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EXECUTIVE SUMMARY 

White-tailed deer (Odocoileus virginianus) are one of the most recognizable and prevalent forest 
species in North America. Once near the brink of extirpation, their numbers have since 
rebounded into the millions due to their ability to adapt to fragmented and urbanized habitats 
coupled with the decline of their natural predators such as cougars and wolves. Acting as a 
keystone species in forest environments, their numbers can quickly exceed carrying capacity and 
lead to a cascade of ecological effects. Over-browsing, for example, results in the suppression or 
reduction of important plant species which can in turn negatively affect other organisms that 
depend on them to survive. 

In 2003, the Duke Forest began implementing a deer management program in response to a 
considerable browse-line throughout the forest. Each year, Duke Forest conducts a controlled 
hunt in three forest divisions followed by a spotlight survey to count deer and monitor the overall 
population trend and success of the program. Although past data have indicated a downward 
trend in deer numbers over the years, some skepticism remains as to whether the numbers 
estimated by spotlighting accurately reflect the density of deer in the forest. My project focused 
on designing and implementing several other common methods for surveying deer- camera traps, 
pellet counts, spotlighting, and distance sampling. More specifically, I sought to evaluate 1) the 
efficacy of camera trapping and pellet counts as alternative methods for monitoring, 2) whether 
distance sampling could improve the accuracy of the current spotlighting procedure, and 3) the 
relative effectiveness of all tested methods, including spotlighting, camera traps and pellet 
counts. This information was then used to inform the Duke Forest and recommend potential 
modifications to its deer management program. 

Of the three survey methods, camera traps were the most effective while pellet counts were the 
least effective. I failed to find enough pellet groups and spotlighting did not yield enough 
distance measurements to support distance sampling. This year’s spotlight deer count was the 
lowest in the program’s history. The camera traps captured thousands of observations of deer 
that were then used to calculate a density of 9.71 deer per square kilometer (25.15 deer per 
square mile) in the Korstian division which is considered medium density.  

Monitoring white-tailed deer is an important management tool in forested urban areas like the 
Duke Forest to prevent forest destruction and alteration and curb the risks of human-wildlife 
conflict that may arise from the overlap in deer and human habitats. The current spotlight method 
could be improved by adding more routes and survey nights to increase chances of finding deer, 
and, if enough observations are collected, distance sampling could be revisited. I recommend that 
the Duke Forest use distance sampling with camera traps to monitor their deer population and 
scale the methods used in this project up to include all divisions in the deer management program 
to get an overall density and examine environmental and seasonal factors that influence density 
and distribution. 
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INTRODUCTION 

White-tailed deer in North America 

White-tailed deer (Odocoileus virginianus) are one of the most recognizable mammals in North 
America. Once abundant throughout the continental United States, the arrival of European 
settlers led to excessive harvesting and their numbers drastically diminished (Hartigan et al., 
2017). Within 100 years, white-tailed deer faced local extinction but have since rebounded into 
the millions in North America. Currently, it is estimated that North Carolina is home to 
approximately 1 million white-tailed deer (Hartigan et al., 2017). Management of the deer 
population is necessary to ensure that it does not exceed carrying capacity which can lead to herd 
starvation and disease, as well as herbivory of plants and destruction of habitat (Hartigan et al., 
2017).  

The success of deer in North America can be attributed to several factors. At the brink of 
extirpation in 1896, the U.S. Supreme Court declared wild animals to be property of the state to 
protect the remaining population. Hunting restrictions were implemented to allow white-tailed 
deer numbers to recover and proved to be highly effective (Schuster, 2004). Additionally, in the 
past hunting by Native Americans and large predators such as wolves and cougars regulated deer 
populations (Hartigan et al, 2017). As modern life shifted away from hunting as a necessary 
means of survival and large predators faced extirpation and habitat loss from urbanization, 
pressure on the deer population decreased allowing them to proliferate. Highly adaptable, deer 
can be found in a wide variety of habitats ranging from creek and river bottoms, oak ridges, pine 
forests, farmlands, and other landscapes (Hartigan et al. 2017). They are described as an edge 
species that prefers forests interspersed by open fields. (Schuster, 2004). Even in urban 
landscapes, white-tailed deer can adapt and thrive in shrinking and fragmented habitats, perhaps 
partially because of greater protection in residential areas where hunting is restricted (Schuster, 
2004). Deer and humans now commonly overlap in urban areas such as neighborhoods and 
highways, increasing the number of deer venturing into yards and the likelihood of deer-car 
collisions. 

