
 

 

Investigating the Theory of Island Biogeography in Relation to Woodland Islands in the 

Indiana Agricultural Landscape Using Camera Trapping Methods 

 

An Honors Thesis (HONR 499) 
 
 

by 
 
 

Caitlin May 
 
 

Thesis Advisor 

Dr. Timothy Carter 
 
 
 
 
 
 

Ball State University 

Muncie, Indiana 

 

April 2021 
 
 

Expected Date of Graduation 

May 2021 



Abstract 

Habitat fragmentation caused by both urban and agricultural development has led to an increase 

in habitat “islands” surrounded by a sea of development. In Indiana specifically, woodland 

habitat islands are surrounded by crop, pasture, and urban lands. This study sought to evaluate 

if the theory of island biogeography also applies to this landscape. Specifically, this study 

investigated whether species richness varies based on island area and relative isolation. 

This was accomplished using camera traps with a targeted, non-random sampling approach to 

achieve maximum species observability. Results indicate that the theory is not applicable to this 

scenario based on area and relative isolation. This may be important to note for future 

management decisions. 
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Process Analysis Statement 

When I initially began thinking about my senior honors thesis, I was not sure what I 

wanted to write about, but I knew that I wanted to research wildlife. Dr. Tim Carter has been a 

mentor of mine since my freshman year at Ball State, when I interviewed him for a project in my 

Spanish class. I have also been a member of his research lab since fall 2019. Naturally, he 

seemed like the best person to ask both about project ideas and about becoming my advisor. We 

discussed many options, including developing a side question of ongoing bat or geese studies in 

his lab. However, the idea that intrigued me most was the development of a new study. Dr. 

Carter had recently acquired about a dozen trail cameras for research use in the lab and was 

looking for a project to develop for their use. A former undergraduate student had begun to 

develop a camera trapping study, which unfortunately had been derailed by the pandemic. 

Though these circumstances were unfortunate, they allowed me to develop and make this project 

all my own. 

Much of the initial study design and literature review took place in spring 2020. This is 

when I established my study sites, number of cameras, bait, and study timeline. Unfortunately, 

much of this work came to a grinding halt when the university was shut down shortly after my 

Honors College thesis meeting, due to the threat of COVID-19. Much of my study design and 

discussion was put on pause until I knew for sure if I would even be able to return in the fall and 

conduct the study. This was one of the first major challenges of this project. The threat of the 

pandemic reminded me of something that I had always learned throughout my undergraduate 

career: research will never go perfectly. However, I remained hopeful during my time away from 

campus and continued researching other camera studies and learning more about basic 

techniques in preparation for the fall. 

In the weeks leading up to the fall 2020 return to campus, I worked on developing data 

sheets, gathering equipment, and acquiring funding for travel costs associated with travel to and 

from field sites. In addition to these normal field study tasks, I was also responsible for adapting 

my study to meet Ball State’s COVID-19 protocols. Much of undergraduate field research is 

dependent on volunteers, which I was no longer able to ask for via the usual methods. Originally, 
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I had planned to look for volunteers from both the Wildlife Research Lab and The Wildlife 

Society, since members of both are frequently looking to gain experience in the field. However, 

these avenues were severely restricted due to new pandemic protocols. This barrier proved to be 

challenging, but Dr. Carter helped me figure out the best way to tackle this obstacle: I would 

work with friends and others already in my close contact circle and ask them to assist with data 

collection. This hurdle continued to remind me that once again, field work will never go 

perfectly, and it is important to adapt. 

For eight weeks during the fall of 2020, I spent my weekends driving around Delaware, 

Randolph, Henry, and Jay Counties, setting cameras at my research sites, which are described in 

detail in my methods section. One of my favorite parts of the data collection process was 

becoming familiar with and learning more about natural areas in our local community. Some of 

my study sites have become my favorite hiking spots, even after the conclusion of my data 

collection. It was refreshing to see these areas in a new light and develop an appreciation for 

their value in the community. 

After field data collection was complete, my photo analysis process began. Though many 

people might think that field research would be the hardest part of the process, photo analysis is 

what I believe to be the hardest. I looked through more than 7,000 photos over winter break, 

identifying the presence or absence of my target species at each site. This process proved 

challenging, as it required a self-motivation that I had not needed during the field portion of the 

study. I learned that in order to allow myself to succeed in tasks like these, I needed to make a 

schedule, which made it possible to complete the initial photo analysis in two and a half weeks. 

