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ABSTRACT 

THE EFFECTS OF HABITAT FRAGMENTATION AND HABITAT MANAGEMENT 

IN THE PIEDMONT, NORTHERN VIRGINIA 

Tyler J. Fabian, M.S. 

George Mason University, 2016 

Thesis Director: Dr. Julia Ann Nord 

 

Species diversity is hypothesized to decrease with increasing habitat fragmentation and 

human interaction. Species diversity is measured by calculating the species richness 

(number of different species) and species evenness (abundance of species) for a specific 

location.  Camera traps (animal triggered devices) were used to detect and identify species. 

Data was collected over a 71 day period (July 1st and September 10th) on 8 cameras with a 

total of 568 camera trap days and 918 images of species. Three sites in Fauquier County 

were selected, based on habitat fragmentation and the presence of human activities. Site 1 

is an area of land managed to promote species diversity and has minimal human activities. 

Site 2 is a conservancy with the fewest number of disturbances, and is hypothesized to have 

the greatest diversity of species. Site 3 has the most disturbances due to farming on a 

fragmented landscape. It is hypothesized to have the least diversity of species. Species 

diversity is calculated using several models, Jaccard’s Index, Whittaker Index, Simpson 

Index, Shannon-Wiener Index, Relative Abundance Index and True Diversity (Effective 
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Number of Species). Site 2 was calculated to be the most diverse, but Site 1 had the greatest 

number of species. Site 3, as expected, was the least diverse.  
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CHAPTER ONE 

Introduction and General Background 
 

The Virginia Forestry Department (2001), reports that the combination of 

urbanization (movement of people from rural locations to areas surrounding large 

economic centers) and development (building of infrastructure to support this population) 

has become the single biggest factor in the loss of forestland acreage in the state. Over the 

last 25 years, urbanization in northern Virginia has dramatically increased, and suburbs 

have expanded within all counties (U.S. Census, 2016). Urban environments, as well as 

human activities such as hiking and horse-back riding, can directly or indirectly disturb the 

structure of native habitats (Chupp et al., 2013).  Faulkner, (2004) and Chupp et al., (2013), 

hypothesize that the reduction of forested and riparian habitats dramatically affects the 

environment and the species that inhabit areas of development.  Landscapes in northern 

Virginia, are also becoming fragmented by anthropogenic events such as the construction 

of roads, houses, and man-made lakes, and also resource extraction and agriculture 

(Lindenmayer & Fischer, 2006, Chupp et al., 2013,). Fragmentation decreases the total area 

of the habitat, isolates habitats, and also produces an increase in the interior: edge ratio. 

Increased habitat fragmentation has produced the need to study the effects of these human-

induced edge habitats (Osbourne et al. 2005).  
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As the number of anthropogenic disturbances increased, conservation practice call-

to-action against these disturbances began to rise as well. Environmental and conservation 

groups began to increase the awareness of human disturbances beginning as early as the 

late 1890’s, including the Sierra Club (est. 1892), and the Wildlife Conservation Society 

(est. 1895).  Other organizations that have become nationally known include World 

Wildlife Fund (est. 1961), The Nature Conservancy (est. 1951), Natural Resources Defense 

Council (est. 1970), and Conservation International (est. 1987). The Natural Resources 

Conservation Service Virginia (originally known as the Soil Conservation Service in the 

1930s) is a federal agency and assists Virginia landowners in land projects with 

conservation programs in agriculture and wetlands in Virginia. The increase of awareness, 

spurred by an influx of people into the area, has not only increased the protection of the 

environment with programs (i.e. Natural Resources Conservation Service of Virginia) for 

clean water, air, and sustainable soil usage, but also enlarged the number of conservation 

efforts locally found in the northern Virginia region. Conservation programs and 

organizations that have made an impact specifically in northern Virginia include: Piedmont 

Environmental Council, Prince William Conservation Alliance, Potomac Conservancy, 

and Herndon Environmental Network. These organizations and groups are created by 

locals who live in and around northern Virginia, and want to make a difference in 

supporting a clean natural environment.  

In order to understand the impact of anthropogenic events on riparian habitats, this 

study will measure the potential differences in species diversity at three sites in northern 

Virginia. Species diversity is a function of species richness (number of species present) 
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and species evenness (relative abundance of species).  To measure the species diversity, 

camera traps will be used at three sites to assess the presence and absence of native species 

in riparian forest communities.  

Virginia Piedmont & Blue Ridge 
 

The three sites are located in the Piedmont Physiographic Province of Virginia, 

but in the Blue Ridge Geological Province of Virginia. There are five provinces (Coastal 

Plain, Piedmont, Blue Ridge, Valley and Ridge Appalachian Plateau) that make up 

Virginia (Figure 1). The term Piedmont is defined as an area of land formed or lying at 

the foot of a mountain or mountain range from the Italian word piémonte meaning 

“mountain foot”.  It was originally used to define an area in northwest Italy bordering on 

France and Switzerland.  In America, the term is used in a geographical sense to mean the 

plateau between the Coastal Plain and the Appalachian Mountains: part of Virginia, 

North and South Carolina, Georgia and Alabama.   
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The Atlantic Coastal Plain extends 2,200 miles (3,500 km) from the Hudson River 

area in New York to Florida.  In Virginia it is a low lying wedge of sediments, mainly 

sand, silt and clay that are thin near the Fall Line to over 4000 m off the southern 

Virginia coast.  The Coastal Plain sedimentary rocks overlie older igneous and 

metamorphic rocks, and the Coastal Plain rises significantly in elevation towards the Fall 

Line. 

The Fall line separates the soft sedimentary rocks of the Coastal Plain in the east 

from the hard crystalline rocks of the Piedmont to the west (Figure 2).  It is marked by a 

Figure 1 Five Geographic Provinces of Virginia. 
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series of waterfalls as rivers flow off the harder, more resistant rocks onto the softer 

sedimentary, easily eroded rocks. 

 

 

 

 

 

Both the Piedmont geographical province and the Piedmont geological province lie 

to the west of the Coastal Plain (Figure 5).  Apart from the most western boundary, they 

describe the same location. Both Piedmont provinces continue to rise west, leading up to 

the Mountains.   The Catoctin Mountains define the western edge of the Geological 

Piedmont region, the Blue Ridge Mountains define the western edge of the Physiographical 

Piedmont region (Figure 4). The primary bedrock found beneath the surface of the Catoctin 

Mountains is the Catoctin formation consisting of metabasalt known as greenstone (Bailey, 

2014). The original basalt (pyroxene, olivine, and plagioclase was metamorphosed and 

transformed into new minerals such as chlorite, actinolite and epidote (Bailey, 2014). The 

Figure 2 The Stratigraphy of the Coastal Plain. The topography gently rises to the Fall 

Line (red line) where it intersects with the Piedmont Physiographic Province. (Q: 

Quaternary Formation, Tbc: Bacons Castle Formation, Ty: Yorktown Formation, Te: 

Eastover Formation, Tb: Bon Air Gravel, Tex: Exmore Breccia and TK: Older Tertiary 

and Cretaceous formations). (Modified from William Mary, Geology of Virginia)  
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Physiographical Piedmont region includes the smaller and lower mountain chains such as 

the Catoctin Mountains in with the “Piedmont” however, geologically the rocks of Catoctin 

Mountains and those to the west are significantly older (PreCambrian) in age. For this 

thesis, I will use the Piedmont Physiographic Province unless otherwise stated (Figure 3). 
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Figure 3 Physiographical Provinces of Virginia (Coastal Plain, Piedmont, Blue 

Ridge, and Valley and Ridge). 

 

Figure 4 Geological Provinces of Virginia (Coastal Plain, Piedmont, Blue 

Ridge, and Valley and Ridge). 
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Habitat 

 

The Piedmont Physiographic Province in Virginia is an ideal habitat for many 

mammals, birds, amphibians, and reptiles. The northern Piedmont of Virginia is a unique 

environment that begins geologically at the edge of the Blue Ridge Mountains. Habitats 

that exist in the province due to the climate and soil generating a differences in plant and 

animal species. This study will collect images of expected species using camera traps 

detected in three riparian forest communities in Fauquier County, all located within a 300 

km2 area. The 2011 National Land Cover Database shows that land cover-types found in 

Fauquier County include a mix of pasture/hay, deciduous forest, mixed forest, barren land, 

Figure 5 Generalized Geologic Terrane Map of the Virginia Piedmont and Blue Ridge. 

Notice that geologically, the Blue Ridge Mountains begin narrowly in the northern 

section of the Piedmont province and begin to widen towards the southern edge of the 

Piedmont. BR: Blue Ridge, Mz Mesozoic Basins, WP: Western Piedmont, CV: 

Chopawamsic Volcanic Belt, CS: Carolina Slate Belt, Gr: Goochland Raleigh Belt Blue 

Star marks the study site locations. (William Mary, Geology of Virginia).   
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developed areas (primarily areas with impervious surfaces from 20-100%), evergreen 

forest, and open water 

Vegetation 

 

The entire area of the Physiographic Province of the Piedmont has been deforested 

due to agriculture and logging (VDCR, 2016). By 1830, most of the forest in the northern 

Piedmont had been cleared for tobacco production and was eventually abandoned once the 

soil had been depleted of its nutrients, or due to extreme erosion (Ross, 1982). The area 

then began to be overtaken by pines and other forms of vegetation that was suitable for the 

poor soil quality. Today, areas that were once logged or used for agriculture purposes are 

now being overcome by suburban areas, as well as ecological successional landscapes 

(VDCR, 2016). The northern Piedmont region now has mature hardwood forest 

communities that vary regionally due to the soil and topography (Campbell, 2013, VDCR, 

2016). The vegetation that is associated with riparian forest communities include mixed 

forest of fagus gradnifolia (American beech), Quercus (oaks), and Liriodendron tulipifera 

(tulip-tree) (VDCR, 2016).  Riparian forest communities are the boundaries of water and 

land within a deciduous forest (Gregory et al. 1991). The mesic environment of northern 

Virginia (moderate or well-balanced supply of moisture) often provides a habitat with 

water present.  Due to the differences in variation between the Blue Ridge and Coastal 

Plain, the Piedmont’s vegetation has fewer habitats and lower diversity of plants (VDCR, 

2016).  

Site 1 was once used for farming and grazing. This was abandoned in the 1900’s 

and the landscape began to be restored through successional ecological stages.  It has now 
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matured into a hardwood forest, with some areas dominantly pines (e.g Pinus echinata 

(Shortleaf pine) and Pinus strobus (Eastern white pine)). The shade intolerant hardwoods 

include Ulmus americana (American elm) and Acer rubrum (Red maple).  Site 2 was 

once lightly logged in the 18th century and cleared for farming (TNC, 2016). Later in the 

20th century logging continued and the area was converted into an apple orchard that 

stopped production in the 1940’s (TNC, 2016). Most of the area today was donated by the 

Arundel family to The Nature Conservancy. Successional forests have prospered into an 

oak-hickory ecosystem including Carya ovata (Shagbark hickory) Pinus virginiana 

(Virginia Pine), and Liriodendron tulipifera (Tulip-Tree) (TNC, 2016).  

Site 3, today, is dominated by agriculture. Previously the area was a deciduous 

forest and has become used for agriculture and ranching. The areas that were once heavily 

forested have been cleared and used for hay/pasture grasses to feed cattle. Sections of the 

forest remain as isolated fragmented on the property, with vegetation such as Quercus 

palustris (Pine oak) and Ulmus rubra (Slippery elm). 

Soils 

 

The soils found in the Piedmont physiographic region are primarily developed on 

igneous and metamorphic rocks (Baker, 2013). There are areas of sandstone and shale from 

the Triassic areas, but these are found to the east and south of sites 1, 2, and 3 in the outer 

Piedmont. The remaining area of the Piedmont province is primarily made of up crystalline 

rocks dominated by gneiss and schist that were igneous rocks. These crystalline rocks of 

the study locations are found on the eastern edge of the Blue Ridge Mountains 

(geologically), or the western edge of the Piedmont (geographically). These rocks extend 
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from the northern parts of Virginia, continuing past the Virginia/North Carolina border. 

They are Proterozoic to Early Paleozoic in age (1,200 – 600 Ma).  The younger rocks are 

associated with the opening of the Iapetus Ocean.   All were metamorphosed during the 

formation of the Appalachian Mountains. 

The soils in this area are developed on crystalline rocks and generally have clayey 

subsoils, and are found to be red or yellow in color because of oxidation from iron 

weathered minerals (Baker, 2013). The soil overall is acidic and infertile and responds well 

to nutrient input due to fertilizing (Baker, 2013).  

Site 1 soils are primarily Myersville silt loam (17%), Pignut Alanthus complex 

(23%), Fauquier silt loam (30%), Rohrersville loam (8%) and Middleburg loam (9%) 

(WSS, 2016). Pignut Alanthus is extremely stony and found on mountainsides and 

hillslopes. Fauquier silt loam is found near interfluves (WSS, 2016). The bedrock found 

under all the soils include hard greenstone, greenstone schist, and multi-colored 

metabasalts (Fauquier Series, 2006 & Myersville Sereis2008).  

Site 2 soils have many more outcrops and less silt loam such as Pignut-Alanthus 

complex (19%), Pignut-Rock outcrop complex (39%), and Pignut silt loam. All of these 

areas of soil are on greater than 15% percent slopes. The greatest amount of silt loam is 

Myersville with (17%). The areas that these soils occupy are predominantly found on 

mountainsides, hills and areas that are extremely stony. The bedrock of Pignut consists of 

hard greenstone and greenstone schist (Pignut Series, 2008).  

Site 3 has the largest number of different soil types, primarily loam soils such as 

Elioak, Hazel Sandy, Middleburg, Mongle, Codorus, Hatboro, Brinklow, and Glenelg. The 
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top three soils identified on the property include Hazel Edgemont complex (17%), Hazel 

Sandy loam (34%) and Eliaok loam (13%). The Hazel Sandy is found on hillslopes and 

with low available water storage (WSS, 2016).  Hazel Edgemont are found in an interfluve 

settings (WSS, 2016). The bedrock associated with these types of soil include greenstone 

schist, phyllite and greywacke (Hazel Series, 2006). 

Climate 

 

The Piedmont of Virginia has a humid subtropical climate. The state’s landscape 

controls the local climate for the five geographical regions of Virginia. The Gulf Stream, 

high relief, and patterns of rivers and streams, dictate the climate (Hayden & Michaels, 

2000).  

The Appalachian Mountains form a rain-shadow effect generating a drier area in 

the New River and Shenandoah Valley, and a wetter area to the east, when storms take the 

northeast track (Hayden & Michaels, 2000). The jet stream can create areas of high pressure 

preventing precipitation into Virginia, and pushing weather systems just north of Virginia 

into the Northeast of the United States. In the winter, continental polar air masses from 

Canada are primarily dry cold air masses that tend to cool the land surface and the air to 

below freezing. Winter storms track west to east, and then move northwards paralleling the 

coastline and the boundary between the cold continent and the warmer Gulf Stream 

(Hayden & Michaels, 2000). These weather systems have the potential to bring abundant 

precipitation. Other precipitation events include cold fronts passing through the area 
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creating thunderstorms and occur during the warmest part of the day, typically in the 

summer (Hayden & Michaels, 2000).  

