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“Every farm woodland, in addition to yielding lumber, fuel and posts,
should provide its owner a liberal education. This crop of wisdom
never fails, but it is not always harvested. | here record some of the

many lessons I have learned in my own woods.”

Aldo Leopold
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CHAPTER 1
Introduction to Sika Deer on Maryland’s Eastern Shore
Sika deer (Cervus nippon) are native to Asia and the Japanese islands, and were
introduced to the Delmarva Peninsula in 1916. Since then, they have increased in
number to an estimated 10,000 individuals. Although concentrated in Dorchester
County, Maryland, sika deer are now found in Wicomico, Somerset, and Worcester
Counties in Maryland (Maryland DNR 2009) as well as in Sussex County, Delaware
(Delaware Department of Natural Resources and Environmental Control 2008) and
Assateague Island, Virginia (Diefenbach and Christensen 2009). Sika deer are also
reported from 31 other state wildlife agencies (Feldhamer and Marcus 1994).

Many states are concerned about sika deer being vectors for disease or
competition with native populations of cervids (Feldhamer and Marcus 1994). Because
sika deer eat a greater variety of plants (Keiper 1985), and are more aggressive, they are
able to outcompete native deer where the 2 overlap (Bartos 2009). Maryland shares these
concerns but also recognizes the important and unique sport hunting value of the species
so the goal of the Maryland DNR is to maintain the current population level of sika deer
(Eyler and Timko 2008).

Sika deer in Maryland are hunted for both meat and trophy antlers. Sika deer in
general vary in size, coloration, and antler growth depending on the subspecies and native
area. The C. n. yakushimae, the subspecies found in Maryland, is the smallest subspecies
(Koda et al. 2008), with males reaching dressed weights of approximately 45 kg,
whereas, females are smaller and have dressed weights of approximately 34 kg. Only

male sika deer grow antlers, with growth beginning around mid-April as soon as the



previous year’s antlers are shed. Sika deer in Maryland will begin to grow antlers as
yearlings, which will range in size from <1.3 cm of hard antler to spikes over 7.6 cm. No
yearlings have been observed with branched antlers even in subspecies that produce
larger antlers (Bennesten 1977). Often, adult males will have 3 points to a side although
a few have been observed with 4 to a side (Maryland DNR 2009).

Sika deer consume a greater percentage of browse and a greater diversity of plants
than native white-tailed deer in Maryland (Odocoileus virginianus) (Keiper 1985).
Differences in diet may allow sika deer to take advantage of habitats that are not as
heavily exploited by white-tailed deer. Sika deer may also be able to exploit habitats that
currently have less dense populations of white-tailed deer by dispersing into them and
taking advantage of food and space resources that are not sufficient for white-tailed deer.

Maryland separated sika deer harvest from white-tailed deer harvest in 1973
(Feldhamer et al. 1978). In 1976, managers hoped to change harvest trends by increasing
bag limits on sika deer to 3 and decreasing white-tailed deer limits to 1 deer per season.
Later managers reduced harvest pressure on sika deer to preserve the unique hunting
opportunity. Currently sika deer regulations restrict harvest to 6 animals while hunters
are allowed to take 30 white-tailed deer. Maryland has a growing population of sika deer
(T. B. Eyler, Maryland Department of Natural Resources, personal communication) and

management has the current goal of maintaining the population (Maryland DNR 2009).



CHAPTER 2

Spatial Ecology of Subadult Male Sika Deer on Maryland’s Eastern Shore
ABSTRACT: Four or 5 (sexes unknown) Sika deer were introduced to the Delmarva
Peninsula in 1916 (Flyger 1962). Since then their population has grown to an estimated
10,000 individuals (T. Brian Eyler, Maryland Department of Natural Resources and
Wildlife Heritage, personal communication). The purpose of my study was to investigate
dispersal and home range size of this growing population. | collected telemetry locations
on 60 stags captured in their first winter from February 2008 through February 2010.
Home range size was affected by seasons and deer movement types ( P = 0.0001),
averaging 464 ha-4,121 ha. Of 20 deer that dispersed, 19 did so at 1 year old. Dispersal
distance and direction were random across the landscape (P = 0.899). Animals were
classified into three movement groups; local, migratory, and nomadic. Local deer were
the most common movement group and were characterized by short movements confined
into a well established home range. | observed 14 deer migrations, which were round trip
movements that were associated with seasons and direction (P =0.003). Four deer |
observed were classified as nomadic and had long distance movements across the
landscape unassociated with seasons.

KEY WORDS: Cervus nippon yakushimae, dispersal, home range, Maryland, male,
movements, nomadic, radio telemetry, sika deer

An increasing population of sika deer (Cervus nippon), an exotic species, in the
Delmarva region is leading to concerns about conflicts with native species for space and
food resources. Sika deer are more generalized in their feeding habits than species of

native deer in many areas where they have been introduced, including Maryland



(Feldhamer and Marcus 1994, Swanson and Putman 2009). In areas with a niche
overlap, sika deer are able to out-compete other species through aggression and using
habitats that native species do not (Bartos 2009). The ability of sika deer to out-compete
native white-tailed deer (Odocoileus viginianus) threatens to reduce native deer numbers
where they cohabitate as well as lead to the spread of sika deer to new areas. In order to
prevent the spread and further competition between introduced sika deer and native
white-tailed deer, Maryland Department of Natural Resources (DNR) has set the goal of
maintaining sika deer at their current population level (Eyler and Timko 2008).
Understanding an animal’s spatial ecology is integral to making management decisions to
control a population. Insights into spatial ecology may provide information about where
and how a population can be limited from expanding.

