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Wildlife Biology

Abundance and Density, and Opinions about Columbian Black-tailed Deer, Whidbey Island,
Washington
Chairperson: Paul R. Krausman
Obtaining reliable knowledge is the first step towards properly managing wildlife species.
Columbian black-tailed deer (Odocoileus hemionus columbianus) on Whidbey Island,
Washington have not been the subject of study, and little is known about the population, or the
opinion of resident’s of Whidbey Island towards the deer population. However, wildlife
managers suggest deer on the island may be overabundant or over social carrying capacity.
Given the lack of empirical knowledge about the deer population or human opinions towards
deer on Whidbey Island, I designed research to determine the abundance and density of
Columbian black-tailed deer on Whidbey Island, and the opinions of Whidbey Island residents
and deer hunters towards deer. I used road-based spotlight sampling analyzed with distance
analysis to estimate the abundance and density. The population of deer on Whidbey Island is
estimated to be 2,744.5 deer (6.2 deer/km2). The density of deer varied regionally from 4
deer/km2 in the south, to 10.5 deer/km2 in the central section. To determine public opinion of the
deer population, I designed a mail-back survey focused on the respondent’s interactions with
deer, their perception of the acceptability of the deer population size and their level of support
for increasing hunting opportunity on the island. I also conducted a phone survey of hunters who
reported hunting deer on Whidbey Island to determine their opinions on the deer population size
and trend. The public opinion survey indicated the deer population across the island was
moderately acceptable, and there was some support for increasing hunting, but the predominant
concern was maintaining public safety with increased hunting. The hunter survey indicated the
deer population across the island was somewhat increasing and hunters would prefer the
population to remain stable. The public and hunter opinion surveys did not indicate perception
among respondents of the varying deer densities across Whidbey Island. Road-based spotlight
sampling analyzed in a distance analysis framework can be useful for estimating population size
and density of Columbian black-tailed deer and represents the first population estimates for
Columbian black-tailed deer on Whidbey Island.
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CHAPTER 1
INTRODUCTION TO COLUMBIAN BLACK-TAILED DEER ON WHIDBEY ISLAND
Prior to the last major glaciation period, 2 million years ago, an earlier deer (Odocoileus)
form emigrated across the Bering land bridge from Eurasia (Geist 1998). During the period of
glacial advance the earlier form was separated into 2 geographically isolated populations,
allowing them to speciate (Geist 1998). When the glaciers retreated, the now separate deer
species expanded their ranges and began to hybridize in common landscapes (Geist 1998, Latch
et al. 2009). Phylogenetic studies of the Odocoileus genus suggest mule deer (Odocoileus
hemionus hemionus) are a hybrid of the earlier white-tailed deer (Odocoileus virginianus)
females and black-tailed deer males (Odocoileus hemionus columbianus; Cronin et al. 1988,
Cronin 1991, Latch et al. 2009). This was inferred by examining the mtDNA of the various deer
species. As mtDNA is inherited maternally, researchers can examine differences and similarities
between the mtDNA of various species and subspecies to determine their relationship.
Researchers reported a high degree of similarity between white-tailed deer mtDNA and mule deer
mtDNA,

additionally reporting low similarity between mule deer mtDNA and Columbian black-

tailed deer mtDNA, supporting the male black-tailed deer and female white-tailed deer hybrid
hypothesis (Cronin et al. 1988, Cronin 1991, Geist 1998, Latch et al. 2009).
Taxonomically, Columbian black-tailed deer are a subspecies of mule deer (Cowan
1936). There have been up to 11 recognized subspecies of mule deer, but currently there are 9
accepted subspecies (Cowan 1936, Geist 1998). These subspecies fall into 2 groups, the mule
deer groups, and the black-tailed deer group. The controversy over the validity of various
subspecies is confined to the mule deer group, with concurrence on the taxonomy in of the blacktailed deer group (Latch et al. 2009). Columbian black-tailed deer range along the Pacific coast

1

from central British Columbia to central California, west of the Cascade and Sierra Nevada
mountains (Brown 1961, Wallmo 1981, Geist 1998, Demarias and Krausman 2000).
In Washington state, Columbian black-tailed deer range from the Canadian border to the
Oregon border and from the Pacific coast to the crest of the Cascades (Brown 1961). While there
have been a number of studies examining Columbian black-tailed deer in the Pacific Northwest,
none of these have examined deer on islands larger than ~17 km2 or islands with varied
landscapes (Smith 1968; Bender et al. 2004 a, b; Martin et al. 2011; Long et al. 2013). However,
some of these studies have reported high densities of deer, leading to concern about potential
overabundance.
The success of the North American Model of Wildlife Conservation combined with
increasing fragmentation and suburban sprawl led to the problem of managing overabundant
wildlife, especially in where there is limited opportunity for traditional management strategies
such as hunting (Decker and Gavin 1987, McCullough et al. 1997, Organ et al. 2012, Weckel
and Rockwell 2013). Examples of overabundant ungulates include elk (Cervus elaphus) in Estes
Park, Colorado (Bradford and Hobbs 2008), white-tailed deer in New York (Decker and Chase
1997, Weckel and Rockwell 2013), and Columbian black-tailed deer in California’s Bay Area
(McCullough et al. 1997). Overabundant ungulates were first examined > 60 years ago, but the
cause of over abundance was often different than the caused currently faced (Leopold et al.
1947). Overabundant ungulates cause challenges for wildlife management agencies and the
public through several avenues: altering their habitat from excessive browsing, spreading
diseases such as Lyme’s disease, causing wildlife-vehicle collisions, and damage to landscaping
(McCullough et al. 1997, Jackson 2000, Martin et al. 2011, Levi et al. 2012, Weckel and
Rockwell 2013).
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Much of the research regarding overabundant deer populations has focused on whitetailed deer in the upper Midwest or East Coast. However, there have also been problems with
overabundant Columbian black-tailed deer (McCullough et al. 1997). In various regions around
California, researchers reported the struggle of communities and agencies to reduce deer
populations through various management actions, with little success (McCullough et al. 1997).
Around Vancouver, Washington authors reported lower deer abundance and densities in urban
and suburban areas than in neighboring rural areas, but found much higher reproductive levels
for deer in urban and suburban areas compared to deer inhabiting rural areas, leading to the
possibility of overabundant deer in the near future (Bender et al. 2004b).
Increasingly, wildlife management is more about managing humans than managing
wildlife (Decker and Chase 1997, Riley et al. 2002). Often, the public’s level of tolerance for a
wildlife species influences management goals instead of biological factors (Riley and Decker
2000, Riley et al. 2002). Indeed, a recent survey of deer biologists across the U.S., reported that
the tolerance for overabundant deer populations was social and not biological (Krausman et al.
2014). As human communities seek more active involvement in the management of their natural
resources several methods of inclusion have arisen, from approaches that require input from the
public to consensus between stakeholder groups on management actions to community votes on
proposed management alternatives (Kilpatrick and Walter 1997). However, rural and suburban
residents sometimes have different views towards wildlife and human use of wildlife, and
management strategies leading to potential conflicts (McCullough et al. 1997, Stout et al. 1997).
This wide range of tolerance can lead to difficulty accomplishing management goals. By
understanding abundance and density of deer and assessing the opinions of area residents and
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other stakeholders such as hunters, managers can better identify potential areas of conflict
between deer and stakeholders.
I examined these issues on Whidbey Island, Washington, USA. Whidbey Island has a
history of concern about the abundance of the deer population going back to the 1930s. The
second chapter of this thesis describes our method of estimating the deer population density and
abundance on Whidbey Island, a first step in determining whether deer are biologically
overabundant on the island. The third chapter examined the opinions of Whidbey Island residents
and deer hunters towards the deer population, and whether the deer population has exceeded the
social acceptance capacity of the residents of the Island.
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CHAPTER 2
ABUNDANCE AND DENSITY OF A DEER POPULATION ON AN URBAN ISLAND

