 
mustelina) 0 

0.01±0.2
9 0 0 0 
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Yellow-bellied sapsucker 
(Sphyrapicus varius) 0 

0.01±0.2
9 0 0 0 

Yellow-rumped warbler 
(Setophaga coronata) 0 0 0 0 

0.01±0.2
9 

 
 
American goldfinch (Spinus tristis) 
Barred owl (Strix varia) 
Blue jay (Cyanocitta cristata) 
Blue-gray gnatcatcher (Polioptila caerulea) 
Blue-headed vireo (Vireo solitarius) 
Brown thrasher (Toxostoma rufum) 
Brown-headed cowbird (Molothrus ater) 
Brown-headed nuthatch (Sitta pusilla) 
Carolina chickadee (Poecile carolinensis) 
Carolina wren (Thryothorus Ludovicianus) 
Chipping sparrow (Spizella passerina) 
Common grackle (Quiscalus quiscula) 
Dark-eyed junco (Junco hyemalis) 
Downy woodpecker (Picoides pubescens) 
Eastern bluebird (Sialia sialisi) 
Eastern phoebe (Sayornis phoebe) 
Eastern towhee (Pipilo erythrophthalmus) 
Field sparrow (Spizella pusilla) 
Golden-crowned kinglet (Regulus satrapa) 
Hairy woodpecker (Leuconotopicus villosus) 
Hermit thrush (Catharus guttatus) 
Lousiana waterthrush (Parkesia motacilla) 
Mourning dove (Zenaida macroura) 
Northern cardinal (Cardinalis cardinalis) 
Pileated woodpecker (Hylatomus pileatus) 
Red-bellied woodpecker (Melanerpes carolinus) 
Red-tailed hawk (Buteo jamaicensis) 
Ruby-crowned kinglet (Regulus calenula) 
Song sparrow (Melospiza melodia) 
Tufted titmouse (Baeolophus bicolor) 
White-breasted nuthatch (Sitta carolinensis) 
White-throated sparrow (Zonotrichia albicollis) 
Winter wren (Troglodytes hiemalis) 
Wood thrush (Hylocichla mustelina) 
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Yellow-bellied sapsucker (Sphyrapicus varius) 
Yellow-rumped warbler (Setophaga coronata) 
 