High densities of white-tailed deer can also be extremely detrimental to forest ecosystems where 
deer act as keystone herbivores. Deer browsing affects vascular forest plants through 
consumption of leaves, stems, flowers, and fruits, and the suppression of plant size, plant 
reproduction, and fine root biomass (Rooney & Walker, 2003). Increased browsing can result in 
repressed regeneration of plant species favored by deer and have cascading effects on plant 
distribution and abundance which can in turn negatively affect the organisms that also depend on 
them (Rooney & Walker, 2003).  
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The Duke Forest Deer Management Program 

In 2002, Gehman (2002) investigated the effects of browsing by white-tailed deer on loblolly 
pine seedlings in the Duke Forest, finding that there were higher browse percentages and 
noticeable declines in tree heights in unfenced plots compared to fenced plots. In the 
development of their deer management program, the Duke Forest adopted many of his 
recommendations for controlling the deer population (Gehman, 2002). Each fall, the forest is 
closed to the public for twelve weeks for a controlled deer hunt in the Durham, Blackwood, and 
Korstian divisions (Figure 1). The hunt is only open to members of a local hunt club and law 
enforcement officers, all of whom attend a mandatory orientation and are taught to take 
measurements on the deer and report them at processing stations provided by the Duke Forest. 
Duke Forest emphasizes targeting female deer by allowing hunters to use tags issued by 
NCWRC’s Deer Management Assistance Program for does but requiring they use a personal tag 
for bucks. After the hunt, Duke Forest staff conduct spotlight surveys to collect data on the deer 
population to track changes in the number of deer overtime (J. Schreiber, personal 
communication, February 20, 2019). 

Figure 1: Map of the Blackwood, Korstian, and Durham divisions of Duke Forest 
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Methods for Surveying White-Tailed Deer 

A range of methods exist for surveying deer including aerial counts, infrared imaging, drive 
counts, mark-recapture, population reconstruction, camera trapping, and spotlighting. (Curtis et 
al., 2009, p. 116). Each method has strengths and weaknesses: for example, aerial counts and 
infrared imaging can be expensive, drive counts are labor intensive, and spotlighting is most 
effective in open habitats (Curtis et al., 2009, p. 116). Due to their relative ease of 
implementation and low cost, road spotlight surveys are one of the most used techniques for 
monitoring deer populations (Collier et al., 2007). Their reliability, however, has been 
questioned because “the data collected from spotlight counts are indices, and they may not 
accurately represent population size because the ratio of the count to the true population is 
unknown-” (Collier et al., 2007, p.277).  To evaluate the accuracy of spotlight surveys, Collier et 
al. (2007) estimated detection probability using a Huggins closed capture model. Their results 
suggested that for every two deer counted, one remains undetected by spotlight observers. 
Additionally, detection probability varied both between and within observers by 26% and 30%, 
respectively (Collier et al., 2007, p. 280).  

To correct for some of the bias inherent in spotlighting, additional methods such as distance 
sampling could be incorporated into surveys. Distance sampling is based on the idea that 
spotlight observers will fail to detect all animals present due to limited visibility and other 
sources of observer error (LaRue et al., 2007). Measurements taken in the field are used to 
produce a detection function that estimates how detectability changes as distance between the 
observer and the animal increases. This function is used to estimate the total area sampled 
(LaRue et al., 2007). Density can then be calculated by dividing the number of animals observed 
by the area sampled and population estimates can be calculated (LaRue et al., 2007).  