The complex pattern of rivers and streams, may alter the pattern of moist airflow 

and affect where precipitation falls in local areas (Hayden & Michaels, 2000). The air that 

flows across Virginia travels through these river valleys and over the crest of the 

mountains. This creates a disturbance and moist air condenses. This moist air falls as rain 

and increases precipitation as elevation increases (Hayden & Michaels, 2000). On the 

opposite of the mountain, the same airflow would be dry and produce no precipitation 

(Hayden & Michaels, 2000)  

The average monthly precipitation that falls in the northern Piedmont is roughly 

3.61inches (9.17cm) with the highest averages in May and June (Warrenton 3 SE, 2010). 

The average low for this area is 44.58 degrees Fahrenheit (6.9 degrees Celsius) and the 

average high temperature being 64.49 degrees Fahrenheit (18.05 degrees Celsius) 

(Warrenton 3 SE, 2010).   

Disturbances in the Habitat 
 

 

Landscapes can be altered through natural events such as volcanic eruptions, forest 

fires and climatic changes (Lindenmayer & Fischer, 2006). These changes can occur within 

a few minutes (i.e. volcanic eruption) to over several millions of years (i.e. plate tectonics).  

However, from the time human beings evolved, they have continually disrupted the 

landscape, often in a rapid and negative manner (Wilson & Frances 1988, Reaka-Kudla et 

al., 1997, Balmford et al. 2003,).  These disruptions occur in local regions, but their effect 
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is on a global scale, resulting in loss of habitat, fragmentation, loss of biodiversity, and 

climate change (Balmford et al. 2003, Lindenmayer & Fischer, 2006). Today, the landscape 

of northern Virginia has rapidly changed from a natural ecosystem to one dominated by 

agricultural and urbanization. The resulting loss of habitat is problematic, with many 

species such as bobcats, bears, turkeys and coyotes now only being found in more 

inaccessible areas of northern Virginia (e.g. conservation easements, agricultural lands, 

national parks).  

The change in landscape, that decreases both the amount of land and continuity of 

vegetation in a given area, is commonly known in scientific literature as habitat 

fragmentation.  This term is loosely defined in many studies as discussed by Lindenmayer 

& Fischer, 2006, and it is important to conceptualize how it is used in this paper.  The term 

habitat fragmentation includes four discrete phenomena including, the reduction in the total 

area of the habitat, increase in the edge effect, isolation of one habitat fragment from other 

areas of habitat, and the decrease in the average size of each patch of habitat. The effects 

of these four phenomena’s are not isolated specifically in this project, however, details of 

each are highlighted to show the different parts of habitat fragmentation, and how they 

affect the diversity of species in northern Virginia. 

Habitat for this study is defined as a geographic location with physical attributes 

that are suitable for species of animals and plants to survive and reproduce (Block & 

Brennan, 1993, Lu et al. 2012). A community can have several habitats interwoven with 

another (i.e. riparian forest and field). Community is referred to an area with potentially 

more two or more species of populations interacting with one another and have multiple 
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habitats. These areas can be negatively affected by the amount of habitats before and after 

a disturbance and can affect the diversity of species presence within the entire community.  

Habitat Loss 

 

 

Habitat loss can be looked at as the physical reduction of habitat that is a necessity for 

a species to survive. It is a deterministic process that leads to the decline of many species, 

if not, all species in that area, and it becomes impossible to replace the abiotic or biotic 

factors (Cabeza 2003, Lindenmayer & Fischer, 2006). The total reduction of habitat 

(habitat loss) is found on a global, regional and local level (Fahrig, 2003). Habitat 

fragmentation is not only the change in the landscape in one area, but can lead to decreasing 

species richness, changing of species evenness, or the total loss of a species (Wilson & 

Frances 1988, Reaka-Kudla et al. 1997, Fahrig, 2003). 

The reduction in the total area of habitat can be specifically seen in a before and after 

picture, such as areas of forests that have been replaced by developments of townhomes or 

schools. Habitat loss can also be monitored through GIS work, or the observation of the 

extinction of vegetation coverage in a community (Evans, 2011). But, more importantly 

for this project, habitat loss can be found in reviewing the number of species that existed 

in that habitat before its significant decline or extinction, and is defined as species-area 

relationship (SAR) (He & Hubbell, 2011, Evans et al. 2013,). However, we have no data 

on species present in the past for these areas. 

Edge Effect 
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The “edge” refers to the boundary of two distinct communities with differences in 

microclimatic and ecological conditions (Matlack & Litvaitis, 1993). This boundary or 

division creates a significant difference in the number of species in either habitat. 

Originally, in a natural system, the effect is positive with species inhabiting potentially 

both the edge interior habitats, species ability to travel and cross different habitats, and 

species may be restricted within the edge habitat and thrive (Figure 6).  The environmental 

surroundings of the edge habitat allows species of plants and animals to increase in species 

diversity. All the areas need to be large enough to sustain a viable ecosystem. 

 

 

 

 

 

 

Figure 6 Positive Edge Effect. Two areas of habitat A and B have an edge to create a 

boundary that has the greatest biodiversity than either habitat A or B (Deep Green 

Permaculture). 

Figure 7 Interior Edge Ratio. The interior: edge ratio continues to decrease 

from Time 1 to Time 4. The final time (Time 4) shows the interior habitat is less than 

the edge habitat. The white space found between habitats represents development of 

homes, schools, or agriculture creating smaller habitats. The dark green area is 

identified as the edge habitat and light green is the interior edge habitat.  
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Today, most landscapes that become divided are produced by humans, and include 

the building of roads and other development, or agriculture (Lindenmayer & Fischer, 

2006). This divides the patch area into two zones: interior and edge as shown in Figure 7. 

The interior-to-edge ratio quantifies the potential disturbance impact. (Bogaert et al., 1999). 

Harper, 2005, studied the health of many communities affected by the creation of man-

made edges, and discovered responses that occurred in the communities adjacent to and 

within the edge included the disruption of vegetation, disruption of the forest floor, and 

alteration of nutrient cycles The ratio of interior-to-edge increases, resulting in habitat 

degradation and therefore the decline of food supply and shelter availability, and an 

increase interspecies competition. As the separation of habitat continues to increase, the 

size of edge habitats also begin to decrease, and the non-natural habitats increase.  The 

interior patches become too small and cannot support the number of species in many of the 

existing patches. This is defined as habitat isolation, and continues until the interior habitat 

is no longer sustainable. 

 

Habitat Isolation 

 

As described above and in Figure 7, habitats can become separated from a larger 

patch and eventually become isolated from the once continuous patch. This isolation 

prevents mammals from day to day movements, dispersal movements, migrations and 

prevention of breeding (Lindenmayer & Fischer, 2006). It also decreases the genetic size 



18 

 

of a population due impaired gene flow (Lindenmayer & Fischer, 2006). Once the isolation 

from the continuous patch has occurred, metapopulations may form from the patches 

creating a number of populations of a specific species, essentially isolated but with 

interactions on some level between patches (Lindenmayer & Fischer 2006, Schuepp, 

2011).  The lack of diversification within the population (if the individuals are unable to 

move to another patch) can pose serious threats to the well-being of the entire species, and 

create extinctions in that patch. Connectivity is the opposite of isolation. It is being studied 

by biologists that want to introduce corridors or connectedness of two separate habitats, 

enabling species to move from one patch to another. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 8 Habitat Isolation/Decrease in the Patch Size. The areas of 

dark green represent edge habitats and the light green represents 

interior habitat.  
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Decrease in Patch Size 

 

The decrease in the average size of each patch of habitat also plays a significant 

role in the loss of the habitat. Patches tend to decrease in size due to anthropogenic events 

from agriculture and suburbia. The consequences that may occur include, a limit in the 

amount of food, shelter, space and predators and potentially the elimination the species all 

together. (Lindenmyer & Fischer, 2006). Figure 8 is an example of decreasing patch size 

and demonstrates the number of patches being created and simultaneously decreasing the 

amount of habitat for species. 

 

 

 

Human Activities 

 

Recently, ecologists have studied the presence of human effect on a specific 

landscape, and how human activities are potentially affecting the number of species in that 

area. In 2012, Erb et al. studied the effects of human presence along the Appalachian Trail 

and in particular, how different human activities generate changes in the number of species 

along the trail. Sampling 447 sites he assessed the effects of hunting, recreation, and roads 

on the available habitat. He used occupancy modeling, with the data collected from the 

camera traps to show how the stress from human activities (i.e. high trail use, hunting, 

roads) can create negative responses in the number of different species found in the forest 

(Erb et al., 2012). Therefore, simply the presence of humans may pose a threat, and may 
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reduce the number of species in that specific area. This creates not only the need for 

management actions due to habitat fragmentation, but also a consideration for the presence 

of human activities in each site.   

Since 1994, Leave No Trace Center for Outdoor Ethics, a non-profit organization 

also known as Leave No Trace, has existed to educate people about their recreational 

impact on nature.  It promotes the principles of Leave No Trace to prevent and minimize 

such impacts. A simple phrase that is commonly found in most national and state parks 

says “take nothing but photographs, and leaving nothing but footprints.” This implies that 

the habitat will be left essentially undisturbed when people are present, and return to a 

natural state after they leave. The question becomes, do these “footprints” created by 

human activities have an impact on the number of species that live in these areas, either in 

national parks or conservation areas? As previously stated, urbanization has had an impacts 

the use of animals from being present in the habitat. Is it possible these footprints inhibit 

the use by animals that live in these habitats? For the purposes of this paper, the creation 

of these footprints are within the guidelines of potentially disrupting the natural state, and 

are included in with other human activities. 

Site 2 has the least amount of human activity from all Sites in this study. 

Conservation area (Site 2) has few to no human interactions (low) with within the property 

lines and is the largest continuous space of habitat. The area is estimated to have the 

greatest amount of continuous space with over 90% of its habitat intact from the National 

Land Cover in 2011. Site 1, Field Station, has the next lowest number human interactions. 

This area is estimated to have 65% of its deciduous forest community connected. Chapter 
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2 (Figure 11) shows the northern property intact compared to the southern edge of the 

property bordered by a field and mitigation area before bordering a road. These areas that 

are disconnected are natural meadows and mitigation areas, with fewer human activities 

observed in these areas than Site 3 and described as low to moderate on the property for 

human activities. Today, Active Farm (Site 3) has had the greatest amount of habitat 

fragmentation and human activities (high).  The landscape has changed towards agriculture 

practices and human activities with horseback riding, farming, and hunting. This 

combination of habitat fragmentation and the presence of human activities creates a 

potentially hostile environment for species to survive and thrive. Active Farm has less than 

40% of the riparian forested community connected. The majority of the property is 

fragmented due to agriculture and ranching separating areas of forest.    

Landscape Models 

 

As fragmentation begins to transform the landscape, it will affect the species-

specific habitat, decreasing either the amount of space or the resources that the species 

extract, or both (Lindenmayer & Fischer, 2006). If fragmentation increases over time, the 

elimination of space continues to increase, reducing connectivity between patches and 

increasing the number of edge effects.  This process is described by two different landscape 

change models, the McIntyre & Hobbs Model, 1999, and the Forman’s Model, 1995. Both 

models address similar ideas for the change in landscape created by anthropogenic events 

leading to different spatial processes (McIntyre &Hobbs, 1999, Forman, 1995). Forman 

argues that there are five spatial processes that can occur from an intact habitat and 

transitioning to any of the five landscapes including ‘Perforation’, ‘Dissection’, 
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‘Fragmentation’, ‘Shrinkage’, and ‘Attrition’ (Lindenmayer & Fischer, 2006). This overall 

reduces the connectivity between communities and prevents species interaction with one 

another creating metapopulations (Forman, 1995). The McIntyre and Hobbs model showed 

an increase in edge effects as the continuation of the modified landscape became more 

active on the existing habitat. It begins with ‘Intact’ and over time becomes ‘Variegated’, 

‘Fragmented’ and finally ‘Relictual’ (Lindenmayer & Fischer, 2006).  

Conservation Management 

 

The conservation areas (Site 1 and 2) used for this study have increased in size since 

their formation as additional land easements have been added.  Field Station (Site 1) and 

Conservation Area (Site 2) are currently going through secondary succession, where much 

of the habitat is continuing to restore with a deciduous forest.  In addition, Site 1 has 

generated thoughtful management techniques which have been used such as the restoration 

of vernal pools, the management of deer populations, and the use of fire to restore the native 

environment.  These management techniques have also been accompanied by land being 

set aside for conservation, and therefore the number of human disturbances have also 

decreased in these areas. This awareness of species habitat establishes an ideal situation for 

maintaining species diversity and achieve a natural state for many species found in the 

entire community. It is important to conceptualize these changes and disturbances to 

understand the potential effects they have on species, and properly manage areas for 

conservation. 
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CHAPTER TWO 

Camera Traps 
 

Over the last decade, camera traps have been used to understand both species 

diversity and the positive identification of specific species (Kelly, 2008, O’Connell et al., 

2011, McCallum, 2012,). Camera trapping involves a remotely- triggered camera that 

automatically takes an image of animals that pass within a specific range in front of the 

camera (Tobler et al., 2008, Newey et al., 2015,). They are great tools to monitor trends of 

one or more species in a community (O’Connell et al., 2011). Camera trapping has been 

used by a range of individuals, from wildlife enthusiasts for recreational purposes, to 

scientists striving to find the most effective forms of wildlife management (Newey et al., 

2015).  Today, the literature of camera traps has exploded with new studies for estimation 

of population, and specific designs to study biodiversity all over the world. Scientists have 

continued to grow accustomed to the use of the cameras for many different field 

applications (Trolliet et al., 2014).  

Cameras are being used to study the behavior and activity of animals in a specific 

environment, help understand the social systems of species in undeveloped and developed 

areas, and show the relative usage of a habitat (Pittet & Bennett, 2014). Camera traps can 

identify how species act in their natural habitat without any disturbances or possible 

distractions that prevent it from acting in a natural manner. For example, LaPoint in 2013, 
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studied how fishers (Martes pennanti) use corridors, specifically to see how the animals 

use corridors to migrate from one habitat to another. Camera traps allow data to be 

collected, not only for elusive species, but common species in their natural habitat. One of 

the greatest advantages camera traps possess is the ability to record accurate data about a 

species without it being trapped or the researcher being present (Swann & Perkins, 2014). 

Scientists can see how certain species react to areas of nearby development and differences 

in behaviors that would be found with the presence or absence of humans. Camera traps 

also eliminate data collection bias compared to other forms of observation (i.e. transects). 

Technology and Cameras 

 

Advances in camera trap technology (trigger speed, recovery time, detection zone, 

battery life) have enabled new methods to be created for monitoring animals in many 

environments, from tropical forests to deserts (Townsend et al., 2014, Trolliet et al., 2014). 

Trigger speed is the time delay for the camera to shoot a picture once an animal has 

interrupted the infrared beam within the camera’s detection zone (Trolliet et al., 2014). 

