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ABSTRACT

Brown bear (rsus arcto¥ populations along the North Pacific Rim are galighealthy
and an important economic resource, yet thereeavddng-term studies of their
population dynamics and harvest management. Thjegi gathered information on the
population dynamics of bears on Kodiak Island, kéa develop an easily understood
model for use by managers to develop harvest giest@nd guidelines.

| investigated a geographically closed brown begutation with no impassable physical
barriers from 1982-2004. | hypothesized that Kkdiad a single bear population that
could occupy any habitat and would use the besuress available. | investigated 402
marked bears within 4 diverse study areas, incp@il that were radiocollared,
yielding 15,539 relocations. Mean home rangesdaordies were significantly smaller
than males, and varied between areas. There wagleoable home range overlap and no
evidence of territoriality. Topography, vegetatiand salmon availability varied
between areas, as did denning habitat and chropolébpvations used by bears varied
by area, reproductive status, and season. Mosttiars appeared to be related to
resource availability. Reproductive fitness andrlensities were comparable in all
areas.

Generations of behavioral specialization have teduh a population that is a radiating
continuum in which bears that lived adjacent taheatber used similar resources, but
those living apart used different resources. Mitowrial DNA analysis confirmed the
hypothesis that bears on Kodiak were a single @jom; however resource use patterns
rejected the hypothesis that all bears used the $aptimal” habitat. This ecological
flexibility resulted in a higher carrying capacthan if all bears conformed to uniform
habitat use patterns.

| created a model that used population and hampats to derive estimates of
population change and the number of trophy-sizedshé/odel validation suggested the
Kodiak bear population was healthy and products/é aupported a sustainable harvest
that yielded consistently large bears. To obtaiimee harvest strategies, managers must
consider local population parameters, managemgettkes, harvest characteristics, and
confidence levels. There is no single harvestttaeis applicable to all situations.



DEDICATION

This work is dedicated to the brown bears on thdi&loArchipelago. Without their
tolerance and cooperation this project would néaae been possible.
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INTRODUCTION

This dissertation is divided into 2 chapters, eagdtiressing pertinent aspects of the
population dynamics and management of bears onakddiand. Each chapter is written
in the style and format of thlurnal of Wildlife Management

The first chapter, “Ecological flexibility of browbears on Kodiak Island, Alaska”,
addresses the home range sizes, habitat use gatlerming characteristics, and overall
population distribution of bears on the island.t&Dfaom marked bears in 4 distinct study
areas are analyzed to assess the hypothesis #ratdreKodiak were a single population
that could occupy any habitat on the island, aati ey moved freely to take advantage
of the best resources available.

The second chapter, “Management of brown bear ihgioin Kodiak Island, Alaska”,
builds on the information obtained in the first ptex and uses it to develop a model for
sustainable harvest of bears on Kodiak. Brown pepulations along much of the North
Pacific Rim are healthy and they provide an impdre&economic resource as trophy
hunters seek the largest representatives of theespeget relatively little research has
been published about the population dynamics andeeamanagement of those brown
bears. The purpose of this project was to devatopasily understood model that could
be used by bear managers to objectively estimggeppate harvest strategies and
guidelines. We also anticipated that informatitwamed from Kodiak could be adapted
to other coastal bear populations where huntingadiner human-caused mortalities are
important management considerations.



Chapter 1

ECOLOGICAL FLEXIBILITY OF BROWN BEARS ON KODIAK
ISLAND, ALASKA

LAWRENCE J. VAN DAELE, Alaska Department of Fish and Game, 211 Mission
Road, Kodiak, Alaska 99615 USA

Abstract: Brown bear (Jrsus arcto$ population dynamics are challenging to ascertain
and generalize because bears are long-lived, wiistsibuted, and have a great deal of
individual variation. We investigated an entirewn bear population by capturing and
marking a large sample of bears living in all cf thabitats on Kodiak Island, Alaska and
following them for over 2 decades. Our study indeld a geographically closed bear
population with no impassable physical barrierdimitheir range. Our hypothesis was
that bears on Kodiak were a single population ¢batd occupy any habitat on the island,
and that they freely moved to take advantage ob#st available resources. We
captured 402 bears in 4 diverse study areas fr@@8-1997. Of these, 261 were
radiocollared (196 females, 65 males). The radiac bears yielded 15,539
relocations including 167 bears (142 females anth2es) with at least 30 relocations.
The mean 100% minimum convex polygon (MCP) homegeasize for all female bears