ABSTRACT Currently, methods to estimate abundance and density of Columbian black-tailed
deer (Odocoileus hemionus columbianus) at management-appropriate scales are limited. Regions
where the social carrying capacity for deer can be exceeded offer the additional challenges of
numerous and diverse land owners. Regional wildlife managers are concerned Columbian blacktailed deer on Whidbey Island, Washington are overabundant. Recent research on small islands
in the Pacific Northwest reports high deer densities. These islands are smaller and less complex
than Whidbey Island with fewer mortality sources. My objective was to estimate the abundance
and density of Columbian black-tailed deer on Whidbey Island, Washington using road-based
spotlight surveys in a distance sampling framework. The relationship between roads and
Columbian black-tailed deer is currently unknown for Whidbey Island, and other regions report
varying attraction and avoidance of roads. To attempt to reduce possible bias associated with
roads I surveyed 150 transects in proportion to available land cover types. Additionally, there are
options available within the distance analysis software to reduce bias from roads. I conducted
spotlight surveys from 12 to 23 January 2015 starting < 1 hour after sunset and continuing to
2300. I estimated the deer population of Whidbey Island as 2,744.5 (6.2 deer/km2), lower than
the estimated densities of smaller islands in the region. Density varied across the different
sections of Whidbey Island. Road-based spotlights surveys in a distance sampling framework
can be a useful tool for estimating deer populations in regions where traditional management
methods are not practical. This research is the first conducted on the Columbian black-tailed deer
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of Whidbey Island, and offers baseline estimates and a repeatable procedure to estimate
abundance and density.
INTRODUCTION
One of the first steps to properly manage wildlife is to obtain reliable knowledge of the
species to be managed (White and Bartmann 1983, Roseberry and Woolf 1991). The lack of
information about a species is a problem most often associated with imperiled species, where
there are too few individuals to provide consistent inference, or they are too difficult to detect
(Campbell et al. 2002). But sometimes, well-studied and common species also pose management
challenges due to limited data. This is the case with Columbian black-tailed deer (Odocoileus
hemoinus columbianus) on Whidbey Island, Washington. The population has not been studied,
and biologists with the Washington Department of Fish and Wildlife (WDFW) are interested in
obtaining more information concerning deer on the island so informed decisions can be made
about their management (R. Milner, WDFW, personal communication).
Wildlife managers in the region are concerned about the abundance and density of deer
on Whidbey Island and suggest they may be above carrying capacity–especially social carrying
capacity. There are some logical reasons for this suggestion. There are fewer mortality sources
for deer on Whidbey Island than other regions Columbian black-tailed deer inhabit. The only
natural predator observed during this study was coyote (Canis latrans). The other sources of
mortality for deer on Whidbey Island are anthropogenic: hunting or wildlife-vehicle collisions.
Other regions, with fewer anthropological influences and more connectivity than exists on
Whidbey Island have more natural predators including American black bears (Ursus
americanus), mountain lions (Puma concolor), bobcats (Lynx rufus), and wolves (Canis lupus).
The dearth of predators on Whidbey Island combined with the lack of severe winters, due to the
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strong marine influence, suggests that there may be lower natural mortality rates than other
regions. Deer on Whidbey Island have also been exposed to disease, specifically hair loss
syndrome from non-native chewing louse (Damalinia [Cervicola],
http://www.seattlepi.com/local/sound/article/Whidbey-Island-deer-stricken-by-deadly-hair-loss1401312.php). Research conducted on other herds suggests hair loss syndrome can exacerbate
decreased fawn recruitment, leading to population growth potential not being realized (Bender
and Hall 2004, Bildfell et al. 2004, McCoy et al. 2014). However, impact of hair loss syndrome
on the Whidbey Island deer population has not been examined. Thus, little information is
available on population dynamics of Columbian black-tailed deer on Whidbey Island to make
informed decisions.
Research has been conducted on Columbian black-tailed deer on some neighboring
islands, but little information from those islands is applicable because Whidbey Island is larger
and more complex. Research on neighboring islands reports higher deer densities than has been
reported in mainland deer populations (Table 2.1). On small islands, deer density was < 105
deer/ km2, with many in the 20-40 deer/km2 range (Long et al. 2009, Martin et al. 2011).
Mainland density estimates range from 0.5-16 deer/km2 (Brown 1961; Smith 1968, 1987; Happe
1982; Bender et al. 2004b; Table 2.1). Mainland density estimates may not be applicable to
Whidbey Island deer populations because environmental and anthropogenic conditions are
different.
My objective is to determine the abundance and density of deer on Whidbey Island,
Washington. I predict the density of Columbian black-tailed deer on Whidbey Island will be
between the high density small islands and the lower density mainland, with Whidbey Island
being similar in deer density to the other large island in the region, Vancouver Island at ~15.2
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deer/ km2 (Smith 1968). I believe Whidbey Island will serve as a mid-point of deer density
because the characteristics of the island represent a mid-point between smaller islands and the
mainland.
STUDY AREA
Whidbey Island is in northwest Washington (Fig. 2.1). The island is roughly 88.0 X 2.4–
19.0 km with a north-south orientation occupying 436.9 km2. The major climatic influence on
the island is the rain shadow effect from the Olympic Mountains west of the island. The rain
shadow effect is most dominant on the central and northern portions of the island, due to the
predominant storm path from the southwest, with average rainfall on the central portion of the
island being 510 mm of rain annually, increasing to 910 mm in the southern portions of the
island and 810 mm on the northern portions of the island. The difference in rainfall combined
with human and agricultural development influences the vegetation differences between the
northern, central, and southern areas of the island.
Whidbey Island’s flora is varied due to differences in rainfall and manner of human
disturbance. I used the land cover dataset from the U. S. Geological Survey (USGS GAP
Analysis) to classify the 33 ecological systems or land uses: 11 forest, 4 shrub and grassland, 6
marsh, 3 rock or barren, 2 open water, 4 human development, and 3 agricultural. The forests are
Warm and Cool Temperate, Temperate Flooded and Swamp, and recently logged forests. The
shrub and grasslands are Temperate and Boreal Grassland Meadow, and Scrub. The marshes are
Temperate and Boreal Fresh and Saltwater meadows and marshes. Open water consists of fresh
and salt water. Human development consists of developed and urban areas, and gravel quarry
mining. The agricultural consists of pasture and crops. Whidbey Island also contains remnant
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patches of Garry oak (Quercus garryana) woodlands, which were historically prevalent around
the central section of the island.
The fauna of Whidbey Island is different than it was during pre-European settlement
(White 1992). Meso-carnivores still inhabit the island including striped skunk (Mephitis
mephitis), raccoon (Procyon lotor), and red fox (Vulpes vulpes), but coyotes are the only
predators of deer. There are no other populations of wild ungulates on the island, with the
exception of a lone male elk (Cervus elaphus) that was first sighted in September 2012 on the
northeast region of Whidbey Island (http://www.whidbeynewstimes.com/news/233223701.html).
Domestic livestock including cattle, sheep, goats, llamas, alpacas, and horses are prevalent
throughout the island.
The overall climate of Whidbey Island is Pacific Northwest temperate with cool, wet
winters and warm, dry summers. The topography of Whidbey Island is generally tame, devoid of
large mountains or continuous steep slopes, with the exception of the coastline, where there are
large bluffs. There is limited topographical relief on the island.
I divided the Island into 3 sections: north, central, and south. The north section of the
island extends from the west end of Penn Cove to the northern end of the island covering 166
km2. The central section extends from the west end of Penn Cove south to Freeland covering 122
km2. The southern section extends from Freeland to the southern end of the island covering 152
km2. I separated the island in this manner because the 3 sections differ from each other in human
demographics and land characteristics.
The human population of Whidbey Island is 62,845 (U.S. Census Bureau 2010). The
population is centered in Oak Harbor, in the northern section; over half the island’s population
resides in the northern section (U.S. Census Bureau 2010). The north section of the island is
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more urbanized than the rest of the island, and the central and south sections are more rural. The
human population density for the north section is 221/km2. The human population density for the
central section is 102/km2, and 90/km2 in the south section (U.S. Census Bureau 2010).
Portions of the island that are protected through county and state parks, conservation
easements, and land trusts. The largest, limited access landowner on the island is the Department
of Defense, with 23 km2, 5% of the island. Whidbey Island Naval Air Station is located in the
north section of the island, with smaller outlying holdings.
There are 1,327 km of roads across Whidbey Island; an overall road density of 3.0
km/km2. The distribution of roads is not uniform. Across the 3 sections of the island there is a
gradient of road density from 3.4 km/km2 in the north to 3.0 km/km2 in the south to 2.7 km/km2
in the central section.
METHODS
There are limited methods of estimating abundance and density of Columbian blacktailed deer at scales appropriate for management. Traditional population survey methods such as
aerial counts are often ineffective in the dense forests these deer inhabit. Aerial surveys using
forward looking infrared sensing, while useful for white-tailed deer (Odocoileus virginianus), are
also not effective in the regions Columbian black-tailed deer inhabit as the tree canopy is too
high and dense (Naugle et al. 1996). Fecal pellet or direct observation, walking, distance
sampling can be useful, but in some circumstances can be difficult to obtain the consent of many
small property owners.
I used road-based spotlight surveys to estimate the abundance and density of deer on
Whidbey Island. Road-based spotlighting to survey deer populations has been used for many
years across several continents. This technique primarily relies on the eye tapetum of deer that is
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reflective. The reflection allows researchers to initially locate deer from eye-shine due to the
spotlight (McCullough 1982, Cypher 1991). Additionally, deer often are less wary towards
observers at night and from vehicles, increasing the detection probability of deer and the
accuracy of the measurements (Koganezawa and Li 2002, Ward et al. 2004). Earlier research
examining Columbian black-tailed deer in human dominated landscapes reported more deer
movement and feeding at night, and more use of open areas (Happe 1982). A lack of predators
can lead to different temporal movement patterns in cervids. Research on nearby Blakely Island
indicates decreased deer activity after sunset (Long et al. 2013). Additionally, research on
reindeer did not report activity peaks at sunrise and sunset, suggesting changes in activity
patterns as a response to a lack of predation pressure (Loe et al. 2007). However, deer in
mainland areas in western Washington and on Vancouver Island, Canada exhibit strong
crepuscular movement patterns. These patterns are attributed to the occurrence of natural
predators that are not present on Blakely Island (Hanley 1982, McNay et al. 1994, McNay and
Voller 1995, Loe et al. 2007). As Whidbey Island has retained 1 natural predator deer would be
active during crepuscular periods supporting the use of road-based spotlight surveys.
Most road based spotlight surveys for deer are conducted without a method of estimating
the detection rate of the spotlight survey; they simply provide a population index, which are of
little use to managers (Anderson 2001). Additionally, with certain analysis methods, road-based
spotlighting has high variability leading some to question its viability as a wildlife surveying
technique (Collier et al. 2007, 2013). By conducting the spotlight surveys within a distance
sampling framework I can estimate detection rates, accounting for this criticism, and provide
estimates of abundance and density instead of indices of abundance and density (Buckland et al.
2001). Road-based spotlight surveying conducted in a distance sampling framework is a method
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that has seen widespread use by managers and researchers of Sika deer (Cervus nippon) in Japan
to white-tailed deer in the eastern U.S. to several deer in the United Kingdom (Gill et al. 1997,
Heydon et al. 2000, Koganezawa and Li 2002, Ward et al. 2004, McShea et al. 2011).
Road-based surveying is often criticized as convenience sampling (Anderson 2001).
However, the bias associated with roads can be reduced under certain conditions. Specifically, if
the location of roads is not driven by variables that influence the study species’ distribution and
or abundance (i.e., topography, vegetation distribution, streams; McShea et al. 2011, Anderson et
al. 2013). Whidbey Island has very gentle topography and no permanent streams. The roads on
the island have very little relation to the topography of the island and rarely represent drastic
changes in land cover associated with the road or with the road serving as a boundary between
land cover changes. Additionally, the ability to cover large areas in shorter periods of time has
substantial benefits including increased likelihood of the population being closed over the
sampling period. I further attempted to reduce bias by using 150 road segments as transects,
stratified into different cover types in proportion to availability in the 3 different sections of the
island (Buckland et al. 2001). Because high traffic rates can lead to increased road avoidance,
road segments that had generally lower traffic rates were used, but this was not always possible
in the urban areas (Rost and Bailey 1979, Forman et al. 2003).
Road-based spotlight surveys within a distance sampling framework is the best field
sampling method for this study area because it can produce adequate sample size that other
distance sampling survey methods (i.e., aerial, fecal pellet, walking) cannot in a timely manner.
Fecal pellet and walking transects using distance sampling have been successfully used on
nearby islands, but these methods are not feasible in areas such as Whidbey Island with
numerous tracks of private land. Areas of predominantly private land with numerous land owners
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are especially problematic, with the need to obtain permission from each land owner. This task is
more difficult in a region with many non-permanent resident and few landline telephones, or
landowners that simply do not allow access.
The creation of fully formed detection functions for objects along a transect requires a
minimum of ~45 observations for each strata, in this case north, central, and south sections of
Whidbey Island (Buckland et al. 2001). Road-based spotlight distance sampling provides the best
opportunity to gather the amount of data needed for the analysis. Additionally, road-based
spotlight surveys can provide information at lower cost than other abundance estimation
techniques such as aerial surveys, fecal pellet distance sampling, and walking distance sampling
(Gill et al. 1997, Uno et al. 2006, Amos et al. 2014).
Also, options to reduce bias introduced by road-based transects are available when
analyzing the survey data in the program Distance (Thomas et al. 2010). The bias from using
roads as transects can take 2 general forms. First, roads can repel deer due to noise disturbance,
increased hunting pressure, or vegetation changes along a gradient of distance away from roads.
Second, roads can attract deer due to increased mineral levels along roads, or preferred forage
near roads. Results are mixed among different studies. A recent Columbian black-tailed deer
study by biologists of the Makah Indian Tribe reported deer did not avoid roads (McCoy and
Gallie 2005). Additionally, the road density in the study area was 3.8km/km2, higher than the
highest road density region on Whidbey Island. However, much of the road access is limited to
infrequent forest management activities, and does not influence deer in the area (McCoy and
Gallie 2005). Columbian black-tailed deer were located less frequently than expected near roads
in suburban Vancouver, Washington (Bender et al. 2004a). Studies of elk and mule deer report
avoidance of roads in Colorado (Rost and Bailey 1979). Studies of various deer species in the
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U.K. suggest little avoidance of roads at night (Gill et al. 1997, Ward et al. 2004). Research on
white-tailed deer reported attraction and avoidance of roads (Stainbrook 2011; Anderson et al.
2011, 2013; Munro et al. 2012).
The analysis software, Distance, is flexible to bias introduced by animals moving away
from the transect (Thomas et al. 2010, McShea et al. 2011). Within the analysis there are 2
methods to account for this bias: either censor the observations closest to the road reducing
sample size, or expand the first distance interval (Buckland et al. 2001, McShea et al. 2011).
Expanding the first distance interval may lead to lower coefficient of variation and a lower AIC,
while censoring observations close to the transect did not influence covariates and reduced
sample size as reported by McShea et al. (2011).
Field Methods
Road-based spotlight surveys were conducted on Whidbey Island to gather data required
to perform distance analysis. I developed survey routes on the 3 sections of the island for the 150
transects, varying in length from 62 to 3,222 m (Fig. 2.2, Appendix 3). The transects represented
10% of the available roads in each section. Therefore, sampling effort was weighted by the total
length of roads in each section. The transect routes were selected in proportion to the
surrounding land cover types in each region and to increase geographic spread of the survey.
I adapted the surveying protocol established by the National Park Service for study deer
in the National Capitol Region to our logistical constrains to conduct the surveys (Bates 2006).
The National Park Service protocol uses 4 people/vehicle: one driver, who also observes the
transect line (road), 1 data recorder, and 2 spotlight operators, one on each side of the vehicle.
The survey vehicle is driven ~25 kph, to maximize detection rates.
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I used a 2004 Toyota 4Runner as the survey vehicle with people: 1 driver and 2 observers
with spotlights in the back seats. The surveys began > 1 hour after sunset and finished before
2300 (to reduce the potential for complaints among island residents). The driver remained the
same throughout the surveys. There were 5 different observers for this study, but 2 participated
every night. The third observer participated 8 nights, and the final 2 observers participated in 1
night each.
When a deer was detected the vehicle was stopped and the location of the vehicle was
recorded in a GPS unit (Garmin Oregon 600t, Olathe, Kansas, USA). Measurements taken for
each observation included: transect identification, island section, time, observer, distance (m) to
the deer, bearing to the deer, group size, sex (if possible), and vegetation association. Group size
was determined by deer proximity to each other and behavioral cues. Additionally, deer in one
group were no more than half the distance from the closest deer in its group to the closest deer of
a neighboring group (Stainbrook 2011). Weather information was recorded for each transect at
the beginning of the evening’s survey (Happe 1982, McShea et al. 2011, Stainbrook 2013).
Sampling was orchestrated so the different regions of the island were surveyed in reverse
order to the previous sampling effort for that region. For example, if the first survey of a region
followed the route North to South, the second survey would follow the route in reverse order,
South to North. This allowed the different portions of the route to be surveyed at opposite times
of the evening.
Observer locations were imported into ArcGIS (version 10.2, ESRI, Redlands, California,
USA) with the distance and bearing to the deer. Using the distance bearing to line tool then the
line end to point tool, I generated the locations of the observed deer. Then using the near tool, I
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determined the distance between each deer location and the transect generating the perpendicular
distance data required for distance sampling analysis (Pierce 2000).
Statistical Analysis
Survey data including group size, cover type, observer, and majority land cover type of
the transect was imported into program Distance (Thomas et al. 2010). I estimated abundance
and density separately for the 3 sections of the island and for the island as a whole using the
Multiple Covariate Distance Sampling engine within the software (Thomas et al. 2010).
The data collected during the spotlight surveys was examined as histograms using
Program R 2.15.2 (R Development Core Team 2014). There was evidence of deer movement or
bias away from the transect (Fig. 3). To account for this I grouped our observations into distance
intervals ( Buckland et al. 2001, Bates 2006). For the island-wide model (global model), the first
distance interval was expanded to include sightings up to 20 m (Ward et al. 2004, Bates 2006,
McShea et al. 2011). The data for the global model were truncated to 100 m to remove ~12 long
observations. This is permissible as these long observations contribute little to fitting the
detection function and decrease the precision of estimates (Fig. 2.4, Buckland et al. 2001). I
examined data for each of the 3 regions separately using histograms to determine appropriate
truncation points, and whether to expand the first distance interval.
The parameters measured for each observation were then examined to determine any
correlation between because correlations can be troublesome during later analysis in Distance.
There was evidence of correlation between observed cluster size and distance from transect (r =
0.21, P = 0.002). The correlation caused an overestimation of the value of cluster sizes, because
large clusters are more likely to be observed than small clusters, eventually leading to an
