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EXECUTIVE SUMMARY

This report summarizes research conducted along US HygbsvélJS 64) and US Highway 264
(US 264) in Alligator River National Wildlife Refuge (ARNVR), Dare County, NC regarding
the proposed expansion of US 64. The study site includededas adjacent to US 64 from the
Alligator River Bridge to the US 64/US 264 intersection &ndh Cub Road to Borrow Pit Road
on US 264. This report evaluates potergifcts of the road improvement project on the black
bear population, delineates significant wildlife crossirepay and provides data on movement
patterns and population dynamics of black bears on ARNWR pfimary focus of the research
was to identify sites along US 64, frequently used by blaaksbend white-tailed deer as
potential sites for wildlife crossing structures.

It is the legal obligation of the US Fish and WildlBervice to conduct a Compatibility
Determination to decide whether the proposed projecngatible with the purpose of the
refuge. Thus we evaluated the current wildlife use pataurrounding the highway and the
potential short- and long-term effects of the expangrofect on the entire suite of wildlife
occupying the areas directly adjacent to US 64. We englayariety of research methods
including; roadside barbed wire hair collection, GP$acaleployments, remote camera
trapping, road kill surveys, and driving surveys.

The road side barbed wire surveys documented 890 black laelacnassings from March 2009

— March 2011. 83 individual bears (65M:18F) were geneticallytiikh from hair samples
collected. GPS collars were deployed on 49 individual l@#éig:23F) and detailed 15 bears
(11M:4F) crossing US 64, 99 times. The GPS collars alsdetbtatense use of the areas
directly adjacent to US 64. We photo-captured 170 whiteetaieer, > 200 bobcats and raccoons
and an additional 260 black bears at 12 guard rail openingg 8IS 64 from June 2009 — March
2011. Driving surveys provided additional 3 and 19 sightings of lidaaks and white-tailed

deer respectively from March 2009 — March 2010. We identified Ad#¢idual bears

(132M:52F) within the study area.

Road kill surveys documented 8 white-tailed deer (2M:3F:3UJ roartalities from November
2008 — July 2011. Including historical data collected by the USRWéScumulative total of road
killed black bears on US 64 from January 1993 — July 2011 was 63Z8bNU:x=3.32/year).
Road kill data also included; 75 bats (7 species, 1 spebl€sThreatened Species), 82 small
mammals (9 species), 134 mid-sized mammals (10 species),hlrd$866 species), 4,014
reptiles (44 species), and 7,498 amphibians (18 species). Fowsspmvered in our surveys
were NC Species of Concern.

This study identified 6 high priority areas for black baad white-tailed deer crossing and an
extensive network of crossing areas for small mammgsiles, and amphibians.
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INTRODUCTION

The increasing network of over 4 million miles of roé@seled by 255 million automobiles
(U.S.D.T., 2006) constitutes a significant and growing thiatnany wildlife populations in the
United States. According to the US Department of Tramapon, the number of wildlife-vehicle
collisions (WVC) per year continues to rise, but sigsifonly one part of the threat to wildlife.
Roads also act as barriers to daily movements, nogtatispersal patterns, and they influence
habitat connectivity, quality, and quantity (Forman e2@03). For small or isolated wildlife
populations, roads could diminish gene flow and potentmigh populations into extinction
(Alexander and Waters 2000)

Human safety is of paramount importance when consigeoad design and construction, yet
hundreds of human fatalities and tens of thousandgwfas (Huijser, 2006) still occur each
year across the United States from WVC. Thus, highwayrttepats, and state and federal
agencies increasingly are investing more resources intagenvg and refining wildlife
mitigation techniques and crossing structures.

Of particular importance when considering wildlife mitiga techniques and the design and
placement of crossing structures, is a baseline unddmstpof the wildlife-highway interactions
(including road mortalities, movement corridors, and ss&fcé crossing areas) before road
building or improvements are initiated.

The North Carolina Department of Transportation (NdD@as proposed a highway
improvement project for the 18.9km (11.7 miles) stretch®fHighway 64 (US 64) through
Dare County, NC that bisects the northern part o”Athgator River National Wildlife Refuge
(ARNWR). This temporary disruption could have short-tamd lasting impacts on some
wildlife species, and as such, ARNWR staff must condu€ompatibility Determination to
decide whether the proposed project is compatible wélptinpose of the refuge. A first step
(Phase 1, preconstruction) in that process was todeadke refuge staff with data on where
large animal species (black bears, red wolves, and vdiligetideer) are most likely to cross US
64 and to use those data to help determine placement ofdygidlife crossing structures.
The refuge has consistently advised that a favorable GdntipaDetermination requires
sufficient data for the decision making process anddbelts from Phase 1 are critical to that
process. Further stipulations to ensure a compatible prejgaire additional data collection



during construction (Phase 2) and post construction (R)aeedetermine the short- and long-

term impacts on certain species (see Klinger 2001, andysamteLively 2001; abstracts only).

This project originally addressed only the preconstructiosgffar black bears and white-tailed
deer, but was extended to examine impacts on all mamipals, reptiles, and amphibians.

BACKGROUND INFORMATION

US 64 in North Carolina has been widened to a four-lanenaiglrom Raleigh to Columbia.
Widening was completed to Columbia, North Carolina in 20@8n f€olumbia to US Highway
264 (US 264) on ARNWR it remains a two-lane highway. In papmn for widening the 20-
mile section of US 64 from Plymouth to Columbia, Northidlaa, NCDOT contracted for
research to determine where highway underpasses shopilaicee to accommodate wildlife and
decrease the likelihood of WVC. That research used tragkts, remote cameras near
established animal trails, and GIS techniques to deternagadntly used black bear and white-
tailed deer road crossing locations (Scheick and Jonesal®@P2000, Kindall 2004, Kindall and
van Manen 2007). In the final analysis, habitat featuregegranost useful in determining
placement of wildlife underpasses while trail monitgrand track counts were of little value
because of some inherent biases. Now, NCDOT must detewhere wildlife crossing
structures should be placed for the section from ColartbUS 264 on ARNWR. The
remaining sections to be completed are the 25.1 km (15.$eetipn of highway from Columbia
to Alligator River and the 18.9 km (11.7) section that runsugh ARNWR. ARNWR is home
to a high density black beddi(sus americanus) population (Tredick 2005), and the highway is
surrounded by prime black bear habitat. Records indicatsitita 1993, 0 - 9 bear mortalities
from vehicle collisions are documented annually on high@awithin the refuge boundaries.

The section of US 64 from Columbia to Alligator Riversimilar in some respects to the
Plymouth to Columbia section, thus the application of ®3Biniques to describe habitat features
may prove useful in identifying likely animal crossing locas. However, the habitat in the
section of highway from Alligator River to US 264 oRNWR (the focus of this project) is

quite different. Habitat adjacent to the highway is myostcontinuous block of homogenous
forest and there are no obvious habitat features thaltviadentify animal crossing locations. In
addition, deer and bear tracks and trails are ubiquitoaaghout the 18.9 km section of US 64
through ARNWR and would not prove useful for identifying adiarassing locations. Thus, an
alternative approach to identifying animal crossing locstis required.



PROBLEM NEED/DEFINITION

NCDOT is currently engaged in a project to widen US 64 f2am4 lanes from Raleigh to
Manteo, North Carolina. Widening was completed to Columiyaath Carolina in 2005. The
remaining sections to be completed are the 25.1 km (15.$ectipn of highway from Columbia
to Alligator River and the 18.9 km (11.7) section that runsugh ARNWR. ARNWR is home

to a high density black beddi(sus americanus) population (Tredick 2005), and the highway is
surrounded by prime black bear habitat. Records indicatsitita 1993, up to 9 bear mortalities
from vehicle collisions are documented annually on US @dimiefuge boundaries. Widening
the highway may be accompanied by increased speed limitBkalydvill create a barrier to
movement of wildlife from one side of the highwaythe other; thus, it is imperative that
wildlife underpasses/overpasses be constructed in idezdfied as high use bear crossings
(Kindall 2004, Kindall and van Manen 2008cheick and Jones 1999, van Manen et al. 2001).

Construction of the highway itself most likely willstupt the bear population, as well as other
wild animal populations (e.g., red wolves, white-tailed yiéeing adjacent to the existing
highway during the 1-2 year construction period. Demographanpeters likely to be affected
include reproduction and survival. Movements and home rangesnay be affected

(Thompson 2003, Thompson et al 2005, Kindall 2004). Under #essened responses, bears
would have to shift out of their home ranges during thetoacton phase and move into areas
already occupied by other bears likely causing socialptiems. While the disruption due
directly to construction will be short-term, the et®eon the bear population may be long lasting
and even permanent. Habitat loss, as a direct resuilyjlofvay widening, may result in a
reduction of the bear population (Thompson 2003).

A first step in preparing for the proposed highway improseiproject is to identify frequently
used animal crossing locations on the existing highwaysd leeations would be potential
candidates for road crossing structures.



OBJECTIVES
The objectives of this research project were to:

1. Evaluate potential effects of the US 64 road imprognt project on the black bear
population on Alligator River National Wildlife Rege.

2. ldentify significant wildlife crossing areas on teection of US 64 that runs through
Alligator River National Wildlife Refuge to deterng where wildlife crossing structures
could be placed.

3. Determine seasonal movement patterns, reprodusiiveess, and survival of bears along
the highway improvement corridor on Alligator Rivgational Wildlife Refuge.

STUDY AREA

Dare County, NC is comprised of the Outer Bankstalarea and a large peninsula just inland
and west of Manteo, NC (Fig. 1). The 65244RNWR was established in 1984 to protect and
manage unique forested wetlands communities amtiassd wildlife. Most (598 kA) of the
refuge is in Dare county, while the remainder (5%)kis in Hyde County (Fig. 2). The Dare
County bombing range, operated by the US Air Fara US Navy, and within the boundaries
of the refuge, adds another 189%ifhe refuge is bounded to the north by the Albelena
Sound, to the east by the Croatan Sound, to thelwese Alligator River, and to the south by
privately owned forest and agricultural lands. UiSb@&ects the northern section of the refuge
and US 264 traverses the eastern section. Thestudg area is composed of approximately 5km
on either side of US 64 through ARNWR (Fig. 2) watlfiocused effort either on or directly
adjacent to the highway.

The refuge has a diversity of plant and animalifitduding high and low pocosins, hardwood
swamps, more than 200 resident and migrant birdispewhite-tailed deeQdocoileus
virginianus), and the endangered red waghis rufus). It is also an eastern stronghold for the
American black beatJrsus americanus).
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Figure 1. Dare County (in red) in eastern NorthoGaa.
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Figure 2. Study area: Alligator River National Wilel Refuge, Dare County, North Carolina.
Yellow border represents the approximate study methis project.



METHODS

Objective/Task 1: Evaluate potential effects of the road improvemeajegt on the black bear
population on Alligator River National Wildlife Refuge.

Literature Review and Historical Data

We performed a thorough literature review of all bearanetethat had taken place on and
around ARNWR to gain an understanding of black bear denspgoductive and survival rates,
movement patterns and home range size for the imbeealiaa. We also reviewed the literature
of all other wildlife species within the general ardée also searched and reviewed the literature
on highway/wildlife interactions and crossing structuvé#s. monitored and reviewed conference
literature with related wildlife/highway themes or metions. We also initiated meetings with
local, state, and federal agencies to collect and sgizi historical bear mortality, age, and
population data as well as to establish a method fomgharortality data for the duration of the
study.

Objective/Task 2: Identify significant wildlife crossing areas to detemmiwhere wildlife
underpasses or other design features could be placed.

