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1. Introduction

White tailed deer (Odocoileus virginianus) are among the most widely distributed big
game species in the Western Hemisphere; they can typically be found across most of North
America, except in northern Canada and the far west United States (Campbell et. al, 2004). Since
the beginning of the twenty century, populations of white-tailed deer have vacillated sharply
(Jones, et al 1998). In the end of the nineteenth century and the beginning of the twentieth
century, lack of regulations caused people to over hunt the deer which lead to precipitous drops
in its” populations (Campbell et. al, 2004). Since the 1970’s, populations have rebounded
following stricter hunting regulations, changes in land use, active reintroduction programs and
increased deer management (Weckel et. al). Current Rough estimates have predicted that there
are about fourteen million white tailed deer in North America (Jones, et al 1998) White tailed
deer management has aimed to provide a socially acceptable balance between the benefits and
cost of the deer populations (Campbell et. al, 2004). How to control increasing deer populations
has become a very controversial debate. Some believe that the deer should simply be killed,
while the majority of people argue about an effective, humane process of dealing with the
species’ overpopulation (Porter et. al, 1991). This issue has become increasingly more
recognized due to the new studies that reveal that due to overpopulation the white tailed deer has

had a vast amount of negative effects on its’ ecosystem.

As the deer population continues to increase, scientists will continue to see a larger
amount of obvious evidence that suggests that the overpopulation of the species has led to a
decline in plant and animal diversity. Scientists found that the overabundance of white tailed
deer is inhibiting forest growth and reducing the diversity of plant and animal species (Rachel E.

McCaffrey, 2008). Specifically, one study found that the large populations of deer are having a
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negative effect on the hemlock trees (Weckel et. al). In another study, the researchers concluded
that because of a swell in the population, there are more deer to feed on the plant life. Thus
diminishing plant species as well as increasing the amount of competition between the deer and
other herbivores and even themselves. Additionally, deer overpopulation can alter the
competition between plants (Jones, et. al 1998). A study by Rooney and Waller found that the
excess deer population has caused an overall decline in herb and animal diversity. They
determined that the decrease in diversity is caused by the increased grazing of the deer. This
knowledge helped further answer why the regeneration of forest areas had become a much harder

and longer process.

Many Studies have shown that current deer densities are so high in some areas that deer
are negatively impacting forest ecosystems (Porter et. al, 1991). Increasing deer densities are
known to reduce or prevent seedling recruitment in selected tree species, and reduce biomass,
reproduction, and diversity of wildflowers and under story woody. Deer at high densities can
slow regeneration of commercially managed forests, and damage crops and orchards. The
obvious trend of increasing deer populations in many parts of the continent reveals that current
management methods are not working and need to be altered. It is essential to have a population
estimate, even a rough one, because estimates are key in determining management methods.
Population estimates are fundamental in evaluating white tailed deer population trends and to

develop effective management plans (Campbell et. al, 2004).

On a local and national level scientists have been trying to collect data about the deer
populations in specific areas hoping that the data they collect will help them decide a means of
controlling the size of the population. These studies also show that the species has begun to

move into suburban areas because of a lack of food and high competition in their natural
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environments. In addition, due to the increasing amount of suburbanization since the 1940’s,
increasing deer populations have been forced to adapt to our anthropogenic environment.

(Campbell et. al, 2004)

In recent years the integration of the white tailed deer into suburban habitats has resulted
in the increase incidences of Lyme disease in humans and an increase in the deer-vehicle
collisions (Jones et. al). Problems such as these have led people to force their local government
to develop better management ideas. These new ideas would have to be adapted to fit a suburban
environment and would have to be done in a way that would produce valuable results while still
decreasing the population in a civilized and prompt way (Porter et. al, 1991). In Porter’s
research, they discussed possible management ideas and difficulties for white tailed deer
populations in suburban areas, they discussed problems such as community’s views on how to
deal with deer humanely, as well as determining which methods would be the most effective for
the area. The researchers found that extended archery seasons help control deer collision
problems, yet many citizens in the area disapproved of using archery as a method of population
control (Porter et. al, 1991). Another method of observing the effects different deer management
strategies is by using a newly developed program, Deer MOM. It is a computer program that
simulates the effects of management options on population size, sex, and age of white tailed
deer. While this helps, it is believed that the main way of solving these problems is to

successfully determine an efficient means of obtaining a valid population estimate.