Though it was challenging, I am glad to have become familiar with this part of the scientific 

process. 

After my initial photo analysis, a secondary photo analysis was necessary to ensure that I 

had not missed any species during my original review. Volunteers from the Wildlife Research 

Lab offered to work remotely on photo identification. Working with these volunteers gave me a 

better understanding of what is necessary to supervise a team. Since this was the one portion of 

my project that I was unable to do myself, I was nervous to hand my data over to new people. I 
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had to work to find that balance between no structure and too much structure as a supervisor, and 

once I found that balance, we were able to complete the secondary review in only three weeks. 

Another challenging portion of the scientific writing process was conducting my 

statistical analyses. Habitat fragmentation is usually a difficult concept to evaluate due to the 

large scale of its impacts and the difficulty to accurately attribute habitat impacts from the data. 

Lots of habitat fragmentation analyses usually involve the use of Geographic Information 

Systems (GIS) and other, less common statistics software. At the suggestion of Dr. Carter, I 

worked with Dr. Adam Berland of the Geography Department, who specializes in landscape and 

fragmentation GIS and statistics, to develop my isolation variables. We met several times to 

discuss what type of information I needed to extract from my data and what variables could 

provide me with that. Once I decided the variables I needed, Dr. Berland was able to run the 

appropriate tests and calculate area and Euclidean Nearest Neighbor Distance (ENN). After the 

initial run, I had to adapt some of the given values for GIS analysis to address some spatial 

issues, as well as to include the potential movement of species within a habitat patch. However, 

once these issues were sorted out, this portion of the process went relatively smoothly. 

In addition to the fragmentation statistical analyses, I also had to conduct basic statistical 

analyses to determine the significance of my results. I consulted with my Biometry professor, Dr. 

Paul Venturelli, to determine what type of statistical test best suited my data, which we decided 

was a Spearman Correlation Coefficient. After running the tests, I found that my data was 

statistically insignificant, most likely due to its small sample size. This finding was discouraging 

to me, as I had spent so much time collecting data only to have my results to come out as 

insignificant. However, I reminded myself that insignificant results do not invalidate all the work 

that I have done and what I have learned. In fact, lots of scientists receive insignificant results on 

a regular basis. All parts of my project, from data collection to writing my thesis, have given me 

experience designing my own study, analyzing my data, and compiling a scientific report. 

Regardless of how the results turned out, I have learned a lot about the scientific process and I 

am extremely grateful for this experience. 
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Introduction 

Habitat fragmentation, both at the patch and landscape levels, has been shown to reduce 

overall species biodiversity at several different trophic levels (Krauss et al., 2010). This trend has 

been seen particularly in agricultural landscapes, as modern agricultural practices can negatively 

impact environmental quality due to crop monoculture and lack of plant diversity, soil 

compaction, and destruction of native habitat (Knutson et al., 1999). 

MacArthur and Wilson’s (1967) theory of island biogeography is a critical concept in the 

study of species evolution and distribution. The theory states that the biodiversity of an island 

depends on three characteristics of an island: size, proximity to the mainland, and age. This 

concept is most often applied to oceanic islands; however, it has potential to be applied to other 

similar environmental systems (MacArthur & Wilson, 1967). 

While this theory has previously been investigated using other methods, including live 

trapping and quantitative modelling, camera trapping has recently become preferable for species 

surveys because it is less invasive and more economical (Silveira et al., 2003). The use of trail 

cameras as a non-invasive means to conduct an ecologically-based study has increased in recent 

decades due to the versatility of the technology, both in technique and placement location 

(Delisle et al., 2021). This study seeks to evaluate species richness throughout fragmented 

woodland habitats within an agricultural matrix using camera trapping methodology. 