overestimation of density and abundance (Buckland et al. 2001). I estimated cluster size using a
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sized biased regression of natural log of cluster size against estimated detection, if the regression
was significant at α = 0.05 to address this bias.
Models were fit to the data using different key functions including half-normal, and
hazard rate. Key functions describe the shape of the detection function curve while the expansion
adjustment describes the scale of the detection function curve (Buckland et al. 2001). Using the
Multiple Covariate Distance Sampling analysis engine, available covariates were included in the
model in a step-wise manner and their appropriateness was determined by reduction in Akaike’s
Information Criterion (AIC) and decreased coefficient of variation. Cover type the deer were
observed in was consistently selected as an appropriate covariate in the modeling process. Other
covariates attempted in the modeling included region, and majority land cover type of the
transect. When majority land cover type of each transect was included in the model, the model
failed to converge. This is likely a function of limited number of observations in specific land
cover types, and the large number of parameters in the model. The attempted covariates were
added in a step-wise manner and compared to other models with AIC and coefficient of
variation, and either included or dropped.
Model fit was assessed using 3 main methods: coefficient of variation <20%, lowest AIC
scores, and detection probability variation <30% (Buckland et al. 2001, Bates 2007). Once
candidate models were selected, the analysis was run again with non-parametric boot-strapping
with 1,000 resamples to estimate the variance within the models.
RESULTS
Field Sampling Results
The entire island was surveyed 4 times over 10 nights in from 12 to 23 January 2015. I
surveyed 500 km of roads and recorded 208 observations of deer (Fig. 2.2, Table 2.2, Table 2.3).
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Clear survey weather was experienced throughout the sampling period. By conducting
sampling in winter I took advantage of the lack of leaves on the majority of understory plants in
the region, increasing detection probability.
Statistical Results
I first estimated island-wide abundance and density by pooling observations from all
regions for the analysis (Fig. 2.3). The half-normal function with cosine adjustment consistently
provided better fit to the data than a hazard rate function with hermite polynomial adjustment.
Grouping the data into intervals with a large first interval provided a much better model fit than
ungrouped data (Fig. 2.4). Additionally, truncating the data to 100 m provided increased
precision while censoring 12 observations from the analysis (Fig. 2.4, Table 2.2).
Models that included the cover type the deer were observed in consistently performed
better (based AIC and coefficient of variation) than other models. The inclusion of other
covariates in the models did not improve the AIC value of the models and often lead to increased
coefficient of variation.
There were 2 competing models, both using the half-normal key function with cosine
expansion and cover type where the deer were located as a covariate. The models differed in 1
key way: the method of accounting for the different regions. In the first model I included the
region as a covariate. In the second model I stratified the analysis by region. The results of the
two models are similar in their estimates, but differ in their accuracy.
I chose the model that accounted for region by including region as a covariate because
the AIC value was only slightly higher but the model had lower percent coefficient of variation,
especially compared to the precision statistics for each region in the stratified model. This model
provided a detection function that fit the grouped data (Fig. 2.4). According to this model the
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island-wide density of Columbian black-tailed deer on Whidbey Island was 6.2 deer/ km2,
extrapolated to a total population of 2,744 (Table 2.4). Three percent of Whidbey Island was
within the effective strip width of 53 m, and 5% of Whidbey Island was within the truncation
distance of 100 m.
The global analysis indicated the importance of the different regions of the island and
their different influences on deer density. I proceeded to separate the data into the different
regions and analyzed each region separately to increase the precision of the estimates, and gain a
deeper understanding of the regional differences in deer density on Whidbey Island.
There were 96 deer observations in the north (Table 2.3). Examining a histogram of the
data suggested a truncation distance of 100 m, censoring 7 observations, and a large first interval
would provide increase model fit (Fig. 2.5, Fig. 2.6). The north section had 2 competing models.
The first model used a hazard-rate function with hermite polynomial expansion, provided the
lowest AIC and a reasonable coefficient of variation (0.18). The second model was also a
hazard-rate function with hermite polynomial expansion with the addition of cover type the deer
was observed in as a covariate, providing a slightly higher AIC (0.3), an equal coefficient of
variation (0.18). However, the model without cover type included was constraining the
parameters, and the model including cover type had no such issues, and was therefore selected.
This model provided a density estimate of 5.2 deer/ km2, for a population of 836 deer in the north
(Table 2.4). Seven percent of the north section of the island was sampled within our truncation
distance of 100 m, and 4% of the north was within the effective strip width of 64 m.
There were 57 observations of deer in the central section of the island (Table 2.3).
Examining a histogram of the observations suggested a truncation distance of 80 m, censoring 3
observations, and grouping the data into intervals of 10 (Fig. 2.7). The data collected on the
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central section was best described by a half-normal function with a key expansion and no
covariates. This model had the lowest AIC (214.66), nearly the same coefficient of variation
(0.25), and better goodness of fit (P = 0.74; Fig. 2.8, Table 2.4). This model estimated the
density of 10.8 deer/ km2, extrapolate to an abundance of 1,311 deer in the central section (Table
2.4). Three percent of the central section of the island was within the truncation distance of 80 m,
and 2.5% of the central section was within the effective strip width of 49 m.
There were 55 observations of deer in the south section of the island (Table 2.3).
Examining a histogram of the observations suggested a truncation distance of 95 m, censoring 7
observations while not suggesting expansion of the first interval (Fig. 2.9). The data collected on
the south section of the island were best described by with a half-normal function with a cosine
expansion and cover type as a covariate. This model had the same AIC (415.8) and the same
coefficient of variation (0.28) as a model with the same function and expansion without the cover
type covariate but did not need to have its parameters constrained to obtain monotonicity (Fig.
2.10, Table 2.4). The model selected estimated the density of deer in the south as 4 deer/ km2,
extrapolated to an abundance of 604deer (Table 2.4). Seven percent of the southern section of
Whidbey Island was within the truncation distance of 95 m, and 4% of the south was within the
effective strip width of 54 m.
DISCUSSION
The Columbian black-tailed deer density estimate places Whidbey Island closer to the
range of reported Columbian black-tailed deer densities in mainland areas and Vancouver Island
than small, nearby islands (Table 2.1). While the different studies estimated density using a
variety of methods, there is a clear trend of higher densities on small islands of the San Juan
Archipelago and the Canadian Gulf Islands compared to mainland or large island population
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densities (Table 2.1). Columbian black-tailed deer density on small islands has been calculated in
several studies (Long et al. 2009, Martin et al. 2011). The densities ranged from 13 to 38
deer/km2 with the exception of 1 island, D’Arcy, with a density of 105 deer/km2 (Martin et al.
2011). Density was estimated with fecal standing crop counts corrected with fecal standing crop
counts from an island with a known population (Martin et al. 2011). Deer densities estimated via
walking distance sampling on Blakely Island were up to 39 deer/km2 (Long et al. 2009).
However, these islands are much smaller than Whidbey Island, with none of the islands studied
being larger than 17 km2.
Mainland estimates of Columbian black-tailed deer density around Vancouver,
Washington varied by the level of anthropogenic disturbance. In urban regions, deer density was
estimated to be <1 deer/km2, while in adjacent rural regions, deer density was estimated to be 2.7
deer/km2 (Bender et al. 2004b). Research on sympatric Columbian black-tailed deer and
Columbian white-tailed deer (Odocoileus virginianus leucurus) in Oregon’s Umpqua River
valleys, generated Columbian black-tailed deer densities ranging from 1-30 deer/km2 with an
average of 13.1 deer/km2 among 9 study sites, but these estimates were generated via spotlight
census methods that are problematic (Smith 1981, 1987; Collier et al. 2007, 2013). Research
conducted around Corvallis, Oregon also estimated deer density with spotlight census methods
(Happe 1982). Estimated density varied by season and land cover type but ranged between 1-26
deer/ km2 with most of the estimates falling under 8 deer/ km2, the average density observed was
~9 deer/ km2. The only land cover type that had density > 10 deer/km2 was pasture in winter and
spring. Additionally, densities of deer were lower in the forested areas than in pasture and
developed areas, likely to an either-sex hunt in the forested area (Happe 1982). Research
conducted by WDFW in the 1950s in the Willapa Hills region of Washington estimated deer
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abundance and density using a fawn: female: male ratio and hunter harvest information to
estimate an average density across seral stages of 16.7 deer/km2 (Lauckhart 1950, Brown 1961:
56).
On the other large island in the region, Vancouver Island, researchers reported a density
range of 11.3-17.1 deer/km2 (Smith 1968). However, the researcher acknowledged the numbers
may be biased given the data collection methods concerning estimated fawn: female: male ratios
from deer counts in early seral stage areas and use of hunter reports, which are acknowledged to
be suspect (Lauckhart 1950, Smith 1968, McCullough et al. 1994).
I attribute the higher densities of the older studies to one key factor. The older studies use
techniques (i.e., spotlight census) that do not account for imperfect detection and focus on areas
known to hold many deer leading to overestimation of density (Smith 1968, 1987; Happe 1982;
McCullough et al. 1994; Collier et al. 2007). More recent estimated densities are likely more
robust to variation, and more accurate. These recent studies suggest a gradient from low density
mainland regions to high density islands (Bender et al. 2004b, Long et al. 2009, Martin et al.
2011).
Differences in the estimated deer density across the 3 sections of Whidbey Island were
striking, with the central section of the island having a much higher estimated density than the
northern or southern sections. However, when the abundance estimates from the independently
analyzed island sections were summed to determine total abundance for the island, the estimate
was very close to the estimated abundance from the global model (2,744 to 2,753 deer). Because
the global model also accounted for region, this suggests the regional differences across the
island are playing a major role in the varying densities of Columbian black-tailed deer across
Whidbey Island.
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The key differences between the different sections are the level of urbanization and the
intensity of the Olympic rain shadow effect. The central and southern sections of Whidbey Island
are less than half as densely populated as the northern section of the island. The northern section
of Whidbey Island has a human population density of 221/km2, while the central section has a
density of 102/km2 and the southern section has a density of 89/km2. The differences in human
population density alone are not enough to explain the variation in deer density as estimated deer
density on the southern section is much lower than the estimated density on the central section (4
vs. 10.5 deer/km2).
The intensity of the Olympic rain shadow effect is likely to play a key role in the
variation of deer density across the island. The average rainfall on the central section of Whidbey
Island is nearly half that of the southern section (510 vs. 910 mm; NOAA). This large variation
in rainfall drives difference in the land cover types, with dryer forests and more open areas
dominating the central section of the island, while wetter forests and fewer open areas are
dominant on the southern section. The northern section of the island has less rain than the
southern section and more open areas, but the high human population maybe limiting the deer
population in the north as other studies have observed fewer Columbian black-tailed deer in
more urban areas, with few exceptions (McCullough et al. 1997; Bender et al. 2004 a, b).
This finding stresses the importance of careful examination of potential background,
bottom-up factors that may be influencing variation in deer density and plan for their inclusion
appropriately in monitoring to ensure the most accurate results possible.
While this study did not generally observe evidence of movement prior to detection, deer
were seldom observed directly on transects. This was to be expected as all transects were paved,
public roads. For deer, there is little biological value of being directly on the road. Therefore, any
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detections directly on the transect would be deer moving from one side of the road to the other,
not remaining on the road for substantial periods of time. Accounting for this in the analysis by
expanding the first distance interval had the effect of moving the theoretical location of the
transect to include the road surface and the edge habitat directly off the road, as the detection
probability in the first distance interval is assumed to be 1. The expansion of the first distance
interval also improved the model fit in the analysis.
The relationship between deer density and roads is not known for Whidbey Island. While
this study observed very fine scale avoidance of roads (i.e., deer rarely spending time directly on
the road surface) this study was unable to independently assess the relationship between roads
and deer at a broader scale.
There is conflicting evidence for the relationship between density of deer and roads for
other regions and deer species (Rost and Bailey 1979, Gill et al. 1997, McCoy and Gallie 2005,
Stainbrook 2011, Munro et al. 2012, Anderson et al. 2013). Different studies reported both
higher and lower densities of the study species farther from roads (McCoy and Gallie 2005,
Stainbrook 2011, Munro et al. 2012, Anderson et al. 2013). On Whidbey Island, the number of
deer-vehicle collisions has historically been >150 annually (R. Milner, personal communication).
However, there is limited information on whether increased wildlife-vehicle collisions leads to
road avoidance by wildlife (Grosman et al. 2011). Additionally, poaching is a limited issue on
the island, and local WDFW enforcement officers do not view it as a large enough problem to
lead to road avoidance (R. Downes, WDFW enforcement, personal communication). If deer on
Whidbey Island are avoiding roads, the estimated detection probability will be biased high
leading to a negative bias in density and abundance, meaning the estimates are likely low. If deer
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are attracted to roads the detection probability may be biased low, leading to an overestimation
of density and abundance.
One of the more recent advances in distance sampling addresses the non-random
distribution of animals or density gradients around the transect (Marques 2007, Marques et al.
2012). Recent work has combined independent estimates of distribution in relation to transects
with distance sampling to reduce the bias caused by either avoidance or attraction of roads
(Marques 2007, Stainbrook 2011, Marques et al. 2012). These studies attempt to determine the
direction and magnitude of the bias associated with roads to increase the precision and accuracy
of the estimate. Due to logistical constraints, this study was not able to estimate deer density in
relation to roads independently. Future research concerning road-based distance sampling of
Columbian black-tailed deer should determine the effect distance to roads has on the density of
deer to decrease bias introduced by the use of roads in density and abundance estimates from
distance analysis.
Concern about Columbian black-tailed deer overabundance and high density on Whidbey
Island is not a new phenomenon. Deer were perceived to be so abundant from the 1930s to the
late 1950s that there were attempts to eliminate them from Whidbey Island to protect the
strawberry crop (Zem and Wells 1955). This attempt at eradication was unsuccessful, but 400600 deer were harvested annually for 18 years in an attempt to alleviate the crop damage they
caused. This perceived high abundance followed a period of intense, industrial logging on the
island perhaps leading to more beneficial forage conditions for deer (Brown 1961, Smith 1968,
White 1992, Kremsater and Bunnell 1992). More recently, local news reports over the last
decade discuss concerns over the rate of deer-vehicle collisions, which occur up to 150 times
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annually (R. Milner, personal communication). Additionally, WDFW has increased hunting
opportunity on Whidbey Island by offering a second antlerless tag to hunters in recent years.
Density estimates of deer on Whidbey Island determined by this study range from 4-10.5
deer/km2 depending on region with an overall density of 6.2 deer/km2. These estimates along
with direct observations suggest deer on Whidbey Island are not biologically overabundant. Deer
from my observations do not appear to be underweight, and twining is frequently observed.
While it has been suggested that Pacific Northwest forests are nutritionally limiting for deer, the
fine-scale diversity of land cover types due to the extreme rainfall gradient and human
modification of the island appear to be providing adequate nutrition (Hanley and McKendrick
1985, Happe et al. 1990, Kremsater and Bunnell 1992, Wakeling and Bender 2003). Research
conducted on nearby islands examining the effect of deer density on biodiversity suggest deer
densities remain below 8 to 10 deer/km2 to permit recovery of native vegetation and allow a
diverse group of bird species to thrive (Martin et al. 2011, Arcese et al. 2014). The estimates of
deer density from this study place Whidbey Island below or slightly above the threshold
depending on the region. Northern and southern sections of the island are estimated to be below
the density threshold for reductions in biodiversity, while the central section is estimated to be at
or slightly above the threshold for reduction in biodiversity (Table 2.4). The deer densities
estimated for the sections of Whidbey Island suggests that native plant and bird diversity are, at
worse, being marginally harmed by the deer population on Whidbey Island (Martin et al. 2011,
Arcese et al. 2014).
Future research should examine is the differences in detection rates between spotlight
surveys and surveys using portable thermal imaging. Much research has been conducted on the
applicability of portable thermal imagers in conjunction with spotlight surveys with promising
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results (Gill et al. 1997, Focardi et al. 2001, Collier et al. 2007, Morelle et al. 2012). As the price
of portable infrared devices continues to decline, this may be a more precise alternative to
spotlight surveys in the future, with fewer disturbances of deer and the general public than
spotlighting.
MANAGEMENT IMPLICATIONS
Road-based spotlight distance sampling can be used effectively to estimate the abundance
and density of Columbian black-tailed deer. This method is especially useful in regions where
there is moderate road density and many landowners, making other methods of abundance and
density estimation unfeasible.
Currently across western Washington there is limited abundance and density estimation
for Columbian black-tailed deer. Few regions conduct surveys beyond anecdotal observations
and those that do frequently suffer from low sample sizes while attempting traditional methods
(Washington Department of Fish and Wildlife 2014). While no method of abundance or density
estimation is perfect, road-based spotlight distance sampling can provide adequate information
on deer populations to wildlife managers and can be cost effective (Gill et al. 1997, Uno et al.
2006, Amos et al. 2014). For the purposes of management or monitoring, a biased estimate of
abundance or density that is precise can be more useful to managers than an accurate estimate
with poor precision because a precise, if biased, estimate can be more useful in gathering
powerful trend information.
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Figure 2.4. Detection function over distance from the transect. Generated from Distance analysis by grouping the data into the
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Figure 2.6. North section detection function over distance from the transect. Generated from Distance analysis by grouping the data
into the intervals below and truncating the data to 100 m, including cover type the deer where observed in as covariates. Observations
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Figure 2.7. Histogram of perpendicular distance of Columbian black-tailed deer observations
gathered through spotlight surveys in the central section of Whidbey Island, Washington, USA,
January 2015.
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Figure 2.8. Central section detection function over distance from the transect. Generated from Distance analysis by grouping the data
into the intervals below and truncating the data to 80 m, including cover type the deer where observed in and region deer were
observed in as covariates, January 2015, Whidbey Island, Washington, USA.
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Figure 2.9. Histogram of perpendicular distance of Columbian black-tailed deer observations
gathered through spotlight surveys in the south section of Whidbey Island, Washington, USA,
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Figure 2.10. South section detection function over distance from the transect. Generated from Distance analysis by grouping the data
into the intervals below and truncating the data to 80 m, including cover type the deer where observed in and region deer were
observed in as covariates, January 2015, Whidbey Island, Washington, USA.
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Table 2.1. Reported density of Columbian black-tailed deer from studies in the Pacific Northwest, USA and Canada.