Understanding the spatial ecology of young males is imperative in managing the
expansion of sika deer populations because they are the first cohort of animals to enter
new areas (Swanson and Putman 2009), but a paucity of information is available for sika
deer in Maryland. Published information regarding sika deer has focused on females or
populations in their native range. For female sika deer in Maryland Eyler (2001)
estimated annual home range size to be 161 ha. In Japan, home range sizes of male sika
deer were estimated to be 4 and 10 ha for subdominant and dominant males, respectively
(Endo 2009). In the British Isles, male sika deer had home ranges that ranged from 45-
250 ha depending upon habitat and age (Swanson and Putman 2009). Because estimates
of male home range size are highly variable for other areas and lacking for the eastern

shore of Maryland, additional research is necessary to acquire these estimates.



Understanding spatial ecology of sika deer includes movement within and
between home ranges. Deer move over the landscape in several ways. Sika deer can
disperse which involves the movement of subadult deer (< 3 years old; Petersburg et al.
2000) from a baseline home range associated with their natal range (where they were
born) to an area where they establish an adult home range (Petersburg et al. 2000, Long
et al. 2008). Sika deer can also move across a landscape in ways that are not dispersals.
These movements include : local movements, migrations, or nomadic movements. Local
movements consist of day to day movements in a given area with little or no movement
outside of an established home range. Migration is a seasonally associated movement
between 2 home ranges with a predictable return to the same place. Nomadic deer move
randomly across the landscape, unrelated to seasons, and do not establish a defined home
ranges.. Nomadic sika deer in Europe were recorded to wander distances up to 160 km
into areas lacking other sika deer (Bartos 2009). Male deer in Japan’s Nara park had
large, nomadic home ranges until they established an adult territory (up to 5 years:Miura
1984, Torii and Tatsuzawa 2009).

In an effort to better understand and manage the sika deer population, I conducted
this study to fill the gaps in the literature regarding male sika deer movements and home
range sizes. My objectives were to estimate home range sizes for subadult males and
determine what proportion of the population dispersed (estimating average date, direction
and distance). | hypothesized that male sika deer home range estimates would exceed
those of female sika deer and white-tailed deer in size. | also hypothesized that male sika
deer would disperse in both fall and spring during the first and second year of life in

random directions and distances.



STUDY AREA

| conducted this research within greatest concentration of sika deer, Dorchester County,
Maryland. The study area (1,542 km?) had an average elevation of 1 m above sea level
(Feldhamer and Marcus, 1994) and was 41% forested, 30% agriculture, 25% wetlands,
and 4% developed (Comprehensive Coastal Inventory Program 2003). Dorchester
county was bordered on the west and south by the Chesapeake Bay, and on the east by
the Nanticoke River. Blackwater National Wildlife Refuge along with Fishing Bay
Wildlife Management Area (WMA) composed a large portion of the area south of Route
50. Trapping was conducted throughout the county on areas both north and south of
these 2 major public land areas.

Dominant forest plants included loblolly pine (Pinus taeda), white oak (Quercus
alba), northern red oak (Quercus rubra), willow oak (Quercus phellos), red maple (Acer
rubrum), sweet gum (Liquidambar styraciflua), black gum (Nyssa sylvatica), poison ivy
(Toxicodendron radicans), greenbriar (Smilax spp.), and American holly (llex opaca).
Marshes were comprised of mostly three square rush (Scirpus olnyi), salt grass (Distichlis
spicata), spikerush (Eleocharis parvula), cattail (Typha sp.), sedges (Carex spp.),
common reed (Phragmites australis), and wax myrtle (Myrica spp.) (Feldhamer and
Demarais 2009).

The daily average low and high temperature (1971-2001) were -3.0°C and 7.1°C
in January, and 19.7°C and 25.1°C in July (National Oceanic and Atmospheric
Administration 2009). Dorchester County averaged 120 cm of precipitation each year

with <27 cm of it deposited as snow (National Oceanic and Atmospheric Administration



2009). Temperature and precipitation levels for 2008 and 2009 fell within the 30 year
averages.
METHODS
| captured sika deer from January to April of 2008 and 2009 using drop nets, clover traps,
and dart guns. For deer captured with drop nets or clover traps, | blindfolded and then
sedated them with Xylazine (0.25 mg/kg; Eyler 2001, DeNicola et al. 1997, Rosenberry
et al. 1999, Conner et al. 1987) via intramuscular injection. | darted deer with an
intramuscular injection of Xylazine (4.4 mg/kg). For all sedated deer, | administered the
antagonist Yohimbine hydrochloride (0.5 mg/kg; Eyler 2001, Rosenberry et al. 1999,
DeNicola et al. 1997) intramuscularly within an hour of sedation. All deer received 2
medium 4.5 cm x 5.1 cm Allflex™ (Allflex USA, Inc. Dallas, TX) plastic ear tags (white
with black numbering) and 2 self-piercing metal tags (Model # 1005-49, National Band
and Tag Company, Newport, KY) uniquely numbered for each deer. | estimated each
deer’s age according to tooth replacement and wear for elk (United States Geological
Survey 2006) and collected standard body measurements (hind foot length, front shoulder
height, chest girth, and total body length; Rhoads 2006, Feldhamer et al. 1984). 1
monitored each deer until they left the capture site. All juvenile males (<1 year old) were
fitted with expandable VHF radio collars (340g; Advanced Telemetry Systems, Isanti,
MN). The University of Delaware’s Institutional Animal Care and Use Committee
approved my capture and handling procedures (Approval No. 1182).