In addition to the spotlight survey, I employed two other methods for surveying white tailed 
deer- camera traps and pellet counts. I chose pellet counts because they are inexpensive, easy to 
implement (deCalesta, 2013), and, unlike direct observation methods such as spotlighting do not 
depend on the animal being in the presence of the observer. However, pellets may be difficult to 
find, and pellet counts depend on accurate information regarding deer defecation rates and pellet 
survival times that can differ from site to site. Defecation rates vary by diet, sex, and age (Fuller, 
1991). Winter severity, for example, can have a significant effect on deer feeding habits and 
distribution, which alters defecation rates (Fuller, 1991). Dung persistence may be affected by 
weather and coprophagous insects (Neff, 1968).  

I selected camera trapping because it allows for wider and longer-term coverage of the forest 
than spotlighting, and thus is more likely to observe deer. As technology has improved, camera 
traps have become an attractive and non-invasive method of monitoring wildlife that offers 
portability, automated function, and the ability to customize the sampling duration for either 
random or systematic sampling designs (Roberts et al., 2006, p. 263).  These features have made 
them a popular choice for studying both common and rare mammals and are especially 
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advantageous for rarer species who tend to be more elusive and inhabit remote locations 
(O’Connell et al., 2011). The photos taken by camera traps can be used to collect everything 
from basic presence/absence inventories to creating statistical models to estimate population 
parameters and dynamics (O’Connell et al., 2011). Camera trapping has its limitations though – 
equipment failure can result in data loss, and variables such as weather and human or animal 
interference may decrease camera performance (O’Connell et al., 2011). Very large datasets with 
many false positive images are sometimes common with camera trapping and make data 
management difficult and time consuming (Newey et al., 2015). Furthermore, the wealth of data 
collected by cameras may be hindered by lack of standardized survey design and weak statistical 
analysis (Burton et al., 2015). Traditionally, estimating density using camera traps required 
identifying individuals and assuming a closed population (Howe et al., 2017; Rowcliffe, et al., 
2008) and camera trap surveys of species not individually recognizable were limited to presence 
in wildlife inventories (Rowcliffe et al., 2008).  

Objectives 

Since the deer management program began, spotlighting data have shown an overall decrease in 
the white-tailed deer population in Duke Forest. However, it is not known whether the deer 
counts from spotlighting accurately represent the deer population. The goal of this project was to 
determine the best deer monitoring method for Duke Forest by exploring potential improvements 
to the current spotlighting method as well as testing other common approaches to surveying 
white-tailed deer. More specifically, I sought to evaluate: 1) the efficacy of camera trapping and 
pellet counts as alternative methods for monitoring; 2) whether distance sampling could improve 
the accuracy of the current spotlighting procedure; and 3) the relative effectiveness of all tested 
methods, including spotlighting, camera traps and pellet counts. With this information, I made 
recommendations for improving population surveys of deer in the Duke Forest.  
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METHODS 

Site Description 

The Duke Forest is located on former farmland and is characterized by various stages of 
secondary succession with hardwood, pine, and mixed cover types. The Duke Forest covers 
7,000 acres distributed among six divisions spanning three counties in North Carolina (Office of 
the Duke Forest, n.d.). Three divisions – Durham, Korstian, and Blackwood – are the focus of 
the annual deer reduction program and are the only areas where hunting and spotlighting occur. 
Due to time and resource limitations, I only used the 1,827-acre Korstian division for this study 
(Figure 2).  

Figure 2: Korstian division in relation to Duke University, Durham NC 
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Spotlight Survey 

The same general protocol used for the yearly spotlight survey conducted by the Duke Forest 
was used for this project. The two spotlight routes in Korstian (Figures 3 and 4) were surveyed 
on six separate occasions in February 2020. Each survey began at 6:45 pm and lasted 
approximately two hours. A team of at least two observers consisting of a Duke Forest staff 
member and a trained volunteer(s) was assigned to a different route each night to randomize 
observers. Driving approximately 3-5 mph, the observers shone spotlights into the forest 
perpendicular to both sides of the truck and looked for deer eye shine. When deer were spotted 
the observers counted the number of animals and recorded the number of bucks, does, and fawns 
if they could confidently be identified and the time seen. 