Study year

Region size
(km2)

Deer/ km2

SE

1961

145

16.73

Vancouver Island, CAN

1968

351.72

Corvallis, OR

1982

Umpqua, OR

Region
Willapa Hills, WA

0.86a

Region type
Mainland

Reference
Brown 1961

15.2

1.43a

Island

Smith 1968

10.36

9.25

5.75a

Mainland

Happe 1982

1987

27.45

13.07

7.5a

Mainland

Smith 1987

Vancouver, WA (Urban)

2004

NA

0.5

NA

Mainland

Bender et al. 2004b

Vancouver, WA (Rural)

2004

NA

2.69

NA

Mainland

Bender et al. 2004b

Blakely Island, WA

2011

17

39

6

Island

Long et al. 2009

Wallace Island, CAN

2011

0.8

13

2

Island

Martin et al. 2011

2011

0.09

21

5

Island

Martin et al. 2011

2011

1.01

22

4

Island

Martin et al. 2011

D'Arcy Island, CAN

2011

0.85

105

11

Island

Martin et al. 2011

McConnel Island, WA

2011

0.13

25

5

Island

Martin et al. 2011

Sentinel Island, WA

2011

0.6

30

4

Island

Martin et al. 2011

Jones Island, WA

2011

0.78

38

7

Island

Martin et al. 2011

Whidbey Island, WA

2015

436.9

6

0.75

Island

Wingard 2015

Little D'Arcy Island,
CAN
Piers Island, CAN

a

Estimated from the range of deer densities claimed in the study.
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Table 2.2. Summary of island-wide deer observations gathered through spotlight surveys,
Whidbey Island, Washington, USA, January 2015.

Survey no.
1

2

3

4

Total
clusters
48

50

53

54

Region

Clusters by
region

Transect
length (m)

Cluster/km

North

17

55,076

0.31

Central

16

26,220

0.61

South

15

43,693

0.34

North

28

55,076

0.51

Central

12

26,220

0.46

South

10

43,693

0.23

North

22

55,076

0.40

Central

15

26,220

0.57

South

16

43,693

0.37

North

29

55,076

0.53

Central

14

26,220

0.53

South

11

43,693

0.25

Total survey
length (km)

Total
205

500

52

Average
cluster/km
0.42

Table 2.3. Summary of deer observations by island region gathered through spotlight surveys,
Whidbey Island, Washington, USA, January 2015.
Survey
no.

Region

Clusters

Transect length (m)

Cluster/km

1

North

17

55,076

0.31

2

North

28

55,076

0.51

3

North

22

55,076

0.40

4

North

29
Total clusters

55,076
Total transect length
(km)

96

Survey
no.
1
2
3
4

Survey
no.

0.53
Average cluster/ km

220.3

Transect length (m)

0.44

Region

Clusters

Central
Central
Central
Central

16
12
15
14

26,220
0.61
26,220
0.46
26,220
0.57
26,220
0.53
Total transect length
Total clusters (km)
Average cluster/ km
57
104.9
0.54

Region

Clusters

Transect length (m)

Cluster/km

Cluster/km

1

South

15

43,693

0.34

2

South

10

43,693

0.23

3

South

19

43,693

0.43

4

South

11
Total clusters

43,693
Total transect length
(km)

55

174.7

53

0.25
Average cluster/ km
0.31

Table 2.4. Columbian black-tailed deer abundance and density estimates on Whidbey Island, Washington, USA, obtained through
distance analysis, January 2015.

na

Db

D 95%
CI

193

6.24

342.48

89

214.66
425

Region

Model

AIC

Islandwide

HN+Cos
Cover
Region

728.91

North

HZ+Poly

%CV

Nc

N 95%
CI

2.774.86

14.33

2745

20403602

0.5296

5.23

3.427.25

18.77

871

5701223

57

10.4

5.7916.88

27.67

1279

47

3.97

1.956.42

29.08

6043

Cover
Central

HN+Cos

South

HN+Cos
Cover

a

= no. observations used in analysis

b

= estimated density of deer/km2

c

= estimated no. deer in the region

d

= estimated strip width

e

= probability of a greater chi-square value

54

CV
P(detection) P(detection)