I monitored deer via radio telemetry from time of capture as juveniles until
February 2010 or until they lost their collar or died. | collected locations for each animal

at least once per week from the ground using biangulation from fixed telemetry stations.



| used a Global Positioning System (GPS) handheld device to geo-reference each station.
| took bearings with ATS R410 (Advanced Telemetry Systems, Isanti, MN) scanning
telemetry receivers and a 3-element hand-held yagi antenna or H antenna. To obtain
Universal Transverse Mercator (UTM) coordinates for each location, | entered the best 2
bearings (closest to 90°) into program LOAS™ 4.3 (Location of a Signal, Ecological
Software Solutions, Urnésch, Switzerland). | did not include any readings >15 minutes
apart or with an interior angle outside of 60 and 120 degrees in my analysis. | visually
located any deer with a collar that emitted a mortality signal to determine cause of the
morality signal (i.e., cause of death or mortality signal on a live deer).

To estimate telemetry accuracy, | conducted an assessment of error for everyone
that collected telemetry readings. | placed 10 radio collars on sugar solution bottles and
placed them throughout the landscape where collared animals had been (Larkin et al.
1996). GPS locations were taken on the bottles and the location was unknown by the
person taking the test. Average error polygon was 1.8 ha (SE = 0.48, range 0.0-9.1).
Average time delay for all telemetry locations was 6.7 minutes between bearings with an
average distance of 1049 m between telemetry station and estimated location (Saltz
1994).

| calculated seasonal home ranges for each deer for predetermined seasons. |
defined seasons as 3 month periods that focused on biological activities of male sika deer.
Parturition began in May (Feldhamer 1980) and appears to be extended in Maryland sika
deer, with an unknown end date (Feldhamer and Marcus 1994). | expected to observe
dispersal events (Long et al. 2008) just before and/or during calving so the spring season

was March 1 — May 31 to capture these dispersal activities. Most parturition (70%) was



completed by the end of May (Koizumi et al. 2009). Deer that moved from their natal
range after May cannot be considered to have been influenced by maternal aggression, so
| defined the summer season as the period without maternal aggression (June 1-August
31). Rut activity has been known to cause an increase in home ranges size and induce
dispersal movements (Long et al. 2008). As in other cervids, the peak in rut activity for
sika deer varied slightly but typically occurred around the second week in October
(Feldhamer 1980), so | defined the fall season as 6 weeks on both sides of the anticipated
peak (September 1 — November 30™). I defined the winter season (December 1 —
February 28) based on when most sika deer mortality related to deer harvest occurred.
Most of the 2 week rifle season in Maryland fell in December each year when the largest
numbers of sika deer were harvested (Eyler and Timko 2008). The longest portion of
Maryland muzzleloader season for sika deer ran from December into January. Both early
and late muzzleloader season combined accounted for the second highest harvest rate for
sika deer in Maryland.

| estimated seasonal home range sizes at both 50% and 95% utilization
distribution using fixed kernel. I used fixed kernels because it provided the least biased
estimates of home ranges (Seaman et al. 1999) and since | made all measurements
regarding distance and direction from the centroid of the 50% range, it was more
important that the center of these estimates be accurate rather than the tails (Worton
1989). 1 used the Animal Movement Extension (Hooge and Eichenlaub 1997) for
ArcView 3.2 for any deer with at least 25 locations in a season (Blundell et al. 2001,

Seaman et al 1999) to calculate a home range size.



I defined an animal’s natal range as all locations taken prior to April 1¥. Natal
home ranges were used as the baseline for all movements. Deer were first separated into
dispersers and non dispersers. | defined dispersal as the permanent emigration from a
natal range (<5% overlap in the 95% kernel). When | determined that a deer had moved
away from its natal range, | checked all seasons after the movement to ensure that none
involved an overlap with the natal range.

| categorized all deer into 1 of 3 movement types: local, migratory, or nomadic
based on 50% and 95% kernel home range estimates. | classified deer from a baseline
home range, which was a natal range for non-dispersing deer or the first home range after
dispersal for dispersing deer. | considered a deer with consistent home range (50% and
95% kernel) overlap of >50% between every season a local deer. | determined a deer to
be migratory by movement away (<25% overlap) from a baseline winter or summer
home range (95% kernel). Migrations involved a return to the established winter or
summer home range (>50% overlap in 95% kernel). | defined nomadic deer as moving
continually over the landscape. Unlike migratory deer that utilized 2 core areas in a year,
nomadic deer utilized at least 3 non-overlapping 50% kernel areas within a year.
Nomadic home ranges always overlapped the baseline home range at the 95% kernel in
every season. The amount of overlap within deer varied by deer and season but ranged
from 10-80%. To determine date of dispersal or migration, | used the last day that an
animal was found in any home range as the movement date.