Figure 3: Map of spotlight route 3 in the Korstian division
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Figure 4: Map of spotlight route 4 in the Korstian division
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Distance Sampling 

I integrated distance sampling into the current spotlighting protocol for surveying deer following 
LaRue et al., (2007). Specifically, this methodology includes measuring the distance from the 
observer to the center of a group of white-tailed deer using a laser range finder and recording the 
angle with a compass. For the Duke Forest spotlight survey, each truck was equipped with 
spotlights, a laser range finder, a digital compass app, and maps of the Duke Forest on Avenza 
maps to record GPS coordinates. Two trained observers recorded the  number of deer, time 
observed, distance from the observer to the deer, the bearing to the deer, the bearing of the 
forward direction of the truck, GPS coordinates of the observer’s location at the time of the 
sighting, and whether the deer were moving during the observation. The observers also 
alternated routes each night.  

Analysis 

I intended to use the Distance 7.3 program to model detectability and estimate deer density. 
Unfortunately, there were too few observations of deer during the spotlight surveys, and 
therefore, this part of the analysis could not be completed.  

In the past, the Duke Forest used the spotlight data to estimate population density as the average 
number of deer per square mile, however, it was decided that the data were not robust enough to 
support this analysis (J. Schrieber, personal communication, February 25, 2020). Instead, the 
Duke Forest now uses the deer counts as a simple snapshot of the number of deer observed in the 
forest from year to year (J. Schrieber, personal communication, February 25, 2020). For the 
purposes of this project, I employed this method to compare results with those from pellet counts 
and camera traps. Additionally, I calculated the encounter rate for each independent spotlight 
survey as the number of deer observed per kilometers driven. 

Camera Trapping 

I distributed 28 Reconyx HC500 cameras in a systematic design with a 500-meter separation 
between cameras throughout the Korstian division (Figure 5). I secured each camera to a tree at 
approximately knee height facing the most unobstructed view of the forest and set it to take two 
pictures per second with no rest between trigger periods. I determined the viewshed and 
detection distance for each camera using the camera’s Walk Test feature that flashes a red 
indicator light whenever motion is detected. To determine the distance from the camera to the 
deer, I modified the method of Howe et al. (2017) in which markers were placed out to 15 meters 
down the center and both sides of the camera viewshed (Figure 6). Instead of having a person 
hold up markers in front of the camera, I used marking flags to create a single reference photo 
that included all measured distances (Figure 7). However, this modification of Howe et al.’s 
(2017) method was only useful for estimating distance at sites with very little slope; therefore, I 
also recorded distances to the nearest meter from the camera to landmarks, such as trees and 
stumps, using a laser range finder. I deployed the cameras in mid-December 2019 and left them 
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to record data until the end of February 2020, visiting the sites every 2-3 weeks to download 
pictures and check the battery status. 

Figure 5: Map of camera trap locations in the Korstian division

Figure 6: Camera trap marker setup 
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Figure 7: Camera trap reference photo for estimating distance 

Analysis 

To determine how many individual deer were observed by the cameras, I defined independent 
sightings as photos taken more than 30 minutes apart (MacCarthy, 2018; Abrahams et al., 2017)  
and calculated the encounter rate for each camera station as the number of deer observed per 
days the camera was deployed. 

To estimate white-tailed deer density, 𝐷𝐷�, using camera traps, I employed Howe et al.’s (2017) 
model, where: 

K is the set of camera trap locations, θ is the horizontal angle of view (AOV) of the camera, w is 
the truncation distance beyond which recorded distances are discarded, nk is the number of 
observations of animals in the population of interest at point k, and p̂k is the estimated probability 
of obtaining an image of an animal that is within θ and w in front of the camera at a snapshot 
moment (Howe et al., 2017; Cappelle et al., 2018).  Survey effort was defined as θ 𝑇𝑇𝑘𝑘