(x = 128.6 kM) was smaller than that of males € 251.5 k). There was no
difference in size of MCPs of males in the varistigly areas; however, mean size of
female home ranges in Southwest Kodiak were sigamfily larger than those in the
Terror Lake and Aliulik Peninsula areas. Mean 958d kernel utilization distributions

(UD) for all female bearsx = 50.1 knf) were significantly smaller than that of males (
=128.1 knd). There was no difference in size of UDs of matethe various study

areas, but mean size of female UDs in Aliulik weignificantly larger than those in the
Terror Lake and Zachar/Spiridon areas. In all staichas there was considerable overlap
of both MCPs and UDs of individual bears. We otbedmo overt signs of territoriality

or intraspecific spatial exclusion that precludedividual bears access to resources.
Topographic features, vegetative resources, amaosevailability varied between study
areas. We followed 12 cubs from radiocollared stvardt dependency to adulthood.
Males ranged significantly farther from their mat@rranges (MCP and UD) than did
females. Five females (71.4%) and no males weigtaced within maternal MCP
ranges and 3 females (42.9%), and no males weapttged within maternal UDs.
Elevations used by bears varied by study areagjpductive status, and by season.
Bears in northern study areas used higher elevationughout the year than did bears in
southern areas. Overall, females with new cubs bggeer elevations throughout the
year than all other bears. Den use and chrondatgyyvaried by study area. Most
females used a single den (95.2%) each year, brd there 4 instances (0.7%) of
females not entering dens all winter. Most malss ased a single den each winter
(76.8%); however, in 13 instances males did nagresiéns during the entire year. Bears
in the northern study areas spent more time in tfersdid bears in southern study areas,



with the most notable difference being between temaithout new cubs in the Terror
Lake area (180 days/year) versus those in theiRlfuDO days/year). Females with new
cubs had similar denning periods in all study aread in all areas they emerged
significantly later than all other females. Mostlre variations in resource use and
denning chronology appeared to be resource relatad.exception to this pattern was
sows with new cubs that stayed in dens longer aed guboptimal habitats when they
emerged. Despite ample opportunities to move tbfleaam optimal habitats on Kodiak
Island, bears stayed in relatively small areasaatapted to locally available resources.
Generations of behavioral specialization withirelogreas have created a population that
is a radiating continuum in which bears that lidgaaent to each other have similar
resource use patterns, but those living in didtag@tions with dissimilar habitats have
considerably different patterns of resource usiee gopulation distribution and
mitochondrial DNA analysis confirmed our hypothesiat bears on Kodiak Island were
a single population; however resource use pattejested the hypothesis that bears all
used the same “optimal” habitat. The ecologicatibigity of the population allowed

bears to expand to all available habitats on tla@ds This adaptability expanded the
carrying capacity over that which would be expedtéears conformed to a uniform
habitat use pattern, and ultimately insulated thyeutation from collapse. The radiating
continuum distribution complicates bear managerhenause of local carrying capacities
and varying population responses to environmefmahges.