Highway Barbed Wire Hair Snags

US 64 though ARNWR has a guardrail on one side of the rodme ather side for the entire
length of the refuge. We divided and marked the entire gadrsystem within the study area
into 0.01 mile sections using an alpha numeric codeléeftess advanced each time the guardrail
changed sides of the road and each number represent&dnaile. section starting from the
eastern end of the study area. Initially we propos&dge strand of barbed wire along the entire
length of the existing guard rail adjacent to US 64 withendtudy area and along a ~2 mile
stretch of US 264 deemed a “control” area. The barbedsnags hair (Fig. 3) from bears
crossing over the guard rail and roadway. But during a glilottstudy of multiple wire
configurations we determined that a double strand (one dbewguard rail and one extended
behind the guardrail posts ~45-50 cm above the ground) was #teeffextive design (Fig. 4).
Once in place, the entire length of wire was chediketiair samples within a ~7 day cycle
during the summer months (April — August) and within a ~14ayaie during the remaining
months (September — March).



Figure 3. Black bear hair “snagged” on a barb bsaa crossed the road and guardrail, ARNWR,
2010.

Figure 4. Configuration of barbed wire for hairleation on a guard rail on ARNWR, 2009 —
2011. The top and back strands were used throughewstudy. The bottom strand was tested
and later removed.



Each barb on the wire was closely examined for anyrbaains; each barb with hair was
considered and individuagample and collected into individual coin envelopes. If hair sksp
were found on consecutive barbs on the same wire whey collected individually, but labeled
as onecrossing event (i.e. 5 consecutive samples were marked as 1/5, 2/5lét@)r samples
were found on both the back and top wire, even in diiee with one another, they were
collected using forceps and labeled as individual bearingpesents. Data recorded at each hair
sample included; date, UTM coordinates, road sectiom, Mir(i.e. top or back strand), direction
of bear travel (determined from the direction the hais snagged into the barb), number of hairs
collected, and number of samples for each crossing .eA#at collecting the sample, we burned
the barb and all tools used to collect the hair witiglatér to remove any remaining genetic
material.

All collected samples were stored under dry, room temperatnditions until sent for analysis.
All samples with 3+ hairs with follicles attached wesent to Wildlife Genetics International for
genetic analysis. Each successful hair sample asgysvides the sex and individual
identification of the bear leaving the sample.

Road kill Surveys

We performed road kill surveys by walking both sides of U#h6dugh the study area in Dare
County and a ~2 mile stretch of US 264 every ~7 days durenguimmer months (April —
August) and every ~14 days the remaining months (Septentdarch). During the surveys
every vertebrate animal mortality was identified tpeescise a taxonomic level as possible along
with UTM coordinates, date, sex, age, and location odwaw (i.e. grass on canal side or in
highway). All road kills were either removed from tleasch area or marked with paint to avoid
double counts. Difficult to identify specimens were caéielcand identification confirmed by the
project manager.

We recorded the same suite of data on fresh mid-siddtfev(larger than amphibians and
snakes) discovered during the normal course of any fieldwlaynade a special effort to
respond immediately to and retrieve any large mammaéy (@tter, bobcat, coyote, white-tailed
deer, black bear, red wolf) reported dead or possibly deaditi.by car, but ran off roadside)
anywhere in Dare, Tyrrell, and Hyde Counties. All langggmmals were removed from the
roadside and disposed of by burial on the ARNWR.

Red wolves and any large canid were scanned for PIT tagdficksidn, weighed, sex
determined, and internal organ samples (liver and kide@igcted and frozen for later analysis.
All canids were then turned over to the Red Wolf RecpV¥eram for storage. Black bears were
collected and checked for identifying marks (tattoo, eardagtag wound), a hair sample
collected, both upper pre-molars pulled for age determinatieighed, and extensively
measured. Internal organ samples (liver and kidney)vedse collected and frozen for later
analysis.



Remote Camera Surveys

Potential remote camera sites were determined mséxtations where it would be impossible
to have barbed wire monitoring animal movemenhatrbadside. All breaks in the guard rail
(roads, driveways, guardrail switching sides ofried, or canal crosses) were targeted for
remote camera placement (Fig. 5). We identified88aks”, but only 12 sites were deemed to
be viable camera deployment locations. All persain@keways and one paved road were
removed from camera site considerations due toerosdor citizen’s privacy and theft issues.
Not all 12 sites were monitored for the full 2- yelaration due to theft, camera destruction, and
equipment malfunction. Once a camera was depldysdd checked every 10-14 days at which
time new batteries, film, and disk were instalieddeded and repairs were made to
malfunctioning cameras. All photos were downloaded analyzed as raw numbers of
individual species of animals, with consecutive fplsaf an individual considered one event.

Figure 5. Remote cameras for monitoring animal maasats at breaks in the guardrail system on
ARNWR, 2009 — 2011.

Wildlife Driving Surveys

To identify white-tailed deer crossing areas wdagrened driving surveys along US 64 within

the study area and along the 2 mile “control” aedJS 264. We performed the driving surveys
on three randomly chosen days per week startingebf four randomly chosen time periods
(Sunrise, Sunset, 2200-2400, 2400-0200). We dioxemtire length of the 2 sites twice
(roundtrip) at no more than 45 miles per hour. Wedua large spotlight to illuminate the non-
guardrail side of the road in order to record afsmvary near the wood line. We recorded the
time we started and completed the surveys. If viddlere seen we recorded the time, species,
number of individuals, sex if possible, the milerkea location (in order to return to record the
exact UTM coordinates), and the location of therei(i.e. road, grass shoulder, canal shoulder,
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private lawns, etc.). These surveys were carried outrfe full year of the project (February
2009 — Feb 2010).

Black Bear Trapping and Marking

Bear trapping was conducted during the summer months (Mapter8ber) of 2009 and 2010.
We used culvert traps baited with pastries and liquid ®mees$ (raspberry extract, molasses,
and corn syrup) set within ARNWR (Fig. 6). We set tragseeialong gated roads or within
forested blocks along the roadways. We did not set badpd along US 64 specifically to deter
“pulling” bears onto the hwy. On one occasion we trappbdar along US 64 that had been on
the roadway for 2-3 days (occasionally stopping traifign attempt to “haze” the bear off the
roadside before it caused an accident or was involved IW@.\Kll traps were checked twice
daily (morning and evening) except for the roadside trap, whahchecked ~ every 4 hours.
Non-target captures or bears that had been recentiijdubwere immediately released from the
trap. Traps were closed during times of dangerous weathefiqoding, nor'easters, hurricanes,
heavy lighting, extremely hot temperatures, etc.).

Captured bears were anesthetized using a 2:1 mixture of ketaydrochloride and xylazine
hydrochloride. All bears were weighed, measured, ear taggddip tattooed. We collected hair
samples for genetic analysis, the first upper premotaadong, blood samples for hormone and
disease analysis, and ticks and other parasites foalaadysis.

We had 30 GPS radio-collars and attempted to place halatesrand half on females. We also
attempted to radio collar at least 5 yearling male beavsdier to gain a better sense of the
variance in home range size and movement patternsvdiged collaring yearling females due
to their small size as well as our interest in adegroductive data.

We monitored fully processed bears until they recoverddngame able to walk away from the
capture site.

11
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Figure 6. Baited black bear culvert trap set alargated road on ARNWR, 2010. *Note cub
inside culvert is not strong enough to pull theeleand be captured, and thus separated from the
mother (on road). Mother was captured at site aodb3 remained safe in tree outside of the
trap.

GPS Radio Collar Data

We equipped all collars with either double thicktoa or leather “break-away spacers”

(Hellgren et al. 1988). GPS collars used on thiggat were programmable in terms of when the
GPS unit was turned on to get a real time locat@me consideration when programming the
collars was that the more locations the collamapted to take, the faster the batteries would
drain. Therefore, we decided to balance the nurobattempted locations with a battery life of

at least 24 months. To capture actual road crosseaions, we programmed the collars to
attempt an intense number of locations for a stharation of time while also always attempting

a location every 5 hours for larger scale movemantshome range data needs (Table 1). All the
GPS data collected was stored on-board the ca@lsiownloaded to a handheld computer at a
later time. We attempted to download the data feaich collar every 3 or 4 months.

12



Table 1. Sample of black bear GPS radio collar programnaingdsile used during 2009 — 2011

on ARNWR, Dare County, NC. The times represent wher3PS unit turned itself on and
attempted a satellite location. The schedule continwad the day the collar was deployed
through a two-year period.

Day 1 5 hr: 00:00 05:00 10:00 15:00 20:00

Intense: 00:00 00:30, 01:00 01:30 02:00 02:30 03:00 03:30 04:00
Day 2 5 hr: 01:00 06:00 11:00 16:00 21:00

Intense: 00:00 00:30, 01:00 01:30 02:00 02:30 03:00 03:30 04:00
Day 3 5 hr: 02:00 07:00 12:00 17:00 22:00

Intense: 00:00 00:30, 01:00 01:30 02:00 02:30 03:00 03:30 04:00
Day 4 5 hr: 03:00 08:00 13:00 18:00 23:00

Intense: 00:00 00:30, 01:00 01:30 02:00 02:30 03:00 03:30 04:00
Day 5 5 hr: 04:00 09:00 14:00 19:00

Intense: 04:00 04:30, 05:00 05:30 06:00 06:30 07:00 07:30 08:00
Day 6 5 hr: 00:00 05:00 10:00 15:00 20:00

Intense: 04:00 04:30, 05:00 05:30 06:00 06:30 07:00 07:30 08:00
Day 7 5 hr: 01:00 06:00 11:00 16:00 21:00

Intense: 04:00 04:30, 05:00 05:30 06:00 06:30 07:00 07:30 08:00
Day 8 5 hr: 02:00 07:00 12:00 17:00 22:00

Intense: 04:00 04:30, 05:00 05:30 06:00 06:30 07:00 07:30 08:00
Day 9 5 hr: 03:00 08:00 13:00 18:00 23:00

Intense: 08:00 08:30, 09:00 09:30 10:00 10:30 11:00 11:30 12:00
ETC....
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Objective/Task 3: Determine seasonal movement patterns, reproductivessjand survival of
black bears along the highway improvement corridor oig&tibr River National Wildlife
Refuge

GPS Radio Collar Data

Seasonal movement patterns for bears within the stedywveere determined using ARC-GIS
software. We defined the seasons as follows; spring: etMafter den emergence) — May,
summer: June — September, fall: October — Decembeo (d@rt entrance), winter: ~December
(after den entrance) — ~March (up to den emergence).

We determined reproductive status of every female blackdagémred or recorded as a
mortality event. Female bears not seen with cubyarlings were determined to be either:
solitary - not with young and showing no sign of lactatr estrus (this did not mean they
would not become reproductive); lactating — milk was produaed teat when stimulated (the
bear could have had young and they were not seen bagdhecently separated from suckling
yearlings); or in estrus — upon examination the vulvasmaslen and red or was exuding a
semi-translucent mucus.

On multiple occasions after radio collaring, we visulllyated as many of the females as
possible to refine and monitor reproductive status and tosgame insight into survival of young
bears. We attempted to maintain radio collars on time sadividual bears for as long as
possible so that the data could be combined with histoat kol and harvest data from the area
to attain an approximate adult bear survivorship.
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Results

Objective/Task 1: Evaluatepotential effects of the road improvement project on the black bea
population on Alligator River National Wildlife Refuge.