2πt
 where Tk = 

deployment duration and t = units of time apart (Howe et al., 2017). The camera AOV and 
deployment duration varied between locations and units of time apart was 1. If more than one 
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picture was taken in the same second, I removed the extras so that there was only one picture per 
second. I calculated a different survey effort for each site. I left and right truncated distances 
below 1 meter and beyond 15 because I did not estimate distances outside these parameters. The 
model was a poor fit at this level and so I adjusted the right truncation to 10 since I had difficulty 
estimating deer distances out to 15 meters. Distance intervals were added with cutpoints from 1-
10. Within the Distance program, I selected three detection function models- the half normal key
function with Hermite polynomial adjustments, the hazard rate key function with cosine
adjustments, and the uniform key function with cosine adjustments (Howe et al., 2017). I
compared the models using AICc for small sample sizes and chose the model with the lowest
AICc as the best model. Model fit was determined using a chi-square goodness-of-fit test.

Pellet Counts 

I conducted pellet counts at the 28 camera trap sites. Using the camera as the center of each plot, 
I delineated a 30m x 30m square plot, placing markers to indicate the plot boundaries (Figure 9). 
One week before the pellet count, I marked and dated all existing pellet groups with a popsicle 
stick to ensure that old pellets were not included in the pellet count. All new pellet groups were 
counted within the following week to minimize the potential that new pellets degraded and 
disappeared due to weather and other environmental variables (Payeur and Smerczynski, 2016). 
Piles of ≥10 pellets (deCalesta, 2013) that were the same size, color, shape, and consistency 
(Figure 10) were considered a unique defecation by a deer and counter as a single pellet group 
(Payeur and Smerczynski, 2014). Starting at the center (camera) of each plot, I walked back and 
forth from the centerline to the boundary of the plot scanning the ground for pellet groups. This 
was repeated for each 15 x 15 m quadrant.  

To estimate deer density from the pellet counts, I used the formula from Payeur and Smercyznski 
(2016) adapted by Mandujano (2014) that defined deer density (Dind) as:  

in which Dpg = average density of pellet groups per sampling plot, Np = number of sampling 
plots that fit into one square mile, Def = local defecation rate, and Days = days since deposition 
of pellets. For Def, I assumed a defecation rate of 25 pellet groups per day based on a study of 
white-tailed deer defecation rates in a similar forest environment in Georgia, USA by Sawyer et 
al., (1990). To estimate the number of days since deposition, Payeur and Smercyznski (2016) 
assumed that pellet groups could not have persisted if one inch of rain accumulated in 1-5 days.  

𝐷𝐷𝑖𝑖𝑖𝑖𝑖𝑖 =  
(𝐷𝐷𝑝𝑝𝑝𝑝  𝑥𝑥 𝑁𝑁𝑝𝑝)

(𝐷𝐷𝐷𝐷𝐷𝐷 𝑥𝑥 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)
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Figure 8: Pellet-count plot design. Lines 
were not actually marked in the field but 
have been added here for illustration.

Figure 9: Deer pellets 
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RESULTS 

Spotlighting and Distance Sampling 

The 2020 deer count was the lowest in the program’s history with 44 deer observed between all 
three surveyed divisions (Table 1) and 20 deer observed in the Korstian division (Average = 8.8, 
SD = 8.35). Up until 2015, spotlighting included an additional route that is no longer surveyed, 
and the number of deer observed for this route was not included in these totals.  

Year Total Count Average SD 
2010 230 46 17.68 
2011 78 15.6 16.2 
2012 60 12 8.49 
2013 100 20 23.86 
2014 63 12.6 10.60 
2015 105 21 21.06 
2016 56 11.2 7.69 
2017 179 35.8 27.85 
2018 105 21 13.34 
2019 59 11.8 2.95 
2020 44 8.8 8.35 

Table 1: Deer counts from spotlight surveys over the last 10 years 

Due to the low number of observed deer, observers only took 9 distance measurements to deer 
and deer groups in Korstian division; thus there were not enough data to meet the recommended 
minimum of at least 60-80 sightings to fit a detection function (Buckland et al., 1993). I 
employed the Duke Forest’s past method of estimating deer density for comparison with the 
camera trap results. By this method, the average deer density in the Korstian division is 7.85 deer 
per square mile, or 3.03 deer per square kilometer.  