GOFe
ESWd

Χ2

5.17

52.96

P=
0.31

0.64

6.49

64.12

P=
0.82

7062059

0.62

11.93

49

P=
0.74

279976

0.57

13.63

53.74

P=
0.92

CHAPTER 3
HUNTER AND PUBLIC OPINIONS OF COLUMBIAN BLACK-TAILED DEER ON
WHIDBEY ISLAND, WASHINGTON

ABSTRACT Because management decisions are influenced by public tolerance or acceptance
for wildlife, knowledge of the concerns the public may have and their management preference,
can be an advantage to natural resource decision makers. Whidbey Island, Washington wildlife
managers are concerned the Columbian black-tailed deer (Odocoileus hemoinus columbianus)
population on the island exceeds social carrying capacity. I designed a mail-back survey to
assess the opinions of residents about the Columbian black-tailed deer population. The survey
focused on the frequency and type of interactions with deer, the level of acceptability of the
population for different areas of the island, and their willingness to support increased hunting on
Whidbey Island. Results suggest that residents perceived the deer population as somewhat
acceptable for each section of the island, however there was some support for increased hunting,
especially if public safety concerns are addressed. Hunter preferences of deer populations can
differ from the general public and can be a source of contention. I designed a phone survey to
assess the opinions of Whidbey Island deer hunters about Columbian black-tailed deer. The
survey focused on the respondents experience hunting deer on the island, including their
perception of the current deer population trend, and the desired future deer population trend.
Hunters perceived the deer population trend to be increasing somewhat, while their desired
population trend was stability. Hunters cited the lack of public and private land open to hunting
on Whidbey Island as the biggest barrier and most common complaint about hunting deer on the
island. The results of these surveys suggest Columbian black-tailed deer on Whidbey Island have
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not exceeded social carrying capacity. There is some support for increasing hunting opportunities
on the island, but island residents are concerned about public safety. A potential solution to
increase hunting opportunities on Whidbey Island is to expand the Washington State Private
Lands Access Program, as access is the largest barrier to hunting on Whidbey Island.
Additionally, an outreach effort about the safety of the approved hunting methods on the island
could increase general public support.
INTRODUCTION
Increasingly, wildlife management is more about managing humans than managing
wildlife (Decker and Chase 1997, Riley et al. 2002). Often, management is predominantly
influenced by the public’s level of tolerance for a wildlife species than biological factors (Riley
and Decker 2000, Riley et al. 2002). Indeed, a recent survey of deer biologists across the U.S.,
reported that the tolerance for “overabundant” deer populations was social and not biological
(Krausman et al. 2014). Additionally, the level of public tolerance for a particular species can
range from adoration to hatred, within and among communities (Decker and Purdy 1988). As
communities seek more active involvement in the management of their natural resources several
methods of inclusion have arisen; from approaches that require consensus between interested
parties on management actions to community votes on proposed management alternatives (Stout
et al. 1996, Kilpatrick and Walter 1997, Schusler and Decker 2002). Urban and suburban
residents, however, can have different views towards wildlife than rural residents, often
preferring to trap and remove deer or attempt contraceptive efforts instead of lethal removal
(McCullough et al. 1997, Stout et al. 1997, Warren 1997). This wide range of tolerance for
species and management methods can lead to difficulty accomplishing management goals.
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As the public seeks a more active role in managing wildlife, knowledge of public
opinions about wildlife becomes more important (Kilpatrick and LaBonte 2003). The
predominant method of determining public opinions toward wildlife is a metric called wildlife
value orientations (Fulton et al. 1996, Teel et al. 2007). Wildlife value orientations measure
values towards wildlife, a concern at the heart of managing wildlife populations. Wildlife values
are important because they form the basis of people’s attitudes towards an object, in this case
wildlife, and behavioral intentions toward participating in wildlife-associated activities (Fulton et
al. 1996, Teel and Manfredo 2009). By assessing where an individual or group within a
community falls on a multi-dimensional spectrum of wildlife rights, use versus non-use, societal
and ecological benefits, researchers are able to better predict public responses to proposed
management actions involving wildlife (Purdy and Decker 1989, Teel et al. 2007).
Wildlife value orientations group individuals into 4 categories: utilitarian, pluralist,
mutualist, and distanced. These groups differ in the way they perceive interactions and use of
wildlife. Individuals who fall in the utilitarian group subscribe to a more human-dominant view
of interacting with wildlife (Teel and Manfredo 2009, Dietsch et al. 2011). Utilitarians are more
likely to support the use and management of wildlife for human benefit, prioritize humans over
wildlife, and be more accepting of lethal management actions. At the opposite end of the
spectrum, mutualists are more likely to support animal rights, anthromorphize wildlife, and
object to lethal management actions. Pluralists include those who have a mix of utilitarian and
mutualist orientations. Pluralist attitudes are often highly dependent on the specific situation.
Distanced individuals are those who are not interested in wildlife or wildlife issues, express
general fear of wildlife, and have limited interactions with wildlife in their lives. These groups
often differ demographically as well. Research suggests utilitarians and pluralists are from
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similar demographic group and share lifestyle characteristics, such as being more likely to be
male, are slightly older, and to reside in the same state for longer (Dietsch et al. 2011).
To improve their knowledge about public opinions towards wildlife the Washington
Department of Fish and Wildlife (WDFW) commissioned a state-wide survey on the public’s
wildlife value orientations in 2009 (Dietsch et al. 2011). According to the 2011study, Island
County, which includes Whidbey and Camano islands, has a higher proportion of “distanced”
residents than neighboring counties in Washington (Dietsch et al. 2011). Also, Dietsch et al.
(2011) concluded there are approximately one-third more utilitarians than mutualists in Island
County. This greatly contrasts with neighboring counties where there is a more even distribution
of utilitarians and mutualists. The uneven ratio of utilitarians to mutualists in Island County may
suggest more public acceptance of traditional management techniques, which tend to focus on
lethal management actions. However, finer-scale information is needed if managers want to
gauge the opinions of Whidbey Island residents and deer hunters of the island towards deer and
hunting in particular.
Biologists with the WDFW are also interested in the views of deer hunters on Whidbey
Island. The WDFW requires after-hunt reporting of success or failure and hunter effort. At the
end of each season, hunters can either call or fill out a survey on WDFW’s website. For each tag
purchased, one hunting activity report is required. Hunters who do not report their hunting
activity by the deadline (usually in mid-January) are fined. Hunt effort and success are used to
inform biologists on the status of big game populations by providing information on the number
of animals harvested, where the animals were harvested, and how much hunting effort occurred
in each game management unit (GMU). The after-hunt information is gathered at the GMU level.
However, if individual GMUs contain numerous deer populations, such as island populations, or
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if the survey respondent inaccurately records GMUs, the reporting may not be helpful for
determining harvest levels on specific populations.
Precise data relative to harvest on Whidbey Island are difficult to ascertain because of
WDFW’s methodology for separating GMUs and collecting hunt data. Prior to 2013, Whidbey
Island was combined with Camano Island and all of San Juan County, which includes 128
separately named islands or rocks, into one GMU. Thus, specific numbers from Whidbey Island
were not obtainable. In 2013, the GMUs in the region were reorganized and Whidbey Island
became a single GMU. The 2013 hunting season was the first year Whidbey Island was isolated
as a single GMU, but harvest information for 2013 is presumed biased by local wildlife
managers because hunters likely continued recording the old GMU numbers instead of the
updated GMU numbers (R. Milner, WDFW, personal communication). The hunter reports from
2014 are less biased as WDFW conducted a phone survey of hunters who reported hunting
Whidbey Island’s old GMU in 2013, to correct the 2013 harvest report and inform hunters of the
change in GMU. From the 2014 after-hunt reporting, the harvest was 293, with 208 antlered deer
and 85 antlerless deer. The lack of historic harvest data combined with the lack of a population
estimate for deer on Whidbey Island makes it difficult to determine the effects of harvest on the
deer population on Whidbey Island.
Deer overabundance has been acknowledged in localized areas for more than 60 years,
and the rise of public involvement in deer management has spurred research on the interaction of
high deer densities and human development (Leopold et al. 1947, Warren 1997, Krausman et al.
2014). Research has focused on determining the social carrying capacity for deer in an area, and
how receptive the community is to different management options (Decker and Gavin 1987,
Loker et al. 1999, Carpenter et al. 2000, Urbanek et al. 2012). Much of the research on the
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interactions between overabundant deer populations and human development comes from the
Midwest and East Coast concerning white-tailed deer (Odocoileus virginianus). There have been
overabundance issues with Columbian black-tailed deer as well (McCullough et al. 1997). In
California, researchers report communities and wildlife management agencies struggling to
reduce deer populations with little success (McCullough et al. 1997). Around Vancouver,
Washington researcher reported lower deer abundance and densities in urban and suburban areas
than neighboring rural areas (Bender et al. 2004a, b). These researchers observed much higher
reproductive levels in urban and suburban deer, leading to the possibility of an overabundant
deer population in the near future.
Concern about Columbian black-tailed deer overabundance and high density on Whidbey
Island is not a new phenomenon. Deer were perceived to be so abundant from the 1930s to the
late 1950s that there were attempts to eliminate them from Whidbey Island to protect the
strawberry crop (Zem and Wells 1955). This perceived high abundance followed a period of
intense, industrial logging on the island perhaps leading to more beneficial forage conditions for
deer (Brown 1961, Smith 1968, White 1992, Kremsater and Bunnell 1992). This attempt at
eradication was unsuccessful, but 400-600 deer were harvested annually for 18 years in an
attempt to alleviate the crop damage they caused. More recently, local news reports over the last
decade discuss concerns over the rate of deer-vehicle collisions, which occur up to 150 times
annually (R. Milner, personal communication). Additionally, WDFW has increased hunting
opportunity on Whidbey Island by offering a second antlerless tag to hunters in recent years.
Hunting is a primary wildlife management tool, and often the first option attempted to
reduce overabundant ungulate populations, although its effectiveness can be questioned (Simard
et al. 2013, Weckel and Rockwell 2013, Williams et al. 2013, Woolf and Roseberry 1998). The
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history of state wildlife management agencies is based on managing hunting. This history makes
the agencies effective at, and comfortable designing hunting seasons to reduce deer populations.
However, there are many confounding variables that can limit the effectiveness of hunting as a
tool to control overabundant ungulates. Foremost among these variables is limited hunting access
(DeNicola et al. 1997). The reduced access for hunting leads to a reduction in the effective area
of population reduction, often to the point that the strategy is ineffective (Simard et al. 2013,
Weckel and Rockwell 2013, Williams et al 2013). Concerns about public safety can be a limiting
factor for landowners allowing access, and support from the general public (DeNicola et al.
1997). On Whidbey Island there is very limited public access to hunting, and what land is open
to hunting, often has restricted seasons to accommodate other recreational users.
Knowledge of the potential limiting factors for different population management
techniques provides the management agency more information about the likelihood of success of
a given management technique.
It can be important for managers to acknowledge the differences in deer population
preference between hunters and the general public, as they have different purposes. Thus, I
designed a 2 part study to assess the opinion of the human population of Whidbey Island towards
the Columbian black-tailed deer. The first portion of the study is a mail-back survey of residents
of Whidbey Island designed to determine the level of acceptability of the deer population for
different regions of the island and opinions on deer management strategies. The second portion
of the study is a phone survey of hunters who reported hunting Whidbey Island in 2014. The
phone survey was focused on hunter’s opinions on deer population size, population trend, and
hunting access on Whidbey Island. I predict the surveys will report willingness of the public to
support increased hunting on Whidbey Island because Dietsch et al. (2011) reported high rates of
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utilitarian wildlife value orientations in Island County, suggesting more acceptance by the public
of traditional management methods including hunting. I also predict respondents views towards
deer will not vary by deer population density in their region, as recent research has suggested
opinions towards deer do not change with varying deer density (Urbanek et al. 2013). In essence,
what are Whidbey Island residents and deer hunter opinions towards the deer herd and deer
management?
STUDY AREA
Whidbey Island is in northwest Washington (Fig. 2.1) and has been described by
Wingard (2015). For the purposes of this study I divided the island into 3 sections: north (166
km2), central (122 km2), and south (152 km2). I separated the island because the 3 sections are
very different due to human demographics and land characteristics.
The overall climate of Whidbey Island is Pacific Northwest temperate with cool, wet
winters and warm, dry summers. The topography of Whidbey Island is devoid of large mountain
or continuous steep slopes, with the exception of the coastline, where there are large bluffs.
The human population of Whidbey Island is 62,845 (U.S. Census Bureau 2010). The
population is centered in Oak Harbor, in the northern section of the island, over half the island’s
population resides in the northern section (U.S. Census Bureau 2010). The northern section of
the island is more urbanized than the rest of the island, and the central and southern sections are
more rural. The density of the human population for the northern, central, and southern sections
was 221, 102, and 90 people/km2, respectively (U.S. Census Bureau 2010).
Whidbey Island is a popular location for retirees and vacation homes and has an uneven
distribution of human age classes in south and central sections, with >50 years old residents
making up the majority, while the north section has more evenly distributed age classes. The
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housing status also varies greatly between the sections of the island. The north section of the
island has a higher proportion of renters and more occupied hoes compared to the central and
south sections (U.S. Census Bureau 2010, Table 3.1)
Due to this variation in demographics across the sections of the island, proportion of the
island-wide population represented in each section does not tell the whole story. When
examining housing, there are 31,749 housing units island-wide. The proportion of housing by
island section is: 50% in the northern section, 23% in the central section, and 27% in the south
section (Table 3.1). The average land parcel size island-wide is 1 ha, excluding state and
federally owned land. The average land parcel size in the north section was 0.85 ha, 1.1 ha in the
central, and 1.13 ha in the south.
Portions of the island are protected through county and state parks, conservation
easements, and land trusts. The largest, limited-access landowner on the island is the Department
of Defense, 5% of the island.
There is very limited public hunting access, and the lands open to hunting for the public
are often restricted to a limited season by the land owners, to accommodate other land uses such
as hiking, bicycling, and horseback riding. Large tracts of land open to the public generally
consist of small county owned properties, a Washington State Department of Natural Resources
property on the southern section of the island, a property owned by the Whidbey Camano Land
Trust on the central section of the island. Additionally, there are hunting opportunities on the
Department of Defense-owned land for military servicemen and their guests.
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METHODS
Public Opinion Survey
The mail-back survey was designed to determine the opinion of island residents toward
deer, their preference on deer population trend, and opinions on hunting. The recipients of the
survey were randomly selected by Survey Sampling International, San Francisco, California,
USA. Two thousand residents of Whidbey Island were contacted for the survey, sampling
roughly 3% of the Island’s population. I designed the survey to maximize the response rate
following the Tailored Design Methods outlined in Dillman (2007). In July 2014, an initial
contact letter was sent informing the recipients they were randomly selected for this survey,
about the subject of the survey, and the importance of their response (Appendix 1). A week to 10
days after the initial letter a follow-up survey questionnaire (Appendix 2) was sent with a
stamped and addressed return envelope. Two weeks after the survey a reminder postcard was
sent to individuals who have not returned the survey. Any letters returned as “undeliverable” or
“return to sender” were removed from the sample. These are viewed as random occurrences not
related to the questions in the survey, therefore not contributing to the response rate and not
likely to contribute bias to the survey. The mailings were made to be personal to increase the
response rate. Following advice from the mail survey literature I used real stamps and stuffed
and addressed the letters myself, with the idea an envelope that looks like it was put together by
a person not a computer and would reduce non-response rates (Dillman 2007). Surveys were
numbered when they were placed in envelopes to identify the addresses that returned surveys. As
the surveys were returned they were recorded into a database.
Survey questions were based on input from WDFW personnel and adapted from the
literature, beyond basic demographic information such as age, sex, occupation, property size, and
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tenure in the region (Appendix 2.). Questions about respondent’s opinions of the acceptability of
the deer population were adapted from Urbanek et al. (2012) and used a 4-point scale from “not
acceptable” to “very acceptable” with a fifth option, “N/A”, for those unfamiliar with a given
island section. Questions were asked about the frequency of various deer-human interactions
such as deer-vehicle collisions, and consumption of crops and landscaping, and the frequency of
overall negative interactions with deer on a scale of weekly to yearly. Additionally, questions
about hunting deer on Whidbey Island were asked, focusing on whether the respondent allowed
hunting on their property and if no then why, whether they would be willing to allow hunting
under certain conditions, and if they would be willing to support increased hunting if it reduced
deer-vehicle collisions.
Summary statistics were conducted on the responses. I grouped the respondents based on
island location to identify views on deer and hunting on the Island. Public opinions towards deer
population size and potential management actions were evaluated. All statistical analysis was
performed using Program R 2.15.2 (R Core Development Team 2014). The method of analysis
for comparison of means was one-way ANOVA with Tukey pair-wise comparison where
appropriate.
Hunter Survey
Using contact information provided by WDFW, WDFW Master Hunter volunteers and I
conducted phone surveys of hunters in March 2015 who reported hunting on Whidbey Island in
2014. We used a phone survey instead of a mail-back survey because phone surveys were faster
and more economical for the smaller sample size. The sampling scope was influenced by a lack
of, or erroneous, contact information; no contact information was available for some hunters
(these hunters were not included in our analysis as there is no way to contact them), and >8% of
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hunters did not include a phone number in their contact information, or had incorrect phone
numbers. Of the 411 individuals who reported hunting on Whidbey Island 92% had phone
numbers recorded in the WDFW database. 50 of these individuals were contacted, representing
12% of the deer hunters on Whidbey Island. The phone calls were placed between 1800 and
2100. Individuals selected to participate in the survey were contacted up to 3 times if there was
no answer, to attempt to increase response rate.
The survey focused on residency of hunters, how hunters gained access to the properties
they hunted, their success rate, and opinion of the status of deer on the island (Appendix 3).
Summary statistics were calculated, and hunter opinions on the size of the deer population and
potential management actions were evaluated. Additionally, I compared the responses of hunters
to the responses of the general public. The comparison should shed light on the issues that may
arise as managers attempt to balance the desires of hunters with the desires of the other residents
of Whidbey Island.
Survey questions were developed with input from WDFW personnel and questions
adapted from the literature (Appendix 3.). Questions included basic demographic information
including age, sex, and area of residency. Questions on method of take and harvest success were
adapted from Duda et al. (2014). Survey questions on the current and desired deer population
trend were adapted from Curtis and Lynch (2001). Questions on barriers and constraints to
hunting were adapted from Barro and Manfredo (1996) and Metcalf et al. (2015).
All statistical analysis was performed using Program R 2.15.2 (R Core Development
Team 2014). The method of analysis for comparison of means was one-way ANOVA with
Tukey pair-wise comparison where appropriate.
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RESULTS
Public opinion survey
Of the 2,000 initial addresses, 1,637 were valid. After the second contact (survey form)
489 island residents had responded, a response rate of 30%. An additional 106 responses were
gathered after the third contact (reminder postcard), leading to a total response rate of 36%.
The north section of the island returned 256 responses, 43% of the survey respondents.
The central section of the island returned 135 responses, 22% of the survey respondents. The
south section of the island returned 202 responses, 33% of the survey respondents. The
proportion of survey respondents from each section was not proportional to the housing statistics
for each island section. The northern section of the island represents 50% of the housing, but is
under represented, as only 43% of the responses received were from the north section (Table
3.1). The central section responded in proportion to the survey, contributing 22% of the
responses received (Table 3.1). The southern section is over represented as it contributed 33% of
the responses received, but only represents 27% of the housing on Whidbey Island (Table 3.1).
Forty respondents did not include their age or indicated ages for both people filling out
the survey. For the purposes of determining the average age of respondents I used the average of
the 2 ages reported or coded the response “NA” for respondents who declined to provide an age.
The average age of respondents island-wide was 61.5 years (Table 3.2). The average age by
island section suggested significant differences in age between the 3 island sections with the
north section being younger with an average age of 58.7, while the average age in the central
section was 65, and the average age for the south section was 62.7 (Table 3.2). When compared
using one-way ANOVA with Tukey pair-wise comparison, the average age for the north section
was significantly lower than the south and central regions (P = 0.0123, P < 0.0001, respectively;
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Table 3.2). The average age of the respondent was significantly lower for respondents who
returned the survey after the third contact (P = 0.013; Table 3.2).
Fifteen respondents either declined to indicate their gender or indicated the survey was
completed jointly. I either coded the response NA if there was no answer or coded the response
1.5 if the survey was jointly completed. The average was 1.41 island-wide, indicating more
males responded to the survey than females (Table 3.2). The proportions of respondents by
gender were 58 % male, 41% female and 1% joint reporting. By island section, the north section
had an average of 1.34, more unevenly represented with more males than females, while the
central and south sections had more evenly divided gender responses at 1.46 (Table 3.2).
If a respondent reported they were retired, I selected that as their occupational status.
Respondents who indicated they were retired accounted for 50% of the respondents. The “other”
option was the second most frequently chosen option at 17.6%. Provided responses with the
exception of business and forestry accounted for ~5% of the respondents each, business
accounted for 9.3% and forestry account for 1.4%.
The majority of survey respondents own their home (85%; Table 3.2). This suggests
underrepresentation of island residents who reside in rental properties (Table 3.1). Also the
majority of residents island-wide had lived on Whidbey Island for > 5 years, there were no
differences between the 3 regions (Table 3.2). The average tenure of the respondents who
returned the survey after the third contact was significantly lower than respondents who returned
the survey immediately (Table 3.2).
Encountering deer on roads was common on the island. Most island residents (64%)
reported a near miss between deer and vehicles. Respondents on average reported they “rarely”
experience deer-vehicle interactions (Table 3.3). This varied significantly by island section with
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the north section reporting they rarely experience deer-vehicle interactions, while both the
central and south sections reporting on average they “occasionally” experience deer-vehicle
interactions (P = 0.0691, P = 0.0349, respectively; Table 3.3).
Respondents on average reported they “occasionally” experience interactions between
deer and landscaping. This varied significantly by island section with both the central and
southern sections reporting on average they “occasionally” experience interactions between deer
and landscaping while the north section reports an average of “rarely” experience interaction
between deer and landscaping (P < 0.001, P < 0.001, respectively; Table 3.3).
Respondents on average reported they “rarely” experience interactions between deer and
crops. This varied significantly by island section with both the central and southern sections
reporting on average they “occasionally” experience interactions between deer and landscaping
while the north section reports an average of “rarely” experience interaction between deer and
crops (P = 0.0336, P < 0.001, respectively; Table 3.3).
Respondent opinions on the acceptability of the number of deer on the north section of
Whidbey Island averaged to “moderately acceptable” (Table 3.4). However, 254 respondents
either did not answer the question or indicated they were not familiar with the north section.
There was no difference in the acceptability of the deer population on the north section of the
island based on island section of the respondent.
Respondent opinions on the acceptability of the number of deer on the central section of
Whidbey Island also averaged to “moderately acceptable” (Table 3.4). Again, there were high
levels of non-response with 287 respondents not indicating an answer or indicating a lack of
knowledge with the central section. There was a significant difference between respondents from
the north and central sections of the island, with residents of the central portion of the island
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being more likely to indicate a “somewhat acceptable” level of the deer population than residents
of the north section (P = 0.044; Table 3.4).
Respondent opinions on the acceptability of the number of deer on the south section of
Whidbey Island averaged to “moderately acceptable”. There were lower levels of non-response
than the other regions at 114. I attribute this to the layout of the responses on the survey.
Respondents form the north section of the island responded significantly differently than the
central or south sections (P = 0.007, P < 0.001, respectively), on average indicating the deer
population on the south section was “very acceptable”. Whereas residents of the central and
south portions of the island indicated the population was moderately acceptable (Table 3.2).
The north section of the island reported significantly less frequent negative interactions
with deer than either the central or south sections (P = 0.03, P = 0.009, respectively; Table 3.4).
However, for all island sections the average response was “yearly” negative interactions with
deer (Table 3.4).
There was no statistically significant difference by island section for whether respondents
supported increased hunting on Whidbey (Table 3.4). Overall, respondents were “somewhat
willing” to support increased hunting on Whidbey Island if it reduced the number of deer killed
in deer vehicle collisions (Table 3.4). Of those who did not respond to this question “N/A”, 45%
were “very willing” to support increased hunting on the island, 28% were “somewhat willing”,
and 27% were “not at all willing”. While there was no significant difference between the island
sections, respondents from the central section were slightly more inclined to choose the “very
willing to increasing hunting” option than respondents of the north or south regions, who were
more inclined to choose the “somewhat supportive of increased hunting” option (Table 3.4).
Respondents who returned the survey after the third contact were significantly more inclined to
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be “very willing” to support increased hunting on Whidbey Island; however, the average
response was still “somewhat willing” (P = 0.0727; Table 3.4). Support for increased deer
hunting on Whidbey Island was highly correlated with frequency of negative interactions with
deer. (r = 0.423, P < 0.001).
Eleven respondents reported cases of disease transmission from deer. Due to the small
number of respondents reporting and the near lack of deer-related diseases in the area, the
respondents may have been confused by the question and included cases from other regions.
The most common response to the question of why a respondent does not allow hunting
was “property is too small or too close to other homes” with 72% of respondents selecting this
option, followed by it would not be safe” with 36% of respondents selecting this response. Other
common responses included “do not agree with deer hunting” (17.7%), liability concerns
(11.5%), “conflict with other land uses” (8%), and finally “other” (7%). Respondents who
selected the “other” choice often indicated that while they lived outside city limits the covenants
or homeowner association rules for the area they lived prohibited hunting.
Very few respondents allow hunting on their property, 6.5% of respondents allowed
hunting compared to 85% who do not. Of those that do allow hunting on their property 47.7%
allow family and friends only, and 20% allow any licensed hunter who asks.
Hunters represented 14% of mail survey respondents. They were significantly more
supportive of increasing hunting on Whidbey Island than non-hunters with an average response
of “very willing” to support increased hunting if it reduced deer-vehicle collisions (P < 0.001).
Hunters thought the deer population in the north section of the island was significantly less
acceptable than non-hunters, though average response was the same (P = 0.0193). Hunters did
not differ from non-hunters in the acceptability of the deer population of the central section of
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the island. Hunters thought the deer population in the south section of the island was
significantly less acceptable than non-hunters (P = 0.0324), though the average response
remained the same. Hunters experienced similar frequencies of negative interactions with deer
(Table 3.3, Table 3.4).
Hunter survey
To achieve a sample size of 50 hunters volunteers and I called 126 hunter phone numbers
a total of 221 times. Of the 126 phone numbers attempted, 30 were no longer in service or
reached the wrong person. Of the 50 hunters reached, 9 declined to take the survey, for a nonresponse rate of 18%.
The majority of hunters who participated in the survey lived on Whidbey Island (65%).
Most of those lived in the north section of Whidbey Island (46%), while the remaining hunters
were evenly divided between the central and south sections. The overwhelming majority of
respondents were male (87.5%). The average age of respondents was 40 years old, with a range
of 14 to 78.
The majority of hunters used shotguns to pursue deer (66.6%), the second most popular
method of take was archery (22%). These were followed distantly by muzzleloader, handgun,
and crossbow (6.7, 2, and 2%, respectively).
Most of the respondents reported harvesting deer on Whidbey Island in the last 5 years
(70%). The years they reported harvesting deer showed more harvest in more recent years. This
may be attributed to difficulty in remembering exact years further in the past.
The majority of hunters hunted on private property (90%). The landowners were
predominantly family members or friends (39, 36%, respectively). The majority of hunters were
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invited to the property they hunted (78%), with hunters asking permission before the season or
directly before the hunt accounting for 11% each.
Deer hunters on average thought the deer population of Whidbey Island as a whole was
“somewhat increasing”. Hunters would like to see the deer population of Whidbey Island as a
whole remain stable. There was no difference between hunters who are residents of Whidbey
Island, and those who are not, and there was no difference between hunters that used archery or
muzzleloaders versus modern firearms (Table 3.5).
Hunters perceived the deer population of the north section of Whidbey Island to be
“somewhat increasing”, and they would like to see the deer population of the section remain
stable. There was no difference between residents and non-residents in status of the population,
but there was some evidence non-residents would like the deer population to somewhat decrease
while residents would like the population to remain stable (P = 0.067). There was no difference
between archery or muzzleloader and modern firearm hunters (Table 3.5).
Hunters thought the deer population on the central section of Whidbey Island was
“somewhat increasing”, and they would like to see the population of the section remain stable.
There were no differences between resident and non-resident hunters. There was no difference
between archery or muzzleloader and modern firearm hunters (Table 3.5).
Hunters thought the deer population on the south section of Whidbey Island was
“somewhat increasing”, and they would like to see the population of that section remain stable.
There was no difference between resident and non-resident hunters. There was no difference
between archery or muzzleloader and modern firearm hunters (Table 3.5).
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Similar to the mail survey of Whidbey Island residents, many hunters indicated they were
unfamiliar with certain areas of the island, leading to varying rates of non-response for the 3
sections of the island.
Limited access to private lands was the largest barrier to hunting, and the most common
complaint about hunting on Whidbey Island. The respondents were evenly split on whether they
were aware of the Washington State Private Lands Program (47% aware, 52% unaware), but
90% of the respondents supported expanding the program on Whidbey Island.
Local community resistance to hunting was a commonly cited barrier to hunting on
Whidbey Island with 27% of hunters reporting it as a barrier. The other barriers available to
choose as options were selected by 5% or less of respondents. The most commonly reported of
these was restricted method of harvest being a barrier (5%). There is limited opportunity to
address this complaint as the county ordinance against discharging center-fire rifles would have
to be lifted.
The most commonly cited reason to hunt on deer on Whidbey Island was for meat (43%),
followed by traditional deer camp with family and friends (19%), sport and to help manage the
deer herd were other commonly cited reasons (10% each).
The respondents were evenly split on whether they hunt in other areas of Washington,
with a slight majority only hunting on Whidbey Island (55% to 45%). Other deer hunting
locations for those who hunted multiple areas were spread across the state.
DISCUSSION
Respondents were more likely to indicate more acceptable deer populations for sections
of the island they did not live in. The exception to this was the north section, where respondents