Once classified, | used the 50% kernel estimates of home ranges to make
measurements of distance and direction of both dispersals and migrations. 1 used the

center of the core use area because it provided a more consistent and concentrated area
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with which to estimate movements for each deer. | used ArcView Animal Movement
extension to determine the centroid of the 50% kernel home range areas (Hooge and
Eichenlaub 1997).

| investigated if dispersal distance and direction were random using Moore’s
modification to the Rayleigh test (Moore 1980). | determined average dispersal and
migration dates by averaging Julian dates. Mean dispersal and migration directions were
determined by converting bearings from degrees to radians (theta). | then averaged the
vectors (average X, average Y) of the radians (by taking the sin and cosine of each theta)
using:

sum(sin(theta)) sum(cos(theta))
n ’ n

atan?2

(H2NS Environmental 2006). | conducted home range analysis with SAS (version 9.1,
Cary, NC) with an alpha level of 0.05. | used a 3-way ANOVA (analysis of variance:
Sokal and Rohlf 1995) with main effects of movement (nomadic, local, or migratory),
season, and age. If differences were detected, | used a least significant differences test to
separate means.

RESULTS

| collected 12,994 locations from January 2008-February 2010 on 60 collared sika stags
(average 216 locations per deer). One deer was lost shortly after it moved several km
from its capture area and was therefore not included in any analysis. The interaction of
movement and season and age (F4175 = 0.80, P = 0.528), the interaction of movement and
age (F2175 = 1.04, P =0.357), the interaction of season and age (Fs 175 = 0.44 P =0.724),
and age (F1175 = 0.44, P =0.509) did not affect home range size. The interaction of

movement and season affect home range size (Fs 175 = 6.27, P = <0.0001; Table 1).
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Home range sizes among the movement types and seasons varied from 464 ha to 6,810
ha.

| documented dispersal for 33% of deer (n = 60; 2008 30%, n = 30; 2009 37%, n
= 30). Alldispersal occurred as yearlings except one deer that dispersed as a 2-year old.
Mean dispersal distance was 7.7 km (SE = 1.0; 2008: X = 7.3, SE = 0.9; 2009: X = 8.1, SE
= 1.7). Fifty-five percent of the deer dispersed in the spring. The average date of spring
dispersal was April 23" (SE = 4 days, n = 11). Average dispersal date for the summer
was June 19th (SE = 9 days, n = 5), and for the fall was September 30" (SE = 6 days, n =
4). No deer were observed dispersing in the winter. Average dispersal direction was 266
° (range 13 °-348 °). Distance and direction of dispersing deer was random (R20= 0.202,
P =0.899).

Fourteen deer had seasonal migration movements. The average departure date
from the winter home range was April 28" (SE = 8 days) and October 4th (SE = 6 days)
for the summer home range. Migration direction in the spring averaged 20° (range 320°-
62°) and direction for fall averaged 246° (range 253°-5°). Average migration distance
was 6.2 km (SE = 0.6). Distance and direction of migrations were not random (R14= 1.38
P =0.003).

Nomadic deer home ranges were 50% greater than migratory and local home
ranges in the spring, and 300-1000% greater in fall and winter, with the exception of
summer where all groups had smaller home ranges (Table 1). Nomadic deer covered
6,800 ha during the rut which is the largest home range size observed during any season

for any group (Table 1). Only 4 deer exhibited nomadic movements (7%, n = 60).
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Nomadic deer varied in traveling direction from semi-circular movements to single
directional long-distance movements (i.e., 45 km) with few local movements.
DISCUSSION

| observed most (55%) sika deer dispersal during spring, so maternal domination
was likely the most influential factor in subadult male dispersal. My results were similar
to research on white-tailed deer and elk in North America, but differed from research on
sika deer in Japan. Minami et al. (2009) concluded that males remained with their
mothers until 2 or 3 years of age, whereas all but 1 sika deer in my study dispersed at age
1. Dispersing deer can be used as an indicator of areas likely to see sika deer range
expansion (Swanson and Putman 2009). Swanson and Putman (2009) stated that sika
deer advancement was primarily done by the young males at 3-5 km per year. | found
that dispersal by young males in Maryland could advance similar distances with an
average dispersal distances of 7.7 km.

Increase in harvest rates have been observed in key deer, white-tailed deer, and
elk during periods of dispersal (Lopez et al. 2003, Smith and Anderson 2001). 1 also
observed a greater rate of dispersal mortality. More than a third of deer with dispersal
movements were harvested. Some of the local or migratory deer may have been captured
post-dispersal, but 57 of 60 deer were captured prior to the first date any deer moved
outside of its natal range; therefore, | did not consider this to be a significant source of
error.

| observed a mixture of migrations and local movements similar to sika deer
behavior in Japan (Igota et al. 2009). I also observed nomadic home ranges like those of

young sika deer in both Europe and Japan (Bartos 2009, Torii and Tatsuzawa 2009).
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Regardless of movement type, the average sizes of home ranges were larger than all other
reported sika home ranges. The smallest home range sizes on average were observed
during the summer months, yet even the smallest home ranges observed in my study were
larger than those observed in other sika deer studies; some were 20 times larger (Swanson
and Putman 2009, Eyler 2001, Feldhamer et al. 1982). Sex and sample size differences
could account for these differences. Home ranges observed were similar to those
observed in elk (McCorquodale 2003, Tiller et al. 2000). These results follow the close
phylogenetic relationship between sika deer and North American elk (Polziehn and
Strobeck 1998).