Species richness is defined as the number of species in an area and is used as a metric for 

measuring biodiversity in the field (Wearn & Glover-Kapfer, 2017). Due to its use in both the 

theory of island biogeography and other significant concepts in modern ecology, it is considered 

to be the most common variable used to assess anthropogenic impacts on the environment 

(Wearn & Glover-Kapfer, 2017). This can be measured in two different ways: observed species 

richness and estimated species richness. Observed species richness, in the context of camera- 

based studies, is determined solely by the total number of species actually observed or 

photographed in an area (Wearn & Glover-Kapfer, 2017). Estimated species richness 

encompasses not only the observed species, but also attempts to account for undetected species 

as well. Estimated species richness is usually more difficult to obtain and can often require 
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extensive amounts of biological modelling. In comparison, observed species richness is a more 

economical way of assessing the same variable (Wearn & Glover-Kapfer, 2017). 

While habitat fragmentation is increasing in importance in ecological study, many 

scientists struggle with quantifying fragmentation and isolation of a habitat patch. Several 

different fragmentation indices have been evaluated and suggested for use with different types of 

projects at both the patch and landscape levels (Winfree et al., 2005). Further quantification of 

isolation and fragmentation can be conducted using GIS methods and vary based on the approach 

taken toward the concept of fragmentation. Fragmentation is often considered and analyzed in 

the following contexts: increase in habitat loss, increase in number of habitat patches, decrease in 

habitat patch size, or increase in patch isolation (Fahrig, 2003). Based on the assessed literature, 

it was predicted that observed species richness in a woodland island would increase with area 

and decrease with relative isolation, as defined by Euclidean Nearest Neighbor (ENN) value and 

habitat density. 

Methods & Materials 

Study Area 

This study was conducted across nine 

(9) sites in East-Central Indiana within 

Delaware, Randolph, Jay, and Henry 

counties. These properties primarily function 

as nature preserves, public recreational areas, 

and field research sites. A majority of the 

properties are not regularly accessible to the 

public, which limits their potential for human 

disturbance within the property itself. 

Study Sites 

Blue River Bottom: A 17-acre Red Tail Land 

Conservancy property in Henry County 

Fig. 1. Distribution of study sites (indicated 
in blue) across Delaware, Randolph, and 
Henry counties in relation to Ball State 
University (yellow) 
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consisting of floodplain woods along the Big Blue River. 

Cooper Forest: A 55-acre forested area within the Cooper Farm property owned by Ball State 

University. It is located on the edge of a suburban area in Delaware County. 

Fall Creek Woods: A 54-acre Red Tail Land Conservancy property in Henry County consisting 

of both mature and early successional woodlands and riparian areas. 

Ginn Woods: A 173-acre Ball State University property in Delaware County containing an old- 

growth forest with several upland and riparian areas. 

McVey Memorial Forest: A 506-acre Red Tail Land Conservancy property in Randolph County 

located along the Mississinewa River. 

Miller Wildlife Area: A 20-acre Ball State University property in Delaware County consisting of 

urban woods along the White River. 

Munsee Woods: A 180-acre Red Tail Land Conservancy property in Delaware County consisting 

primarily of mature woodlands with scattered wetlands. 

Stout Memorial Woodland: A 50-acre Red Tail Land Conservancy property in Henry County 

consisting primarily of mature woodland habitat. 

Yuhas Woods: A 125-acre Red Tail Land Conservancy property in Randolph County consisting 

primarily of mature woodland habitat. 

Sampling Methodology 

Ten trail cameras (Stealth Cam, Model STC-G45NGX) were used to assess species 

richness in the study sites, with one camera at each site. A single camera for an area of 2 km2 has 

been shown to be sufficient in capturing species with a similar size and range as our target 

species (Maffei & Noss, 2008). Cameras were set to take three photos per motion trigger at 8.0 

megapixel resolution with a 30 second delay between activations. Cameras were placed using a 

targeted, non-random site selection method that allows for maximum observability of species 

present, as recommended for inventory-based studies (Wearn & Glover-Kapfer, 2017). Cameras 

were placed at the recommended 20-50 cm above the ground and at a distance of 2 m from a bait 

lure used to increase sampling success. The bait was a mixture of peanut butter and oats (Wearn 

& Glover-Kapfer, 2017). Three sampling periods were conducted, each lasting two weeks, for a 
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total of 42 sampling nights per site. Target species were chosen 

apriori based on known distribution, size, behavior, and 

observability (Table 1). 