74

from that section tended to indicate a higher acceptability of the deer population for that section
than respondents from other sections, but the means were not statistically different (Table 3.4).
North section respondents consistently reported the highest levels of acceptability of deer
populations across all island sections, and had significantly less frequent negative interactions
with deer (Table 3.4). The northern section of the island is much more urban than the other
sections of the island, with much smaller average land parcel size. Wingard (2015) reported a
deer density of 5.2 deer/km2, but rarely observed deer in Oak Harbor city limits. Other
researchers have observed lower Columbian black-tailed deer densities in urban areas than
suburban and rural areas, with few exceptions (Happe 1982, McCullough et al. 1997, Bender et
al. 2004b). With fewer deer where many people in the north section of Whidbey Island live,
there are fewer opportunities for negative interaction.
The central and south sections varied in their opinion on the acceptability of the deer
population by section, with other sections having more acceptable deer populations than the
respondent’s home section. The south section was very consistent in its response that the deer
population across all section of Whidbey Island was “somewhat acceptable” even though both
central and south sections had similar rates of negative interactions with deer (Table 3.3). The
south section was also the least supportive of increasing hunting, though the average response
was not significantly different than the average response in other sections.
Response rates are influenced by level of interest in the topic addressed (Dillman 2007).
Previous research on the wildlife value orientations of people in Washington indicated Island
County had the highest proportion of distanced individuals of any county in the state with 27%
of respondents falling in the distanced category (Dietsch et al. 2011). Recent studies on whitetailed deer in the Chicago Metropolitan Area reported a response rate of 34%, with fewer than
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half the number of useable surveys that this study received (Urbanek et al. 2012, 2013, 2015).
Additionally, the Chicago Metropolitan Area studies reported very minor non-response bias,
similar to the small differences observed in this study between immediate responses and
responses after the third contact (Urbanek et al. 2012, 2013, 2015). Additionally, when
examining responses for differences between early and late respondents there was no substantive
difference between them, only slight demographic differences with late respondents being
younger and had lived on the island for less time. In light of this information the response rate of
the mail-back survey of 36% was sufficient to draw conclusions.
I observed higher rates of hunting participation for Whidbey Island than Dietsch et al.
(2011) reported for Island County as a whole. This may indicate substantially lower rates of
hunting participation on Camano Island, the other region included in Island County. This
suggests that increasing hunting … Additionally, the hunter survey observed slightly higher
female hunting participation rates than the nationwide average (11%), and much higher female
deer hunting participation rate than the state-wide average (4%; Duda et al. 2014, USFWS 2011).
The rates of use for different methods of take on Whidbey Island differed from the statewide rates (Duda et al. 2014). This is expected as there is a firearm restriction on Whidbey
Island. However, there were similar trends between Whidbey Island and state-wide hunters.
Duda et al. (2014) reported modern firearms (85%, including: rifles, shotgun, handgun) were the
most commonly used equipment, followed by archery (18%), muzzleloader (11%), and shotgun
(6%). The research from Whidbey Island suggests, that even with firearm restriction, hunters
prefer hunting the modern firearm season, using shotguns, handguns, crossbows (70%) over
muzzleloader or traditional archery equipment (28% combined).
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Although there were differences in survey methodologies between the hunter and public
surveys, direct comparisons could be made. The response of hunters to the deer population on
Whidbey Island was similar to the response of the general public. The general public described
the deer population on average to be moderately acceptable, and deer hunters preferred that the
population trend for deer of all sections of Whidbey Island remain stable. This finding is similar
to research from Maryland, USA, that reported preference for deer populations to remain the
same across a sample of the general public, hunters, and farmers (Curtis and Lynch 2001).
Write-in options in the public opinion mail-back survey suggest the public is not
generally aware of the county ban on discharging high-powered rifles. Many respondents
expressed concerned about the safety of hunting on the island with rifles; many indicated the
island simply was not big enough for hunting. This suggests that if the WDFW wants to increase
the palatability of hunting on Whidbey Island for island residents, it would be beneficial to focus
on the firearms restriction as a way of maintaining public safety. Additionally, focusing on the
success and safety of suburban deer hunts in other regions my allay safety concerns (Kilpatrick
and LaBonte 2003, Weckle and Rockwell 2013, Williams et al. 2013).
This studies’ substantiation of my prediction of support for increased hunting on
Whidbey Island further supports Dietsch et al.’s (2011) assessment of wildlife value orientations
in Island County; the high observed rate of utilitarians translated to willingness to support
hunting. As stated above, the predominant reservation about increasing hunting on Whidbey
Island was concern for public safety.
The public and hunter surveys do not appear to correspond with the deer density gradient
observed across the 3 sections of Whidbey Island (Wingard 2015). While there was some
evidence of less acceptability of the deer population in the central portion of the island, where
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the observed deer density was 10.5 deer/ km2, the acceptability of deer population was not
significantly different between regions. This suggests public opinion is, at most, weakly
influenced by actual deer population densities. Researchers in Illinois observed similar results
where the observed deer density did not influence deer acceptance capacity of survey
participants (Urbanek et al. 2013).
Many housing developments on Whidbey Island that are outside of city limits are
regulated by a home owners association. Most of these prohibit hunting within the housing
development and were a common reason respondents did not allow hunting on the property.
However, the structure of home owners associations makes them a good option for assessing
management options for highly localized overabundant deer. If a housing development governed
by a home owner’s association is experiencing locally overabundant deer populations, it can
serve as a forum for exploring management options with the wildlife management agency.
Many respondents reported they changed their behavior in response to negative
interactions with deer. Common examples of this include installing fencing around gardens and
reducing driving speed, to minimize negative deer interactions.
A few savvy respondents suggested contraceptive techniques, or trap-relocate methods to
control the deer population on Whidbey Island. The WDFW could explain these options clearly,
and explain in depth the finding of various studies on these techniques. Specifically, the
ineffectiveness and high cost of contraceptive techniques at effective scales, and the high
mortality rate of trap-relocate techniques (O’Bryan and McCullough 1985, McCullough et al.
1997, Kilpatrick et al. 2007). Other respondents expressed concern for the genetic health of the
Whidbey Island deer population, and suggested translocation as a means to incorporate new
genetic material into the deer population. This should be of limited concern as the population is
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large. Additionally, research from nearby Blakely Island has observed 3 round-trip, inter-island
movements of 1 km each direction through the use of GPS collars, suggesting inter-island
movements may be more common than believed and the islands may not be geographically
isolated (E. Long, Seattle Pacific University, personal communication).
MANAGEMENT IMPLICATIONS
This research suggests some support for increasing deer hunting on Whidbey Island. If the
WDFW wanted to increase support for deer hunting on Whidbey Island they could focus on the
restricted method of take for the island, as many respondents seemed unaware of the firearm
restriction and are concerned for public safety. However, given the lack of public land open to
hunting on the island, little will be accomplished in terms of deer population reduction without
increases in hunting access on private lands. The WDFW could focus their efforts towards
expanding the Washington State Private Lands Access Program on Whidbey Island. In dealing
with opposition to increasing hunting opportunity on Whidbey Island, WDFW could use this
research as a shield against extreme views that could be observed at public meetings. Public
opinion mail surveys are more representative than public meetings or advisory groups, and
provide objective information (Johnson et al. 1993).
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Table 3.1. Population and housing statistics for Whidbey Island, Washington, USA, separated by region. Data obtained from U.S.
Census Bureau (2010).