Local deer had the most consistent home range sizes across seasons, but still had
an increase in home range size during the rut. On average, local males had home ranges
that were 3 times larger than females from the same area (Eyler 2001). When compared
to male sika deer in the British Isles, | observed home ranges 2-10 times larger, and 25-
100 times larger than male sika deer in Japan (Swanson and Putman 2009, Endo et al.
2009).

| observed more local deer than Diefenbach and Christensen (2009) which may be
due to differences in study areas. Assateague Island has greater percentage of marsh and
saltwater grass habitat, and less hardwood forested areas than Dorchester (Diefenbach
and Christensen 2009). Dorchester County may also have more local deer than
Assateague due to local landowner’s ability to bait year-round. In winter seasons when
food resources are scarce, sika deer that are close to bait piles may not need to migrate to

areas with better food availability.
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Home range sizes of migratory deer increased each spring and fall which
coincided with migration between winter and summer home ranges. Sika deer that
migrated tended to have larger home ranges during the winter months than in summer
which indicated that these animals had to cover a larger area to acquire the same basic
resources. Unlike sika deer, elk tended to have larger summer home ranges than winter
ranges (McCorquodale 2003). EIlk and sika deer in their native range have habits that are
often dependent on migratory movements across elevation gradients in connection with
seasonal changes (Igota et al. 2009, McCorquodale 2003). Migrations are down to the
valleys in the winter and up to the mountains in the summers which are associated with
food availability (Igota et al. 2009, McCorquodale 2003). Based on the direction of
migration that | observed, young males may be moving to the hardwood and agricultural
habitats in the summer and possibly returning to the marshes in the winter. This
migration pattern may be induced more by hunting pressure than food availability, these
speculations will require further investigation to be confirmed. Change in home range
size in Japan sika deer depended on migration movement. Deer that migrated had larger
summer home ranges than winter, while local deer exhibited larger ranges in the winter
than summer. Migration is uncommon in white-tailed deer on the Delmarva Peninsula.
Rather than migrate, they shift their core use areas (Rhoads 2006), making migration
unique to sika deer in Maryland.

The Delmarva Peninsula is characterized by the same physical attributes as seen
in other areas where nomadic behavior is observed (i.e. large open areas with little
change in elevation). Nomadic deer, as with the other 2 movement types had a marked

increase in home range size during the rut. Nomadic deer during their first rut had the

15



largest home range size that was observed during the entire study. Although nomadic
deer traveled the greatest distance, none from this study moved close to the 160 km
observed in Europe (Bartos 2009). Home ranges | observed where substantially larger
(500 times) than those observed in Japan’s Nara park (Miura 1984); however, the park
was only 340 ha in size and average territory size for adults was substantially smaller (4.7
ha) than those observed in the US. Nomadism is important to species where food
resources change quickly (Fryxell et al. 2004). Sika deer in Dorchester, even during
winter should be able to find food within an area smaller than nomadic home range size
that | observed. A possible explanation for nomadic home ranges could be dispersing
deer that have not settled into an adult home range. Other factors (e.g., hunting pressure,
geographical obstacles) could encourage deer to travel back to natal ranges where they
are familiar, thereby interrupting movement that would naturally be migration or
dispersal.

Eyler (2001) observed home ranges for female sika deer that were only 20%
larger than home ranges observed for sympatric white-tailed deer. Home range sizes |
observed followed Eyler (2001) in trend between sexes because sika deer home ranges
were greater than those observed for white-tailed deer in similar studies (Brinkman et al.
2005, Smith 1991). Home range sizes for males of both species are larger than that of
females. Male white-tailed deer tend to have seasonal home ranges up to 200 ha with
some up to 550 ha (Nelson and Mech 1984, Rongstad and Tester 1969, Holzenbein and
Marchinton 1992). Home range sizes observed in this study were consistently 3-10 times

larger than those observed in white-tailed deer. This discrepancy is most likely is a
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synergistic result of differences in behavior of male and female and differences between
species.
MANAGEMENT IMPLICATIONS

Dispersal data that I collected suggest that dispersal into new areas will primarily
be observed in the spring. To better understand the distance that the population is
advancing each year, surveys should be done in early summer, after young deer have
dispersed and when migratory deer have moved north. Sika deer have been observed
dispersing into new areas, and given their capacity to move long distances, an increased
harvest rate of sika deer is recommended to reach Maryland’s goals of maintaining the
population level. By increasing harvest in the northern and eastern most extents of sika
deer range, the population could be restricted. North and east are the primary directions
of interest because spread of sika deer is naturally blocked by the Chesapeake Bay on the
western and southern sides. By understanding sika deer spatial ecology more species
specific management practices can be utilized. All but 5 sika deer had well established
home range areas by age 2 therefore harvest can be focused in areas that will cause the
desired population shift. Due to the directional shift of home ranges in migratory deer, it
is unlikely that sika deer harvested in agricultural fields during hunting season are the
same deer that cause crop damage in summer and early fall because these deer tended to
migrate back to the marsh prior to the peak of hunting season. Managers who wish to
change their population densities of sika deer most likely will be able to do so in areas as
small as 400 ha. Nomadic deer would pose a difficulty in any area where deer are trying
to be managed because of their large home range size, and continual movements within

these ranges.
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Table 1. Average male subadult sika deer home range size (ha) by movement type and
season from 2008-2009 in Dorchester County, Maryland. All means for all
seasons and movements were compared in the same analysis.