I calculated the encounter rate for each independent spotlight survey as the number of deer 
observed per kilometers driven (Table 2). Route 3 was 4.4 km long and route 4 was 4.96 km 
long. The average encounter rate for all six nights of surveying was 0.336 deer per kilometer (SD 
= 0.52, 95% confidence interval = 0.04 – 0.63., CV = 1.54).  
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Survey 
Night 

Route 
No. 

No. Deer Route Length 
(km) 

Encounter 
Rate 

1 3 0 4.4 0 
1 4 0 4.96 0 
1 3 0 4.4 0 
1 4 2 4.96 1.52 
2 3 0 4.4 0 
2 4 5 4.96 3.62 
2 3 0 4.4 0 
2 4 2 4.96 1.46 
3 3 0 4.4 0 
3 4 3 4.96 2.44 
3 3 0 4.4 0 
3 4 8 4.96 6.84 

Table 2: Number of deer seen and the encounter rate for each night of spotlighting 

Pellet Counts 

Only three pellet groups were found between all 28 sites (Table 3); Density was calculated using 
Payeur and Smercyznski’s (2016) method but was not considered a reliable estimate due to the 
extremely small sample size. The average number of deer was 0.03 deer per square mile (SD = 
0.10, 95% confidence interval = -2.9 x 10-3 – 0.07, CV = 2.94). The average encounter rate was 
1.19 x 10-4 deer per square meter (SD = 3.50 x 10-4, 955 confidence interval =   -1.06 x 10-5 – 
2.49 x 10-4, CV = 2.94). 

Site No. Pellet Groups Density 
1 0 0 
2 0 0 
4 0 0 
5 1 0.31 
6 0 0 
7 0 0 
8 0 0 
9 0 0 

10 0 0 
11 0 0 
12 0 0 
13 0 0 
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14 1 0.31 
15 0 0 
16 0 0 
17 0 0 
18 0 0 
19 0 0 
20 0 0 
21 0 0 
22 0 0 
23 0 0 
24 0 0 
25 0 0 
26 0 0 
27 0 0 
28 0 0 
29 1 0.31 

Table 3: Number of pellet groups and density for each site 

Camera Traps 

A total of 24,815 photos were taken among all 28 cameras, 4,273 of which contained white-
tailed deer. The cameras were deployed an average of 73 days (SD = 0.15). Using only photos 
taken more than 30 minutes apart, considered to be independent events, a total of 447 deer were 
observed in the Korstian division over 75 days with higher numbers of deer observed at certain 
stations (Figure 11). The average encounter rate of deer was 0.219 deer per day (SD = 0.15, 95% 
confidence interval = 0.165 – 0.273, CV = 0.671). The minimum number of deer photographed 
at a site was 2 and the maximum was 42 (Table 4).  
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Figure 10: Estimated number of deer observed at each camera station in the Korstian division 

Site No. Deer No. Camera 
Trap Days 

Encounter 
Rate 

1 16 72 0.22 
2 13 73 0.18 
4 13 72 0.18 
5 21 72 0.29 
6 16 71 0.23 
7 15 72 0.21 
8 6 73 0.08 
9 22 73 0.30 

10 9 73 0.12 
11 38 72 0.53 
12 20 73 0.27 
13 6 75 0.08 
14 2 75 0.03 
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15 7 74 0.09 
16 5 74 0.07 
17 20 74 0.27 
18 42 73 0.58 
19 8 73 0.11 
20 5 75 0.07 
21 27 74 0.36 
22 8 74 0.11 
23 6 76 0.08 
24 12 73 0.16 
25 12 74 0.16 
26 15 74 0.20 
27 38 75 0.51 
28 29 70 0.41 
29 16 74 0.22 

Table 4: Number of deer seen and encounter rate for each camera trap site 

Using camera trap distance sampling methods, the density of white-tailed deer was estimated to 
be 9.71 deer per square kilometer or 15.64 deer per square mile (Table 5), giving a total density 
of 71.76 deer in the 7.39 square kilometer Korstian division. Of the three detection function 
models used, the uniform key function with cosine adjustments was selected as the best model 
with the lowest AICc.  