Region
Islandwide

Housing

% total
housing

%
occupied

% owner
occupied

% renter
occupied

% with
minors

%
vacant

%
occasional
use

100%

31,749

100%

79.86

56.722404

23.14

20.59

20.13

0.20

36,757

58.49

15,777

49.69

90.07

51.511694

38.56

31.01

9.93

0.25

12,458

19.82

7,281

22.93

76.97

62.010713

14.96

15.75

23.03

0.148

13,630

21.69

8,691

27.37

72.56

56.644805

15.91

15.02

27.44

0.22

Population

% of total
population

62,845

North

Central

South
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Table 3.2. Demographics of mail survey respondents to the deer survey on Whidbey Island, Washington, USA grouped by region and
response period, 2014.

Data selection

Age

Island-wide

61.5

Gendera

P - value

Home
ownershipb

P - value

1.412
d

Tenure on
Whidbeyc

P - value

1.142

1.342

d

Reference

1.209

P - value

3.779
d

58.7

Reference

65

P = 0.01

1.469

P = 0.0401

1.076

62.7

P < 0.0001

1.465

P = 0.0219

1.099

Before reminder

62.8

Referenced

1.4

1.126

3.8

Referenced

After reminder

58.5

P = 0.013

1.403

1.101

3.633

P = 0.0151

North
Central
South

Reference
P=
0.00102
P=
0.00207

3.787
6.699
3.822

a. 1 = male, 2 = female
b. 1 = own, 2 = rent
c. 1 = < 6 months, 2 = 6 months to 1 year, 3 = 1 to 5 years, 4 = >5 years
d. When comparing the different groups of respondents, the data selection group was selected as the reference to determine any
differences between the groups.
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Table 3.3. Frequency that survey respondents experienced deer interactions for different deer-human issues, Whidbey Island,
Washington, USA, 2014.

Data selection
Island-wide

Deer vehicle
frequencya

P - value

2.39
2.234

North

Deer landscaping
frequencya

P - value

2.805
Referenceb

2.329

Deer crop
frequencya

P - value

2.448
Referenceb

2.117

Referenceb

Central

2.512

P = 0.0691

3.246

P < 0.0001

2.524

P = 0.0336

South

2.511

P = 0.0349

3.054

P < 0.0001

2.809

P < 0.0001

Before reminder

2.367

2.816

2.49

After reminder

2.443

2.679

2.343

Hunter

2.597

2.974

3.429

Non-hunter

2.358

2.96

3.19

a. 1 = never, 2 = rarely, 3 = occasionally, 4 = regularly
b. When comparing the different groups of respondents, the data selection group was selected as the reference to determine any
differences between the groups.
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Table 3.4. Mail survey respondents opinions on deer population sizes based on region, and respondent’s willingness to support
increased hunting, Whidbey Island, Washington, USA, 2014.

Data
selection
Island-wide

North Whidbey
deer populationa
3.11

Pvalue

Central
Whidbey deer
populationa
3.01

Pvalue
Refd

South
Whidbey deer
populationa
3.36

Pvalue

3.72

Refd

North

3.16

3.16

Central

2.93

2.83

South

3.10

3.09

3.05

3.12

3.06

3.36

3.04

2.83

3.23

Before
reminder
After
reminder
Hunter

P=
0.05

3.26

Frequency
negative
interaction
with deerb
2.85
3.05
2.72

P<
0.01

2.71
2.82

2.82

Refd
2.96
3.07
Refd
2.72
P=
P=
Non-hunter
3.173
3.02
3.42
2.87
0.02
0.03
a. 1 = not acceptable, 2 = somewhat acceptable, 3 = moderately acceptable, 4 = very acceptable
2.80

Pvalue
Refd
P=
0.03
P=
0.09

Support for
increased
Phuntingc
value
1.97
2.2
2.24
2.1
2.16
2.35
2.75
2.07

Refd
P=
0.07
Refd
P<
0.01

b. 1 = weekly, 2 = monthly, 3 = yearly, 4 = never
c. 1 = not at all willing, 2 = somewhat willing, 3= very willing
d. When comparing the different groups of respondents, the data selection group was selected as the reference to determine any
differences between the groups.
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Table 3.5. Hunter opinions from phone survey on Columbian black-tailed deer population status and trend on Whidbey Island,
Washington, USA, 2015 separated by island section, residency of hunter, and method of harvest of hunter.
Whidbey
population
trenda
4

Whidbey
population
wishb
2.7

North
Whidbey
trenda
3.931

North
Whidbey
wishb
2.706

Central
Whidbey
trenda
3.828

Central
Whidbey
wishb
2.677

South
Whidbey
trenda
3.839

South
Whidbey
wishb
2.71

Resident

4.12

2.846

4.048

2.875

3.95

2.762

3.95

2.8

Non-resident

3.79

2.429

3.625

2.3*

3.55

2.5

3.636

2.545

Modern

4.037

2.593

3.8

2.583

3.842

2.526

3.866

2.571

Archery/muzzleloader

3.75

3

3.9

3.167

3.714

3

3.857

3

Data selection
All

a. 1 = drastically decreasing, 2 = somewhat decreasing, 3 = stable, 4 = somewhat increasing, 5 = drastically increasing
b. 1 = drastically decrease, 2 = Somewhat decrease, 3 = Remain stable, 4 = somewhat increase, 5 = drastically increase
* P = 0.067
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Appendix 1. Information sheet mailed to addresses selected to receive the mail survey.
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Appendix 2. Public opinion mail survey questionnaire.
ATTITUDES ABOUT DEER AND DEER HUNTING ON WHIDBEY ISLAND

Dear Whidbey Island Residents:

Earlier, we sent you a letter informing you of our study on perceptions of Whidbey residents
about deer on the Island. This is the questionnaire we hope you respond to and return in the selfaddressed and stamped envelope. Please respond to each question to the best of your knowledge.
The survey should take less than 20 minutes to complete, and all responses are confidential. If
you have any questions or concerns about this research, please contact the Principal Investigators
listed below or you may contact the University of Montana Institutional Review Board (proposal
number 47-14) at irb@umontana.edu. Your participation in this study is voluntary, and there will
be no loss of benefits to which you are otherwise entitled if you do not participate or discontinue
participation at any time during the survey. Thank you for your participation. We look forward
to hearing from you.

ROB WINGARD, Graduate Assistant, Boone and Crockett Program in Wildlife Conservation,
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4302 Blue Heron Circle, Anacortes, WA 98221, USA

PAUL R. KRAUSMAN, Boone and Crockett Professor of Wildlife Conservation, Certified
Wildlife Biologist, P.O. Box 606, Clinton, Washington 98236, USA

RUTH MILNER, Washington Department of Fish and Wildlife, District Wildlife Biologist,
P. O. Box 1100, La Conner, WA 98257, USA
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This survey is designed to learn how the residents of Whidbey Island view Columbian blacktailed deer that they share the island with. Thank you for your participation in this study! Your
responses will be used to assess the current status of Columbian black-tailed deer and assist with
their management on Whidbey Island.

1. Where do you live on Whidbey Island?
a. South Whidbey—from Clinton to Freeland
b. Central Whidbey—from North of Freeland to Coupeville
c. North Whidbey—from north of Coupeville to Deception Pass.
2. Do you own or rent your home?
a. Own
b. Rent
3. How long have you lived on Whidbey Island?
a. Less than 6 months
c. 1-5 years
b. 6 months to 1 year
d. More than 5 years
4. What is your gender?
a. Male
b. Female
5. What year were you born? ________
6. How many months do you reside on Whidbey Island each year?
a. 12 months
b. 6-11 months
c. 1-5 months
7. What best describes your occupation?
a. Retired
f. Health
b. Military
g. Forestry
c. Business
h. Farming
d. Education
i. Other _____________________________
e. Construction
8. If you own your home, how much property do you have on Whidbey Island?
a. Less than 1 acre
e. 10-20 acres
b. 1-3 acres
f. 20-50 acres
c. 3-5 acres
g. More than 50 acres
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d. 6-10 acres
9. Please rate the acceptability of the number of deer on Whidbey Island:
South Whidbey Island
a. Not acceptable
b. Somewhat acceptable
c. Moderately acceptable

d. Very acceptable
e. N/A

Central Whidbey Island

North Whidbey Island

a. Not acceptable

a. Not acceptable

b. Somewhat acceptable

b. Somewhat acceptable

c. Moderately acceptable

c. Moderately acceptable

d. Very acceptable

d. Very acceptable

e. N/A

e.

N/A

10. Please rate the frequency of deer behaviors you face on Whidbey Island? Please
indicate all that apply.
a. Automobile/deer collisions
Circle one: Never, rarely, occasionally, regularly, N/A
How many times have you nearly hit a deer? _________________________
b. Consumption of crops
Circle one: Never, rarely, occasionally, regularly, N/A
How often do deer consume your crops? _____________________________
c. Consumption of landscaping plants
Circle one: Never, rarely, occasionally, regularly, N/A
How often do deer consume your landscaping plants? __________________
d. Transmission of disease to humans
How many cases of disease transmission are you aware of? _____________
e. Deer/pet encounters
Circle one: Never, rarely, occasionally, regularly, N/A
How many deer/pet encounters are you aware of? _____________________
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f. Other_________________________________________________________
11. Have you encountered any of the following interactions between deer and vehicles?
a. I have nearly hit a deer with my vehicle. How many times? ________________
b. I have hit a deer with my vehicle. How many times? ______________________
c. I have hit and injured or killed a deer with my vehicle. How many times? _____
12. How many times do you have negative deer-human interactions?
a. Weekly
b. Monthly
c. Yearly
13. Are you a deer hunter?
a. Yes
b. No
14. Is your property within city limits?
a. Yes
b. No
15. Do you allow deer hunting on your property?
a. Yes
b. No
16. If yes, who hunts on your property?
a. Yourself only
d. Any licensed hunter that asks
b. Family and friends only
e. Only hunters that live on Whidbey Island
c. Acquaintances that ask
17. How many deer have been harvested on your property in the past 2 years?
18. If your property is outside city limits, and you do not allow hunting on your property,
why?
a. Property is too small or too close to other homes
b. I do not agree with deer hunting
c. No one has asked to hunt on my property
d. Hunting would conflict with other land uses (for example, farming or livestock)
e. It would not be safe
f. I am concerned about liability if someone were to get hurt while hunting on my
property
g. Other_________________________________________________________
19. If you do not currently hunt or allow hunting on your property, and own more than 10
acres outside city limits, would you consider allowing hunting under certain
conditions?
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a. Yes

b. No

20. If you own more than 10 acres of land, please rate your willingness to:
a. Allow deer hunting if you were paid for the access?
Circle one: Very willing, somewhat willing, not at all willing, N/A
b. If so, how much compensation would you consider reasonable? __________
c. Would you allow hunting if you could talk to the hunter in advance?
Circle one: Very willing, somewhat willing, not at all willing, N/A
d. Would you give consideration to youth hunting with adults?
Circle one: Very willing, somewhat willing, not at all willing, N/A
e. Would you give consideration if your neighbors were in agreement?
Circle one: Very willing, somewhat willing, not at all willing, N/A
f. Would you give consideration if you could control the number of hunters?
Circle one: Very willing, somewhat willing, not at all willing, N/A
g. Would you give consideration if you could control the number of days of
hunting?
Circle one: Very willing, somewhat willing, not at all willing, N/A
h. Would you give consideration if you could control the number of deer harvested?
Circle one: Very willing, somewhat willing, not at all willing, N/A
i. Other? ________________________________________________________
21. Would you support hunting if it would reduce the number of deer killed from
deer/vehicle collisions?
Circle one: Very willing, somewhat willing, not at all willing, N/A