INTRODUCTION

The Kodiak Archipelago supports a population of#t#000 brown beard)( a.
middendorff) (Barnes and Smith 1998) and has a reputatioprfmtucing the largest
brown bears in North America (Buckner and Renedb20The general life history of
Kodiak bears has been the subject of speculatidrstardy since humans first arrived on
the island. The first scientific investigations tire late 1800s, were collecting trips to
document the size of Kodiak bears. During theygaalt of the twentieth century,
research focused on bear predation on salmon dthel @gan Daele 2003). As the value
of Kodiak bears as a trophy animal for hunterseased in the 1950s, biologists shifted
the emphasis of their research from salmon depmd@tlark 1955, 1957a, 1959, Gard
1971) to gathering baseline biological informatanbears (Clark 1957b, Troyer 1961,
1962). As they refined methods of capturing andkigrbears (Troyer et al. 1962) and
incorporated radio telemetry in 1967 (Berns anddeeh972), they became more
efficient at estimating bear movements and denshegir studies also provided the first
objective data on gender and age ratios (Troyetensel 1969), reproduction (Erickson
et al. 1968, Hensel et al. 1969, Gilbert 1970lisizes (Troyer and Hensel 1964a),
behavior (Troyer and Hensel 1964b), movements Betral. 1980), cannibalism
(Troyer and Hensel 1962), dentition (Troyer and $¢211.969), feeding habits (Atwell et
al. 1980), and denning (Lentfer et al. 1972).



Prior to the 1980s, virtually all brown bear resdann Kodiak Island was conducted on
the southwest portion of the island. Constructiba hydroelectric project on the north
end of Kodiak Island was initiated in 1982, andviandear research commenced
simultaneously (Smith and Van Daele 1990). An emmental assessment of the
anticipated impacts of the project on brown beaas based on data extrapolated from
previous studies (Spencer and Hensel 1980), asabit became evident that bears on the
north end of the island were not conforming topghéerns observed on the southwest
part of the island (Van Daele et al. 1990).

Brown bears are an intelligent, long-lived speewth a great deal of individual
variation. They are distributed across most ténedecoregions in the northern
hemisphere (Servheen et al. 1999, Schwartz e0@B)2thereby demonstrating their
adaptability to a wide variety of habitats. Thidinduality and adaptability can hamper
comprehensive investigations of brown bears ifstiuelies are restricted to small
numbers of bears, limited areas, or short timeopleri

In an effort to investigate an entire brown begoyation, we captured and marked a
large sample of bears distributed across all hisbita Kodiak Island and followed them
for over 2 decades. Our study involved a geogreagbllyi closed population with no
physical barriers to bear movement. Conceivabbgar could go from one end of
Kodiak Island to the other within a couple of day¥e hypothesized that bears on
Kodiak Island were a single population that coutdupy any habitat, and that they
moved freely to take advantage of the best avaleddources. If this were the case, we
would be able to identify “critical bear habitaticamanage it similarly island wide. |If
the hypothesis was not correct and bears were iadéaptlocal habitats, it would
demonstrate the adaptability of the species andss@ate localized management.

STUDY AREA

Kodiak, the largest and most complex island inKbdiak Archipelago, is located in the
western Gulf of Alaska (564558 00’ N by 152 09'-154 47’ W), 408 km south of
Anchorage, Alaska (Figure 1.1). Itis up to 160 llomg, varies from 15 to 130 km in
width and has a landmass of 8,975°krilo point of the island is farther than 21 knmfro
the sea as deep fjords slice into the island. il8ifebtrait separates Kodiak from the
mainland on the west, with a 40-65 km swath ofeartr ocean currents and windswept
waves.

The Archipelago is geologically an extension of enai Mountains and is part of an
uplift zone between 2 major tectonic plates. Theeeenumerous faults and seismic
activity is common. Complementing the seismic nmgats is the relentless erosion of
shorelines by the sea and the mountaintops by wamal, and glaciers. Its most
prominent feature is the central spine that ruedehgth of the island from northeast to
southwest. The spine is made up of intrusive foakations sculpted by prehistoric and
active glaciers. The tallest peak along the spses to 1,362 m. Most of the valleys on
the island contain the remnants of scouring byigtadhat covered most of the islands



about 12,000 years ago. The only portion of tlchipelago that escaped that glaciation
is in the southwest part of Kodiak. This “refugitimunlike any other part of the island,
with wet tundra expanses bordered by modest mauntiges. On the border of the
refugium is a series of large lakes that fill gédlgi carved valleys. The largest of these,
Karluk Lake, is 21 km long, 4 km wide, and up t® 12 deep. The Karluk drainage is
also the longest river system on the island atr8 k

The Kodiak Archipelago has a sub-arctic maritimmate. Low-pressure systems,
spawned along the Aleutian Chain, spin counteralasd into the Archipelago with
easterly winds that bring cool moist weather thioug the year. These systems are
periodically disrupted by high-pressure systemsdieaelop over mainland Alaska. The
resultant winds from those systems are from théhm@st and they typically bring drier
weather with more extreme temperatures. Whenegagally strong systems collide,
the resultant storms can bring hurricane force wiwidh heavy rains. Fog is common on
the rare days when winds are calm.