Literature Review and Historical Data

The literature suggest that highway widening projects catectmrriers to movement of

wildlife from one side of the highway to the other (Kii@904, Kindall and van Manen 2007
Scheick and Jones 1999, van Manen et al. 2001). Additionaftgtrmiction of the highway itself
will likely cause disruptions in the bear population andthrer wild animal populations (e.g., red
wolves, white-tailed deer) living adjacent to the erigtinighway during the 1-2 year
construction period. Reproduction, survival, and movemengnpatalso are likely to be affected
(Thompson 2003, Thompson et al 2005, Kindall 2004). While tiature suggests that
disruptions due to construction may be short-term, ffieets on the bear population may be long
lasting and even permanent. Habitat loss, as a diredt d highway widening, may result in a
reduction of the bear population (Thompson 2003).

Research on black bears in the “lowlands” and coastane®f the eastern USA is somewhat
limited compared with the multitude of long term studiesdeted in the mountain regions of
North Carolina, Tennessee, and Virginia. Five primandiss on the demography of bear
populations in the region include 2 at the Great Dismaar8w National Wildlife Refuge
(GDSNWR) (Wills 2008, and Hellgren 1988), and 3 at ARNWR @adB9o8, Allen 1999, and
Tredick 2005). Allen’s (1999) study estimated a black bear populatiddl5 — 429 and a
density of 0.86 bears/KmTredick’s (2005) study, the first to use a noninvasive ctdia of hair
samples combined with mark-recapture, estimated 55 — 98 &edr46 — 115 bears in 2003 and
2004, respectively on the ARNWR Farm Unit resulting inoaarall average density of 0.65 —
0.94 bears/kf

Hellgren (1988) recorded an average litter size of 2.1 cubag® at primiparity of 4 years old
on GDSNWR and felt that the need for dry den sitesneasicting as a limiting factor. At the
time of the Great Dismal Swamp study the refuge wag siamilar to ARNWR in terms of
management for black bears as both refuges were beanaaes with no hunting allowed
within their boundaries. ARNWR, however, experiencestgr impacts from coastal weather
patterns than GDWNWR due to surrounding waterways andtgireximity to the Atlantic
Ocean. Although there have not been many detailed studliesproductive rates of bears in
ARNWR, dry den sites did not appear to have been atignfeictor during either the Folta
(1998) or Allen (1999) studies. Data on reproduction indicasérlg Stable to slightly increasing
population.
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Previous home range estimates for black bears in theN®IFSranged from 8.9 — 105.4 Krfor
adult females to 16.8 — 427.6 kifor adult males. Tredick (2005) used both DNA hair collectio
locations and radio collar locations to determine thaéncanges of bears on the Pocosin Lakes
National Wildlife Refuge (PLNWR) in coastal North Gana. She documented home ranges of
0.86 knf for female and 3.44 Knfor male bears using hair trap data and 1.16femfemale

and 8.79 krhfor male bears using radio telemetry.

Historical data on highway mortalities have beenmed by US Fish and Wildlife Service
(USFWS) personnel since 1993. Between 1993 and 2008 (when out pegaa) there were 48
(27M:14F:7U: X= 3.0/year) documented bear mortalities or6d$ Dare County NC (Fig.
7A&B). Nine of the 14 documented female bear highway mtesl(64.3%) were of
reproductive age (4+ years alt)S 64 through ARNWR (from the Alligator River bridgethe
64/264 intersection) is only 11.3 miles, thus from 1993 — 2008 aage/erf 4.25 road killed
bears per mile were recorded, equating to an average of @ag5gder mile per year.
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Figure 7. A) Locations and number of recorded blae&r road mortalities on US 64 in Dare
County, NC from 1993 — 2008. The red dots repressagrded bear mortalities and the black
pins represent mile markers for the study areaeéisat! by this project. B) The number of bear
road mortalities per mile (aligned to match milerkeas on Fig. 7A above). Note that mile 0-1*
includes mortalities ~0.1 miles east of mile marBégto the 64/264 intersection) and mile 10-11*
includes mortalities from miles 10 — 11.2 (end pdam study area at Alligator River Bridge).
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Objective/Task 2: Identify significant wildlife crossing areas to detemmiwhere wildlife
underpasses or other design features could be placed.

Highway Barb Wire Hair Snags

From March 2009 — March 2011 we collected 851 bear hair safmpieshe barb wire along
US 64. From March 2010 — March 2011 we collected 613 from theile@omtrol area along
US 264. During our pilot study (Nov.-Dec. 2008) of the barb waie set-up, we also collected
11 addition samples from US 64. In total, the samplegsept 537 crossing events for US 64
(Fig. 8) and 205 crossing events for US 264 (Fig. 9).

From the 862 US 64 samples, we selected 443 (51.4%) of the thigitadisy samples for genetic
analysis. Thirty-three of the submitted samples wer®wed by the lab due to inadequate
follicle quantity or quality. Genetic analysis has beempleted on the remaining 410 hair
samples from US 64 resulting in 158 (38.5%) successfully itethindividual bears from
genotypes. The 158 samples represented 54 individual bearsl@2Nhat crossed US 64; 1
time (n=29), 2 times (n=10), 3 times (n=5), 4 times (n=3M&s (n=3), 6 times (n=3), and 24
times (n=1). Twenty-three of the bears known to ckdéSH4 were also genetically identified
during capture events. Three bears (1M:2F) were identifexiassing and then later were killed
by a vehicle strike on US 64. Three male bears crossed®8# and US 264.

We submitted 256 (41.8%) of the 613 hair samples collectedtine US 264 control section of
barb wire for genetic analysis: 2 of the 254 samples veemeved by the lab due to inadequate
follicle material. Genetic analysis has resulteddb {41.3%) positive genetic identity individual
bears from genotypes. The 105 identities represent 27 dndivbears (20M:7F) that crossed the
1.9 mile long control section of US 264.The 27 bears cdold&264; 1 time (n=9), 2 times
(n=5), 3 times (n=5), 4 times (n=3), 5 times (n=2), 6 tifmed), 8 times (n=1), and 11 times
(n=1). Eight (29.6%) of the 27 bears were geneticallytiieth from hair collected during
physical capture events in culvert traps. One of the 27tigal identified bears documented
crossing US 264 was later killed by a vehicle strike ore8&and another was later killed in
Stumpy Point (~10 miles to the South) for depredatidigcat a dwelling.

We tested our delineation of a crossing event (succedsans with bear hair) as a single bear
crossing by genetically analyzing multiple samples fooma event. We submitted at least two
samples each from 90 different crossing events wheltgtathair samples were collected.
Twenty-four of the 90 crossing events had two or moregpssisuccessfully genetically
indentified. Only 1 (4.2%) of the 24 events identified 2 diffédgears in the same event. The
one multiple bear crossing event occurred at the frexpiently crossed section of wire on the
US 264 strand. The event had five consecutive barbs witthe@athe 2° and 3 barb were
identified as one bear whereas tHebarb was identified as a different bear.
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Road-kill Surveys

We documented 15 road killed black bears, 8 white-tailed deer] aed wolf along the US 64
study area (Fig. 10) from November 2008 through July 2011. Rac¢oo#8) and Virginia
opossums (n=57) were the most abundant (Fig. 11) of thasim@ed mammal road kills. Eight
other mid-sized mammal species (Fig. 12) accounted for ondy @& 134 (Fig. 13) mid-sized
mammal road kills we recorded. We also recorded 8 dasraasimals (dogs and cats) but did
not include them in the analysis. We recorded 82 smathmal road kills (Figs. 14 and 15)
consisting of 9 separate species including 3 star-nosed mdie$, are a North Carolina
Species of Special Concern. We documented 75 bat roadrkglslE) with the eastern red bat
(n=36) as our most abundant bat species (Fig.17). We redovddelafinesque’s big-eared bats,
a North Carolina threatened species.

Bird road kills consisted of 1,153 individuals of 66 speciegb(@ 2). We recorded large
numbers of road kills for 5 species of birds; gray catbind89), American robins (n=50),
swamp sparrows (n=98), prothonotary warblers (n=100), andwellmped warblers (n=452).
Most of the bird mortalities took place within a miletbé Alligator River Bridge (Fig. 18).

We documented 4,014 reptile road kills from 44 species (TabW&Yyecorded 32 species with
over 100 road kills and 3 species, the Banded water snaR27{))-northern water snake
(n=267), and spotted turtle (n=442), with > 200 road kills eacé.Bdstern mud turtle alone
accounted for 593 individual mortalities. We recordedastlene North Carolina Species of
Special Concern, the timber rattlesnake (n=9). Spatiaptiles tended to be recorded around
more open areas such as the East Lake community andsotak residential areas (Fig. 19).

Amphibians were, by far, the largest number of roaédithortalities we recorded with a total

of 7,498 individuals from 18 species (Table 4). Frog road killewse most abundant taxon
within the amphibians; the southern leopard frog alosewtded for 2,071 individuals. The
amphibian road kills tended to be located near the canteeast of the study area (Fig. 20). The
habitat in the eastern areas remains wetter thanohtis western areas and is under the
protected status of the USFWS.
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Mid-Size Mammal Road
Killson Hwy 64 by Species
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Figure 13. Mid-size mammal road kills on US 64 iRMWR, Dare County, NC during March
2009 — March 2011.

Figure 14. Small mammal road kills on US 64 in ARRWDare County, NC during March 2009
— March 2011. The 3 star-nosed moles (NC Speci&petial Concern) are shown in red.
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Figure 15. Small mammal road kills on US 64 in ARNWR, D2oeinty, NC during March 2009
— March 2011.
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US 64 Bat Road Kill —
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Bat spp.

Big brown bat

Eastern pipistrelle
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Figure 16. Bat road kills on US 64 in ARNWR, Dareutity, NC during March 2009 — March
2011.
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Figure 17. Bat road kill on US 64 in ARNWR, Dareu@ty, NC during March 2009 — March
2011.
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Table 2. Bird road kills by species on US 64 in ARNWR, B@oeinty, NC during March 2009 —

March 2011.

Scientific name Common name Road kills
Acanthis flamme Common redpo 1
Accipiter striatu Shar-shinned haw 1
Agelaius phoenicel Rec-winged blackbir 1
Ammodramus maritimt Seaside sparrc 8
Anthus rubescel American pipi 1
Archilochus colubri Ruby-throated hummingbi 28
Cardinalis cardinal Northern cardin: 1
Catharus guttat Hermit thrusl 12
Ceryle alcyo Belted kingfishe 2
Cistothorus palustr Marsh wrel 2
Coccyzus american Yellow-billed cuckoc 8
Colaptes aurat! Northern flicke 5
Colinus virginianus Northern bobwhite que 9
Corvus brachyrhynch American crov 1
Dendroica corona Yellow-rumped warble 452

Dendroica discol¢

Prairie warble

Dendroica dominic

Yellow throatecwarblel

Dendroica palmaru Palm warble
Dendroica pinu Pine Warble
Dryocopus pileatt Pileated woodpeck
Dumetella carolinens Gray catbir

Fulica American

American coc

Gallinago delicat

Wilson’s snipt

Geothlypis tricha

Commot yellowthroa

Helmitheros vermivort

Worrmr-eating warble

Hylocichla mustelin Wood thrus

Icteria viren: Yellow-breasted ch
Larus argentat! Herring gul

Larus atricille Laughing gul

Melanerpes carolini

Rec-bellied woodpecki

Melanerpes erythrocephal

Rec-headed woodpeck

Melospiza georgiar

Swamp sparro

Melospiza melodi

Song sparro

Mimus polyglotto:

Northern mockingbir

Otus asi

Eastern scree-owl

Passer domestic

House sparro

Passerculusandwichens

Savannah sparrc

Passerina cyan Indigo bunting
Pelecanus occidente Brown pelical
Phalacrocorax aurit Double-crested cormora
Picoides pubesce Downy woodpecke
Poecile carolinens Carolina chickade
Porzanecaroline Sore

= © [ w
N R R U N N A N E R E E N R E N E R E
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Protonotaria citre

Prothonotary warbl

10C

Quiscalus majc

Boattailed grackl

Quiscalus quiscu

Common grackl

Rallus limicole

Virginia rail

Regulus calendu

Ruby-crowned kingle

Sayornis phoel

Eastern phoel

Scolopax minc

American woodcoc

Seiurus aurocapillt

Ovenbirc

Sialia siali Eastern bluebir
Sphyrapicus varit Yellow-bellied sapsuck
Spinus tristi American goldfinc
Spizella passeril Chipping sparro
Strix varie Barred ow
Sturnus vulgar European starlir
Tachycineta bicolc Tree swallov
Thryothorus ludoviciant Carolina wre
Toxostoma rufur Brown thrashe
Troglodytes aedc House wre
Troglodytes troglodyte Winter wrer

Turdus migratoriu

American robil

Vireo solitariut

Blue-headed vire

Zenaida macrou

Mourning dov

Zonotrichia albicolli:

White-throated sparro

Sy -~ P
Rlono (Gl N o| k| Blo|w|w|d] ol N ko Rk w]e

Bird spp 121
Songbird spy 2
Sparrow spy 18
Warbler spy 5
Wren spyg. 12
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Bird Road Kill on US 64
by 0.1 Miles
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Figure 18. Bird road kills by 0.1 mile marker on US 64 in ARNWJare County, NC during

March 2009 — March 2011.
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Table 3. Reptile road Kills by species on US 64 in ARNWRe@2ounty, NC during March

2009 — March 2011.