Technological advances has decreased this time frame to take pictures of potential quick-

moving animals (Trolliet et al. 2014). The recovery time is known as the necessary time 

for the camera to prepare to shoot either another picture or set of pictures. Again this time 

frame has been decreased. The setting for this study was set to an “aggressive speed”, 

taking five quick shots when the infrared beam was interrupted. This was ideal for species 

including larger carnivores such as fox, coyote, and bear that would be moving along the 

trail at quick pace comparatively to deer and raccoons.    
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Another characteristic of camera traps is the detection zone. The detection zone is 

the area that detects a species which is covered by the infrared beam. The max detection 

zone is up 60 feet for Reconyx PC900 Hyperfire Professional IR and PZ90 Cover 

Professional Camera. This range is very important because of the many factors that may 

trigger the camera into taking blank pictures such as, the movement of vegetation, sunlight, 

and the reflection of water creating a glare. Positioning the camera in an area that will limit 

these false triggers is very important for the study to conserve battery and memory. 

Locating the camera above the water is especially important if the waterline has the 

potential of reaching the camera. It is also important to note that the detection zone is not 

always equaled to the field of view (the actual photograph being taken) (Rovero et al. 

2013).  

Nighttime Pictures and Picture Resolution 
 

Nighttime pictures and picture resolution are also characteristics that have 

improved as technology has advanced over the last decade. Before infrared, incandescent 

flashes were the only way to attain night time images (Trolliet et. al., 2014). One positive 

in using nighttime flash photography is the ability to have color, which generates a picture 

with more detail. Today, scientists tend to use infrared because the flash has a strong risk 

of scaring the animal (Meek & Pittet, 2014, Trolliet et. al., 2014). The number of pixels 

(picture resolution) is another technological advancement that is well known to scientists 

using camera traps. The interval between pictures was one second with a picture resolution 

of 3.1 megapixels. The increase in pixels has allowed scientists to carefully identify 
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individual species, and become more accurate in differences between markings and fur 

patterns (Meek & Pittet, 2014, Trolliet et al. 2014).  

Sampling Method 

 

In this study, we used the Reconyx PC900 Hyperfire Professional IR and PC90 

Cover Professional Camera. These cameras have been found to have a successful trapping 

record, are shown to detect more species, and are specifically designed for small to medium 

sized-mammals (Swann & Perkins, 2014). They are great tools to monitor trends for one 

or more species in a community, and study wildlife behavior (O’Connell et al., 2011, 

Trolliet et al. 2014).  

Different sampling strategies are used for different goals, including behavior of 

individual species, population studies of a community or species, or intra-community 

interactions (Kelly, 2008, Rovero et al., 2013, Troillet et al., 2014).  This study will focus 

on collecting images of species that are found in riparian forest communities, to understand 

the diversity of species at three different sites.  The data collected will be used to provide 

insight into how human disturbances and habitat fragmentation decreases the diversity of 

species in riparian forest communities. This study hypothesizes that species diversity is 

potentially dictated by interactions with human activities and habitat fragmentation.  It also 

hypothesizes that this will differ in areas that are less disturbed by these distractions. 
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Monitoring 
 

The goal for this study is to understand the effects of habitat fragmentation and 

human disturbances on large vertebrate species in three different sites in northern Virginia. 

Monitoring mammalian and avian species can be difficult, but new digital technological 

advances in the use of camera traps have made them very useful and efficient for all 

ground-dwelling species (Ahumada et al. 2013, Meek & Pittet, 2014).  The camera site is 

often considered as the sampling unit where presence/absence of species is recorded on 

repeated occasions over a certain period (Hamel et al., 2013).  

The number of species observed vs. expected will be measured. Species richness, 

is defined by the number of different species in a particular location. The species that are 

potentially expected during the season in riparian forested community included Meleagris 

gallopavo (turkey) and Colinus virginianus (bobwhite) and mammals Ursus americanus 

(black bear), Odocoileus virginianus (white-tail deer), Sciurus carolinensis (grey squirrel), 

Sciurus niger (fox squirrel), Neovison vison (mink), Procyon lotor (raccoon), Mephitis 

mephitis (skunk), Lynx rufus (bobcat), Castor canadensis (beaver), Mustela frenata (long 

tailed-weasel), Canis latrans (coyote), Vulpes vulpes (red fox), Urocyon cinereoargenteus 

(gray fox), and Didelphis virginiana (opossum).  

It is important not only to recognize the number of species and individual 

populations that make up the community, but the challenge becomes to understand the 

complete assemblages of all the common plants and animals that must be protected to 

address the entire spectrum of diversity (Scott et al., 1987). Riparian forest communities in 

the Appalachians may provide habitat for a different composition of small-mammal species 
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due to differences in vegetative communities (Osbourne et al. 2005). The different 

vegetative habitats found in the National Land cover data for Fauquier County include, mix 

of pasture/hay, deciduous forest, mixed forest, barren land, developed areas (primarily 

areas with impervious surfaces from 20-100%), evergreen forest, and open water (Homer 

et al., 2015). Table 1 shows the number of species and locations of species found at each 

site. 
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Table 1 Total Number of Detections Cameras A-K Cameras A-D were positioned in Site 1 at the Field Station (FS). Cameras E-H are 

found in Site 2 on the property of Conservation Area (CA). Cameras I- K were placed in Site 3 called Active Farm (AF). Cameras with 

an * were not used for this study. 
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Human Disturbances/Activity level 

 

 

Monitoring not only involves the site of mammals and avian species being observed 

on the camera traps, but the amount of human disturbances or activities in the areas of the 

detection zones. Site 3 was expected to have the largest number of disturbances due to 

human activities continuously on the property. This property is severely fragmented due to 

the amount of farming and ranching that takes place. Another factor is the presence of 

humans in the area using the property. The amount of human activities seen in Sites 1 and 

2 are significantly lower with no one caught in camera in Site 2, and only an occasional 

person seen on camera in Site 1. Table 2 shows the amount of human activity that was 

found within the detection zone of the cameras. These description of the sites as “low”, 

“moderate” and “high” activity was created through the opinions of the researcher, land 

owners and managers, and the number of detections observed by the camera. 
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Table 2 Activity Level for Human Activity Cameras A-J. The human activity level/potential disturbances of each 

overall site and each individual camera found in Site 1, 2, or 3 

Activity Level for Human Activity Cameras A-J 

(Site) Camera Activity Level  Description 
(Site 1) Camera A Low This experienced no people found in these 

areas other than retrieving cameras.  

(Site 1) Camera B Moderate Bird Banding Trail is present. Human 

disturbances potentially once a week. 4 

different days  found people in the area 

morning/afternoon 

(Site 1) Camera C Moderate People were found walking the trail or used 

motorized vehicles (i.e. lawn mower, ATV, 

truck) passing the camera several times in 

one day. Number of individual days with 

human activities 10.   

(Site 1) Camera D Low-Moderate This areas is less than 25 meters from a road. 

No humans were present in the vinicity of the 

camera but road may have discouraged 

mammals like fox and bear be close.  

(Site 2) Camera E Low This experienced no people found in these 

areas other than retrieving cameras. Camera 

was not recovered due to bear activity 

(Site 2) Camera F Low This camera experienced no people found in 

these areas other than retrieving cameras. 

(Site 2) Camera G Low This camera experienced no people found in 

these areas other than retrieving cameras. 

(Site 2) Camera H Low This camera experience no people found in 

these areas other than retrieving cameras. 

(Site 3) Camera I Low- Moderate  No people were found in the detection zone 

of the camera. Dogs were found running in 

the stream, potentially creating a disturbance. 

(Site 3) Camera J Moderate- High This area was used greatly with an adjacent 

horseback riding trail, ATV and hikers. There 

were at least eight individual days of 

disturbances detected in the camera.  

(Site 3) Camera K Moderate This camera experience no people found in 

these areas other than retrieving cameras. 

 

 

 

Location 
 

Data collection was conducted at three different sites in the Piedmont Province of 

northern Virginia, specifically Fauquier County (Figure 9). A total of twelve cameras were 

placed in the field with four cameras at Site 1 (Field Station), four cameras at Site 2 
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(Conservation Area), and three cameras at Site 3 (Active Farm). All camera trap surveys 

were conducted during the summer of 2015 (May 23rd- November 16th), but not all cameras 

were active all the time. Therefore, the data that will be used for this study will consist of 

71 days of continuous observations with 10 of the 12 cameras taking images from July 1st-

September 10th (Figure 10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Location of Sites 1, 2, 3. Site 1 Field Station (Yellow), 

Site 2 Conservation Area (Red), Site 3 Active Farm (Blue)  
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Out of the twelve cameras that were placed in the field, eleven cameras were 

retrieved successfully. One camera from Site 2 (Camera E) was completely destroyed by, 

we suspect, the activity of black bear(s) (Ursus Americanus). The camera had scratch 

marks indicative of a black bear and the batteries had been chewed.  No data was collected 

from this camera. The eleven remaining camera traps were positioned on trees or fence 

posts, two to three meters above the ground surface, surveying an area of water and forest 

known as a riparian forest community. They were positioned to not only overlook the 

community of the riparian forest, but they were specifically placed to capture the greatest 

number of species that potentially could be found in that area. Before placing the cameras 

in the designated site, the area was gauged by the identification of feces, footprints, 

scratches and other vestiges. Specifically, observations for a riparian forested community 

included the identification for feces of raccoons, deer, and fox.  Footprints of raccoons, 

deer and bear were also discovered and documented.  Bear scratches and bite marks were 

apparent in Site 2 (Conservation Area). One or more of these positive observations were 

found prior to each camera placement. These practical and objective methods can reveal 

the activity of species present in their habitat, but will not be unbiased data for the whole 

area (Lyra- Jorge, et. al. 2008).  Other observations that were used to define the riparian 

community prior to camera placement, included higher insect abundance, moist or muddy 

soils, and many insectivores such as frogs (Osbourne et al. 2005). 
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The riparian community for this study was initially defined as having streams with 

flowing water all year around, and to be naturally fed by a spring or lake. These streams 

were selected based on sporadic observations over several years.  All the cameras were less 

than two meters away from the bank of the stream. However, areas of the stream did 

become dry due to the lack of precipitation for a period of time during the summer. The 

streams monitored by cameras A and B, in Site 1, and camera G in Site 2 were found to 

dry up one or more times over the course of the summer months.  

All these observations were taken into consideration when placing cameras at all 

three sites. Site 1, cameras were inspected every two to three weeks.  Sites 2 and 3 were 

visited less frequently. Site 2 was only visited twice, setting the cameras up in July, and 

Figure 10 Timeline for study. The relative time from when cameras A-K were placed in 

the field. Site 1 Cameras A-D, Site 2 Cameras E-H, Site 3 Cameras I-K 
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then retrieving the camera and collecting the data in October. Site 3 was visited on a 

monthly basis, with the collection of data and the cameras only taking place at the end of 

September. As Sites 2 and 3 were private property, with the owner knowing of the cameras, 

disruptions by humans were highly unlikely. This was actually not the case for Site 2, 

because of the black bear activity in this area. Black bears are very curious animals, and 

the data collected clearly showed black bears interacting with cameras on multiple 

occasions, destroying one and leaving the other three to be slightly out of place from where 

they were originally located.    

 The land cover for each property was found using the National Land Cover 

Database and ArcGIS 10.3. The properties were analyzed using the land covers provided 

by the database and calculated as percentage for the property. Table 3 below, shows the 

nine land cover types that were calculated for each Site in 1, 2, and 3. The site with the 

largest number of land cover types were Sites 1 and 3 with seven different types of land 

cover. The most developed space as well as pasture/hay land cover was Site 3. The largest 

area of forest out of the three sites was Site 2.  Individual land covers surrounding the 

cameras was also calculated as 50m buffer around the cameras and are found in separate 

tables at their specific site. Table 4 describes each in detail each land cover type (Homer et 

al., 2014) 
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Table 3 Sites 1, 2 and 3 Land Cover. Overall land cover (%) for each individual site shown in 

nine different types of land cover by the NLCD (National Land Cover Database) (Homer et al. 

(2015) and ArcGIS 10.3. The land cover type descriptions are found in detail in Table 4 
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Table 4 Land Cover Types.  The following descriptions are from NLCD 2011 Land Cover (2011 Edition, 

amended 2014) National Geospatial Data Asset (NGDA) Land Use Land Cover. Sioux Falls, SD U.S. Geologic 

Survey (Homer et al., 2015) 

 

 

 

 

 

Land Cover Type Description 

Open Water 
-All areas of open water, generally with less than 25% 

cover or vegetation or soil 

Developed, Open Space 

 - Includes areas with a mixture of some constructed 

materials, but mostly vegetation in the form of lawn 

grasses. Impervious surfaces account for less than 20 

percent of total cover. These areas most commonly 

include large-lot single-family housing units, parks, golf 

courses, and vegetation planted in developed settings for 

recreation, erosion control, or aesthetic purposes. 

Developed Low Intensity  

 -Includes areas with a mixture of constructed materials 

and vegetation. Impervious surfaces account for 20-49 

percent of total cover. These areas most commonly 

include single-family housing units 

Deciduous Forest 

- Areas dominated by trees generally greater than 5 

meters tall, and greater than 20% of total vegetation 

cover. More than 75 percent of the tree species shed 

foliage simultaneously in response to seasonal change 

Mixed Forest 

Areas dominated by trees generally greater than 5 meters 

tall, and greater than 20% of total vegetation cover. 

Neither deciduous nor evergreen species are greater than 

75 percent of total tree cover. 

Evergreen Forest 

- Areas dominated by trees generally greater than 5 

meters tall, and greater than 20% of total vegetation 

cover. More than 75 percent of the tree species maintain 

their leaves all year. Canopy is never without green 

foliage. 

Pasture/Hay 

- Areas of grasses, legumes, or grass-legume mixtures 

planted for livestock grazing or the production of seed or 

hay crops, typically on a perennial cycle. Pasture/hay 

vegetation accounts for greater than 20 percent of total 

vegetation 

Cultivated Crops 

 - Areas thought to be used for the production of annual 

crops, such as corn, soybeans, vegetables, tobacco, and 

cotton, and also perennial woody crops such as orchards 

and vineyards. Crop vegetation accounts for greater than 

20 percent of total vegetation. This class also includes all 

land being actively tilled 

Emergent Herbaceous Wetlands 

-Areas where perennial herbaceous vegetation accounts 

for greater than 80 percent of vegetative cover and the 

soil or substrate is periodically saturated with or covered 

with water 
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Field Station (Site 1) 
 

As previously stated, three locations were surveyed in order to understand the 

potential difference in species diversity due to habitat fragmentation and human activities 

in riparian forest communities. Site 1 is located within the Field Station and is shown in 

Figure 11. ES a division of the 501(c) non-profit: The Clifton Institute, Inc.  It covers an 

area of 914 acres with several habitats including, meadow, upland forest, stream, wetland 

and two small man-made lakes (ES, 2015). The vegetation found in this forested riparian 

areas include Maple-leaved Viburnum (Viburnum aceriflolium), American beech (Fagus 

sylvatica), Post Oak (Quercus stellate). Native plants that are found in meadows include 

Switchgrass (Panicum virgatum), Indian grass (Sorghastrm nutans), and Big Bluestem 

(Andropogon gerardii) benefiting natives species such as the bobwhite quail.  The local 

relief is 920-550 feet. Many conservation projects have taken place on the property to 

restore the natural community of the piedmont, including the creation of vernal pools and 

a wetland mitigation area, and burning of fields to restore native grasses. The area is 

primarily used to educate local K-12 students, and bring the local community together to 

understand the importance of conservation of natural resources and sustainability. 