Density 
km2 

SE Percent Coef. 
of Variation 

df 95% CI 

9.71 2.16 22.23 28.9 6.20 – 15.22 

Table 5: Density estimate using the Uniform key model with cosine adjustments 

The chi-square goodness-of-fit- test had a total chi-square value of 4.09 (DF = 3, p = 0.25), 
indicating that there was not a significant difference between the observed and expected values, 
and thus the model was a good fit (Table 6, Figure 12).  

Cut Points Observed Values Expected 
Values 

Chi-square 
Values 

1-2 967 951.57 0.250 
2-3 823 854.32 1.148 
3-4 670 640.46 1.363 
4-5 578 600.10 0.814 
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5-6 563 555.65 0.097 
6-7 426 421.04 0.058 
7-8 307 315.06 0.206 
8-9 233 227.72 0.122 

9-10 122 123.07 0.009 

Table 6: Results of chi-square goodness-of-fit test for the selected model 

Figure 11: Probability density 
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DISCUSSION 

Rigorous population estimates are critical for managing wildlife populations, such as the white-
tailed deer in the urban-forest landscape in western North Carolina. I used multiple methods –
spotlighting, distance sampling, camera traps, and pellet counts, – to estimate deer densities in 
the Duke Forest. Of these methods, camera traps were the most effective and pellet counts were 
the least effective. Camera traps demonstrate several advantages over other methods by allowing 
surveys to be conducted deeper into the forest and allow for passive monitoring (Roberts et al., 
2006; O’Connell et al., 2011). Using distance sampling with camera traps is a novel approach to 
surveying white-tailed deer and allowed for estimation of deer densities in the Duke Forest 
whereas spotlighting and pellet counts did not. 

Although simplest in design and implementation (Payeur and Smercyznski, 2016; deCalesta, 
2013), pellet counts were the least successful partly because each site was only sampled once. 
With spotlighting, each route was sampled three times and camera traps sampled continuously 
for over two months. Additionally, calculating densities from pellet counts requires the use of 
estimates for deer defecation rate and pellet persistence derived from other studies, thus 
increasing the error involved. For example, deer defecation rate has been estimated as 25 
(Sawyer et al., 1990), 12.7 (Eberdardt and Van Etten, 1956), and 34 (Rogers, 1991) pellet groups 
per day. Pellet counts could have been improved by increasing the number of times each plot 
was sampled, increasing the number of plots, and changing the size and shape of each plot. 
Circles and long narrow rectangles are the two most common shapes, with popular plot sizes 
including 0.001, 0.002, 0.01, and 0.02 acres for circles, and 66-2,000 feet long by 3-20 feet wide 
for rectangles (Neff, 1968). Smaller plots are easier and quicker to survey, potentially limiting 
the chance of missing pellets and thus decreasing observer error (Neff, 1968). The plots I used 
for pellet counts were 900 m2 or about 0.2 acres. A greater number of small, circular plots could 
have increased the number of pellet groups found.  

Altering the spotlighting protocol to include additional measurements for Distance sampling was 
relatively easy and laser rangefinders were the only equipment not already available to the Duke 
Forest. Had more distance measurements (>60) been recorded during the survey, this could 
potentially have been an inexpensive way of improving current spotlighting methods to calculate 
deer density and uncertainty, rather than just using counts. In my study, a major limitation of 
spotlighting and distance sampling was that very few deer were seen. This could have been 
improved by increasing the number of spotlighting nights until at least 60 individual 
observations were recorded but could have required at least 3.33 times the number of survey 
nights currently being used.  