Local Migratory Nomadic

n X2 SE n X SE n X SE
Winter 15 727coe 145 9 479e 49 2 36948 160
Spring 36 705pe 101 11 1553coe 399 6 2058c 1253
Summer 42 469 77 16 464€ 74 6 466 155
Fall 34 793cpe 88 16 2020co 305 4 6810A 4121

8 Means with the same letter are not significantly different.
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CHAPTER 3

Sika Deer Survival ¢ Kalb et al.

Survival Rate of Subadult Male Sika Deer on Maryland’s Eastern Shore

David M Kalb, Department of Entomology and Wildlife Ecology, University of
Delaware, Newark, DE 19717, USA

ABSTRACT: The sika deer population in Maryland has been gradually increasing since

their introduction in 1916. The purpose of my study was to determine a survival rate for

subadult males, which are the segment of the population with the greatest harvest rate. |

captured 60 male sika deer as juveniles (<1) and fitted them with radio telemetry collars.

Survival rates did not differ among seasons (P = 0.060; spring = 0.98, SE = 0.019;

summer = 1.00, SE =0.000; fall = 0.93, SE =0.034; and winter = 0.96, SE = 0.027) with

a survival rate of 0.87 (SE=0.045). Survival was greater than previously reported in other

native and introduced populations of sika deer, as well as many other populations of

cervids. The greatest cause of mortality was hunting, and no animal deaths were

attributed to natural causes or disease. Survival in sika deer was greater than in sympatric

native white-tailed deer. | recommend an increase in harvest to achieve Maryland DNR

deer management goals.

KEY WORDS: Cervus nippon yakushimae, Maryland, male, radio telemetry, sika deer,

survival, subadult

Sika deer (Cervus nippon), an exotic species in the Delmarva region, has increased in

abundance and expanded its range leading to concerns about conflicts with native species

for space and food resources. Until the 1950’s, the population of sika deer was small

(<500; Flyger 1960). Introduced in 1916, the population has increased from <10
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individuals to an estimated 10,000 individuals (T. Brian Eyler, Maryland Department of
Natural Resources, personal communication). To prevent additional range expansion and
further competition with native white-tailed deer, Maryland Department of Natural
Resources (DNR) has set the goal of maintaining sika deer at their current population
level (Eyler and Timko 2008). Because harvest of sika deer is the primary mortality
cause and means of population control, understanding survival rates of sika deer is an
important factor in designing an effective harvest regime.

Survival rates are necessary for understanding factors that affect population
growth. Sika deer are not exposed to legal hunting in some parts of their native range
(Takatsuki and Padmalal 2009). On Kinkazan Island females (55%) had greater survival
rates than males (35%) including calf survival. Dominant males on the island lived on
average 3 years longer than subdominant males despite the lack of predators and a ban on
hunting (Minami et al. 2009). In the native range of sika deer where hunting was allowed,
Uno and Kaji (2006) found an annual survival rate of 78% for females. The greatest
cause of mortality was harvest (31%) followed by natural causes (13%) and unknown
causes (6%). Miura and Tokida (2009) estimated survival from several populations of
both hunted and non-hunted deer. The subadult (male and female) survival rate varied
from 30-90% with greater survival rates as animals matured. Diefenbach and
Christensen (2009) estimated 56% annual survival rate for male sika deer on Assateague
Island, Maryland and harvest (legal and illegal) was the only cause of mortality. Eyler
(2001) estimated an 82% survival rate for all captured female sika deer during his study

in Maryland sika deer, and harvest accounted for all mortalities.
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The male component of the sika deer harvest is dominated by subadults (<3 years
old; Petersburg et al 2000, T.Brian Eyler, Maryland Department of Natural Resources
and Wildlife Heritage, personal communication), but estimates of subadult survival are
lacking. An understanding of subadult male survival rates will allow managers to better
prescribe harvest regimes to manipulate sika deer populations and provide information
for better population estimates. Currently Maryland DNR formulates their estimates for
sika deer population size from population reconstruction models, and better estimates of
survival could permit more precision population estimates. Knowledge of high
population survival and increases in densities will allow managers to increase harvest to
coincide with increased deer abundance. My objectives were to estimate survival and
cause-specific mortality rates for subadult male sika deer. | hypothesized that male
survival rates would be similar to survival from other areas with sika deer. | expected all
mortalities to be from either hunter harvest or natural causes.

STUDY AREA

I conducted this research within greatest concentration of sika deer, Dorchester County,
Maryland. The study area (1,542 km?) had an average elevation of 1 m above sea level
(Feldhamer and Marcus, 1994) and was 41% forested, 30% agriculture, 25% wetlands,
and 4% developed (Comprehensive Coastal Inventory Program 2003). Dorchester
county was bordered on the west and south by the Chesapeake Bay, and on the east by
the Nanticoke River. Blackwater National Wildlife Refuge along with Fishing Bay
Wildlife Management Area (WMA) composed a large portion of the area south of Route
50. Trapping was conducted throughout the county on areas both north and south of

these 2 major public land areas.
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Dominant forest plants included loblolly pine (Pinus taeda), white oak (Quercus
alba), northern red oak (Quercus rubra), willow oak (Quercus phellos), red maple (Acer
rubrum), sweet gum (Liquidambar styraciflua), black gum (Nyssa sylvatica), poison ivy
(Toxicodendron radicans), greenbriar (Smilax spp.), and American holly (llax opaca).
Marshes were comprised of mostly three square rush (Scirpus olnyi), salt grass (Distichlis
spicata), spikerush (Eleocharis parvula), cattail (Typha sp.), sedges (Carex spp.),
common reed (Phragmites australis), and wax myrtle (Myrica spp.) (Feldhamer and
Demarais 2009).