Scientists conduct research on the property and several MS and PhD projects have been 

completed using data collected on the property. Studies include apiaries, native bees and 

honey collection, vernal pool construction and restoration, amphibian monitoring, bird 

banding, bird vocalization, monitoring invasive species, and deer management. (ES, 2015).  
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This area has multiple visits each year from K-12 students, the public and university 

students and faculty.  

Site 1 had a total of four camera traps placed in areas with the greatest potential of 

encountering species present in the riparian forest community. The cameras in Site 1 were 

located on two major streams on the property, both flowing from a spring or lake.  Cameras 

were distributed along the creek with Camera A being the farthest upstream, and Camera 

D being the farthest downstream (Figure 11). Camera A was placed north of the house, 

near the spring, and located in dense mature hardwood forest. Camera B was located just 

west northwest of the house, near the upper pond where the stream empties into the lake. 

Camera C was positioned on a fence post at the intersection of a bridge, and a stream 

flowing from the Upper Pond. Camera D was placed at the southern end of the property 

and was in an edge habitat between a meadow and constructed mitigation area. There was 

also a road within 25 meters behind the camera. This size of buffer was chosen for this 

Site, and Site 3 because of the potential home ranges of expected species. Table 5 shows 

the percentage of land cover for each camera. 

The four cameras were positioned to account for differences in the vegetative 

communities that exist on the property (Table 5). The land cover surrounding the cameras, 

as well as forested riparian areas, also include deciduous forest, hay/pasture, 

developed/open space, and cultivated crops defined by the National Land Cover Database 

of 2011 (Table 4).  All four cameras were situated in areas where individuals of a species 

were highly unlikely to trigger more than one camera and would not be counted by two 

different cameras.  This was based on distance between cameras and location of the trails.  
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The overall property is largely undisturbed by human interaction, thus leading to 

the hypothesis that observed human interaction is not significant enough for the species 

diversity to decline. The field station house shown on the map is used every day, but people 

don't often leave the area.  Students in grades K to 12 visited this site to understand nature 

and their natural surroundings twice a month. Camera C recorded multiple images showing 

when people drove or walked by the camera. July 1st, 2nd, 5th, and 20th consisted of a vehicle 

driving to and from the apiary past the camera. Three different groups of people drove past 

the camera from August 25th-28th. In September there were three different occasions, on 

the 2nd a lawnmower, and on the 4th, and 9th the “gator” was recorded by the camera. 

Camera B recorded six days of disturbances; bird banders on July 5th, 12th, 22nd, and August 

3rd and groups of K-12 students, between 8 and 15 students, seen in the area at Camera B 

on two days while visiting the field station.  The total number of camera trap days that were 

recorded for all four traps was 680 days, recording 11 different species (Table 6). The 

species with the greatest number of individuals observed on Site 1were raccoon, white-

tailed deer, and turkey. 
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Figure 11 Map of Field Station. Area where cameras are located.  
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Table 6 Site 1 Total Number of Detection of Species. 

 

 

 

 

 

SITE 1 Total Number of Detections of Species 

SITE NAME A B C D TOTAL 
# of Camera Trap 

Days 

166 180 180 154 680 

BEAR, BLACK 14 9 7 0 30 

DEER 52 103 387 97 639 

BOBCAT 2 4 15 3 24 

COYOTE 0 0 14 3 17 

FOX, RED 0 17 15 0 32 

RACCOON 83 190 28 235 536 

OPOSSUM 0 6 0 0 6 

SQUIRREL, GREY 2 9 3 12 26 

SQUIRREL, FOX 0 0 0 4 4 

WEASEL, LONG-

TAILED 

0 0 0 1 1 

WILD TURKEY 0 0 253 3 256 

TOTAL 153 338 722 358 1571 

# of species 5 7 8 8 11 

Table 5 Site 1 Individual Landcover for Cameras. The percentage of land cover for 

a 50m radius around cameras A, B, C and D. 
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Site 2 (Conservation Area) 
 

Site 2 had a total of four camera traps placed on the property and is located in the 

western part of Fauquier County along the eastern foothills of the Blue Ridge Mountains 

(The Nature Conservancy, 2016). It is the oldest nature conservancy preserve in Virginia 

(The Nature Conservancy, 2016). The conservancy has a total of 655 acres, elevation 

ranges from 1,200 feet to 500 feet with steeply rolling hills. The area was once used for 

logging, and was cleared for farming in the 18th century. Beginning in the 1960s the 

Arundel Family gave a large portion of their land to the conservancy where it was brought 

into Conservation Easement. It has grown to be the largest Conservancy in Virginia, with 

mature hardwood forests and several riparian communities found on the property (TNC, 

2016). Today, it supports a diversity of plants and animals, and the Conservancy has limited 

the number of hikers allowed on the property. It is relatively unknown.  

A total of four camera traps were placed on the property from July 1st to October 

22nd, 2015. All cameras were positioned along Black Cotton Mountain Branch (Figure 12), 

relatively close to one another within a ravine, each separated by 20 to 50 meters. No other 

communities or habitats were found in this area (i.e. all forested riparian) and no human 

activity other than ourselves was recorded. Habitat fragmentation was also not an area of 

concern here, due to the fact the next change in landscape was greater than 500 meters 

away from the forested ravine. This area is inhabited by many native species of plants 

including American beech (Fagus sylvatica), White oak (Quercus alba) and shagbark 

hickory (Carya ovata). The primary land cover found in Site 2 was deciduous forest. All 

the property found within the 50 meter buffers in for cameras E, F, G, and H was found to 
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have only deciduous forest (Table 7). Throughout the entire Conservancy there is relatively 

little human interaction, and we expected no hikers as we placed the cameras over 100 

meters from the trail.  

Three out of the four cameras were recovered; - bear activity destroyed the fourth 

camera, Camera E. All three remaining cameras were not found in their original place 

because of the black bear activity, but they were still locked onto the tree and were 

recording data.  Each camera showed signs that it had been tampered with by black bear. 

Camera F was shut off completely, probably due to black bears activity and therefore, 

stopped recording images on September 10th. Camera G was found facing the opposite 

direction and was surrounded by black bear scratches and tracks.  Camera H was still facing 

in the correct direction, but had been played with.  It also showed signs on being switched 

off, and then on again within the same 24 hour period. The number of species observed in 

Site 2 consisted of seven different mammals and one marsupial (Table 8). The greatest 

number of mammals observed were black bear, white-tailed deer, and raccoon. 
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Figure 12 Map of Conservation Area. Area where cameras are located.  
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       Table 8 Site 2 Total Number of Detection of Species 

 

 

 

 

 

 

 

 

 

 

SITE 2 Total Number of Detections of Species 

SITE NAME E F G H TOTAL 

# of Camera Trap Days 0 84 113 91 288 

BEAR, BLACK 0 68 86 40 194 

DEER 0 33 18 11 62 

COYOTE 0 5 4 0 9 

RACCOON 0 15 10 51 76 

OPOSSUM 0 1 0 1 2 

SQUIRREL, GREY 0 4 5 13 22 

SKUNK 0 0 1 0 1 

TOTAL 0 126 124 116 366 

# OF SPECIES 0 6 6 5 7 

Table 7 Site 2 Individual Landcover for Cameras. The percentage of land 

cover for a 50m radius around cameras E, F, G, H 
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Site 3 (Active Farm) 
 

This area has significant human activity-landscape interactions including farming, 

ranching, and horseback riding. This property is surrounded by adjacent farms and near the 

town called The Plains. The elevation on the property ranges from 625 feet to 475 feet and 

the area of property is over 1400 acres. The primary land cover that surrounded all the three 

cameras within the 50 meter buffers in for the cameras (I, J and K), F, G, was found to have 

deciduous forest (Table 9). The overall landscape of the property was pasture/hay (Table 

4). Areas of riparian forest were found on the western and eastern edge of the property 

(Figure 11). Site 3 was selected as it is a developed site, and is hypothesized that it will 

have the lowest species diversity because of the fragmentation of land, and the amount of 

human activity that takes place. Farming has fragmented this area significantly creating a 

divide between areas that were once connected (Figure 13).  

A total of three cameras were placed at Station 3. These are on the east and west 

side of the property in different riparian forest communities overlooking a stream and 

spring (Figure 13). Camera I was placed on the east side of the property on a minor flood 

plain surrounded by a deciduous forest and grasses. Camera J was located on the west side 

of the property where many humans were caught on camera and activities included fishing, 

hiking and horseback riding. There were 10 different humans encounters, either single or 

in groups and often with horses between May and September. Ranching was another 

activity with cattle, both in and out of the stream, being observed in the vicinity of the 

camera.  
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Camera J was positioned on a hanging tree directly over the stream and primarily 

surrounded by a hardwood forest.  This is similar to camera B (Site 1) and cameras E, F, 

G and H in Site 2. Camera K was placed near the beginning of a spring on the property in 

a densely wooded area.  This area is similar to camera A (Site 1). There were nine 

different species observed in this area, two birds and seven mammals (Table 10). The 

highest number of species found in this area were white-tailed deer and raccoon. 

 

 

 

 

 

Figure 13 Map of Active Farm. Area where cameras are located.  



 

49 

 

 

Table 9 Site 3 Individual Landcover for Cameras. The percentage 

 of land cover for a 50m radius around cameras I, J, K 

 

 

 

 
SITE 3 Total Number of Detections of Species 

SITE NAME I J K TOTAL 
# of Camera Trap Days 138 109 64 311 

DEER 125 26 78 229 

COYOTE 2 22 0 24 

FOX, RED 0 10 0 10 

RACCOON 25 73 39 137 

SQUIRREL, GREY 0 6 0 6 

HERON, GREAT BLUE 2 14 0 16 

SKUNK 0 1 0 1 

GROUND HOG 0 1 0 1 

WILD TURKEY 5 3 1 9 

TOTAL 159 156 118 433 

# of species 5 9 3 9 

Table 10 Site 3 Total Number of Detections of Species 
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CHAPTER THREE 

Data Collection 
 

Data collection was conducted during the summer of 2015 at three different sites, 

but not all cameras were active all the same time. Cameras were placed in the field on May 

23rd at Sites 1 and 3. Site 1 continues to record data year round on the property though the 

fall and winter seasons. Site 3 ended shortly after September 10th and October 9th. Site 2 

cameras were deployed on July 1st and retrieved October 23rd. This was due to submitting 

a request for permission to use the property for research purposes.  A total of eleven 

cameras were placed in the field with four cameras at Site 1 (Field Station, yellow), four 

cameras at Site 2 (Conservation Area, orange), and three cameras at Site 3 (Active Farm, 

blue) (Figure 10, Chapter 2).  The experiment was selected during the summer season when 

activity levels are expected to be the highest number of observed species. Cameras were 

retrieved at Site 2 on October 22nd. Cameras J was taken down on September 10th and 

Cameras I and K were taken down on October 8th. Cameras are still in the field and 

collecting data at Site 1. 

The data that will be used for this study will consist of 71 days of continuous 

observations with eight of the eleven cameras taking images from July 1st-September 10th 

(Figure 14). The sample size for this study used cameras A, B, C, (Site 1) F, G, H, (Site 2) 

I and J (Site 3). A total of three cameras were not found to be useful for this study: cameras 
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D, E, and J. Camera D was unable to be used for this 71 day period due to technological 

difficulties from August 1st-August 25th and, therefore only recorded 54 days during the 

71-day period time frame.  Camera E was unattainable after a black bear destroyed it, 

leaving no data for this time frame. Camera K experienced difficulties with battery life and 

was found to be terminated on July 24th.   

 

 

 

 

 

 

The data collected from the eight cameras totaled 568 camera trap nights over a 71-

day period. These camera traps detected over 1408 observations of species from July 1st-

September 10th. An “observation of species” is defined as an animal that was present in the 

photo for enough of a period of time to identify the species. The data collected was used to 

conduct an analysis on the diversity of each Site (1, 2, and 3) and individual cameras (A-

Figure 14 Camera Trap Setup. Site 1 (yellow bars) Site 2 (red bars) Site 3 (blue bars) represent the 

duration of which the cameras were positioned and retrieved for this study. Cameras highlighted in 

red were not used for the study.  
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J). Cameras at sites 1 and 3 were checked every 2-3 weeks. Cameras at Site 2 were left out 

in the field for the continuous period of time from July 1st-October 22nd.  

A total of twelve species were identified in the study. Ten of the twelve species 

were expected and included Meleagris gallopavo (turkey) and mammals Ursus americanus 

(black bear), Odocoileus virginianus (white-tail deer), Sciurus carolinensis (grey squirrel), 

Procyon lotor (raccoon), Mephitis mephitis (skunk), Lynx rufus (bobcat), Canis latrans 

(coyote), Vulpes vulpes (red fox), and marsupial Didelphis virginiana (opossum). Two 

unexpected species were found in Site 3 during data collection, (Ardea herodias) (great 

blue heron), and Marmota monax (groundhog). In addition at Site 3, camera traps caught 

images of domesticated horses, dogs and cows. For this analysis we excluded species that 

were not observed in at least two camera traps between the three properties. This excluded 

the ground hog, the skunk, and the great blue heron. These species were detected in two or 

fewer cameras and therefore were not in the study. It is important to note smaller species 

were excluded from this study including the Peromyscus maniculates (Deer mouse) due to 

size.  

Each recorded image had a photograph of the animal, and the time, temperature, 

and date of the photograph. All images were then processed, and the species identified. 

Data was recorded in a Microsoft Excel worksheet, and summative data calculated for the 

number of the same species, and the number of different species detected for one day. 

Cameras operated continuously over a 24-hour period and were fixed to an aggressive 

setting, taking five pictures within a five to seven second interval. The species triggered an 

infrared sensor and, within two seconds the camera took a group of pictures. If the same 
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animal remained in the sensor beam, several sets of pictures were taken.  During processing 

of the images, these were counted as one animal encounter. Table 11 has the total number 

of species observed for each camera during the 71 day period. This study was unable to 

identify specific individuals and therefore every photograph, or series of photographs was 

counted as an observation. 

 

 
 

Table 11 Total Number of Detections for Cameras A, B, C, F, G, H, I, J.  The 71 day period for all 8 working 

camera traps to be working simultaneously at Sites 1, 2 and 3. 