Due to the differences between the methods of data collection, the spotlighting and camera trap 
data were not directly comparable. Spotlighting occurs over a large area in a short amount of 
time whereas camera trapping occurs in small areas for longer periods of time. Additionally, 
spotlighting along roads may be biased as deer could be attracted or repelled by roads. Camera 
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traps were systematically located throughout the entire study area, and thus represent the entire 
Korstian division. Although the average encounter rate for spotlighting was higher than for 
camera traps, these rates were based on the number of deer per day for cameras and the number 
of deer per kilometer driven for spotlighting. Dividing the number of deer observed by the areas 
sampled rather than by days deployed (cameras) or kilometers driven (spotlighting), the 
encounter rates for spotlighting would be lower than for camera traps. There was also greater 
variability in the spotlight data than the camera trapping.  

Costs 

Between all survey methods, pellet counts are the least costly in terms of equipment, labor, and 
time, while camera trapping is the most expensive. Pellet counts require very little equipment but 
may require a lot of labor and time to access and survey each site, depending on the location and 
number of plots. For spotlighting, the Duke Forest already owns all the equipment needed and 
anticipates the staff and time necessary as part of its yearly duties. If Distance sampling were to 
be re-attempted, the only additional equipment needed would be something to measure distance 
with such as a laser range finder which starts at around $150 per unit depending on the features 
and quality. With enough practice, taking the extra measurements needed for Distance sampling 
can be smoothly integrated so as not to add too much additional time to the protocol. Camera 
traps vary greatly in price depending on quality. The Reconyx HC500 cameras used for this 
project are around $450 each and are considered high quality, but cheaper options exist 
depending on the features offered. Even with cheaper cameras, the number required to survey the 
Durham, Korstian, and Blackwood divisions (approximately 89 cameras) would be very costly. 
Duke Forest could potentially explore a partnership with North Carolina’s Candid Critters, a 
citizen-science camera trap survey interested in monitoring NC’s wildlife, including the deer 
population (NC Candid Critters, 2018). This could reduce the number of cameras needed since 
participants can use their own cameras if they meet certain specifications or can borrow one from 
a local library (NC Candid Critters, 2018).  

Recommendations 

Monitoring white-tailed deer is a necessary management tool especially in high density areas like 
North Carolina (Hartigan et al., 2017). It is important for forest health, disease control, public 
safety, and predator control. Forest managers should be especially vigilant since high densities of 
white-tailed deer are known to lead to over-browsing that decimates the forest understory and 
shifts the abundance and distribution of plant species (Rooney & Walker, 2003; Rawinski, 2008). 
Disease control and public safety should be of increased concern to managers in urban 
environments where deer and human habitats are more likely to overlap. In addition to an 
increased rate of deer-car collisions and subsequent injuries, high densities of deer have 
economic consequences for farmers and other landowners whose crops and landscaping are 
destroyed (Drake, 2005).  
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Distance sampling with camera traps calculated the density of white-tailed deer in the Korstian 
division to be 9.71 deer per square kilometer or 25.15 deer per square mile. According to the 
North Carolina Wildlife Resource Commission (Hartigan et al., 2017) and the Quality Deer 
Management Association’s (Woodall et al., 2016) estimates, this is considered medium density. 
Assuming the same density in the Durham and Blackwood divisions, the total number of deer 
across all three is 211.49.  

The results of my study suggest that the  Duke Forest employing camera trapping as a method 
for surveying white-tailed deer in the forest would result in more fine-scale, long-term coverage 
in areas where deer may be present, and that the currently used spotlighting cannot reach. Not 
only will this produce significantly more deer observations, it will provide a more robust dataset 
that can then be used to make population density estimates. Camera trapping may also be used to 
concurrently collect other types of important management information such as habitat 
preference, browsing behavior, herd health, and act as a survey for other animals such as 
coyotes. The results here demonstrate the deer density for the Korstian division in January and 
February , I therefore recommend that the Duke Forest conduct a year-long camera trap survey 
across all divisions included in the deer management program to determine the overall deer 
density and examine environmental and seasonal factors that influence their density and 
distribution.  
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