Scientific Name Common Name Road Kills
LIZARDS
Anolis carolinensi Green anol 56
Eumeces fasciat Five-lined skink 5
Eumeces latice) Broac-headed skir 4
Ophisaurus attenua Slender glass liza 5
Ophisaurus ventra Eastern glass liza 3
Scincella lateral Groundskink 2
Skink spp 1
SNAKES
Agkistrodon contortri Copperhea 43
Agkistrodon piscivoru Cottonmoutl 9
Carphophis amoen Worm snak 1
Cemophaora coccin Scarlet snak 6
Coluber constrictc Black racer snal 142
Crotalus horridu #(SSC Timberrattlesnak 9
Diadophis punctati Ringneck snak 3
Elaphe guttai Corn snak 1
Elaphe obsola Black rat snak 114
Farancia abacu Mud snak 29
Farancia erytrogramr Rainbow snak 26
Lampropeltis getu Eastern king snal 7
Lampropeltis triangulul triangulum x elapsoid: Coastal Plain Milksnal 10
Nerodia erythrogast Rec-bellied water snal 13€
Nerodia fasciat Banded water sna 227
Nerodia sipedc Northern water snal 267
Nerodia taxispilot Brown water snak 24
Opheodrys aestivi Roughgreen snal 168
Regina rigid: Glossy crayfish snal 69
Seminatrix pygae Black swamp snal 36
Thamnophis saurit| Eastern ribbon sna 29
Thamnophis sirtal Eastern garter sna 122
Virginia striatule Rough earth sna 66
Snake spj 34¢
Watersnake sp| 68
TURTLES
Chelydra serpenti Snapping turtl 15€
Chrysemys picl Painted turtl 17€
Clemmys guttal Spotted turtl 447
Kinosternon subrubru Eastern mud turt 583
Pseudemys rubrivent Redbelly turtl 16
Pseudemys st Cooterturtle 158
Sternotherus odoral Eastern musk turt 10
Terrapene carolir Eastern box turt 124
Trachemys scrip Yellowbelly slidel 158
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Trachemys scrip elegan Rec-eared slide 7

Turtle spp. 152

Reptile Road Killson US 64 - 140
by 0.1 Miles

- 120

- 100

Number of Road Kills

-0
11.1 10.1 9.1 8.1 7.1 6.1 5.1 4.1 3.1 2.1 1.1 0.1
0.1 Mile Markers from West to East

Figure 19. Reptile road kills by 0.1 mile marker on US 64RNAVR, Dare County, NC during
March 2009 — March 2011.
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Amphibian Road Killson US 64
by 0.1 Miles
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Figure 20. Amphibian road kills by 0.1 mile marker on US 64RNAVR, Dare County, NC
during March 2009 — March 2011.



Table 4. Amphibian road Kills by species on US 64 in ARN\DRre County NC during March

2009 — March 2011.

Scientific Name Common Name Road kills
FROGS
Acris gryllus Southern cricket frc 3
Hyla chrysoscell Cope'’s (ray treefro 66
Hyla cinere: Green treefra 741
Hyla femorali Pine woods treefrc 28
Hyla squirell: Squirrel treefro 42
Rana catesbeia Bullfrog 191
Rana clamitar Green fro 10¢€
Rana palustr Pickerel frog 12
Rana sphenoceph Southern leopard fr 2071
Ranavirgatipe: Carpenter fro 47
Frog spr 199¢
Treefrog spy 92
TOADS
Bufo americant American toa 75
Bufo fowleri Fowler's toa 13
Bufo quercicu Oak Toau 2
Bufo terrestri Southern toa 654
Toad spy 120¢
SALAMANDERS
Plethodorchlorobryonit Atlantic coast slimy salamanc 2
OTHERS
Amphibian spg 12€
Gastrophryne carolinen: Eastern narro-mouthed toa 12
Scaphiopus holbrool Eastern spadefc 6
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Remote Camera Surveys

We logged over 3,800 remote camera trap nights from 12 stagtngp at guard rail breaks
along US 64 through ARNWR. We photo-captured 260 black beaysaE) and 170 white-
tailed deer (Fig. 22) from 11 of 12 and 10 of 12 different carsktaons, respectively, during
the period of ~ June 2009 — March 2011. Other abundant wildtferded during photo-trapping
included; bobcats (n=209) and raccoons (n=208) (Fig. 23). Wdedeat 177 red wolves and 120
wild canids; however, they are discussed in a compahialy nd are not included in this
analysis. We also photo-captured a small number of birds€paes, vultures, and, one red-
shouldered hawk) turtles, and snakes.

Number of Independent Black Bear
Capture Events by Remote Cameras
- 100
90
- 90
[%)]
-8 2
70 2
- 70 &
Q
- 60 2
2
- 50 o
37 3 a0 o
[}
o]
- 30 E
>
-2 <
5 6 i
o 1 4 1 3 4 10
— -0
c31|c3o C25|C14 | Cl12|Cl11|C10| C9 | C8 c7 c15| a1
11-100 109 9-8 8-7 76 | 65|54(43|32]|21
Camera stations (on top) and mile markers (on botfoon) west to east

Figure 21. Distribution of black bears captured by remote o US 64 through ARNWR
from June 2009 — March 2011.
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Number of I ndependent White-tailed Deer
Capture Events by Remote Cameras
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Figure 22. Distribution of white-tailed deer captured by rensateera on US 64 on ARNWR

from June 2009 — March 2011.
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Number of Independent Wildlife Capture
Events by Remote Cameras
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Figure 23. Distribution of various wildlife species captuby remote cameras along US 64 on
ARNWR from June 2009 — March 2011.

Wildlife Driving Surveys

We drove the entire length of US 64 round trip from thehighway 64/264 intersection to the
Alligator River Bridge and a 5-mile section south along268 to Borrow Pit Rd, 135 times
between March 4, 2009 and March 2, 2010 (Fig. 24). Overall, teetee terrestrial wildlife on
31 (23.0%) of the driving surveys. We detected terrestriglifélalong the US 64 survey site on
28 (20.7%) survey occasions; black bears were detectedt@(12%) of these surveys (2
sunset and 1 sunrise). We detected white-tailed deer on 19satoag US 64 and on 2 surveys
on US 264. Detection of white-tailed deer was nearly égsaatcessful during survey periods
22:00 — 24:00 (n=7), 24:00 — 02:00 (n=7), and sunset (n=6); sunrideasasuccessful with

only 1 detection.
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Figure 24. Distribution of terrestrial wildlife recorded uhgy driving surveys performed from
March 2009 — March 2010 on US 64 through ARNWR, Dare County, NC.

GPS Radio Collar Crossing Data

We deployed 30 GPS radio collars on 57 (30M:27F) individuaishezer the study period. We
used cotton break-away spacers in 2009 (Hellgren et al., 1988} taroke within 1-13 months,
and leather break-away spacers in 2010, which lasted 2-19sndhihaverage number of
highway crossings by 49 bears collared 30 or more day4 @8<rossings every 100 days
(0.0199 crossings per day). Seventy-eight percent (18/23)lafezbfemale and 50% (13/26) of
collared male bears did not cross either highway. durtdemale with at least 1 cub crossed US
264 3 times before being killed on the highway 7 days aféecollared her. A second adult
female was killed on US 264 23 days after we collaredsiercrossed the highway 15 times in
that period (0.65 crossings/day). The total number of trgs$y individual bears varied with
age and sex (Table 5). Bears were documented crossing aveogimile section of US 64, but
the greatest number of crossings (n=27) took place betmwdgemarkers 3 and 4 (Fig. 25).
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Table 5. Documented crossings of US 64 and 264 within ARNWRamk lidears during June
2009 — June 2011, Dare County, NC.

Females Males
#Crossings | senior  Adult Sub-adult Yearling| Senior Adult Sub-adult Yearling
10+ 5-10 2-4 0-1 10+ 5-10 2-4 0-1
1 1
2 1 1 1 1 1 1
3 1* 1
4 1 3
6 1
8 1
11 1
12 1
13 1
15 1*
41 1
Total Crossings 2 32 2 0 2 6 97 0

* Road killed bears wearing a GPS radio collar at the @freeath. Total crossings is the
number of bears time the number of crossings (i.e. It faoale bear crossing the highway 15

times = 1 * 15)
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Figure 25. Distribution of black bear crossings of US 64rdeteed from GPS radio collars

during June 2009 — June 2011 within ARNWR, Dare County, NC.
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Objective/Task 3: Determine seasonal movement patterns, reproductivessiand survival of
black bears along highway improvement corridor on Allig&wer National Wildlife Refuge.

GPS Radio Collar Data
Black BearSeasonal Movements

Twenty-two bears (8M:14F) with GPS radio collar data spanat least 90 days and 2 seasons
were examined for seasonal movement patterns. We recspdag movements for 4 male bears
(Fig. 26); 3 traveled extensively along US 64 and crossedighgvay in multiple locations. One
of the 3 expanded its range into the far NE sectioheféfuge and along the western edge of
the Manns Harbor residential community. The fourth rbalgr spent the spring along 264 on the
eastern side of ARNWR. Female bear (n=11) movemerggring were concentrated directly
around the winter den areas with gradual movements towadsRNWR farm field areas (Fig.
27).

During summer, male bears (n=8) used ARNWR farm fieldsladouthern forested areas of
ARNWR (Fig. 28). One male bear briefly traveled inte bare Bombing Range (DBR), and 2
traveled into the area north of US 64 around the South &isdee Female bears (n= 14) traveled
throughout ARNWR farm field areas during spring as wethasorested areas to the south
(Fig.29). One female bear traveled into the DBR and hletmear briefly traveled northward
across US 64.

During fall, male bears (n=7) concentrated their movemwithin the farm field areas (Fig. 30).
Two male bears ventured north of US 64, 1 extensiveiyndehe East Lake community.
Female bears (n=14) again used ARNWR farm fields andatiern refuge sections during
fall: 2 bears crossed US 64 into the near northern(&iga31).

Six male bears remained collared during 2 winter sea2aeaned or were inactive and 4 were
active. One denned north of US 64 during the 2010 — 2011 wintemsd8dse second inactive
bear spent the winter in northern Hyde County andathsouthern portion of ARNWR (Fig.32).
Two of the 4 male bears that remained active split timee between farm fields and wood lots
while the remaining 2 active bears stayed within woodedlstdmoughout the winter.