The daily average low and high temperature (1971-2001) were -3.0°C and 7.1°C in
January, and 19.7°C and 25.1°C in July (National Oceanic and Atmospheric
Administration 2009). Dorchester County averaged 120 cm of precipitation each year
with <27 cm of it deposited as snow (National Oceanic and Atmospheric Administration
2009). Temperature and precipitation levels for 2008 and 2009 fell within the 30 year
averages.

METHODS

| captured sika deer from January to April of 2008 and 2009 using drop nets, clover traps,
and dart guns. For deer captured with drop nets or clover traps, | blindfolded and then
sedated them with Xylazine (0.25 mg/kg; Eyler 2001, DeNicola et al. 1997, Rosenberry
et al. 1999, Conner et al. 1987) via intramuscular injection. | darted deer with an
intramuscular injection of Xylazine (4.4 mg/kg). For all sedated deer, | administered the
antagonist Yohimbine hydrochloride (0.5 mg/kg; Eyler 2001, Rosenberry et al. 1999,
DeNicola et al. 1997) intramuscularly within an hour of sedation. All deer received 2

medium 4.5 cm x 5.1 cm Allflex™ (Allflex USA, Inc. Dallas, TX) plastic ear tags (white
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with black numbering) and 2 self-piercing metal tags (Model # 1005-49, National Band
and Tag Company, Newport, KY) uniquely numbered for each deer. | estimated each
deer’s age according to tooth replacement and wear for elk (United States Geological
Survey 2006) and collected standard body measurements (hind foot length, front shoulder
height, chest girth, and total body length; Rhoads 2006, Feldhamer et al. 1984). 1
monitored each deer until they left the capture site. All juvenile males (<1 year old) were
fitted with expandable VHF radio collars (340g; Advanced Telemetry Systems, Isanti,
MN). The University of Delaware’s Institutional Animal Care and Use Committee
approved my capture and handling procedures (Approval No. 1182).

I monitored deer from time of capture as juveniles until February 2010 or until
they lost their collar or died, via radio telemetry. | collected locations for each animal at
least once per week from the ground using biangulation from fixed telemetry stations. |
used a Global Positioning System (GPS) handheld device to geo-reference each station. |
took bearings with ATS R410 (Advanced Telemetry Systems, Isanti, MN) scanning
telemetry receivers and a 3-element hand-held yagi antenna or H antenna. To obtain
Universal Transverse Mercator (UTM) coordinates for each location, | entered the best 2
bearings (closest to 90°) into program LOAS™ 4.3 (Location of a Signal, Ecological
Software Solutions, Urnésch, Switzerland). 1 did not include any readings >15 minutes
apart or with an interior angle outside of 60 and 120 degrees in my analysis. | visually
located any deer with a collar that emitted a mortality signal to determine cause of the
morality signal (i.e., cause of death or mortality signal on a live deer).

Survival rates were determined annually as well as by predetermined seasons. |

defined seasons as 3 month periods that focused on biological activities of male sika deer.

23



Survival of cervids has been shown to be reduced during periods of dispersal (Lopez et
al. 2003), which is induced at different times of the year. Parturition began in May
(Feldhamer 1980). | expected to observe dispersal events (Long et al. 2008) just before
and or during calving so the spring season was March 1 — May 31 to capture these
dispersal activities. Most parturition (70%) was completed by the end of May (Koizumi
et al. 2009). Deer that moved from their natal range after May cannot be considered to
have been influenced by maternal aggression, so I defined the summer season as the
period without maternal aggression (June 1-August 31). Rut activity has been known to
cause increase in home ranges size and induce dispersal movements (Long et al. 2008).
As in other cervids, the peak in rut activity for sika deer varied slightly but typically
peaked around the second week in October (Feldhamer 1980), so | defined the fall season
as 6 weeks on both sides of the anticipated peak (September 1 — November 30"). |
defined the winter season (December 1 — February 28) based on when most sika deer
mortality related to deer harvest occurred. Most of the 2 week rifle season in Maryland
fell in December each year, when the largest number of sika deer was harvested (Eyler
and Timko 2008). The longest portion of Maryland muzzleloader season for sika deer
ran from December into January and accounted for the second greatest harvest rate for
sika deer in Maryland.

I center censored animals when the exact day of death was not known
(DeLgiudice et al. 2002) 1 estimated annual and seasonal survival rates using the
Kaplan-Meier estimator in SAS (version 9.1, Cary, NC; Heisey and Fuller 1985, Ebersole
2006). Survival rates among years were similar (P<0.05) and were pooled. | compared

seasonal survival rates using the program Contrast (Hines and Sauer 1989).
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RESULTS
From February 2008 to February 2010, | captured 195 sika deer and collared 60 juvenile

males. The annual survival rate was 0.87 (SE = 0.045). Survival rates did not differ
among seasons (* 3 =7.413 P=0.060; spring = 0.98, SE = 0.019; summer = 1.00, SE =