Image Analysis 

Photo analysis took place after completion of each the 

trapping sessions. Each picture was reviewed for species presence 

and compared against the target species list (Table 1) by two 

independent observers. Since species richness is the target metric, 

the total number of species present in the photo were counted 

rather than the number of individuals of each species. The species 

richness measurement for a site was defined as the number of 

species seen at that site across all photos and all sampling periods. 

Data Analysis 

To address the distance component of the theory of island 

biogeography, a relative isolation index was implemented to 

address the connectivity of woodland “islands”. Fragstats, a habitat fragmentation statistics 

software (McGarigal et al, 2012), was used to assess relative isolation and fragmentation of study 

sites. A habitat/non-habitat classification using land cover data was used to assess patch size and 

isolation. For this study, landscape was recatogorized into a simplified habitat coverage of 

habitat and non-habitat. Suitable habitat includes: deciduous forest, evergreen forest, mixed 

forest, scrub/shrub, grassland/herbaceous, and woody wetlands. This definition was chosen to 

encompass not only the woodland island itself, but also any surrounding animal habitat that may 

serve as a transition zone between woodland and agricultural areas. Non-habitat primarily 

encompasses agricultural areas, but also includes small amounts of other non-suitable habitats, 

such as pavement and commercial development. 

Fragstats was also used to calculate patch size, total patch area, percentage of landscape, 

and Euclidean nearest-neighbor distance. A patch is defined as one habitat patch/woodland 

island. All values were calculated within a 0.837 kilometer buffer around the focal study site. 

Table 1. List of 
chosen target 
species 
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This area encompasses the potential travel area surrounding the island, based on the home range 

size of white-tailed deer (Odocoileus virginianus; Wiles & Weeks, 1992). While the coyote 

(Canis latrans) has a larger home range, in some sites its potential home range could overlap 

with other study sites, making 0.837 kilometers a suitable size for an individual island. The main 

variables used to assess isolation were Euclidean Nearest Neighbor distance and habitat 

proportion. Euclidean Nearest Neighbor distance is defined as the distance from a patch to the 

next patch of the same habitat type (McGarigal et al., 2012). The habitat proportion value was 

calculated by dividing the amount of suitable habitat within the buffer by the total area in the 

buffer, excluding the area of the site from both numerator and denominator. Euclidean Nearest 

Neighbor distance served to assess distance-based isolation while habitat proportion assessed 

habitat density-based isolation (McGarigal et al, 2012). 

To test for significance, several Spearman correlation tests were performed to assess the 

relationship between observed species richness and area, Euclidean Nearest Neighbor distance 

(ENN), and habitat proportion. A Spearman test was chosen because observed richness, area, 

ENN, and habitat proportion all displayed a non-Normal distribution during a Shapiro-Wilk test 

for normality. While Pearson coefficients are normally the variable of choice for correlations, 

Spearman tests are frequently used to assess differences in non-normally distributed data 

(Rovetta, 2020). 

Results 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Summary of observed richness, total area, Euclidean 
Nearest Neighbor Distance (ENN), and habitat proportion at each 
study site. 
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Over the three sampling periods, 42 trapping nights per site were conducted, for a total of 

378 trapping nights across all sites and sampling periods. 6,974 photos were taken. Of these 

6,974 photos, 2,748 photos contained identifiable species. 

Observed species richness values, defined as total number of target species observed over 

all three trapping periods, fell in a range of 3-6 species (Table 2). The sites with the highest 

richness values were Cooper Farms, Miller Wildlife Area, and Munsee Woods, while the sites 

with the lowest values were Ginn Woods, Stout Memorial Woodland, Blue River Bottoms, and 

McVey Memorial Forest. 

Of the 21 target species chosen apriori, eight were 

observed during the trapping periods (Table 3). In addition to 

the eight target species seen, 10 additional non-target species 

were observed as well. Some of the non-target species 

include Red Squirrel (Tamiasciurus hudsonicus), American 

Robin, and various woodpecker species. These non-target 

species were not included in the observed species richness 

value because for a majority of the species, their close 

proximity to the camera was the only reason they were 

identifiable. If they had been photographed elsewhere in the 

frame, they likely would not have been identifiable. 