Thirteen of 14 female bears spent at least 2 montasvimter den (Fig. 33). Female #543 did
not settle into one location, but continued to movhwia wood block adjacent to Milltail road
during the entire season. All 14 female winter range® leeated entirely within wooded blocks
of habitat on ARNWR. One female bear denned in a snmadidiblock ~235 meters (0.15 miles)
from US 64 near Milltail Rd. Two other female bears deradjdcent to the farm field edges
while 1 female bear crossed US 64 to den in the nortresanof ARNWR.

Two female bears moved ~18 kilometers (~12 miles) fraarcénter forested areas of ARNWR
to the southeastern area near the community of Stéapy (Fig. 34). One of the bears, a 19
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year old, left the wooded area south of ARNWR farndfiedn 8/1/2009 and returned to the
same area on 9/12/2009. The other female (9 yr old) madeytle 10 days from 12/20/2010 —
12/30/2010, and also returned to the wooded areas from whestasiesl.

We documented 1 long distance movement from ARNWR thrélygle County and into Tyrrell
County by a 10 — 11 year old male bear (Fig. 35). This beagdsiayl'yrrell County through the
fall and winter seasons; however, its GPS collardaiteearly 2011. A 5-year old collared male
bear traveled south into Hyde County where he wasflated dead of an unknown cause.

From hunter check data we documented 3 additional mals, lesartagged during our study on
ARNWR, harvested in Hyde County. The 3 bears were agg&saBd 10-11 years old and had
thus moved through ARNWR to the agricultural fields and lelub lands to the south.
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Figure 26. Spring 2010 spatial distribution of 4lenidears on ARNWR, Dare County, NC.

b Pt |
/ Manns Harbor

-.Google
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Figure 27. Spring 2010 spatial distribution of #infile bears on ARNWR, Dare County, NC.
White pins mark winter den locations except forrlde€a43, which did not den, but continued to
move throughout the winter

43



— YW ginia-Dare.)

Fulke

L8]

3
Manns Harbor

Figure 29. Summer 2009 and 2010 spatial distribbutiol4 female bears on ARNWR, Dare County, NC.
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Figure 31. Fall 2009 and 2010 spatial distributbi4 female bears on ARNWR, Dare County, NC.
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Warichese'

o Stumpy Peint

Figure 33. Winter 2010 den locations and spatstrithutions identified for 14 female bears on ARNWR
Dare County, NC. White pins indicate den sites pkéa F543, which did not den, but constrained her
movements to the highlighted area.
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Figure 34. Long distance movements by 2 femalesb@aARNWR, Dare County, NC. The blue area
represents a round trip movement of a 19-yearrolth the far north western corner of the study &wea

the Stumpy Point residential area and back agdie.fdmale’s movement and return took place between
8/1 —9/12/2009. The red area depicts the movenuérat®-year old bear from the central wooded afea
ARNWR to just north of Stump Point and back agaihich took place from 12/20 — 12/30/2010.
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Figure 35. Movement pattern of a 10-11 year oldennatlio collared on ARNWR, Dare County,
NC on 5/11/2010. The bear traveled approximatelyn@ds to end up in Tyrrell County, NC on
6/2/2010.
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Black Bear Reproductive Data

In 2009 we live trapped 13 female bears, 11 of which were oddeptive age (> 3 years old).
Three female bears, ages 5-6, 5, and 6-7 had 3, 2, and lesgestively, at the time of capture.
During 2010, 15 of 16 female bears captured were of reproductivédageof the females (ages
6-7 and 13) had 3 cubs each. One female captured in 2009 with &a&sibs-captured in 2010
with 2 yearlings present.

We located 6 dens sites in 2011; 1 each: root wad, holl@base, ground den, and blown
down tree, and 2 elevated nest dens. From GPS radiovdatatermined that at least 6 other
female bears denned during the winter season, but with wnkden types or reproductive
outcomes (Table 6). Our den visits (n=5) documented 2 dehswitletected reproduction, 1
den with 3 cubs present, and 2 dens with at least 2 cubsiprd&ediscovered the consumed
remains of at least 2 cubs (determined by counting the wtdajelaws) when we re-visited one
den site of a 9-year old bear that had denned close to UShé48 bears documented to have
reproduced in 2011 were ages 7, 8, and 9. We also obtained rep@hformation from 5 of
the pre-molar teeth submitted for aging. Results fromdbath analysis documented age at first
birth as early as 3 years and up to 5 years old. Thet@dedear that reproduced was 16 years
old (Table 6).
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Table 6. Summary of reproductive data on female bears oneditluring 2009 — 2011 in Dare

and Tyrrell Counties, North Carolina.

Female Years of Reproduction| Reproduction| Reproduction
bear no. | Age of | reproduction data from data from den| data from other
(year) bear from tooth capture visit source
128 (09") 5 47? 2 cubs NA NA
133 (09" 6 NA 3 cubs NA NA
133 (10 7 NA 2 yearlings NA NA
133 (11) 8 NA NA 3 cubs NA
142 (09 12 5, 8, 10, ?? None NA NA
160 (09’) 11 4,6, 8,10 Lactating NA NA
156 (09’) 7 NA 1 cub NA 1 cub at RK
160 (10) 12 4,6, 8, 10 Lactating NA NA
170 (11)) 9 NA None at least 2 cubs NA
183 (10" 9 NA None 2 cubs (dead) NA
188 (11’) 21 NA None Solitary NA
201 (10" 17 57,9 12, 14 None NA NA
16
208 (10" 13 NA 3 cubs NA NA
482 (10 7 NA 3 cubs NA NA
543 (10" 9 3,5,7,9? None NA Visual —
Solitary
Tyrrell
Road Kill 3 NA NA NA 1 cub at RK
(09)
RK = road kill
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Black Bear Mortality Data

We identified 184 individual bears (132M:52F) on ARNWR, and tiaediate areas of Dare
County NC. These include captured bears and bears killdtednighway from 11/3/08 —
8/17/10 (21.7 months), and bears identified from roadside baribedhair collected from
3/15/09 — 5/24/10 (14.5 months). Thirty-five (23M:11F:1U; 19.0%) of thedl&d within Dare
County (including road kills on 64 and 264 south to Stumpy PDeate Landfill harvest, and
mortalities in the residential areas of Manns Haidbud East Lake). Three additional male bears
originally identified within the study area were Kkilled uhgrthe bear hunting seasons and one
died of unknown causes in Hyde County. One GPS colferedle was killed on US 264 in
Hyde County. Within our marked samples of mortalitieslemaortality rate (20.5%; n=27/132)
was lower than the female mortality rate (23.1%, n=12/8®) obtained ages for 39 of the 40
mortalities; 30.8% (n=12) were cub — 2 year olds, 33.3% (n=£B3 & — 5 year olds, 25.6%
(n=10) were 6 — 10 year olds and 10.3% (n=4) were 11 or mare gtl.

Table 7. Summary of mortality data during 2008 — 2011 in Dareelyand Hyde Counties,
North Carolina.

US 64/ARNWR - Bear Mortalities
County | Date Cause Location Sex Weight Age Repro. Notes

1 Dare 11/2/2008 Roadkill 64 M 262 U

2 Dare 1/11/2009 Roadkill 64 M 200 2

3 Dare 4/16/2009 Roadkill 64 M 233 4

4 Tyrrell | 6/3/2009 Roadkill 64 M ~80 ~1 No tooth found

5 Dare 6/11/2009 Roadkill 64 M ~300 9 Floater

6 Tyrrell | 6/23/2009 Roadkill 64 M ~250 3 All four limbs rensdv

7 Tyrrell | 7/10/2009 Roadkill 64 F 90 3 1 cub 1 cub seen with mether
returned to woods

8 Dare 7/15/2009 Roadkill 264 F 104 8 3,5,7y.0. Repro deterrfiiorad
teeth

9 Tyrrell | 7/15/2009 Roadkill 94 M ~80 2

10 | Dare 7/28/2009 llegal Kill Manns | M 270 3

Harbor

11 | Dare 8/1/2009 Roadkill 64 F 107 2 3? Looked to had recerjtly
breed

12 | Dare 8/2/2009 Roadkill 64 F 121 7 Not Teeth failed to detect

lactating | repro

13 | Dare 9/12/2009 Roadkill 264 F 108 6-7 1 cub Teeth failed totdete
repro, GPS Collared
#156

14 | Dare 10/5/2009 Roadkill 64 M 250 4 Tag #124

15 | Dare 10/14/2009 Roadkill 64 F 243 10 4,79y.0. Repro detetrfrom
teeth

16 | Dare 11/10/2009 Harvested Dare M 422 7 Tag #143 GPS collared

Landfill
17 | Dare 11/24/2009 Roadkill 264 F 39 cub
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18 | Tyrrell | 11/25/2009 Roadkill 64 M 155 2
19 | Dare 12/8/2009 Roadkill 264 M 135 2
20 | Hyde 12/?/2010 Harvested Hyde | M 3 Tag #150
County
21 | Dare 12/29/2009 Roadkill 264 F ~165 13 4,7,10,12 Repro deterfrined
teeth
22 | Dare 1/18/2010 Roadkill 264 M 126 2
23 | Dare 4/30/2010 Defensive Stumpy| M 295 6
Point
24 | Dare 5/10/2010 Roadkill 264 M 58 3
25 | Dare 5/12/2010 Roadkill 64 F 180 4 4 Lactating but no cub
seen
26 | Tyrrell | 5/22/2010 Roadkill 64 M ~250 4
27 | Dare 6/4/2010 Roadkill 264 M 290 5
28 | Tyrrell | 6/9/2010 Roadkill 64 M ~450 5
29 | Dare 7/1/2010 Roadkill 64/264 M 55 2
30 | Dare 7/2/2010 Defensive Mashoes M 207 5 Tag #159
Rd.
31 | Dare 7/11/2010 Roadkill 264 F 105 5 Not GPS collard #179
lactating
32 | Dare 7/11/2010 Roadkill 264 M ~150 2 Tag #121
33 | Dare 8/6/2010 Roadkill 264 M 84 1 Tag #191
34 | Dare 8/8/2010 Roadkill 264 M 39 1
35 | Dare 9/10/2010 Roadkill 64 U ~100 3
36 | Dare 10/30/2010 Roadkill 64 F 120 14 14 Lactating but no cul
seen
37 | Hyde 11/9/2010 Harvested Hyde | M 475 10-11 Tag #173
County
38 | Dare 11/11/2010 Roadkill 64 M 87 1
39 | Hyde 11/12/2010 Harvested Hyde | M 545 8 Tag #166
County
40 | Tyrrell | 11/29/2010 Roadkill 64 M 135 1
41 | Dare 12/2/2010 Roadkill 64 M 174 1
42 | Dare 12/13/2010 Depredation  Old FerryM 190 2 Tag #118 (GPS collare
Landing at one time)
43 | Dare 12/15/2010 Roadkill 64 F 165 5 5 Lactating but no cub
seen
44 | Hyde 8/19/2010 Unknown Lux M ? 3 Tag #175 - GPS collare
Farms
45 | Dare 1/20/2011 Defensive EastLake M 153 2-3 Tag #137ngadp in
2009
46 | Hyde 10/10/2011 Roadkill 264 - F 121 21 Tag #B517, GPS colla
Engelhard at the time of RK
47 | Dare 11/11/2011 Harvested Dare M 630 9 Tag #154 (Folta 704)
Landfill
48 | Dare 11/14/2011 Harvested Dare M 677 9-10 Tag #103/190
Landfill
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DISCUSSION

This section provides a summary and compilatiothefresults of this study. For ease of
interpretation refer to the following map (Fig. 36§ all mile marker references.