 

 

 

 

 

 

 

SITES SITE 1 SITE 2 SITE 3 

Cameras A B C F G H I J 

# of Camera Trap Days 71 71 71 71 71 71 71 71 

BLACK BEAR Ursus americanus 12 4 6 41 48 18 0 0 

DEER Odocoileus 

virginianus 

17 35 156 25 13 4 79 15 

BOBCAT Lynx rufus 2 1 5 0 0 0 0 0 

COYOTE Canis latrans 0 0 2 5 3 0 1 15 

FOX, RED Vulpes vulpes 0 3 0 0 0 0 0 7 

RACCOON Procyon lotor 33 76 15 13 8 45 13 66 

OPOSSUM Didelphis virginiana 0 5 0 1 0 0 0 0 

SQUIRREL, 

GREY 

Sciurus carolinensis 0 2 0 4 0 11 0 2 

WILD 

TURKEY 

Meleagris gallopavo 0 0 100 0 0 0 5 2 

TOTAL 64 126 284 89 72 78 98 107 

# of species 4 7 6 6 4 5 4 9 



 

54 

 

 

Site 1 (Field Station) 
 

Site 1 had a total of three cameras on the property being used for data analysis.  Out 

of the sixteen expected species potentially present in the riparian forest community 

previously mentioned, nine different species were accounted for at least once on cameras 

A, B, and C (Figure 15).  Two out of these three cameras (Camera C and B) recorded the 

presence of human activities. The nine species that were recorded on the property included 

avian species Meleagris gallopavo (turkey) and mammalian species Ursus americanus 

(black bear), Odocoileus virginianus (white-tail deer), Sciurus carolinensis (grey squirrel), 

Sciurus niger (fox squirrel), Procyon lotor (raccoon), Lynx rufus (bobcat), Canis latrans 

(coyote), Vulpes vulpes (red fox), as well as the only marsupial in North America Didelphis 

virginiana (opossum). The camera trap success rate was calculated for the entire site at 

2.22 (total number of species observed/trap nights).  Today, cameras are still being used at 

Site 1 for further investigation. 
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Camera A 

 

Camera A was the farthest from any human disturbance or activity on the property. 

Six different species were found within the detection zone including Ursus americanus 

(black bear), Odocoileus virginianus (white-tail deer), Sciurus carolinensis (grey squirrel), 

Procyon lotor (raccoon), Lynx rufus (bobcat), Mustela frenata, and Canis latrans (coyote). 

The graph below shows the number of species detected between July 1st and September 

10th (Figure 16). Bear and deer were observed at camera A primarily crossing perpendicular 

to the stream. Raccoon and bobcat were observed using the stream as a corridor as they 

walked along the stream. The overall habitat vegetation was deciduous forest and greater 
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Figure 15 Number of Detections Site 1. The number of different species detected for cameras A, B, C. 
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than 50 meters from the closest human trail. The camera was positioned over the stream 

facing downstream (SSE) overlooking an intersection of a game trail and the stream. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Camera B 

 

Seven different species were recorded at this location including black bear, deer, 

bobcat, raccoon, red fox, opossum and grey squirrel. This area had the highest species 

richness throughout the 71 day period. The graph below shows the total number of species 

of observed in the area, with raccoon as the highest frequency and deer with the second 

highest frequency (Figure 17). A total of 126 observations were made at this location 

identifying species as well as human activities. Human activities (i.e. bird banding) 
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Figure 16 Camera A (Site 1). Total number of different species detected for camera A.  
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occurred on weekly basis in July in the morning hours. One afternoon in July, two classes 

of students sized 10-12 were investigating wildlife in the area.  This camera was located 

closest to the house, facing upstream in a north-west direction. This area was similar to 

camera A with an intersection between a game trail and stream. Once again raccoons, and 

bobcats were observed using the stream as corridor and black bear, fox and white-tailed 

deer were observed in the area as crossing the stream using the trail as needed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Camera C 

 

The number of species observed at this location had the second highest species 

richness with six different species including black bear, deer, turkey, coyote, raccoon, and 

bobcat. The graph below shows the number of species with deer as the highest frequency 
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Figure 17 Camera B (Site 1). Total number of different species detected for camera B. 



 

58 

 

of observations and turkey the second highest frequency (Figure 18). Human activities 

were present at this location with hiking and mowing the lawn on a weekly basis. This area 

had the most activity, with the total number of species, and second highest number of 

human activities found on the property with 10 different detections.  The camera was 

positioned on a fence facing east-south east, overlooking an intersection of a land bridge 

and a stream. The bridge was used by many species including deer, fox, and black bear.  

Species including raccoon, bobcat, turkey and deer were observed both walking parallel 

with the stream and crossing over the bridge. A total of 284 observations were made with 

the majority of them deer and turkey. The vegetation surrounding the camera is deciduous 

forest, hay/pasture and riparian forest. 
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Site 2 (Conservation Area) 
 

A total of four cameras were positioned on the property. The cameras were 

positioned where no human activity/disturbances would be taking place. All cameras were 

recovered on October 22nd 2015 expect for camera E which was destroyed by a black bear. 

The remaining cameras F, G, H were positioned along the riparian forested community. 

Figure 19 below show the total number of species observed at Site 2 as well as the true 

diversity for each camera and site. Cameras in Site 2 were the closest distance between one 

another, compared to Sites 1 and 2. The closest two cameras found in Site 2 were <20m a 

part show in Figure 10 in chapter 2. The species found in Site 2 include Meleagris 

gallopavo (turkey) and mammals Ursus americanus (black bear), Odocoileus virginianus 

(white-tail deer), Sciurus carolinensis (grey squirrel), Procyon lotor (raccoon), Mephitis 

mephitis (skunk), Canis latrans (coyote), and marsupial Didelphis virginiana (opossum). 

The camera trap success rate was 1.22/night at Site 2. 
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Camera F 

 

Camera F had the second highest number of observations (41 detections) for black 

bears, from all cameras used in the study (Figure 20). Other species detected in this area 

included coyote, deer, raccoon, opossum, and grey squirrel. The camera area had a tributary 

flowing into a larger stream. Due to the configuration of the Site, water was not in the 

detection zone of the camera.  

However the stream was less than four meters from the camera. The camera was 

placed facing west-northwest, in the direction of game trail that was highly active seen by 

footprints and scratches.  Species were observed following the game trail, and walking 
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parallel with the stream. The overall landscape for this area was completely deciduous 

forest located in a ravine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Camera G 

 

This camera was positioned facing away from the stream, due to the numerous signs 

of bear activity in that area. It was aligned with a game trail that would detect species 

walking towards or away from the stream. There was a total of four species detected 

including bear, deer, coyote and raccoon (Figure 21). The highest number of black bears 

were counted here, with 48 different detections in the time frame. Most species walked 

along the game trail found perpendicular to the stream. Black bears began noticing the 
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Figure 20 Camera F (Site 2). Total number of different species detected for camera F. 
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camera after one month, and began to actively interact with the camera almost like a toy. 

After July 31st the camera was moved several times becoming twisted and slightly found 

in different orientation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Camera H 

 

Camera H was positioned along the shoreline of the riparian stream, two meters 

above the ground in the ravine. The ravine in this area extended 10-30m across before 

beginning to increase in elevation.  Species that were detected by this camera include black 

bear, deer, raccoon and squirrels (Figure 22). The camera observed raccoons foraging for 

food (i.e. crayfish) in the stream. Black bears as well squirrels were observed in the stream 
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Figure 21 Camera G (Site 2). Total number of different species detected for camera G. 
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drinking or walking parallel to the shore.  The overall landscape was a deciduous forest. 

The camera orientation had been moved after two months of activity due to the black bears.. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site 3 (Active Farm) 
 

Site 3 had two cameras (I and J) on the property being used for data analysis.  

Camera K was not able to be used because the battery life was terminated on July 24th. All 

cameras were in areas of riparian forest, and captured a total of eight different species.  The 

species found in Site 3 were avian species Meleagris gallopavo (wild turkey) and 

mammalian species, Odocoileus virginianus (white-tail deer), Sciurus carolinensis (grey 

squirrel), Procyon lotor (raccoon), Canis latrans (coyote), Vulpes vulpes (red fox), and 

Mephitis mephitis (striped skunk). Two unexpected species that were detected on the 
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Figure 22 Camera H (Site 2). Total number of different species detected for camera H. 
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property Ardea Herodias (great blue heron) and a Marmota monax (Ground hog). Other 

species that were detected included domesticated dogs, cows, and horses usually with 

humans present. Figure 23 shows site 3 and the total number of species and their 

abundances during the 71 day period. The success of the camera traps was calculated at a 

rate of 1.44 total species observed/ total trap night. 

 

 

 

 

 

 

 

Camera I 

 

Four species were detected at camera I including deer, raccoon, coyote and wild 

turkey (Figure 24). The camera was three meters from the surface of the water because of 

the depth of the creek bed below the landscape. The camera was locked on to a tree oriented 
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south and upstream.  The four species detected were using the stream as corridor walking 

parallel with the stream. Species rarely walked perpendicular to the stream due to the high 

banks of the stream. The surrounding area was forested with a minor flood plain separating 

two areas of deciduous forest. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Camera J 

 

Camera J had nine different species detected at its location including Meleagris 

gallopavo (wild turkey) and Ardea Herodias (great blue heron) and mammalian species 

Marmota monax (ground hog), Odocoileus virginianus (white-tail deer), Sciurus 

carolinensis (grey squirrel), Procyon lotor (raccoon), Canis latrans (coyote), Vulpes vulpes 

(red fox), and Mephitis mephitis (striped skunk) (Figure 25). The camera was located on 
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Figure 24 Camera I (Site 3). Total number of different species detected for camera I. 
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the western edge of the property in a deciduous forest. The area had two horseback riding 

trails one parallel to the stream and one perpendicular to the stream where people could 

cross. The camera was attached to an overhanging tree where the detection area included 

part of the stream and the horse trail perpendicular to the stream. The activity for this area 

was dominated by raccoons foraging in the stream, while other species were observed 

crossing the stream while staying to the horse trail. There were many observation of 

humans along this trail. The horseback riders and hikers had the highest frequency of any 

other camera, with 13 separate appearances.  Other species that were present but not 

counted were cows. Cows were detected on daily basis beginning August the 12th to 

September the 9th. This potentially prevented other mammals and birds into the area. 
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Species Diversity 
 

When studying a specific habitat or community, scientists look to calculate the 

species diversity for a particular area (Chao & Jost, 2010, Pielou, 1966).  Diversity is the 

number of species in a community (richness) and how similar the abundance of different 

species is in a community (evenness). These do not take into consideration ecological 

differences such as prey-predator population dynamics, but are simply abundance numbers. 

Both of these terms, richness and evenness, contribute to the complexity of defining 

diversity (Chao & Jost, 2010, Smith & Wilson, 1996). Species richness and evenness will 

be the primary focus and will be calculated and analyzed in this study.    

Species richness is defined as simply the total number of different species detected 

in the site. The more species present in a sample, the 'richer' the sample. It gives as much 

weight to a species with very few individuals, such as an opossum (6 images Camera B) as 

those with many individuals such as white deer (103 images Camera B).   

“S” is commonly used as an index for measuring species richness and can be 

summarized as Equation 1. This provides direct information on the different types of 

species observed from one site to another. 

 

 

 

 

 

 

Species Richness S = different types of species  

Equation 1 Species Richness 
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The species richness is found in Table 12. Camera B has the most species richness 

with seven different species. Site 1 had nine different species (black bear, deer, bobcat, 

coyote, red fox, raccoon, opossum, grey squirrel, and wild turkey). The lowest species 

richness found were cameras G, H, and I with four species detected. Site 2 and Site 3 each 

had a total of six different species detected. 

 

 

Table 12 Species Richness for Individual Cameras and Sites 

 

 

 

Species Evenness is a measure of the relative abundance of the different species 

making up the richness of an area. The species evenness was calculated by camera and by 

Site. Species evenness was calculated from Eq. 2. Table 13 shows the definition of ranking 

evenness low moderate and high. The higher evenness the greater the diversity of the 

community or site (Heip, 1974, Jost, 2010). Low evenness is found when one or two specie 

dominate the number of species found in the community or site. Evenness is calculated 

below: Site 1 (Field Station) Tables 14-16, Site 2 (Conservation Area) Tables 17-19, Site 

3 (Active Farm) Tables 20 & 21 and individual Sites are found in Tables 22-24. 

Species Richness for Individual Cameras and Sites 

Camera A B C F G H  I  J 

S (Species Richness) 4 7 6 6 4 4 4 6 

Sites Site 1 Site 2 Site 3 

S (Species Richness) 9 6 6 



 

69 

 

 

 

 

 

 

 

Table 13 Definition of Low, Moderate, High Evenness. 

 

 

 

 

 

 

 

 

Table 14 Species Evenness Camera A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evenness Definition of Low Moderate, High Evenness 

Low Species evenness is low when one species detected in 

the community is greater than 65%. 

Moderate Species evenness is moderate when the greatest 

abundance is lower than 65% and two species 

detected has a greater abundance than 15%.  

High Species evenness is high when the greatest 

abundance (%) is less than 50% and three species or 

more in the community greater 15%. 