22. Please add anything else you would like to share about deer on Whidbey Island.
23. Would you like to receive a copy of the results of this study?
THANK YOU!! Please return the survey in the enclosed stamped envelope.
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Appendix 3. Hunter Survey questionnaire script. This questionnaire was administered over the
phone by Washington Department of Fish and Wildlife Master Hunter volunteers over the course
of several evenings.
Survey Script
Hello, my name is ______. Am I reaching _________________? I am conducting a phone
survey for the Washington Dept. of Fish and Wildlife and the University of Montana. This
survey is about your experience deer hunting on Whidbey Island. The results of this survey will
be used to inform the management of deer on Whidbey Island. The survey is 22 questions long,
and should take less than 15 minutes. Do you agree to participate in this survey? ___Yes ___No
Thank you for your participation. I would like to inform you that your participation in the survey
is voluntary, and you are free to discontinue participation at anytime during the survey. The
survey has been approved by the Institutional Review Board at the University of Montana (IRB
#47-14).
I will now begin asking the survey questions.
1. Are you a resident of Whidbey Island? _____Yes _____No
2. If you answered yes to question 1, where on Whidbey Island do you live?
_______South Whidbey _______Central Whidbey _______North Whidbey
3. What is your gender? _____Female _____Male
4. In what year were you born? ________
5. Have you harvested deer on Whidbey Island in the last 5 hunting seasons? __Yes __ No
If yes, Which years did you harvest deer? __________________________________
6. Which method(s) of take did you use while pursuing deer on Whidbey Island? Check all
that apply
__Archery __Muzzleloader __Handgun __Shotgun __Crossbow
7. Did you hunt on private property on Whidbey Island? __Yes __No
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If answered YES to Question 7 complete questions 8 and 9, if NO skip to question 10.
8. What is your relationship with the landowner?
__Family/Relative __Friend __Acquaintance __No relationship
9. How did you gain access to the private property hunted?
__Invited
__Asked permission in person before the hunting season
__Asked permission directly before hunting the property
__Asked permission over the phone
10. Do you believe the deer population of North Whidbey Island is…
Drastically
Somewhat
Somewhat
Stable
Decreasing
Decreasing
increasing

Drastically
increasing

11. Do you believe the deer population of Central Whidbey Island is…
Drastically
Somewhat
Somewhat
Stable
Decreasing
Decreasing
increasing

Drastically
increasing

12. Do you believe the deer population of South Whidbey Island is…
Drastically
Somewhat
Somewhat
Stable
Decreasing
Decreasing
increasing

Drastically
increasing

13. Would you like the deer population of North Whidbey Island to …
Drastically
Somewhat
Somewhat
Remain stable
Decrease
Decrease
increase

Drastically
increase

14. Would you like the deer population of Central Whidbey Island to …
Drastically
Somewhat
Somewhat
Remain stable
Decrease
Decrease
increase

Drastically
increase

15. Would you like the deer population of South Whidbey Island to …
Drastically
Somewhat
Somewhat
Remain stable
Decrease
Decrease
increase

Drastically
increase

16. Are you aware of the Washington State Private Lands Access Program? __Yes __No
17. Would you like to see the Private Lands Access Program expanded on Whidbey Island?
__Yes __No
18. What is(are) the biggest barrier(s) to hunting on Whidbey Island? Check all that apply.
__Access to private lands
__Complex rules and regulations
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__Restricted method of harvest (weapon choice)
__Small animal body sizes
__Lack of trophy quality animals
__Low hunter success rate
__Local community resistance to hunting
__Cost financial
__Cost time
__Lack of hunting partners
__Personal health
__Health of hunting partners
__Other: ______________________________________________
19. Do you hunt deer in other areas of Washington? __Yes __No
If yes, Which GMU’s? _________________________________
20. Briefly, what do you enjoy about hunting deer on Whidbey Island?

21. Briefly, what do you not enjoy about hunting deer on Whidbey Island?

22. What are the main reasons you hunt deer on Whidbey Island? Check all that apply.
__Sport
__Trophy
__Meat
__Reduce property damage
__Help manage deer herd
__Nature appreciation
__Traditional deer camp with family and friends
__Other ___________________________________________
23. Do you have suggestions for managing the deer population on Whidbey?

That concludes the survey. Thank you very much for your participation. Do you have any
questions?
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Any future questions can be addressed to Rob Wingard at robert.wingard@umontana.edu or
(925)708-3958. Thank you again for your participation, have a good evening
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Appendix 4. List of roads used as transects for Spotlight surveys 12 January to 23 January 2015,
including length of transect and the coordinates of start and end points.

ID

Road name

Length Start point
X

Start point
Y

End point
X

End point
Y

161

Passage
Way

848

374711

121980

374822

121740

422

Keystone
Hill Rd

2973

365905

134745

365817

131775

433

Cook Rd

803

361662

135438

361029

135933

512

Boon Rd

2477

361731

144297

361652

141823

619

Devries Rd

3222

373507

149450

371467

148044

670

Koontz Rd

1190

368903

155324

370092

155301

672

Larson Dr

292

370299

154063

370234

154293

1450

W Whidbey
Ave

1255

363546

146012

363562

146011

1522

NW Heller
St

923

363416

146939

363392

146017

1730

NW
Madrona
Way

700

361393

137071

361994

137361

1732

NW 6th St

92

362335

137051

362248

137062

1853

Camano
Ave

677

382827

116434

383032

115883

2072

N Oak
Harbor St

1445

364786

147411

364659

145975

2236

Mcdonald
Dr

330

376825

112977

376915

113278

2396

SW Scenic

1307

363994

144389

364144

143130

102

Heights St
2770

Useless Bay 641
Ave

376702

112608

376739

113241

2784

Scott Rd

393

374261

113677

374623

113578

2793

Beverly
Beach Rd

468

374822

118779

375274

118832

2799

Surface Rd

1647

383458

111199

384716

112068

2846

Clover
Valley Rd

1214

363500

149022

362303

149077

2847

Golf Course 1617
Rd

362211

147473

362303

149077

3121

Zimmerman 562
Rd

385520

111156

385308

111633

3203

Welcher Rd

2025

368429

134330

366687

133920

3229

Emory Trl

117

370400

151454

370394

151337

3328

Main St

418

373848

113640

374261

113677

3333

Bob
Galbreath
Rd

433

384716

112068

385080

112256

3459

Libbey Rd

973

358329

138726

358329

138726

3461

Main St

216

373632

113638

373848

113640

3491

Reservation
Rd

1143

372227

146761

372219

145623

3524

Possession
Rd

392

384047

104353

384439

104347

3567

NW
Broadway
St

669

361842

137402

361815

136736

3600

Crawford

2759

380169

115396

379994

112863

103

Rd
3601

Al
Anderson
Ave

493

382406

116446

382463

115956

3660

NE Regatta
Dr

1190

366632

147033

366298

145892

3670

SW Heller
St

930

363392

146017

363368

145087

3677

NW Crosby
Ave

939

363825

146962

364758

146995

3784

Alderwood
St

62

368512

128264

368570

128288

3785

Alderwood
St

187

368570

128288

368757

128284

3954

Bayview Rd 207

378573

113530

378566

113323

3959

Bayview Rd 791

378749

114252

378573

113530

4051

Bob
Galbreath
Rd

630

385871

110774

385520

111156

4104

NW
Broadway
St

240

361815

136736

361809

136496

4138

Burroughs
Ave

354

362929

139946

362805

139682

4150

Bush Point
Rd

1156

371147

114238

372282

114293

4170

Bush Point
Rd

353

369592

114555

369799

114273

4195

Cameron
Rd

344

372587

113918

372576

113575

104

4197

Cameron
Rd

754

372576

113575

372550

112821

4446

Crosby Rd

1918

362211

147473

360591

147112

4451

Crescent
Harbor Rd

1540

368286

146893

366752

147027

4468

Cultus Bay
Rd

92

384047

104353

383956

104361

4469

Cultus Bay
Rd

158

383956

104361

383856

104480

4483

Cultus Bay
Rd

1269

383234

108932

383271

110201

4570

Diane Ave

557

360978

139999

361096

140523

4593

Double
Bluff Rd

199

375137

113536

375128

113337

4595

Double
Bluff Rd

187

375128

113337

375122

113150

4657

East Harbor
Rd

803

374467

123088

374561

122305

4681

East Harbor
Rd

1263

375274

118832

375241

117570

4691

East Harbor
Rd

1790

375202

116054

374201

114689

4697

East Harbor
Rd

79

373641

113923

373638

113845

4698

East Harbor
Rd

207

373638

113845

373632

113638

4810

Ebey Rd

1620

361662

135438

360628

134255

4836

El Mar St

86

356836

139197

356922

139202

4838

El Mar St

123

356922

139202

357041

139199

105

4840

El Mar St

101

357041

139199

357137

139220

4842

El Mar St

93

357137

139220

357228

139204

4848

El Mar St

133

357228

139204

357358

139220

4877

El Toro St

104

357247

139418

357212

139515

4878

El Toro St

141

357358

139220

357274

139331

4879

El Toro St

91

357247

139418

357274

139331

4895

Engle Rd

2177

362115

133629

362834

131678

4967

Fircrest Ave 298

368602

127985

368512

128264

5003

Fox Spit Rd

1788

376324

122983

376954

121434

5047

Fort Nugent
Rd

919

360491

144339

359572

144355

5059

French Rd

1617

382265

107576

380733

107234

5088

Glendale
Rd

1415

386078

105525

384811

105969

5096

Goss Lake
Rd

779

375223

117022

376002

117037

5107

Goss Lake
Rd

836

377708

116751

378478

116599

5299

Henni Rd

1130

368384

152932

369509

152901

5406

Honeymoon 180
Bay Rd

372358

116267

372354

116088

5424

Honeymoon 135
Bay Rd

372345

115577

372343

115442

5426

Honeymoon 815
Bay Rd

372343

115442

372339

114627

5459

Holst Rd

1616

384358

107334

384811

105969

5531

Jewett Rd

496

383870

105945

383883

106440

106

5550

Jones Rd

1309

370092

155301

370041

156431

5559

Jones Rd

1082

370254

154789

370254

154789

5666

La Mesa Dr

142

357212

139515

357354

139515

5668

La Mesa Dr

110

357354

139515

357463

139507

5716

Lancaster
Rd

259

374224

111855

374483

111845

5717

Lancaster
Rd

1294

374483

111845

375103

112631

5738

Ledgewood
Beach Rd

126

368877

127973

368751

127977

5777

Lone Lake
Rd

1898

378398

120302

378137

118521

5781

Lone Lake
Rd

1221

378515

117819

378478

116599

5782

Lone Lake
Rd

1002

378478

116599

378496

115601

5912

Maxwelton
Rd

2559

382938

115373

382221

113062

5913

Maxwelton
Rd

611

382221

113062

381980

112515

5946

Millman Rd

1000

375103

112631

376102

112601

5949

Millman Rd

560

376148

112600

376702

112608

5959

Monroe
Landing Rd

2034

362818

140215

362879

142248

5963

Monroe
Landing Rd

253

362805

139682

362816

139935

6012

Troxell Rd

1064

365352

154650

366415

154614

6034

Mutiny Bay
Rd

483

370945

116603

370843

116167

107

6036

Mutiny Bay
Rd

306

370843

116167

370822

115861

6037

Mutiny Bay
Rd

1656

370822

115861

371147

114238

6129

North Bluff
Rd

1011

371370

125757

370902

124969

6277

Palisades
Dr

308

356836

139197

356887

138904

6298

Parker Rd

799

366096

136668

366145

135897

6349

Pinecrest
Ave

307

368751

127977

368757

128284

6417

Polnell Rd

168

374631

145089

374579

144929

6481

Reservation
Rd

929

372590

144773

372219

145623

6568

San Juan St

134

357020

138889

356887

138904

6570

San Juan St

189

357207

138908

357020

138889

6572

San Juan St

153

357358

138926

357207

138908

6574

San Juan St

85

357441

138943

357358

138926

6646

Saratoga Rd 1807

375417

122837

376575

121458

6708

Shoreview
Dr

233

373145

114306

372938

114232

6717

Shoreview
Dr

135

373280

114305

373145

114306

6726

Donald Ave

542

361298

140336

361275

139795

6773

Silver Lake
Rd

1455

373465

148018

374871

147933

6776

Silver Lake
Rd

557

370188

147498

370663

147777

108

6780

Silver Lake
Rd

1443

371468

148044

372906

147970

6781

Silver Lake
Rd

564

372906

147970

373465

148018

6834

Smugglers
Cove Rd

2783

368023

121452

369001

118944

6836

Smugglers
Cove Rd

1836

369001

118944

368929

117168

6838

Smugglers
Cove Rd

488

368929

117168

368735

116721

6842

Smugglers
Cove Rd

139

368735

116721

368715

116584

6843

Smugglers
Cove Rd

169

368715

116584

368712

116414

6844

Smugglers
Cove Rd

75

368712

116414

368711

116339

6846

Smugglers
Cove Rd

775

368711

116339

368604

115589

6847

Smugglers
Cove Rd

783

368604

115589

368963

114911

6896

Stewart Rd

340

373354

114283

373643

114159

6898

Stewart Rd

97

373643

114159

373648

114063

6899

Stewart Rd

139

373648

114063

373641

113923

6921

Strawberry
Point Rd

685

375198

145438

374631

145089

6922

Strawberry
Point Rd

1775

374871

147933

375491

146477

6923

Strawberry
Point Rd

716

375491

146477

375438

145764

6955

Sunday Dr

196

370234

154293

370429

154285

109

6971

Sunrise
Blvd

98

370299

154063

370389

154026

7038

Swantown
Rd

767

361572

146289

362178

145878

7040

Swantown
Rd

539

361033

146303

361572

146289

7059

Taylor Rd

1402

369313

148881

369459

147507

7062

Taylor Rd

1644

369528

150359

369313

148881

7108

Troxell Rd

1297

368904

155323

369434

156456

7110

Troxell Rd

1446

368026

154557

368904

155323

7195

View Ridge
Dr

219

363055

139833

363273

139823

7233

Wahl Rd

1972

373049

110642

371898

109621

7288

West Beach
Rd

1382

358831

143441

357964

142366

7301

West Beach
Rd

1664

357573

141168

357521

139505

7310

West Beach
Rd

620

359569

144955

359389

144366

7388

Wintergreen 969
Dr

383655

109888

383631

108919

7427

Zylstra Rd

359639

142946

359623

142365

582
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