11-10

o ™
East LaKe

Figure 36. Map of the primary study area with onle isections color delineated along US 64
through ARNWR in Dare County, NC. The US 264 1.®emegment is shown as one colored
segment.

* Note: section 0 - 1 includes a 0.1 mile sectiwhjch extends east to the Hwy 64/264 intersecfldnis
section did not have barbed wire in place, bubtler data collection methods (GPS crossings, focal
species road kill, and driving surveys) were peried and analyzed as though it was withinthe 0 — 1
mile segment. Section 10 — 11 is actually 1.2 nideg; and extends to the bridge rail, which isered
by barbed wire.
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Highway Barbed Wire Hair Snags

Wildlife biologists are increasingly using DNA-based morniiig of populations with
noninvasive genetic sampling methods (Waits & Paetkau 2005,dtoafj 2008). Barbed wire
bear hair collection has proven to be a very effeatve-invasive technique for obtaining
population level data. We built on a genetic databaselestad by Tredick (2009) within
ARNWR and successfully re-captured 25 black bears that shgehatically identified in 2003
and 2004. Wills (2008) strung 2.3 km (~1.4 miles) of barbed winggedoroadway to identify
bear crossing locations within the Great Dismal Swalaponal Wildlife Refuge in order to
determine the placement of a wildlife underpass. Oupfis€2 miles (2 strands x 11.2 miles) of
barbed wire strung alongside a highway constitutes tigekt known deployment of barbed
wire for DNA monitoring of wildlife populations.

Contrary to previous studies that found that black beassed roads at low rates and avoided
habitats adjacent to highways (Berlinger et al. 1990, BradyRelton 1989, Carr and Pelton
1984, Kasworm and Manley 1990, and Wooding and Maddrey 1994) we reeovdegdhigh
number of road crossings and sign (e.g., tracks, $tappears that all areas adjacent to US 64
were occupied by bears. The highway barbed wire hairatiolfemethod was the most effective
and efficient technique we employed to document black lo@ak erossings (n= 537 crossing
events on US 64). Since the entire highway study ateardered by a guardrail system with
wood support post, it was relatively straight forwardhgiall barbed wire and monitor the entire
roadway with an almost equal effort (the only breakfiénbarbed wire were drive way and road
entrance breaks). The technique provided not only premséidn and temporal data on bear
highway crossings, but a wealth of genetic data. Thetgedata clarified some important
considerations in the analysis and interpretation ofa@ssing counts. Genetic identification
provided the sex and individual identity of black bears tregsed the highway, which aided in
the interpretation of data to examine behavioral teaith as road crossing “happy” bears (i.e.,
bears that crossed the road frequently), or male/fesaahpling biases. It is important to note
that we have no estimate of the number (percentddman crossings that went undetected. All
genetic data is detailed in Appendix I.

Only 1 of 52 individual bears was identified as a US 64 ergsbappy” bear (crossing 24
times) whereas 27 bears (51.9%) crossed or were detecyeohoel We recorded similar results
on the US 264 control site where a total of 28 bearsetbthe road with 2 bear crossing
“happy” bears (crossing 11 times each) and 10 (35.7%) bexsirgy only once. Road crossings
were heavily skewed towards male bears (65M:18F). Our gedetitity success rate, was very
low (39.7%), likely because our samples were degraded byamapls quality and quantity, and
environmental conditions. Although Wills (2008) had a much lkemsample (n=23) from his
road side hair collection he also had low succesq68t8%) for individual genetic

identification, thus there may be an inherent difficuttgollecting quality samples from such a
road side set-up. Because of our low success rate,tempas to test the validity of counting
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each crossing event as an individual bear becagnéisantly more important. Twenty-four of

90 crossing events produced genetic identities £am more samples collected from a single
crossing event (i.e., samples from adjacent bathsly 1 of the 24 events identified multiple
bears from hair samples collected at the site. Hewthis one event occurred along the most
heavily crossed section of barbed wire on US 26#dwan unusually prolonged collection
period (~4 weeks). Thus, we are confident thambgrity of crossing events, whether

identified by bear hair on a single barb or by loar3-5 adjacent barbs, were from a single bear.
The barbed wire crossing events revealed 6 locatdrere bear crossing activity was high: mile
sections; 1 —-2,2.9-4,46-4.9, 6.4 —7.3-P9, and 10.5 - 11.2 (Fig. 37).

Black Bear Crossing Activity on US 64 -
Barbed Wire Events 0
- 40
)
I
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w
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uMl.l ;
Qo ~Nmoawn AN oaoundNs oo BHENO@QONHEH NP N A
8880\0\000000 N O OO W Wn *d BT on o N N 1 —+1 Db O O
0.1 Mile Markers From West to East

Figure 37. Black bear crossing activity on US 6 ARNWR, Dare County, NC, during March
2009 — March 2011 as determined from barbed winettagps. Boxed areas identify high priority
crossing sites.
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Road Kill Surveys
Reptiles, Amphibians, and Small Mammals

Wetlands, such as those of ARNWR, are one of the prosluctive and diverse ecosystems with
reptiles and amphibians representing a significant pootidhat diversity (Ashley and Robinson
1996). US 64 bisects large areas of wetlands and deepacaatds that are the preferred habitat
of many amphibians and reptiles. Road kills have beenrshowe highest for species with
preferred habitat directly adjacent to roadways (Caal. 2003, Foreman et al. 2003), therefore
it is not surprising our road kill surveys documented suchstounding number of reptiles and
amphibians. The most numerous animals recorded in theysuwere frogs (n=5,400) and toads
(n=1,970). For reptiles the species with the highest nuofread kills was the mud turtles
(n=593) and nearly as many spotted turtle (n= 442). Amphilmdneptile road kills occurred
throughout the entire length of US 64 on ARNWR, but amph&were more numerous in miles
0 — 8 whereas reptiles were more numerous in miles §Fig.138). With the exception of the
first 4 miles on the eastern end of the study areagelhve number of amphibian and reptile
mortalities mirrors each other across the study &eptiles appeared to favor roadside areas in
the dryer more exposed sections in the west of ARNWiRevamphibians favored the roadside
areas in the east with more mature tree cover anegmgtnditions.

Habitat on ARNWR is homogeneous and lacks open fresle®adiwater, thus, we documented
no areas of mass road mortality such as those reportg8chibly (2011) in Tyrrell County. While
there are some obvious peak locations in the overalbauof road kill incidents both for
amphibians and reptiles, the data do not lend thems@\asiheating specific crossing areas
that are more important than others (i.e., the @efeingth of highway 64 through ARNWR has
high crossing activity for these taxa). We recordedativelly small number of small mammal
road kills (n=82) and their spatial distribution closeldyrored reptile distribution (found
throughout, but more common in drier areas). The nosab#dl mammal road-kill was the star-
nosed moles (n=3) found at miles 1.8, 2.7, and 8.2. Our dgteest the most effective approach
for significantly reducing road kill incidents of amphibiareptiles, and small mammals would
involve numerous passage-ways, either natural or man;mdastiebuted at regular intervals
throughout the entire length of the proposed road expaasgathough ARNWR.
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Spatial Comparison of
Reptile and Amphibian Road kills
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Figure 38. Reptile and amphibian road kills recdrdi®ng US 64 through ARNWR in Dare
County, NC from March 2009 — March 2011.

Bats and Birds

Bats and birds present an intriguing dilemma wimeestigating the effects on and mitigation of
wildlife vehicular road kills and road constructidithile some have concluded that direct road
kills do not exert a significant pressure on theralt population of most bird species (Leedy and
Adams, 1982; Bennett, 1991), traffic disturbancémwds has not been well documented (Reijen
et al. 1997). Zande et al. (1980) caution that riogzhct assessments that disregard disturbance
and possibly long distance effects (i.e. effectdrfam the immediate roadside areas) should be
rejected outright. Since crossing structures arenatly designed for terrestrial species,
mitigation techniques for bats and birds have m@nbgiven full considerations (Jacobson,
2005). There has been little research on the sffgfdhighways on bats (Russell et al. 2009).
This project’s extensive data may draw attentioth&oplight these animals likely face on
roadways throughout the United States. We docurdeffiebat road Kills with the eastern red bat
alone accounting for 34 records. We also documebtecd kills of the North Carolina
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threatened Rafinesque’s big-eared bat in mile section 8/e%ocumented bat road kills
dispersed throughout the highway study area with atshghease occurring at mile sections 4 —
5 (n=3) and 8 — 9 (n=4).

We collected a significant number of bird road kills (ri6B) including multiple species of
owls, hawks, and woodpeckers, a brown pelican, and 452 yalimped warblers. ARNWR is
located on a major migratory pathway and serves asnvigtgrounds for hundreds of bird
species, therefore highway impacts (i.e. road Killbjtaaloss, and traffic disturbance) on birds
should be of utmost importance when considering the itagd@ny project within the refuge.
The bird road kill spatial data are skewed towards mile satgr0 — 11 and 9 — 10 where
yellow-rumped warblers were killed during the fall and wirgampling occasions. Otherwise
birds were found throughout the highway study area and agaw no clear road kill hotspots.
The bird road kill data, excluding the yellow-rumped warldehibited a slight increase in mile
sections 4 — 5, 5— 6, and 6 — 7. These are areas afdtiealy where the habitat consists of
mature trees that were relatively close to the rodabdin sides. We postulate this caused the
birds feeding on the roadside to fly over the roadway uaka off. We witnessed this behavior
on many occasions when cars approached a flock of birtteeaonadside. To significantly
reduce the number of bird road kills along US 64 in the ARRNA\More in-depth study of the
bird species, their habitat and food preferences, as sveiear behavioral response to passing
automobiles would be required. Habitat manipulation may fteglpce bird strikes on the
highway.

Mid-Sized Mammals

Virginia opossums (n=57) and raccoons (n=49) were the dotmoaa kill species of the mid-
sized mammals. Spatially, these two species were foumddaee commonly in mile sections 10
—-11,9-10,5-6, and 4 — 5, all areas where human distarbatie landscape is highest.
From the contiguous wetland areas of mile sections 0 e @worded only 5 road kills of each
species. We recorded 6 river otter road Kills, 4 of thetiin mile segment 9-10. Three of the 4
river otter strikes were killed within a 0.10 of a milgs®nt at 9.5. Although we had 209
confirmed bobcat crossings from the remote camera @ateecorded only 2 road kill incidents
at mile segments 1 —2 and 1 at 10 — 11. We recorded Isatble red and gray fox road Kill in
mile segment 3 — 4. We also documented the presenhe miMasive nutria with one road Kkill
each at mile segments 3 —4 and 5 — 6. Since most ofitheized mammal road kills were
recorded in areas with higher human residence, educasidgnts about proper pet
food/garbage storage may be the most effective strabeggducing road strikes in this area.

White-tailed Deer and Black Bear

We recorded 8 white-tailed deer (2M:3F:3U) road kills duringesys\performed from
November 2008 — July 2011. White-tailed deer are not overlydanion ARNWR, estimated
at less than 15 deer per square mile (NCWRC, unpublished bataye still suspect that other
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road-kills occurred that were removed either by motorishe USFWS — Red Wolf Recovery
Team (for baiting and feeding red wolves) without our kndgée Typically, white-tailed deer
are most frequently involved in vehicular collisions (Cagroet al. 1995, Romin and Bissonette
1996) yet on ARNWR, we recorded twice as many black bedrkitia within the same time
period. The white-tailed deer that were recorded were fduodighout the highway study area
from mile segment 0 — 1 (n=2) through 4 -5, 5 -6, 7 —898and 9 — 10 each with 1 road kill.
White-tailed deer road kill locations overlapped with lawad of black bear road kills with the
exception of 1 deer strike at mile 6.0, which was >0.5 nfiitew the nearest bear Kill.