For ENN, which represented the distance to the next closest habitat patch, the smallest 

value was found to be 0.088 km at Blue River Bottoms, while the largest value was 0.256 km at 

Stout Memorial Woodland (Table 2). The smallest habitat proportion, which is defined as 

amount of habitat area in the given buffer divided by total area in the given buffer, was found to 

be 0.034 at Stout Memorial Woodland. The largest habitat proportion value was 0.293 at Blue 

River Bottoms (Table 2). 

Table 3. Target species 
observed and the number of 
sites observed at. 
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Spearman correlation analyses were used to assess the 

correlation between observed species richness and area, ENN, and 

habitat proportion in order to best address the non-normality of the 

dataset (Table 4). The results indicate that there is no correlation 

between island area and observed species richness (p=0.96). There 

is also no correlation between ENN and observed species richness 

(p=0.93). Though the correlation coefficient for habitat proportion 

and richness is greater than that of the others, there is still no 

significant correlation between habitat proportion and observed 

species richness in this particular scenario (p=0.50). 

Discussion 

Based on the results, the Theory of Island Biogeography is not able to be translated to 

this study context. Though there may still be potential for the theory to be applied to other 

terrestrial systems, this study may have suffered from sample size issues. This study investigated 

nine sites with one camera placed at each site during a trapping period. This choice was made 

based on best practice suggestions made in the literature at the time along with resource 

constraints. However, increased species detection may occur with an increased number of 

cameras and sites. A study done by Rowcliffe et al. suggests that a minimum of 20 cameras be 

placed per study area (2008). Though the number of cameras deployed was limited in this study 

by financial and time resources, it is possible that increasing the number of cameras deployed 

may yield different results. In addition, increasing the number of study sites may also increase 

the number of observed species. Increasing the overall sample size may allow a future researcher 

to detect differences in the habitat areas and draw a different conclusion. 

In addition to increasing the number of cameras and sites, several other adjustments could 

be made in this study and applied to future studies of these woodland islands. During the course 

of this study, a bait lure of peanut butter and oats was used at each trapping site, as suggested by 

the literature (Wearn & Glover-Kapfer, 2017). However, recent studies have also suggested that 

bait has no significant effect on photo capture rates in richness studies primarily targeting 

 
 
 
 
 
 
 
 
 
 
 

Table 4. Spearman 
correlation coefficients 
between the variables 
listed (left) and species 
richness 
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mammals (Ribeiro & Bianchi, 2019). It may be beneficial in a future study to compare the use of 

bait or no bait in the context of this biogeography study. 

Another concern that may be addressed in future studies is the distance of the camera 

from the bait lure. The recommended distance from camera to field of animal activity, in this 

case defined by bait lure placement, is approximately 2-3 meters (Wearn & Glover-Kapfer, 

2017). However, it is also recommended that if small animals are being targeted, that this 

distance decrease to 2 meters or less (Wearn & Glover-Kapfer, 2017). Since this study targeted 

species of many sizes, a distance of 2 meters was chosen. However, photo analysis indicated that 

this distance may be too close, as many nighttime photos showed overexposure and led to 

species not being able to be identified. More nocturnal diversity may be seen in a future study if 

this distance was increased. 

Similarly, there may be room for further adjustments with trapping period length. This 

study used three, two-week trapping periods for a total of 42 trapping nights per site. This 

number was chosen primarily based on available manpower, as well as time available before the 

winter season. However, a longer trapping period may be more capable of detecting a larger 

number of species. In a study conducted by Si et al., 49 monitoring days with 19 cameras, for a 

total of 931 camera days, were needed to detect most common residents of an area with a known 

richness value of 10 species (2014). Approximately 8,700 days were needed to detect all 10 

resident species (Si et al., 2014). It is possible that a longer trapping period would be needed to 

fully and accurately assess richness in these Indiana woodland islands. 

Conclusion 

In conclusion, the theory of island biogeography is not applicable to these woodland 

habitat islands in the Indiana agricultural matrix. There were no significant relationships between 

observed species richness and any of the area or isolation metrics. Though these results do not 

support the original hypothesis, they do leave room for further study and experimentation with 

variables such as sample size, bait, and camera trapping period. Despite the insignificant results 

found in this study, the data collected still provide the benefit of expanding the knowledge base 

of the animal populations of these woodlands in East-Central Indiana. 
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