(Site 1) Camera A 

Species # of species detected  % 

BLACK BEAR 12 19 

DEER 17 27 

BOBCAT 2 3 

COYOTE 0 0 

FOX, RED 0 0 

RACCOON 33 52 

OPOSSUM 0 0 

SQUIRREL, GREY 0 0 

WILD TURKEY 0 0 

Total 64 Moderate 

(Individual species / total number of species)*100 = Species Evenness (%) 

Equation 2 Species Evenness 
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Table 15 Species Evenness Camera B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 16 Species Evenness Camera C 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

(Site 1) Camera B 

Species # of species detected % 

BLACK BEAR 4 3 

DEER 35 28 

BOBCAT 1 1 

COYOTE 0 0 

FOX, RED 3 2 

RACCOON 76 60 

OPOSSUM 5 4 

SQUIRREL, GREY 2 2 

WILD TURKEY 0 0 

Total 126 Moderate 

(Site 1) Camera C 

Species # of species detected % 

BLACK BEAR 6 2 

DEER 156 55 

BOBCAT 5 2 

COYOTE 2 1 

FOX, RED 0 0 

RACCOON 15 5 

OPOSSUM 0 0 

SQUIRREL, GREY 0 0 

WILD TURKEY 100 35 

Total 284 Moderate 
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Table 17 Species Evenness Camera F 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 18 Species Evenness Camera G 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Site 2) Camera F 

Species # of species detected % 

BLACK BEAR 41 46 

DEER 25 28 

BOBCAT 0 0 

COYOTE 5 6 

FOX, RED 0 0 

RACCOON 13 15 

OPOSSUM 1 1 

SQUIRREL, GREY 4 4 

WILD TURKEY 0 0 

Total 89 High 

(Site 2) Camera G 

Species # of species detected % 

BLACK BEAR 48 67 

DEER 13 18 

BOBCAT 0 0 

COYOTE 3 4 

FOX, RED 0 0 

RACCOON 8 11 

OPOSSUM 0 0 

SQUIRREL, GREY 0 0 

WILD TURKEY 0 0 

Total 72 Moderate 
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Table 19 Species Evenness Camera H 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 20 Species Evenness Camera I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Site 2) Camera H 

Species # of species detected % 

BLACK BEAR 18 23 

DEER 4 5 

BOBCAT 0 0 

COYOTE 0 0 

FOX, RED 0 0 

RACCOON 45 58 

OPOSSUM 0 0 

SQUIRREL, GREY 11 14 

WILD TURKEY 0 0 

Total 78 Moderate 

(Site 3) Camera I 

Species # of species detected % 

BLACK BEAR 0 0 

DEER 79 81 

BOBCAT 0 0 

COYOTE 1 1 

FOX, RED 0 0 

RACCOON 13 13 

OPOSSUM 0 0 

SQUIRREL, GREY 0 0 

WILD TURKEY 5 5 

Total 98 Low 
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Table 21 Species Evenness Camera J 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 22 Species Evenness Site 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Site 3) Camera J 

Species # of species detected % 

BLACK BEAR 0 0 

DEER 15 14 

BOBCAT 0 0 

COYOTE 15 14 

FOX, RED 7 7 

RACCOON 66 62 

OPOSSUM 0 0 

SQUIRREL, GREY 2 2 

WILD TURKEY 2 2 

Total 107 Moderate 

SITE 1 

Species # of species detected % 

BLACK BEAR 22 5 

DEER 208 44 

BOBCAT 8 2 

COYOTE 2 <1 

FOX, RED 3 1 

RACCOON 124 26 

OPOSSUM 5 1 

SQUIRREL, GREY 2 0 

WILD TURKEY 100 21 

TOTAL 474 High 
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Table 23 Species Evenness Site 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 24 Species Evenness Site 3 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Site 2 
Site 2 # of species detected % 

BLACK BEAR 107 45 

DEER 42 18 

BOBCAT 0 0 

COYOTE 8 3 

FOX, RED 0 0 

RACCOON 66 28 

OPOSSUM 1 <1 

SQUIRREL, GREY 15 6 

WILD TURKEY 0 0 

TOTAL 239 High 

 Site 3  

Site 3 # of species % 

BLACK BEAR 0 0 

DEER 94 46 

BOBCAT 0 0 

COYOTE 16 8 

FOX, RED 7 3 

RACCOON 79 39 

OPOSSUM 0 0 

SQUIRREL, GREY 2 1 

WILD TURKEY 7 3 

TOTAL 205 Moderate 
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Relative Abundance Index 
 

This index was created to understand and monitor the wildlife diversity using 

camera traps from Liu et al. (2013) monitoring wildlife diversity in Guanyinshan Nature 

Reserve of Shaanxi, China. The relative abundance index (RAI) is based on a formula in 

Equation 3: 

 

 

 

 

 

 

Ai is the total number of captures of a species by all cameras in that particular site, observed 

in Site 1, 2, or 3. N equals the total number of captures for all species detected during the 

study period at that particular site. RAI was calculated separately for each site. The 

abundance of species detected can be found in the graph below separated by individual 

species and sites. The abundance is the use of the species and not the total number of 

species present. For, example if a deer is detected 15 times in period time and a black bear 

is detected 6 times. The abundance of white-tailed deer would be greater than the black 

bear. The deer would be considered to be using area more than the black bears. The 

frequency of the species rather the actual number of species is being measured.  This value 

is similar to the evenness calculation in equation 2, with the only difference comparing the 

species detected and comparing sites (1, 2, and 3).   Excluded species from the relative 

abundance index were ground hog, skunk, and great blue heron. Figure 26 and Table 25 

RAI = (Ai/N)*100 

Equation 3 Relative Abundance Index 
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show relative abundance index with number of detections vs. the number of different 

species detected in each site.  
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                       Table 25 Relative Abundance Index Sites 1, 2, and 3 

 

 

 

 

 

 

 

  

 

 

 

 

Relative Abundance Index 

Species Site 1 Site 2 Site 3 

BLACK BEAR 5 45 0 

DEER 44 18 46 

BOBCAT 2 0 0 

COYOTE <1 3 8 

FOX, RED 1 0 3 

RACCOON 26 28 39 

OPOSSUM 1 <1 0 

SQUIRREL, GREY <1 6 1 

WILD TURKEY 21 0 3 
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CHAPTER FOUR 

Models 
 

Today, many mathematical formulas have been developed to determine a better 

measure of species diversity in a single community, as well as the comparisons of two or 

more communities within one or more landscapes. The definition of diversity is complex, 

and many articles have analyzed different models to establish a comprehensive unit of 

measurement (Heip, 1966, Jost, 2006, Vackar et al. 2012).  Some models include only 

species richness (S) such as the Jaccard Index and Whittaker Index and some more complex 

models include both S and evenness (E) such as Shannon-Wiener Index (H), and the 

Simpson Index (D).   Their use and assessments can be found in a plethora of peer-reviewed 

literature (Heip, 1966, Jost, 2006, Chao & Jost, 2010, Vacker et al. 2012, Whittaker, 1972, 

Hill, 1973). This, in essence, has created confusion when analyzing the species diversity 

of a community, and difficulties in understanding how these diversity equations are related 

to one another (Jost, 2006).   

This study focuses on the difference in the magnitude of the differences in species 

diversity at three different sites (1, 2, and 3). In this thesis, we will use Jaccard (SCj), 

Whittaker (α,β,γ), Shannon (H) and Simpson (D) models to calculate the diversity between 

Site 1, 2, and 3, and between Cameras A-J.  Then we will examine the concept of true 

diversity with respect to these models, and the effective number of species. It is important 
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understand these measurements are all different and are not “one size fits all” when 

measuring species diversity. The new concept of “true diversity” will discussed at the end 

of this chapter known as “effective species” or “number of effective species” (Jost, 2006; 

Tuomisto, 2010). This new work builds on and modifies the other models mentioned 

above. All these Indices will be calculated below, and used to see how they work with the 

previously described data sets collected at Sites 1, 2 and 3. 

Jaccard’s Index 

 

The Jaccard’s index, originally coined the Coefficient de Communauté by 

Jaccard, and also known as the Jaccard’s Similarity Coefficient, is a statistical method 

used for comparing the similarity of richness (S) for two sample sets (Hwang, & Yang, 

2014).  In 1912, Paul Jaccard (18 November 1868 - 9 May 1944) presented the method in 

his 1912 study The Distribution of the Flora in the Alpine Zone. He studied the 

distribution of alpine grasslands, finding the similarity of species found in three basins at 

high altitudes.  

A and B show the finite sample size from two different sites, and (c) shows the 

similarity between samples or species from A and B (Figure 24). The Jaccard coefficient 

is defined by the size of the intersection (c) divided by size of the 2 sample sets minus the 

intersection (Equation 4). The species richness (S) is the only data inputted into this model. 

Jaccard’s coefficient is formulated to be between 0 and 1. The higher the coefficient, the 

greater the similarity between A and B. 
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Jaccard’ Index coefficient (SCj) will be used to compare the similarity between all 

3 Sites and then to compare between cameras A, B, C, (Site 1), F, G, H (Site 2) and I, and 

J (Site 3) Tables 26-29 below shows the coefficients calculated for all cameras and all Sites. 

The Jaccard’s coefficient takes into consideration only one area of species diversity, 

species richness (S). The coefficient is between 0 and 1 with 1 indicating a high similarity 

(i.e. identical) between the number of different species found between 2 different cameras 

or sites.  If the coefficient is zero, the sites have no similarity. The higher the coefficient, 

the greater the similarity between species found between each site or each camera. Jaccard 

Index has been shown to be very similar to the Sorensen Index, so only the Jaccard will be 

calculated in this study.   

SC
j
 = (c/A+B-c) 

Figure 27 Jaccard's Index 

Equation 4 Jaccards’ Index 
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Table 26 Jaccard’s Index (SCj) Sites 1&2, Sites 2&3, and Sites 1&3.  

 

 

 

 

 

 

 

 

Table 27 Jaccard’s Index (SCj ) Field Station. Cameras A&B, B&C, C&A. 

 

 

 

 

 

 

 

 

Table 28 Jaccard Index (SCj ) Conservation Area. Cameras F&G,  

G&H, F&H.  

 

 

 

 

 

 

Sites Jaccard's Index (SCj)

  

1 (Field Station) & 2 (Conservation Area) 0.556 

2 (Conservation Area) & 3 (Active Farm) 0.5 

1 (Field Station) & 3 (Active Farm) 0.4 

Site 1 Field Station 

(Cameras A, B, C) 

Jaccard’s Index 

(SCj) 

A&B 0.571 

B&C 0.444 

C&A 0.667 

Mean 0.561 

Std. Dev. 0.111 

Std. error 0.066 

Site 2 Conservation Area 

(Cameras F, G, H) 

Jaccard’s Index 

(SCj) 

F&G 0.667 

G&H 0.600 

F&H 0.667 

Mean 0.645 

Std. Dev. 0.039 

Std. error 0.022 
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The greatest coefficient among Sites (Table 26) is between Sites 1 & 2, with a 

calculated value of 0.556. This similarity may potentially show how some species are not 

influenced by small numbers of human activities, or a small amount of habitat 

fragmentation. Species found in both communities were bear, deer, raccoon, and coyote. 

Species that are rare found in Site 1 (Field Station) and not Site 2 include turkey and bobcat.  

The lowest coefficient among Sites (Table 26) is between Sites 1 & 3, with a calculated 

value 0.4.  Site 1 (Field Station) is a managed habitat with few human interactions, Site 3 

(Active Farm) has the highest number of interactions with humans, domestic dogs, horses 

and cows, and is the most highly fragmented. 

The greatest mean coefficient between cameras was in Site 2 with average 

coefficient, 0.645 between F&G, F&H, and G&H. Cameras in Site 2 are placed in the 

riparian forest, away from any human interaction, and they are the cameras that are the 

closest together from any other site. Therefore, this is as expected with high similarity 

between cameras.  The lowest coefficient was found in Site 1 between cameras B&C with 

0.444. Camera B has greater area of riparian forest compared to Camera C which has an 

ecological edge with riparian forest, and hay/pasture land cover. The difference is the edge 

habitats that result in a positive outcome for the number of different species present, due 

the differences in habitat surrounding the camera. Therefore the coefficient calculated is 

lower than other cameras compared to one another (see Edge Effect, Figure 6, Chapter 1). 

Whittaker Index 

 

In 1972, Whittaker (December 27, 1920-October 20, 1980) introduced the terms 

alpha (α-diversity), beta (β-diversity) and gamma diversity (γ-diversity). He was an 
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American plant ecologist and a leading scientists in the field of gradient analysis with plant 

species (Westman & Peet, 1982). Alpha, beta, and gamma have, over the years, been found 

to help understand and analyze species diversity in several communities for a single 

landscape. Alpha diversity is defined as the species richness or mean species richness (S, 

or approximately equal to S, depending on the study) for each community at the local scale 

(Whittaker, 1972). For example, species richness (S) at Camera B = 7 and at Camera C = 

6. Beta diversity is the change of species between the two landscapes, or in this case Sites 

or camera collection sites. Camera B has 7 species (black ear, white-tailed -deer, bobcat, 

raccoon, red fox, opossum and grey squirrel) and Camera C has 6 species (black bear, 

white-tailed deer, bobcat, raccoon, coyote, and turkey).  Beta diversity will be 3 (Red Fox, 

Opossum, Grey Squirrel) + 2 (Coyote, Turkey) = 5.  

Gamma diversity is the total number of species in a landscape which is determined 

by alpha and beta in equation 5. 

 

 

 

 

 

This study has identified eight communities (cameras locations) defined in three 

different landscapes (sites). Tables (29-31) below shows how alpha, beta and gamma 

diversity is calculated for Sites 1, 2, and 3. 

 

 

 

α + β = γ OR α * β = γ  

Equation 5 Whittaker Model. Alpha, Beta, Gamma 
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Table 29 Whittaker Index Site 1. Alpha, Beta and Gamma 

 

 

 

 

 

 

 

 

 

 

 

 
Table 30 Whittaker Index Site 2. Alpha, Beta and Gamma 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

(Field Station) Site 1 

Whittaker Index 

Species Camera A Camera B Camera C 

BLACK BEAR X X X 

DEER X X X 

BOBCAT X X X 

COYOTE   X 

FOX, RED  X  

RACCOON X X X 

OPOSSUM  X  

SQUIRREL, GREY  X  

WILD TURKEY   X 

Alpha 4 7 6 

Beta A&B   3 B&C 4 C&A  2 

Gamma 7 11 8 

Conservation Area Site 2                                                                    

Whittaker Index 

Species Camera F Camera G Camera H 

BLACK BEAR X X X 

DEER X X X 

BOBCAT    

COYOTE X X  

FOX, RED    

RACCOON X X X 

OPOSSUM X   

SQUIRREL, GREY X  X 

WILD TURKEY       

Alpha 6 4 4 

Beta F&H   2 F&G  2 G&H  2  

Gamma 8 6 6 
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Table 31 Whittaker Index Site 3. Alpha, Beta and Gamma 

 

 

 

 

 

 

 

 

 

 
 

 

Table 32 Whittaker Index Sites 1, 2 and 3.  Alpha, Gamma, and Beta 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Active Farm Site 3  

Whittaker Index 

Species Camera I Camera J 

BLACK BEAR   

DEER X X 

BOBCAT   

COYOTE X X 

FOX, RED  X 

RACCOON X X 

OPOSSUM  X 

SQUIRREL, GREY  X 

WILD TURKEY X  

Alpha 4 6 

Beta I &J     4  

Gamma 8   

Sites 1, 2, and 3 Whittaker Model 

Species SITE 1 SITE 2 SITE 3 

BLACK BEAR X X   

DEER X X X 

BOBCAT X     

COYOTE X X X 

FOX, RED X   X 

RACCOON X X X 

OPOSSUM X X X 

SQUIRREL, 

GREY 

X X X 

WILD TURKEY X   X 

Alpha  9 6 6 

Beta (1 & 2) 3 (2 &3)  3 (1 &3) 3 

Gamma 12 9 9 
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The Whittaker Index shows alpha (species richness), beta and gamma in Tables 29-

31 and Table 32 displays Sites (1, 2, and 3) using the Whittaker model. This model is 

similar to Jaccard’s Index but instead of a coefficient, the beta is measured by the change 

of species richness between the two communities (cameras) or landscapes (sites). The 

greatest beta diversity were Cameras (I&J) and (B&C) both with a value of 4. The beta 

diversity between all sites (Sites (1&2, 2&3, and 1&3) was a value of 3. This means that 

they all have the same difference in species with an absence of 3 species. Gamma diversity 

is the addition of alpha and beta. The greatest gamma was Site (1&2) with a value of 12. 

Site 2 had the second highest gamma with a value of 11. The Whittaker model and Jaccard 

Index are ideally used for diversity when calculating species richness in a community to 

understand the different types of species with in an entire landscape. The frequency of a 

particular species is not well represented within these two models.  

The next two indexes calculated are the Shannon Index and the Simpson Index.  

These take into account both species richness (S) and species evenness (E) which would 

appear to be much more of a comparison of species diversity.  Species frequencies 

indicate diversity as much as species presence of absence. 