During November 2008 — July 2011 we recorded 15 (8M:6F:1U) road kibed bears along
US 64 on ARNWR in Dare County NC. We combined our dath 48t historical black bear

road kills documented by the USFWS and the North CarWiitdlife Resources Commission
from January 1993 — November 2008 and found that over thedasars 63 (35M:20F:8U:
x=3.32/year) black bear road kills have occurred along the life8 aof US 64 on ARNWR. The
sex ratio of bear strikes was slightly skewed towardesn®3.6%), mostly due to younger
bears. Bear road kills by age were: 6 cubs (2M:2F:2U)afliggs (7M:2F), 17 sub-adults - aged
2 — 4 years old (13M:3F:1U), and 31 adults (13M:13F:5U). One roled kiear of note was a 24
year old male killed on May 13, 2002. The sex ratio of praged bears (5 - ~15) killed on the
highway was identical (12M:12F), but in the long term,ltiss of adult females will have a
greater impact on the bear population due to the “logrbductive potential.

Adult male bears apparently were more successful asiogthe highway safely than adult
female bears (3 of 10 female bears we documented crdsSiig or 264 later died on the
highway whereas only 1 of 43 males fell into this catggdrhus, the most important cohort of
the black bear population (reproductive aged females) sedmespotentially more susceptible

to road mortality if a road crossing is attempted. Okerpgast 19 years black bear road kills have
been recorded within every mile segment of US 64. Treeiddtcate at least 6 black bear road
kill hotspots at mile segments; 0—-1,1.9-3,4.0-4.7438.8,9.3-9.9, 10.8 - 11.2 (Fig. 39).
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Black Bear Road Kills on US 64
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Figure 39. Black bear road kills on US 64 within ARNWR in®&ounty, NC, determined from
road kill records and surveys from Jan 1993 — July 2011. Boxed pmpoint important bear
strike locations

Remote Camera Surveys

We deployed remote cameras to record animal movememig 8IS 64 on ARNWR at breaks in
the barbed wire hair snares. For the most part, renanteras performed quite efficiently. The
maximum effective sampling area for each camera veastfean 10 meters (~33ft) wide (the
width of the largest guard rail opening) and yet we stiltploaptured 260 black bears, 170
white-tailed deer and over 200 bobcats and raccoons at Iihstatid > 3,800 trap nights. We
lost some cameras due to theft and vandalism and oneundity camera was destroyed in a
vehicular accident.

The remote camera data we collected is somewhat @atga to interpret due to inherent
variability in camera quality as well as the non-sygtec placement methodology we used.
Ideally, the data should be standardized to determineutner of independent animal captures
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at one site per 100 trap nights (Long et al. 2008) in ordewngpare one camera site’s success to
another’s. We plan to eventually conduct this analysis for this project we wanted to compare
camera trapping results with raw numbers of barb wesing events, GPS radio collar
crossings, and road kill incidents. Therefore, we andlyze camera trapping data by examining
the number of independent black bear and white-tailed dessicgs at each site.

Only the western most camera station (C31) failed to pbaypdure at least one bear during this
project. We recorded a high number of black bears at castaians C7 (n=70) — located at mile
5.8, C9 (n=90) — located at mile 7.9, C10 (n=39) — located at84l, and C11 (n=37) — located
at mile 8.8. Since photographed bears were not individtedlgnizable we could not determine
how many different bears were photographed at eachrst&iation C7 is a wooded canal cross
to the south with a wood lot on the opposite side etighway. C9 is Hickory Rd., an ARNWR
year-round gated access road and C10 is River Rd. a yearapengublic access road. C9 and
C10 are only 0.5 miles apart and access the same fidld sotith of US 64. There is also an
open access road on the north side of the highway atlmestly across from C10 that would
provide access into the northern areas of ARNWR. CaMisoded canal cross to the south with
a wooded/wet area on the opposite side of the highway.

White-tailed deer were most frequently captured at canetiarss C9 (n=55) — located at mile
7.9, C14 (n=41) — Pump Rd. located at mile 9, and C25 (n=32) —+wesimess road to Dare
County borrow pit at mile 9.8. Pump Rd. is a year-round @peass road to the south into
ARNWR. C25 is a grassed over, year-round gated accessortiael Dare County borrow pit
area to the south of US 64.

Other notable wildlife captured on photographs includes 86 plagtwed bobcats at camera
station C10, 32 at station C25, and 29 at C7. Raccoons veereled at 10 of the 12 stations
including 50 at C10, 45 at C9 and C25, and 37 at C7.

The remote camera data highlights the importance dfsraad trails, with direct access to the
highway, in providing large mammals access to habitat®tindide of US 64. Black bear and
white-tailed deer high priority crossing spots identifieddayote camera include mile segments;
4-56-7,7-8,and 8 -9 (Fig. 40).
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Black Bear and White-tailed Deer
Remote Photo Captures on US 64
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Figure 40. Black bear and white-tailed deer crossing locabongS 64 in ARNWR, Dare
County, NC, determined from remote photo trapping surveys Juara 2009 — March 2011.
Boxed areas are locations of high black bear and whiesttdeer activity.

Wildlife Driving Surveys

We recorded bear sightings on 3 and white-tailed deer onh 136 wildlife driving surveys
performed from March 2009 — March 2010. All 3 of the bears wigtgted within mile segment
3-4. During 2009 we regularly sighted black bears in this pdati@rea either crossing US 64 or
feeding in the NCDOT roadside wildflower plot. Whitel¢di deer greatly reduce their potential
for mortality from vehicular traffic by accessing thedway edges at late hours when traffic is
substantially reduced. Our low detection rate for whitiedadleer suggest a low density deer
population on the refuge or, at least, that deer usead#uside infrequently. The surveys
doubled our location data sample size when combined withrdaékills, yet still suggest both
a low density of deer and little use of the US 64 roadsid&aRNWR. The driving surveys
detailed an expanded range of white-tailed deer use aloimggtheay corridor than had been
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detected by other means. It is also worth noting thatéOtwildlife sightings (Fig. 26), i.e.
everything not black bear or white-tailed deer, was higheasilexsegment 4 — 5, an area of no

bear and only 1 white-tailed deer sighting. The obsemsiad this particular segment likely was
due in large part to a downed tree that raccoons and \drgpossums were regularly seen using
to cross the canal. Black bear and white-tailed deesiog$otspots, as detected by the driving

surveys, were mile segments; 3 -4, 6 -7, 7 -8, andl1(qFg. 41).

Black Bear and White-tailed Deer
Use Activity on US 64 - Driving Surveys
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Figure 41. Black bear and white-tailed deer sightings on USiteth ARNWR in Dare County,
NC, determined from 135 driving surveys performed March 2009 — N2&xtfh. Boxed areas

are locations where deer and bears were most frequssmityed.
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GPS Radio Collar Crossing Data

Like previous studies (Lewis 2007, Brody and Pelton, Kaczeeskl.2003, and Manvill 1983)

a majority (34/49, 69.3%) of the black bears with GPS il@aARNWR used US 64 as a
boundary for their movements and home ranges (Figs. 2B8&r®81). The movement and home
range data for black bears in ARNWR shows an intensandeeliance on the farm fields
throughout the refuge. The spatial arrangement of figldssenall wood blocks seems to be
optimal for black bear occupation.

Fifteen (11M:4F) of 49 bears (26M:23F) collared for at |&@astlays, crossed US 64 99 times.
One female black bear crossed both US 64 and US 264. hMgigxteption of 1 bear, females
crossed US 64 no more than twice; the one exceptassed US 64 4 times at mile segment 3 —
4, twice at mile segment 1 — 2, and once at mile seg@heri. This individual female bear also
crossed US 264 4 times. Previous studies of black and gbeahg found that males crossed
roads less frequently and used the habitat adjacent tolesadsften than females (Chruszcz et
al. 2003, Mattson et al. 1987, McLellan and Shackleton 1988keCsely, collared male bears
along US 64 on ARNWR crossed the road more frequentlyfdmales as only 3 male bears
crossed the road less than 3 times and one malerosaed US 64 41 times across 4 adjacent
mile segments; 1 — 2 (n=2), 2 — 3 (n=7), 3 — 4 (n=23), an8 &=9).

The US 64 black bear crossings recorded by the GPS om#aesdistributed across all US 64
mile segments with the exception of mile segment 9.h6 residential community of East
Lake is almost entirely contained within this mile segm&hus, it appears that black bears in
ARNWR actively avoid crossing the highway in the commpaiea likely due in some part to
the presence of humans as other studies have also heted €t al. 2011). The highest number
of US 64 crossings was within mile segment 3 — 4 (n=214) @). Three other segments
contained more than 10 crossings; 4 — 5 (n=12), 6 — 7 (n=13,(&=11). Crossings were
evenly distributed across the 7-mile stretch betwegmsats 2-9 excluding the one stand out
segment (3 — 4) inflated by 1 male bear. Thus, no onéidoca this segment appears more
important than any other.
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CONCLUSIONS

Employing all our data sources we identified 6 locationaglughway 64 on ARNWR that
were important crossing areas for black bears and whigetdeer (Fig.42).

Location #1 is from mile O (US 64/264 intersection) tcenZiland was identified as a crossing
hotspot for black bears by barbed wire hair surveys, @Bi8 collar data, and road kill events.
For white-tailed deer location #1 was identified as asingshotspot by road kills. Three
permanent fire breaks exist to the south of US 64 amdkaly movement corridors for both
bears and deer. Many black bear and white-tailed deer rdad¢alurred near the US 64/264
intersection (both on 64 and 264).

Location #2 is from mile 2.9 to 4.0 and was identified asoasing hotspot for black bears by
barbed wire hair surveys, road kill data, driving survegd, @PS collar location data. It was
also identified as a white-tailed deer crossing hotspdtiving surveys. This area includes the
gated Creef Cut road in the east and extends west kaiMioad. Bears are especially active in
this area crossing the highway to access the farnsfalthe end of Creef Cut road to the south
and forested wetland areas to the north. A gated fert€eeaf Cut road and extended fencing
south along Milltail Creek road may decrease the occoerehbears accessing US 64 directly
from either of these roads. The current alignment obW@&t Milltail Road includes a fairly
sharp turn and thus somewhat of an elevated hazard forist@nd wildlife alike.

Location #3 is from mile 4 — 5.3. This section has its evassing needs, but would also serve to
extend the important crossing area #2 further westslbban identified as an important crossing
area for bears by barbed wire hair surveys and roasiukileys. It is also an important crossing
area for white-tailed deer as determined by road Kill suraagidriving surveys. To the south

are farm fields on ARNWR, which extend nearly up to649n what is acting as a wildlife
movement funnel directly towards US 64 and slightly dareias, and the closed Dare County
landfill.

Location #4 is from mile 6.4 — 7.4. Black bears were idiedticrossing here from road Kkill
incidents and GPS collar location data. White-tailed desze identified crossing here from road
kill surveys and driving surveys. This section extends fBufialo City road 1.0 miles to the
east. Black bears, white-tailed deer, bobcats and caeidsail photo-captured at a wooded
canal cross located at mile 5.8. This canal cross shdhler éie included in the fencing for
structure #4 or be removed so as to funnel wildlife to thesing structure location. There is
also a year round open access road (Deep Bay road) hotth that extends all the way to Deep
Bay on South Lake and has vegetated side roads extendshgMrete-tailed deer and black
bears are known to use both Deep Bay and the side roddavielrcorridors. Deep Bay road
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provides access to a very large area of habitat to thie obdS 64. Here again fencing
extending down Deep Bay road may limit wildlife accest$ 64 via the road.