0.000; fall = 0.93, SE = 0.034; and winter = 0.96, SE = 0.027). One deer was censored at
194 days because it was euthanized at a land-managers request. Of the 8 collared deer
that died, 6 had moved outside of their natal range and 2 were harvested inside their natal
area. One deer was hit by a vehicle and 7 were harvested: 2 during bow season and 5
during gun season. Survival of tagged deer varied among age and sex cohorts (Appendix
A).
DISCUSSION

| observed greater survival rates than hunted and non-hunted populations of sika
deer in Japan. Survival rates for this study were 50% greater than that of males on
Kinkazan Island despite a lack of predators and hunting, while in Maryland roughly
1,800 sika are harvested each year. Annual survival was 64% greater for sika deer in my
study than those on Assateague Island (56%: Diefenbach and Christensen 2009).
Survival for females in Maryland (82%) was similar to the annual rate | observed (Eyler
2001). Survival rates for subadult sika deer in this study were also greater than those
observed in hunted populations of both elk (0.21-0.66; Bienderbeck et al. 2001,
Petersburg et al. 2000, Smith and Anderson 1998, Sauer and Boyce 1983) and white-
tailed deer (0.25-0.76; Bowman et al. 2007, Cambell et al. 2005, Nixon et al. 2001,

Rosenberry et al. 1999). Three deer were reported harvested 43, 48 and 273 days after
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they were censored, which suggests that my survival estimates were greater than the
actual rate.

High seasonal survival can be attributed to lack of natural predators and low
density of roads throughout the study area. Although one death was attributed to vehicle,
which is unique for sika deer, vehicle mortalities are common in both white-tailed deer
and elk in North America suggesting that sika deer vehicle collisions may become more
common. Additionally, hunters were not interested in harvesting males that had not
matured to quality antlered deer. Hunters were able to opt not to harvest small males and
still have opportunities to fill male sika deer tags with larger animals.  An increase in
selective pressure on older males is most likely balanced by experience. Young deer are
able to learn about hunting leading to a decrease in mature male availability for harvest.
High survival rates during the harvest seasons suggest that sika deer are able to find
refuges from harvest pressure.

More than a third of sika deer that left their natal range died, while less than 10%
of deer that remained local died. The lower survival of males outside of their natal range
was also observed by Lopez et al. (2003) in key deer. Lower survival of dispersing
portions of a population also follows observations in elk by Petersburg et al. (2000).
Deer that disperse also have a greater chance of being harvested, because they are not
familiar with the new habitat and do not have refuges. Deer that leave their home range
face barriers that were unlikely to be part of a natal range such as roads and rivers which
can be causes of mortality.

In order to prevent the continual growth of an exotic species, sika deer numbers

must be limited. In habitat where there are limited predators, such as the Delmarva
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Peninsula, sika populations must be controlled through hunting. Despite greater harvest
pressure on sika deer on Assateague Island, white-tailed deer numbers on the island are
decreasing (Diefenbach and Christensen 2009). Other data also suggests that the sika
deer may be out-competing white-tailed deer for space and food resources (Harmel 1980,
Keipler 1985) which can lead to greater survival rates for the more aggressive sika deer.

The subadult cohort of males appears to be an underutilized portion of the
population. Current restrictions for sika deer harvest include all males with hard antler to
be an antlered deer, whereas white-tailed deer in the area are not counted as an antlered
deer unless the antler is longer than 7.64 cm (3 inches). This restriction, in conjunction
with the bag limit restriction allowing a single antlered deer harvest per weapon, reduces
the number of subadult males that are harvested because hunters will opt not to harvest a
subadult in hopes of shooting an older animal. Previously, these animals could have been
harvested and counted as a hind harvest, not affecting the hunter’s ability to take a large
male. Bowman et al. (2007) also observed a much greater survival rate among yearling
white-tailed deer in their study, conducted in an area with antler restrictions limiting
harvest of younger males.

Understanding survival is imperative for managers to make decisions about any
species. Sika deer have a much higher survival rate than sympatric white-tailed deer.
High survival rates have resulted in a continual growing population across their range.
This growth in sika deer numbers is also leading to range expansion, exemplified by the
first confirmed sika deer harvest in Delaware in 2007 (Delaware Department of Natural
Resources and Environmental Control 2008).

MANAGEMENT IMPLICATIONS
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Given their longevity and high survival rates, an increase in the harvest rate of sika deer
is recommended to stem the population growth. Management should focus on the
preservation of the native species which will include a balanced sika deer population
available for harvest without hindering native deer. Limiting the range expansion of sika
deer can be done by increasing the harvest of young males. | recommend an increase in
the harvest of sika deer during the periods of early muzzleloader and rifle season when
sika deer harvest is greatest. The high survival rates that | observed suggest that there is
substantial room in the population for expanded harvest. To decrease survival, harvest
pressure should be concentrated in the marsh areas where sika deer find refuge in the
winter, and increased in the young male cohort when the deer are moving into unknown
areas and are more susceptible to harvest pressure. | recommend that regulations return
to previous standards where sika deer spike antlered animals would not count towards the

hunters’ male tags if an antler is <7.64 cm (3 inches).
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APPENDIX A. Cause specific mortality for Maryland sika deer grouped by sex and age
(total number caught). * includes the 60 animals that were collared. T Due to lose of their
collar, 24 deer were censored (4 in their 1% year, 20 in their 2" year), three were reported

harvested and included in these counts.

Capture Vehicle Gun Muzzleloader Bow Total
Adult Males(9) 0 1 0 2 0 3
Subadult Males(70*1) 1 1 9 1 2 14
Adult Females(43) 1 0 4 0 0 5
Subadult Females(73) 0 1 5 3 2 11
All deer(195) 2 3 18 6 4 33
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