Shannon-Wiener Index 

 

The Shannon-Wiener Index (H) also known as the Shannon-Wiener index, or 

Shannon-Weaver index or Shannon entropy, is a measure of diversity. Claude Elwood 

Shannon (April 30, 1916 – February 24, 2001) published a book The Mathematical Theory 

of Communication (Shannon & Weaver, 1949) in 2 parts, the second part jointly authored 
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with Warren Weaver. Shannon was an American mathematician, electrical engineer, and 

cryptographer known as “the father of information theory” and not a biologist (James, 

2009). The measure was developed to quantify the entropy (uncertainty of information 

content, or degree of surprise) in strings of text.  Simply put, the more letters that are 

possible in a string of characters, and the more evenness the chance is of getting any of the 

letters, the more difficult it will be to guess the correct next letter. Or, for this study, the 

uncertainty in predicting the identity of a species that will be caught on camera the next 

time there is an animal detected by the camera trap. For example, it would be easier to 

predict that a white deer (103 images Camera B) would be in the next photograph at camera 

B rather than an opossum (6 images Camera B).  

The Shannon-Wiener Index is defined in Equation 6 and reflects both evenness and 

richness (Roth et al., 1994). It is hypothesized that as evenness and species richness 

increase, diversity increases (Spellerberg & Feder, 2003, Tuomisto, 2010).  The common 

index that is used for this measurement is ‘H’ (Spellerberg & Feder, 2003). 

 

 

 

 

H = 
 

 

 

The Shannon-Wiener Index equation is made up of three parts. Where pi is the 

proportion of individuals of the ith species, and S is the total number of species (Roth et. 

al. 1994). The species natural logarithm ln(pi) is multiplied by the probability (pi), and is 

finally summed for each species to find ‘H’. If nearly all the individuals are of one species, 





S

1i

ii plnp

Equation 6 Shannon-Wiener Index
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the Shannon index or entropy approaches 0. (i.e. no uncertainty in predicting the next 

animal type). Values calculated by the Index are usually between 1.5 and 3.5 in most 

ecological studies, 1.5 for systems with low species richness and evenness to 3.5 for 

systems with high species evenness and richness (McDonald, 2003; Magurran, 2004).  

Very rarely is the index greater than 4 (Magurran, 2004).  

In addition, the Shannon Evenness Index indicates the relative abundance of species 

in terms of evenness, and is based on the Shannon diversity index (Roth et al., 1994). 

Equation 7 is the Shannon Evenness Index (E). 

 

 

 

 

 

 

 

 

 

 

 

 

where H is the Shannon’s diversity index (Shannon’s entropy) shown in equation 6 and 

Hmax is the natural logarithm of S. The number calculated is between 0 and 1 with a 

value of 1 being perfect evenness and 0 having no evenness. A community dominated by 

two or three species is considered to be less diverse than one in which many different 

species have a similar abundance.  

These formulas are used to calculate the diversity (H) and evenness (E) found for 

each camera, and then used to compare diversity between the 3 sites. Common species 

detected at all three sites included white-tailed deer, raccoon, coyote and grey squirrel.  

E = ‘H’/ Hmax = ‘H’/ln S 

Equation 7 Shannon Evenness Index 
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Table 33 shows the difference in species evenness (E), species richness (S) and 

entropy or diversity (H) at Sites 1, 2, and 3. Tables 34-36 show the evenness (E), richness 

(S), and entropy (H) for each of the cameras in Sites 1, 2, and 3 as well as the descriptive 

statistics. 

 

 

 

 

 
Table 33 Shannon-Wiener Index Sites 1, 2, 3. Species richness, species evenness, and entropy. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 34 Shannon Wiener Index Field Station. Species richness, species richness and entropy  

Cameras A, B, C 

 

 

 

 

 

 

 

 

 

 

 

 

 

Species Evenness Species Richness, and Entropy 

Sites 1, 2, and 3 
Site  Species 

Richness (S) 

Species 

Evenness (E) 

Entropy 

(H)  

1 (Field Station) 9 0.627 1.378 

2 (Conservation Area) 6 0.761 1.364 

3 (Active Farm) 6 0.669 1.199 

Field Station (Site 1) 
Camera Species Richness 

(S) 

Species 

Evenness (E) 

 Entropy  

(H) 

A 4 0.8 1.116 

B 6 0.61 1.091 

C 6 0.58 1.039 

Mean 5.333 0.663 1.082 

Std. dev. 1.155 0.119 0.039 

Std. error 0.667 0.069 0.023 
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Table 35 Shannon Wiener Index Conservation Area. Species richness evenness, species evenness and entropy 

Cameras F, G, H 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 36 Shannon Wiener Index Active Farm. Species richness, species evenness and entropy Cameras I & J 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The highest evenness is Site 2 (Conservation Area). The highest richness is Site 1 

(Field Station). These seem to compensate with each other and show a similar species 

diversity (H) for sites 1 and 2.  All the H values are below 1.5, with the Site 3 (Active 

Farm) being the lowest, indicating that all sites have a low diversity of species. It is very 

Conservation Area (Site 2) 
Camera Species  Richness 

(S) 

Species Evenness 

(E) 

Shannon 

Entropy (H) 

F 6 0.75 1.346 

G 4 0.59 0.955 

H 4 0.78 1.084 

Mean 5.333 0.707 1.129 

Std. dev. 1.155 0.102 0.199 

Std. error 0.667 0.059 0.115 

Active Farm (Site 3) 
Camera Species Richness 

(S) 

Species 

Evenness (E) 

Shannon Entropy 

(H) 

I  4 0.24 0.328 

J 6 0.71 1.268 

Mean 5 0.475 0.798 

Std. dev 1.414 0.332 0.665 

Std. error 1 0.235 0.470 
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interesting that the evenness (E) and the Diversity (H) are very different when they are 

calculated for each camera and then a mean calculated, rather than being calculated for the 

site as a whole.  Active Farm has only 2 cameras, with a site evenness (E) of 0.669 and a 

site entropy (H) of 1.119, compared to a mean evenness (E) of 0.475 (0.24 and 0.71) and 

mean entropy (H) of 0.798 (0.328 – 1.268).  This highlights some of the problems with this 

index and whether it is a measure of true diversity.  This will be discussed below.  

Simpson Index 

 

The Simpson index was introduced in 1949 by Edward H. Simpson (born 10 

December 1922). He is a retired British civil servant and former statistician (Hugh, 2014). 

Today the index has evolved into more than one index, and is known as the Simpson’s 

Index (D), the Simpson’s Diversity Index (1-D), and the Simpson’s Reciprocal (1/D) 

(Ecological Sampling Methods, 1998).  Definition of each index has been applied in 

general format, and it is sometimes difficult to tell which index a study is using (Schen and 

Berger, 2014). This study will be focusing on the Simpson’s Index looking at the 

quantitative value of evenness in a sample (camera or site).  Simpson's Index (D) measures 

the probability that two individuals randomly selected from a sample will belong to the 

same species (Whittaker, 1972). 

The Simpson Index highlights the evenness by analyzing the dominance of specific 

species when detected.  There are two ways to calculate the Simpson Index (D). The 

expressions give the probability that of the two individuals drawn are the same, in Case 1 

the individual has been returned to the sample or in Case 2, the individual has not been 

returned to the sample when the second individual is drawn (Whittaker, 1972).  
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Eq. 8 is Case 1 where “n” remains constant. It finds the probability (pi) of each 

species being detected, then squaring (pi) and finding the sum of all species. Another 

approach is Equation. 9. The n is the total number of organisms of a particular species and 

the N is the total number of organisms of all species. The Simpson Index expresses the 

degree of “dominance”, so that a site with a high diversity (high S and E) will have a low 

dominance. If the evenness is low, there is a much higher probability of getting a certain 

species, and in Equation. 8, the probability is squared which emphasizes the dominance 

(Whittaker, 1972). 

The indices that are calculated yield values from 0 as infinite diversity to 1 as no 

diversity. The greater the value of D, the lower the diversity (Ecological Sampling 

Methods, 1998). Table 37 below show the Simpson Index using both equations at Sites 1, 

2, and 3 and tables 38-40 show the evenness for each camera using equation 8 and 9 as 

well as the descriptive statistics for Sites 1, 2, and 3. 

 

 

 

 

Equation 9 Simpson D Index (Case 1) Equation 8 Simpson D Index (Case 2) 
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Table 37 Simpson Index Sites, 1, 2, and 3. Species Richness Eq. 8 and Eq. 9.  

 

 

 

 

 

 

 

 

Table 38 Simpson Index Field Station. Species Richness Eq. 8 and Eq. 9 Cameras A, B, C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Site Species 

Richness 

Simpson Index (Eq. 8) Simpson Index (Eq. 9) 

Site 1 9 0.3081 0.3066 

Site 2 6 0.3127 0.3097 

Site 3 6 0.3673 0.3641 

Field Station (Site 1) 
Camera  Species Richness 

 (S) 

Simpson Index     

(Eq. 8) 

Simpson Index   

(Eq. 9) 

Camera A 4 0.373 0.363 

Camera B 7 0.444 0.440 

Camera C 6 0.429 0.427 

Mean 5.667 0.415 0.410 

Std. dev. 1.528 0.037 0.041 

Std. error 0.882 0.022 0.024 
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Table 39 Simpson Index Conservation Area. Species Richness Eq. 8 and Eq. 9 Cameras F, G, H 

 

 

 

 

 

 

 

 

 

 

Table 40 Simpson Index Active Farm. Eq. 8 and Eq. 9 Cameras I & J 

 

 

 

 

 

 

 

 

 

 

Table 37 shows the differences in species richness (S), Simpson Index (D) Eq. 8 

and Simpson Index (D) Eq. 9. There is essentially no significant difference in the values 

calculated between Simpson Index (D) for Eq. 8 and Eq. 9 for each site. The highest 

evenness (diversity) was Site 2 (Conservation Area) 0.3066 (Equation 9.). The lowest 

species evenness was found in Site 3 (Active Farm) in Equation 8, 0.3673. 

Conservation Area (Site 2) 

Camera  Species Richness  

(S) 

Simpson Index  

(Eq. 8) 

Simpson Index  

(Eq. 9) 

Camera F 6 0.318 0.310 

Camera G 4 0.491 0.484 

Camera H 4 0.409 0.401 

Mean 4.667 0.406 0.398 

Std. dev. 1.155 0.214 0.087 

Std. error 0.667 0.123 0.050 

Active Farm (Site 3) 
Camera  Species 

Richness  

(S) 

Simpson Index  

(Eq. 8) 

Simpson Index  

(Eq. 9) 

Camera I 4 0.670 0.667 

Camera J 6 0.391 0.345 

Mean 5 0.531 0.506 

Std. dev.  1.414 0.197 0.228 

Std. error 0.816 0.114 0.131 
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The highest evenness was Camera F, Site 2 (Conservation Area), 0.310. Site 2 had 

the highest mean species evenness (E), 0.398 (Equation 8). The second highest mean 

evenness was Site 1 (Field Station) 0.410 (Equation. 9). The data from all cameras 

indicated a greater diversity using Equation 9 rather than in Equation 8 with a difference 

of .002 (Camera C) to 0.046 (Camera K). The average difference between values of 

individual cameras was 0.011. This difference may be statistically significant and shows 

the importance of defining the model when measuring Simpson Index (D). 

 

Problems with Calculating Diversity 
 

After all these calculations, which one is the best way to understand diversity, and 

to be able to compare locations?  How do we quantify diversity?  What is true diversity? 

Over the last 50 years this has been the focus of hundreds of publications, and naturally, 

much disagreement.  

Both Jaccard and Whittaker, and by implication Sorenson, use only species richness 

(S) as an indicator of diversity.  This means that the frequency or evenness (E) of various 

species are not included in the calculation of diversity.  This has obvious implications. 

Species richness is the least informative and most imprecise diversity index, in the sense 

that it is more subject to random variation than any other index (Jost, Measuring Biological 

Diversity).  

It also creates unreasonable results between methodologies of calculating diversity, 

such as Jaccard (S only) with Shannon (S and E), and does not allow for a direct comparison 

from one diversity index to another (Jost, Diversity and Similarity Measures).  As shown 
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above and in much of the literature described today, different indices measure different 

aspects of abundance between species (Hill, 1973, Jost 2006).  Simpson’s Index, is 

sensitive to the abundance of species or dominance in a sample, compared to other statistics 

like Jaccard (SCj) and Shannon (S) are affected by the rarity of species in a sample (Hill, 

1973). 

 

Problems with Shannon Index 

 

In 2006, Jost used an example to show Shannon’s Diversity Index is an entropy 

(uncertainty), rather than an index of diversity. His example is modified for this paper. Two 

communities are presented.  Community A has 10 equally common species in a 

community, and community B has half the number of individuals, with 5 equally common 

species in a community. It would be assumed, that between the two communities, when 

calculating the Shannon diversity index (Shannon entropy), that community A’s value 

would be double that of community B. This is not the case however, and community A has 

a diversity index (H) of 2.30 and community B has a diversity index (H) of 1.6.  

Looking at this in reverse, we assume that any two communities with a Shannon 

entropy (Shannon-Wiener index) of 4.5 have the same diversity, according to this index.   

This is untrue.  4.5 can apply to many different communities with differing S and E values. 

An example in this study was Camera B with a value of 1.09 for (H) and Camera H has a 

values of (H) 1.08. The species richness difference between theses cameras was 2 (Camera 

B having 6 different species compared to Camera H with 4 different species). The species 
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evenness was significantly different as well with Camera H, value of 0.78, compared to 

Camera B with a species evenness of 0.61.  So, the Shannon diversity index is unable to be 

measured linearly, even though it takes into consideration both richness (S) and evenness 

(E) (Jost, 2006). This index therefore, does not give the expected result when we compare 

communities with different numbers of species.   

The Shannon entropy (H) only measures the uncertainty in predicting the species 

identity, rather than the diversity of the community (Jost, 2006). This has also been shown 

to be the case for the Simpson Index (D), favoring the dominance of a particular species 

(Whittaker, 1973, Jost, 2006).  Therefore, comparing the numbers obtained above, although 

valid for each model, is not the best measure to compare actual species diversity. 

The fact that the Shannon-Wiener Index incorporates both components of 

biodiversity (species evenness and species richness) can be seen as both a strength and a 

weakness (Magurren, 2004). One weakness in the Shannon (H) occurs when species 

richness (S) is not the same in both communities being compared. This is the case for most 

of the data collected for this thesis.  The strength is seen in incorporating species evenness 

(E) which includes the natural log of both the number of species present and the probability 

of species being present (Eq. 3). Currently, the method for calculating the Shannon-Wiener 

Index becomes impossible for communities that have species that are not found equally 

abundant in a community. The Shannon-Wiener Index has the advantage of favoring 

neither rare nor common species disproportionately and counts species according to their 

frequency known as Shannon entropy (H) (Jost, 2006). 
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True Diversity 

 

As Jost states in his 2006 paper, and in many of his more recent blogs (The New 

Synthesis of Diversity Indices and Similarity Measures) a true diversity index must provide 

a commonality, a common ground between the communities and their ability to be 

measured.  The idea is not to pick and calculate the diversity that is the best one, therefore 

it becomes necessary to look at the universal measurement of diversity and construct new 

or modify indexes to construct the true diversity.   