Location #5 is undoubtedly the most important bear angssiea identified. It extends from mile
7.4 to 9. It has been identified as a high use bear cgoasda from the barbed wire hair surveys,
road kill surveys, camera surveys, and GPS collaritotdata. We also identified it as an
important white-tailed deer crossing area from roadddlinera, and driving surveys. This
section extends from Buffalo City road west to tihgt residence of the East Lake community.
This section recorded many black bear road crossings dedeslifthe most road Kills of any
section surveyed. There are two access roads to ttiear two to the south, thus making for
easy wildlife movement into all areas of ARNWR. Tiiest important crossing area is centered
at Hickory road itself (a year round gated farm fielde@saoad). If Hickory road was closed to
motorized use at US 64 it could continue to be maintainedARNWR personnel access and it
would continue to act as a US 64 wildlife crossing corri®nce Hickory road is such a well
established travel corridor it would likely encourage bedesy, wolves, and the suite of mid-
sized mammals to use any installed wildlife crossing siractAgain, fencing would be advised
along both sides of Buffalo City road, Lake Neighborhomatl, and Brier Hall road.

Location #6 is located at mile 10.4 and extends right upe@xisting Alligator River bridge.
The area is considered an important bear and deerrngas®a as identified by barbed wire hair
surveys, road kill surveys, and GPS collar location datbdars and from driving surveys for
deer. White-tailed deer also were identified crossingent— 10 mile segment, but since the
East Lake community lies almost entirely within thattes we realize the limitations of
crossing structure placement in the area. We also ad&dgevthe difficulty in placing a
crossing structure right at the landing of a bridge, hadefore suggest that with proper fencing
an extended bridge landing would create an effective ¥aldtiossing access area with
minimum road or bridge design alterations.
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APPENDIX |

Table A. Summary of genetic “captures” of bears emplogihthe data sources and collection
methods used from November 2008 — March 2011 within ARNWR, US 6W&r#b4 in Dare
County, NC.

Bear ID | Sex | Age Mortality Capture| Hwy 64 Hwy 264
barbed wire | barbed wire
9150001 | M | Adult | ROADKILL - 64
915000z | M | Adult | ROADKILL - 64 1
915-000¢€ | M 3 ILLEGAL - 64
915-000¢ | F 2 ROAD KILL - 64
915-001C | F 7 ROAD KILL - 64
9150011 | F 10 ROAD KILL - 64 6
915001z | F | Cut | ROADKILL - 264
915-001<¢ | M 2 ROAD KILL - 264
915001t | F 13 | ROADKILL - 264
915-001€ | M 2 ROAD KILL - 264
915-001¢ | M 6-7 ILLEGAL - 264
915-002C | M 2-3 | ROADKILL - 264
9150021 | F 4 ROAD KILL - 64
915-002¢ | M 5 ROAD KILL - 264
915-0025 | M 2 ROAD KILL -
264/64

915-002¢ | M 1 ROAD KILL - 264
9150027 | M ? ILLEGAL - 264 3
AR03-055 | M 9 ROAD KILL - 64
1054002¢ | F 14 ROAD KILL - 64
1054003C | M 1 ROAD KILL - 64
1054003z | M 1 ROAD KILL - 64
915-127¢ | F 5 ROAD KILL - 64 1
10540032 | M ? HARVESTED-

DB RANGE
AR04-02¢ | F ? HARVESTED-

DB RANGE
1054-003€ | F ? HARVESTED-

DB RANGE
AR03-04¢ | M ? HARVESTED-

DARE LANDFILL
AR04-677 | M ? HARVESTED-
DARE LANDFILL

9151381 | M ? REMOVAL - 264 3
9150101 | M 4 101
915010z | M 3 102 1
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915-010¢ M 4 10¢ 6
915-010¢ M 3 10¢€

915-0107 M 4 107

915-010¢ M 7 10¢

915-0111 M 4 111

915-011¢ M 4 11¢ 5
ARO03-044 M 9-10 117

915-011¢ M 2 DEPREDATION - 11€

64

915-011¢ M 3 11¢€

915-012(C M 4 12C 1
915-0121 M 2 ROAD KILL - 264 121 3
915-012z M 5 122

915-012¢ M 4 12¢

915-012¢ M 4 ROAD KILL - 64 124

91&-012¢ M 4 12¢ 2
915-012¢ M 1 12¢

915-0127 F 1 127

915-012¢ F 5 12¢

915-012¢ M 4 12¢ 1
915-013( F 7-8 13C

915-013= F 13-15 132

915-013¢ F 6-7 13¢

915-013¢ F 2 134

915-013¢ M 3 13¢ 1
915-013¢ M 1 13¢

915-0137 M 2 ILLEGAL - 64 137

915-013¢ F 8 13¢€

915-014C M 3 14C 2
915-0141 M 2 141 4
915-014¢< M 7 HARVEST - 14¢

DARE LANDFILL

915-014< M 2 144 1
915-014¢ M 2 14¢ 4
915-014¢ M 7 14¢ 1
915-0147 M 4 147

915-014¢ M 2 14¢ 1 11
915-014¢ M 7 14¢

915-015C M 3 HARVEST - 15C

HYDE

915-0151 M 3 151

915-015=2 M 4 152

915-015¢ M 3 15¢ 3
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91E-015¢ | M 4 15E
915-015€ | F | 67 | ROADKILL - 264 15¢€
9150157 | M 4 157
91E-015¢ | M 5 15¢
91E-015¢ | M 5 ILLEGAL - 64 15¢
9150161 | M 20 161 1
915016z | M 4 16z
915016 | M 5 162 2
915016/ | M 4 164
91016 | M | 45 16E
91E-016€ | M 8 HARVEST - 16¢€
HYDE
91E-016¢ | M 2 16¢€
91E-016¢ | M 3 16¢
9150171 | F 3 171
91017z | F | 1416 17z
91E-017¢ | M | 10-11 HARVEST - 17z
HYDE
915017/ | M 3 174 2
91017t | M 5 UNK. CAUSE- 17t
HYDE
91E-017€¢ | M 2 17¢€
9150177 | M | 45 177
91E-017¢ | M 3 17¢
91E-017¢ | F 4 | ROAD KILL - 264 17¢
915-018C | M 3 18C 1
9150181 | M 5 181 2
915018 | M 5 184 24
910188 | M 5 18E
91E-018¢ | M 5 18¢€
9150187 | M 5 187
915-018¢ | M 5 18¢
9150191 | M 1 | ROADKILL - 264 191
915019z | M 1 19z 1
915019 | M 4 19z
915019/ | M 3 194
91019t | M 1 19t
9150197 | M 5 197
91E-019¢ | M | 6-7 19¢ 2
91E-019¢ | M 3 19¢
915020 | M 3 20C
915020z | M | 910 20z
915040 | M | 6-7 402 3
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915-040¢ M 5 40t

915-040¢ M 3 40¢€

915-0471 M 1 471

915-048- F 6-7 482

915-052¢ F 3 52¢

915-0541 F 1 541

915-054< F 9 531

10540202 M ? 20¢<

10540204 M 5 204

1054-020¢ M 2 20t 1
10540207 F 3 207 5
1054-020¢ F 13 20¢

ARO03-12¢€ F 6-7 17C

ARO03-14¢ F 17 201

ARO03-17C M 1C-11 11C

ARO03-23¢ F 11-12 14z

ARO03-242 F 9 18¢

ARO03-31¢€ M | 16-18 182

ARO03-49C M 4-5 407

ARO03-51C M 8 13¢

ARO04-02¢ F 18-20 | ROADKILL - 264 517

HYDE

ARO04-04¢ M 17 167 2
ARO04-05¢€ M 9-10 11¢

ARO04-171 M 9 104

ARO04-18¢ F 20-22 531

ARO04-192 M 19 HARVEST - 154

DARE LANDFILL

ARO04-21Z F 20 18¢

ARO04-28¢ F 12 16C

ARO04-492 F 7 131

ARO04-497 F 4 114

ARO04-534 F 19 404

ARO04-592 M 9 HARVEST - 103/19(

DARE LANDFILL

ARO04-687 M 7 10¢ 2
91¢5-102¢ M 1
91¢5-103¢ M 2
91¢5-106¢ M 3
91¢5-106¢ F 2
915-108¢ M 1
91¢5-1091 M 1
915-110¢ M 1
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91¢5-118¢

915-119(C

[EnN

91¢5-126¢

915-135¢

915-136¢
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RlRr MR W R R R
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1054-1848
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1054-1897

1054-1898

1054-1899

1054-1929

1054-1968

1054-1982

1054-1987

1054-2060

1054-2118

1054-2159

1054-2214

1054-2262

=

1054-2276

1054-2296

1054-2327

1054-2358
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APPENDIX [1:
OVERPASS DESIGN AND FENCING LITERATURE REVIEW

To insure maximum use of underpasses by black bears the détigise underpasses and
associated fencing must be considered. This brief litexakview of both underpass design and
fencing options focused on use by black bears is meantilitafacthe selection of an
appropriate underpass design.

Crossing Structure design:

Black bears use a wide range of road crossing structaomeddrge, open overpasses and open
span bridges to relatively small and long (6.9ft wide x /gfh, 98.4ft length) structures such as
metal and box culverts (Clevenger and Waltho 2005, Krawehak 2005, Ruedinger and
DiGiorgio 2007, and McCollister and Van manen 2010). Whenngikie option, black bears
seem to exhibit a preference for more confined crossiagtstes, yet in Virginia, during a 12
month project, Donaldson (2005) documented no bear cgssaaross a wide range of structural
types and sizes (from large bridge spans with 10ft gragpg sn each side to box culverts only
6ft x 6ft and 68ft long). The 6x6 box culvert was placednmrea known to have a high bear
density and also contained established trails and roadrgyesss well as multiple records of
bear-vehicle collisions, one resulting in the deatthefdriver. At a second box culvert (9.8ft
wide x 11.8ft high x 189ft long) Donaldson recorded bears agpiog and facing into the
entrance on multiple occasions, but never crossingtefbre, defining a specific “best” size or
type of crossing structure specifically for black bearseiy difficult, especially in homogeneous
habitat lacking major topographical features like that digator River NWR. For this project

the likely best approach would be a large open underpatss freferred by ungulates and
wolves and located in areas frequently used by bearsdyrceossing the road.

Fencing:

Previous studies have shown that fencing and barriersalmagl with crossing structures limit
animal access to roadways while directing animals to coagbsing structures (Feldhamer et al.
1986, Jackson and Griffin 2000, and Dodd et al. 2004). But in a sfumbpcat use of
underpasses in Texas, fencing did not result in an owecatlase in the use of culverts (Cain et
al. 2003). Conversely, Jaeger and Fahrig (2004) found that wgeehin conjunction with
crossing structures, fencing aided in population persisiareeery situation. Jones et al. (2010)
found that underpasses and fencing installed along US 64 ih Rarolina likely resulted in the
reduction of white-tailed deer/vehicular collisions. Hoeg\they also suggest that it did not
appear to reduce the number of incidents with black bedrenag have inadvertently increased
the bear/vehicular incidents at non-fenced sectiohefdad. This does not suggest that fencing
should not be used in conjunction with crossing structimgsnstead indicates that further
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refinement of how the fencing is installed needs to ocomeslet al. (2010) suggested an
improvement on their 9.8 ft. tall by 2,625 ft long (both ditens from underpass) fence design
by adding barb wire outriggers to the top of the fence angriguthe fence in the ground to
alleviate wildlife crossing over or under the fenceeyhlso suggest that if the fences were
contiguous from one underpass to another then road mesdaiibuld be greatly reduced. For
fencing to be most effective through time a system ahddle for vegetation control,
maintenance and repair is imperative.
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