Over the past 50 years, scientists have tried various methods to discover the most
effective means of obtaining population estimates. These methods include the use of infrared
triggered cameras (ITCs), citizen science, mark-recapture, aerial counts, and mark-resight. In a

study, Infrared Triggered Cameras were used to monitor various underpass structures in Virginia
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to determine the structural and location attributes that make a crossing for large mammals
successful. This report provides guidance in monitoring underpasses and determining the best
design and location of an underpass to insure vehicle safety (Campbell et. al, 2004). Christopher
Langdon states that is very difficult to determine a specific population estimate in any area
because the deer constantly migrate and have different seasonal migration patterns. He also adds
that there are many methods to determine a general estimate of the size of the deer population in

an area but no one knows which method is the more efficient (Langdon, 2001)

Citizen science is often used to overcome the problems of long-term monitoring projects.
Citizen science is a cost effective way to collect large pools of data by involving volunteers.
(Rachel E. McCaffrey, 2008). Bird monitoring projects have been the most successful in
integrating citizen science because bird-watching is a popular sport. Several studies such as the
Christmas Bird Count and Breeding As urban areas expand and scientists work to find ways to
manage wildlife in cities, information about the associations among animals and urban
environments is needed. One such study, the Tucson Bird Count (TBC), has successfully utilized
citizen scientists to collect information on the distribution and abundance of birds across an
urban area. The results from the TBC have been used in numerous scientific studies, and they are
helping wildlife managers identify important sites for birds within the city, as well as land-use
practices that sustain native birds. The purpose of our research is to use citizen science in

developing a white tailed deer population estimate.

2. Hypothesis
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Our first hypothesis was that citizen science population data would be comparable to the data
that we collect from the camera counts. Our null hypothesis was that citizen science population

data would not be viable compared to the camera counts.
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Figure 1. Mianus River Gorge Preserve (MRGP). 25 motion triggered cameras were placed (in
spring) throughout the MRGP to help determine the deer densities. Also, 8 citizens participated in
our studies (winter & spring).

3. Study Area

Our research took place at the Mianus River Gorge Preserve in Bedford, New York. The

preserve is known to have a abundant deer population. The Mianus River Gorge is a deciduous



Meredith Davis, Alison Meyers and Jose Montiel

forest. The forest is surrounded by several secluded residences. A river flows through the middle

of the Gorge, throughout the forest.

4. Methods

In 2008 and 2009 Mark Weckel, preserve manager of the Mianus River Gorge
Preserve (MRGP) tranquilized and tagged 19 and 14 deer, respectively. Each of the tranquilized
deer was given two ear tags of different colors and numbers. The different pairings of tags help
us to differentiate the deer. When the participants marked down that they saw a tagged deer, they
would record the color of the deer’s tag. This helped us gain the knowledge of which deer where
generally found in which areas of the MRGP and if they were typically found with other tagged

or untagged deer.

To determine the deer abundance as well as to get the neighborhood involved in citizen
science was the purpose in this study. The first step towards creating this type of methodology
was to recruit the volunteers. We created fliers which were then sent out to the neighbors to
inform then of the study taking place. Once the basic information was presented to them, we then
created an online website for a more detailed analysis of how they could get involved. Soon
after, personalized letters were sent out to interested neighbors who were interested in
participating in the study. Ten volunteers were first recruited in the winter of 2008 to collect

data; however by the spring of 2009 the number of volunteers had decreased to seven.
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Figure 2. This is an example of the map that we created for
the participants of the community. This interactive map
allowed the participants to get involved and excited about
our project.

To test the validation of the citizen science method, cameras were set up in the woods from
March 15" to May 15" 2009. This type of method although helpful in validating our research,
was not the main source of data collection, but rather a pilot for an independent project. In most
cases these trail monitors are mounted to stationary objects with an optical lens. These monitors
record when an object breaks the electrical pulse between the sender and the transmitter. The
cameras that were set up in the Mianus River Gorge were helpful in determining the success of

the citizen science population estimates as well as testing for the independent study.

Analysis of the citizen science data was done through a method known as mark-resight. Mark-
resight is the statistical approach by which observational data is analyzed for the sole purpose of
detection in estimated demographic parameters. (Gill, 1999) Mark-resight consists of a distinct

capture period and one resight survey period.. First, field-readable marks are introduced into the
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population such as deer tags and then surveys are collected sighting on marked and unmarked
population. Along with being less expensive mark- resight is also better for the animals being
tested. Capturing is hazardous for the animals and may influence the scientific studies. Mark-
resight can reduce stress, and be of minimal disturbance. This method, however, requires that the
number of marked individuals in the population during sampling be known exactly or can at least

be reliably estimated. (Porter et. al, 1991).

Figure 3. This is an example of the pictures taken by the motion
triggered camera. Each of the tagged deer’s has two different colored
and numbered ear tags with numbers that help to make it easier to
differentiate between the tagged deer.