The aim is to have one equation, or a set of equations that can provide, true diversity 

for a set of collective properties or behaviors (cameras or sites) (Jost, 2006, 2016, Peet, 

1974). This allows the development of a general index of independent formulas and 

analytical techniques (Jost, 2006, Effective number of species). It is reasonable to say that 

a community with sixteen equally-common species is twice as diverse as a community with 

eight equally-common species, and the models developed should address this (Jost, 2006). 

Physics and economics have developed these tools, conceptually known as 

“effective number of elements” or “number equivalents” (Jost 2006, 2007). These numbers 

are used in physics and economics to find the number of equal elements to produce a value 

for an index, in this case a diversity index (Hill 1973, Jost, 2007). This idea is developed 

from Hill’s numbers and from the different methodologies used to define diversity (Hill, 

1973). 

When comparing communities, it is not only important to compare the statistical 

significance of differing communities, but the magnitude between species diversity (Jost, 

Diversity and Similarity Measures Blog). The magnitude of the difference between species 
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diversity, enables us to differentiate the biological importance of one site with respect to 

another (Jost, Diversity and Similarity Measures Blog). The second measure, is the 

statistical significance of the difference, to see if there is a real difference in the diversity 

of species from one community to another (Jost, Diversity and Similarity Measures Blog). 

This study focuses the biological magnitude between communities and sites, and compares 

the species diversity found in the communities and landscapes.  

Jost states the number of equally common species required to give a particular value 

of an index is called the “effective number of species” which is defined as the true diversity 

of the community (Jost, 2006, 2007, Chao & Jost, 2010, Effective Number of Species 

Blog).  

In 2006, Jost transformed the Shannon entropy (H) and Simpson Index (D) to 

become values of “true diversity”.  This concept of true diversity will be tested for this 

study below. The study will use these models to understand and analyze the differences in 

diversity among the three sites.   The transformation from Shannon entropy (standard 

diversity) to becoming true diversity is described in Equations 10, 11, and 12 (Jost, 2006).  

When there is a degree of dominance the Shannon’s effective number species, “true 

diversity” will be less than species richness and the Simpson effective number of species 

will be less than Shannon effective number of species (Tuomisto, 2010). 
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  Index x:       Diversity in terms of x:   Diversity in terms of pi : 

________________________________________________________________________  
 

Equation 10 Conversion of common indices for Species Richness 

Species richness x ≡    x    

 

 

 
Equation 11 Conversion of common indices from Shannon Entropy to True Diversity 

Shannon entropy x ≡   exp(x)   exp( )  

 

 
Equation 12 Conversion of common indices from Simpson Index to True Diversity 

 

Simpson concentration x ≡  

  1/x   1/  

 

 

 

 

 
Table 41 True Diversity Sites 1, 2, and 3. Species richness, species evenness, and entropy, True Diversity (exp 

(H)) and (1/D). 
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Sites 1, 2, and 3 True Diversity 
Sites Species 

Richness 

(S) 

Species 

Evenness 

(E) 

Shannon 

Entropy 

(H) 

True 

Diversity 

(H) 

Exp(H) 

True 

Diversity 

(D) 

(1/D) 

1 Field Station 9 0.627 1.37 3.96 3.245 

2 Conservation 

Area 

6 0.761 1.36 3.91 3.198 

3 Active Farm 6 0.669 1.2 3.32   2.72 



 

101 

 

 

 

The Shannon diversity index (Shannon Entropy) and Simpson Index (Simpson 

concentration) will be converted to “true diversity” also known as effective number of 

species. The Shannon entropy (H) is (x) in equation 11 becomes (exp(x)) and the Simpson 

Index (D) is shown as Simpson concentration becomes (1/E) equation 12 (Chao & Jost, 

2010, Jost, Effective Number of Species, Lefcheck, 2013). The mean, standard deviation, 

and standard error of the true diversity, evenness, and richness will be calculated for each 

Site below and cameras that make up each camera in Site 1, 2 and 3 (Tables 42, 43, 44). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 True Diversity (exp(H)) Sites 1, 2, and 3. Each column represents the true diversity for 

cameras A, B, C (blue) F, G, H (red), and I and J (orange).  
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Table 42 True Diversity Site 1. True diversity calculated for Shannon entropy (H) and Simpson Index (D), 

Cameras A, B, C with descriptive statistics 

 

 

 

 

 

 

 

 

 

 

 

 

 

True Diversity Site 1 
Camera True Diversity (D)  

(1/D) 

True Diversity (H) 

exp (H) 

A 2.68 3.05 

B 2.25 2.97 

C 2.324 2.82 

Mean 2.418 2.947 

Std. dev. 0.229 0.117 

Stand. error 1.396 1.701 
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Figure 29 True Diversity (1/D) Sites 1, 2, and 3. Each column represents the true diversity for 

cameras A, B, C (blue) F, G, H (red), and I and J (orange). 
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Table 43 True Diversity Site 2. True diversity calculated for Shannon entropy (H) and  

Simpson Index (D), Cameras F, G, H with descriptive statistics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 44 True Diversity Site 3. True diversity calculated for Shannon entropy (H) and Simpson 

Index (D), Cameras I & J with descriptive statistics 

 

 

 

 

 

 

 

 

 

 

 

 

 

True Diversity Site 2 
Camera True Diversity (D) 

(1/D) 

True Diversity (H) 

exp (H) 

D 3.14 3.84 

E 2.03 2.6 

F 2.45 2.95 

Mean 2.54 3.13 

Std. dev. 0.56 0.64 

Stand. error 1.47 1.81 

True Diversity Site 3 
Camera  True Diversity (D) 

(1/D) 

True Diversity (H) 

exp (H) 

I  1.49 1.39 

J 2.56 3.55 

Mean 2.025 2.469 

Std. dev. 0.76 1.53 

Std. error 1.43 1.75 
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Following the Simpson Index and Shannon Entropy converting both to ‘true 

diversity’, Site 2 remains to have the greatest mean of true diversity between all three sites 

with a value of 3.13. The site with lowest mean of true diversity (D) is Site 3, with a value 

of 2.025. Camera I has the lowest true diversity found with Simpson (D) 2.56. The anomaly 

is found in Camera J having the second greatest “true diversity” camera among all the 

cameras. Site 1 had the least variation between cameras and therefore had the lowest 

standard deviation. Site 1 has a high mean diversity of large vertebrate species at each 

camera. The impact of large vertebrate species is potentially effected by human 

disturbances and habitat management practices and will be discussed in the conclusion of 

the paper.  
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CHAPTER FIVE 

Conclusion 
 

This study used camera traps to assess the differences in large vertebrate species 

between three riparian forest communities in northern Virginia.  The difference between 

the sites were presence of human disturbances (habitat fragmentation and human 

activities). Camera traps were used to detect and measure the diversity of large vertebrate 

species with observed species versus expected species. Seven models were used to 

understand and compare the large vertebrate diversity of species between three Sites and 

eight Cameras. The hypothesis that the diversity of large vertebrate species in riparian 

forest communities is affected by human disturbances (human activities and habitat 

fragmentation) is supported in this study. 

The seven models used highlighted the complexity of defining and measuring 

diversity using species richness and species evenness. The models that were tested in this 

study distinguished diversity by three different methods, species richness, species 

evenness, or species richness and species evenness together. Ideally, when evaluating the 

seven models, the best models to measure species diversity should be the ones that 

incorporate both species richness and species evenness. The models with both of these 

terms integrated into the model are the Shannon Wiener Index, the Simpson Index and the 

Effective Number of Species.  However, even though the results for each model, and each 
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type of model yield a number for diversity, this study does not conclude that one model or 

model type is better than another for predicting species richness and evenness.   

The models (Simpson Index, Shannon Wiener Index and True Diversity) indicated 

the least mean diversity at Site 3.  Diversities calculated by all models indicated the 

similarities of Sites 1 and 2, with some models (i.e. Shannon Weiner Index and Whittaker 

Model) indicating highest diversity for Site 1, and some models (i.e. Simpson Index and 

Shannon-Wiener Evenness) for Site 2.  However, using individual cameras, we found the 

Shannon Wiener Index specified the highest diversity for camera F in the Conservation 

area, whereas the Whittaker Index indicated highest diversity at Camera B at the Field 

Station. Interestingly, at Site 3, Camera J was second highest value using the Shannon 

Wiener Index.  As these models give differing results, it is important to go back to each 

specific model and understand just what is being measured.  It also suggests that comparing 

values from different models may be inconclusive.  Better consistency of results seemed 

to occur when calculating data from all the cameras at one site i.e. using beta level data 

rather than alpha level diversity data. 

The area of highest habitat fragmentation and highest human activities had overall 

lower diversity of large vertebrate species Site 3 (Active Farm). Sites 1 (Field Station) and 

Site 2 (Conservation Area) had almost identical diversities. Site 2 had the lowest number 

of human activities (no human images on cameras for the whole study period) and all 

cameras were within forest (mature deciduous trees and leaf covered forest floor) so there 

was no local habitat fragmentation.  This Site had an exceptionally high number of black 

bear, which may be due to the lack of human activities.  Site 1 had a minimal number of 
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disturbances and is maintaining multiple habitats with fields (tall and short native grasses), 

transition zones (shrubs, briars and immature deciduous trees), and forests (mature 

deciduous trees and leaf covered forest floor). These interwoven habitats create a dynamic 

edge habitat for species enabling them to thrive and diversify within these managed habitats 

as detected on camera in riparian forest communities.  This site had the highest number of 

species, potentially due to the diversity of habitats. 

Species not detected in this study, were Colinus virginianus (bobwhite quail) and 

mammals, Neovison vison (mink), Castor canadensis (beaver), and Urocyon 

cinereoargenteus (gray fox). This does not necessarily mean that these species do not exist 

on these properties.  For example, bobwhite quail are often heard although rarely seen at 

Site 1, and the habitat is managed for these birds. Another example from Site 1 is that some 

of the trees surrounding the nearby lake have been recently chewed or cut down by beaver, 

yet none were found on the camera traps used in this study. Riparian forest communities 

include large and small streams that allow beavers to move from one body of water to 

another. It is apparent that these species are present due to other signs on the property, as 

well as from previous camera trap detections. 

When detecting species it is important to understand your objective and to consider 

the placement of cameras with respect to the areas of interest. The potential for a species 

to be most likely detected, occurs if the species has been physically detected in the area 

before, or if signs of activity (i.e. scratches and footprints) are present from that particular 

species. In either situation, the species has a greater chance of being detected with those 

two criteria present than placing a camera at random in a landscape. For example, the 
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chance of detecting a beaver was highly unlikely because the placement of cameras were 

potentially too far from beaver habitat.   To detect beavers on the cameras would have 

required placement by the lake which is not part of the habitat being investigated in this 

study. 

This study provides a baseline of large vertebrate diversity and habitat use found in 

the three sites in riparian forest communities. The number of species detected in this study 

does not measure populations of species found in these areas. Instead, the detections of 

species (observed species from a camera trap) shows the use of these areas by large 

vertebrate species. Whether or not it is the same individual detected, it is apparent that 

species are detected, implying that this species uses this area in the landscape. The 

frequency is dependent on the number of detections by the camera trap. For example in 

Site 2, image numbers indicate that black bear use this area more than deer and raccoon. 

The sites show differences in how animals use a particular habitat (i.e. Site 1 diversity of 

species compared to Site 3 diversity of species).  

The value of conserving land, such as conservation easements, is crucial for the 

survival of large vertebrate species. Farmland as indicated by Site 3, is also protecting large 

vertebrate species in the Northern Virginia Piedmont. This study provides valuable 

information for the importance of conserving land, including preserving it in a natural state 

with no human disturbances (Site 2), minimal disturbances (Site 1) and increasing human 

disturbances (Site 3). Ultimately, the typical expansion of housing development, in areas 

once forested or used for farming, highly impacts large vertebrates use (Hansen et al., 2001, 

Chupp et al., 2013) 
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The effects of habitat fragmentation and human activities may be more serious than 

previously thought (Fischer 2000, Ceballos 2005, Suzan et al., 2008).  These studies have 

examined human disturbances (habitat fragmentation and human activities) on specific 

species and communities that are affected by these activities. This study supports the other 

literature, stating how these areas of disturbances are continuing to have an impact at many 

different levels within adjacent habitats and loss of species genetic variation (Wilson & 

Frances, 1988, Bruggeman et al., 2010, Suzan et al. 2008).   

The ability to monitor and measure these areas of large vertebrate diversity creates 

a potential standard of measure of what exists today, specifically in Fauquier County, 

northern Virginia. Such information can inform policy designed by local government to 

critically evaluate areas of development where conservation has become a priority. Policies 

enforcing the creation of wildlife plans, and preventing the destruction of habitat, can be 

beneficial in maintaining and creating sustainable and continuous protection of these areas. 

All this is critical for managing habitats for specific species, establishing historic lands, or 

creating sustainable methods for farming. The conservation of land is vital for large 

vertebrate species to be present in these areas, and to conserve the biodiversity that is 

currently present. This information in this study illustrates the importance of maintaining 

multiple habitats with few human disturbances, therefore maintaining areas of greater 

diversity. Site 1 demonstrates how multiple habitats provides the potential for the good 

species richness.  

This study can help to create a baseline that can be used to generate future goals for 

areas restoring large vertebrate species. It is important to provide information of these areas 
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to understand the potential ecosystem services and number of species present before 

potential development (human disturbances) begins. For future studies Site 3, has the 

potential to measure diversity of species before and after the implementation of habitat 

management strategies.  If these areas (habitats) can be managed (reducing habitat 

fragmentation and human activities) and increased in size, then certain species could 

potentially be found on the property in the future in riparian forest communities. 

Recently Dr. Thomas Wood, (2014 unpublished study) employed camera traps to 

understand the densities of native species found in forested areas. Combined with data from 

this study, the two sets of data will be used to compare the similarities and differences in 

the number of species found in riparian forested habitats and forested habitats in a larger 

study. The diversity of species interacting in disturbed and undisturbed, forested and 

forested riparian will be taken into consideration. This data set will be combined with a 

larger data set in the future for forested areas in northern Virginia, studying species 

observed vs. expected in areas with and without human disturbances.  

This study demonstrated that camera traps can effectively assess diversity of large 

vertebrate species in a riparian forested community. It is apparent through this study, that 

habitat fragmentation and human activities can significantly decrease the diversity of large 

vertebrate species in northern Virginia. It was hypothesized that the diversity of species of 

Sites 1 and 2 would be greater than Site 3. This stood to be true as the human disturbances 

(activities and fragmentation) in Site 3 was the major difference in calculating a lower 

diversity of species comparatively to Site 1 and 2. Not only did human disturbances play a 

factor in the number of different number of species, but maintaining different habitats with 
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transition zones is critical to increasing the richness of large vertebrate species.  

Furthermore, studies can be continued to understand the potential success of Site 3 if 

habitat management techniques are put in place. The study of habitat fragmentation and 

habitat management, merit more research to support the conservation of nature and effects 

on the diversity of large vertebrate species.  
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