Program MARK, developed by Gary White, is a Windows-based program for analysis of
data from marked individuals. MARK represents a major advance in both functionality and
coverage for analysis of data of these sorts over several previous applications. Parameters can be
constrained to be the same across re-encounter occasions, or by age, or by group, using the
parameter index matrix. Program MARK computes the estimates of model parameters via

numerical maximum likelihood techniques.
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5. Results

Many other ratios needed to be found in order to finalize our study and find the average
number of white-tailed deer living in the Mianus River Gorge. Including the ratio of citizens
involved the holes or areas not able to be seen by neighbors in our study, and the mean female
and buck population. The first calculated was the number of “trap nights.” To get this number we
multiplied the number of participants involved in our study and the duration of our study. Our
study was 6 months long, from December of 2008 to June of 2009, which is 180 days. There

were nine participants, when multiplied the number of trap nights equals 1,620 days.
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Figure 4. This shows the density of deer per square kilometer in the
MRGP based on the data that we received in the winter 2008-09
and spring 2009 from citizen data and the data that collected from
the camera in the spring 2009. The middle number represents our
approximate estimate. The top number represents our Upper

Starting in the Spring, 17 of the Mianus River Gorge deer were tagged. As the study went
on the number of marked deer decreased due to hunting and loss of tags. This number decreased

from 17 marked deer seen in the winter of 2009, or 25 % of the population to 7 marked deer seen

11
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in the spring of 2009, or 19% of the population. This shows that the data collected from the
winter may have a better ratio of marked deer/unmarked deer than the data collected in the
spring. During the winter the ratio of marked to unmarked deer was 17:96. In the spring the ratio

of marked to unmarked tells to 7:42.

We also concluded that there was an LCI (lower confidence level) of 11 and an upper
confidence level (UCI) of 23. In the spring the home range 4.24 with a mean density of 8 deer/sq
km, with a LCI of 5 and a UCI of 16. These numbers also overlap, meaning that the results can

be accurate.

From the percent marked deer we calculated the deer abundance, standard error (SE),
LCI and UCI. Our study reported a deer abundance of 68 in the winter of 2009 and a deer
abundance of 36 in the spring of 2009. Although these numbers differ widely it is unknown
whether the population truly did decline between these two months or if the ratio of marked to
unmarked deer played a role in the large difference of numbers. The SE for the winter was 12.75
with a LCI of 47 and an UCI of 98. This means that the population of the population size is 90%
most likely to be in this interval of 47-98, with a number most likely near 68. In the spring there
was a deer abundance of 36, a SE of 11.29, a LCI of 20 and an UCI of 66. These estimates do

show that the mean size of the population is in the same range during both seasons.

6. Discussion

In this study we attempted to: (1) determine the Mianus River Gorge Preserves’ white
tailed deer population density, (2) explore the validity of the use of citizen science compared to
camera counts in terms of calculating population estimates, and (3) analyze the change in deer

population in the MRGP from winter to spring. Overall, our results show that there was not a

12
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significant change in population density between the winter of 2008-2009 and spring 2009.
Despite this, the winter and the spring citizen science data, states that the deer abundance
decreased by a large percent. In addition to comparing the population differences between
seasons, our evaluation of citizen science and camera methods revealed that these two methods

give similar results.

While evaluating the citizen science data between the two seasons, we discovered a large
fluctuation in the deer abundance as well as deer density. Despite the fact that the same method
was used for both seasonal sightings, we can strongly presume that while both seasons violated
assumptions, our spring data was more affected by the biases of citizen science. Our spring data
shows a large decrease in both the deer abundance and the deer densities. Previous studies have
proven that deer live predominantly in the woods during spring and move into suburban areas
during the winter. This affects our research because it decreases the probability of the
participants seeing a deer on their property during the spring. In the winter, the deer’s home
ranges increase in size to include suburban areas due to a scarcity of food. By moving into
suburban areas such as the MRGP in the winter, the chances of our participants seeing a deer
increases which leads to the differences in our data. Another issue that caused the difference in
our data was the loss of tagged deer. This problem lead to the decrease in the percent of marked
deer and caused a flaw in our confidence intervals. ([Tierson et. al, 1985] {Van Deelen et. al

1986]).

Our results from the camera studies show that the deer population was predominantly
seen in the wood during the spring season. Cameras were placed all over the MRGP, in both

uninhabited woods and on people’s properties. This is why the camera results lead us to believe
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that its estimates are correct because they are unbiased, and generally fewer mistakes can be

made with the use of cameras. (Silverman, 1986)

By the end of the winter of 2008 eighteen of those deer were still alive and tagged. Due
to the mortality of two deer, a violation of assumption was made. The impact of violation of
assumptions that dead and live animals have equal censoring rates has been evaluated using a
simulation, with the finding of large biases as a result of violations. During the spring of 2009
however, seven more deer were tagged but there was a loss of tags. This meant that some of the
deer that we had previously tagged were being seen but with no tags. Due to the loss of tags we
as scientist must keep in mind that our data will be stilted. Once the deer were tagged the

research for the population estimates of suburban deer was ready to begin.

Mark-resight can be used as a valid technique to determine the population of a species
though citizen science and camera counts. We believe that despite our data’s flaws, if we could
conduct the research again without as many biases, and more participants the figures between the
two methods would be more accurate. After analyzing our data we can conclude that although
there are many biases related to citizen science this method can bring a community together
through knowledge. More research need to be done to prove that citizen science is a valid

method. However, our study shows the great benefits of using this as a method in data collection.
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