Historical weather data from the archipelago wdyg auailable from Kodiak city,
located near sea level on the northeastern tipoalidk Island. From 1973-2003,
average February temperatures (the coldest maantiged from —3.7 to 2°C and
average August temperatures (the warmest montgpdafiom 9.4 to 16°C. The
highest temperature ever recorded was Z6.dnd the lowest was —26CQ. Average
annual precipitation was 195 cm (range = 138 —@i) Winds were common
throughout the year with an average annual wineédpé 4.9 mps; velocities over 22.4
mps have been recorded in every month. Most oé#istern side of Kodiak Island had
weather patterns similar to those recorded at Kodity. The south and west sides of
Kodiak Island had a drier climate with similar teengtures and higher maximum wind
speeds. Because of the diverse nature of thedapdn Kodiak Island, the weather
varied greatly from one area to the next.

The sea surrounding Kodiak Island remained icetfie@ughout the year. Narrow bays
that had substantial freshwater influence and ptiate from most storms became frozen
during several months in winter. Nearshore ocearperatures typically varied from
0.5°C in January to € in August. The daily tides on the east sidehefdarchipelago
averaged 2.4 m while those on the west side averd@em, with 2 sets of tides being the
daily norm. The maximum daily variation on theteside is 4.2 m and on the west side
the maximum is 7.2 m. This dramatic tidal differerbetween each side of the
archipelago resulted in substantial tide rips betwie larger islands.

Kodiak Island is located 970 km south of the Ar@iccle. The sun is relatively low on
the horizon throughout most of the year, and preduong twilight hours. During winter
months there is a minimum of 6 hours and 29 minatekylight, while in the summer
solstice, the sun is above the horizon for 18 haus9 minutes.

Sitka spruceFicea sitchensisjere common on the northeastern end of Kodiakds|
was a relatively new inhabitant to the archipelagganding southward from the Kenai
Peninsula within the last 800 years. Devil's (fiehinopanax horridum high-bush



blueberry Yaccinium ovalifoliuny and bracken ferrDfyopterisdilatata) were the
principle understory vegetation in forested areas.

A diversity of habitats occurred throughout the agmder of the island, with shrub-grass-
forb complexes predominant throughout lowland (<&§Cand mid-slope (150-500 m)
areas. Representative species were Sitka adieug crispa sinuafg Kenai birch Betula
kenaicg, salmonberryRubus spectabil)sred-topped gras€@lamagrostis canadensjs
European red eldeSé@mbucus racemogawvillows (Salixspp.), fireweedEpilobium
angustifoliun), and cow parsnigHeracleum lanatum Cottonwood Ropulus
balsamifera, and willow communities were common along strdstioms. On
southeastern Kodiak Island, extensive areas ofadgtspaced hummocks (0.3 -1.0 m
tall) and moist tundra were common.

Alpine vegetation (>500 m elevation) was composedaaous mixtures of low willow,
ericaceous shrubs (heath), sedgaréxmacrocheaty crowberry Empetrum nigrum)
low-bush cranberry@xycoccus microcarpusalpine blueberryMaccinium uliginosum)
red bearberryArctostaphylos rubrg and a wide variety of forbs. Nearshore waters
supported locally abundant crops of marine vegataincluding bull kelp Nlereocystis
luetkeand, eelgrass4osteramarina), and bladderwrack={ucusgardneri. Tidal action
and storms often deposited parts of these plantseoheach to supplement shoreline
vegetation such as goose tongB&aftagomaritima), beach pea.@thyrusmaritimug,
beach greendHonckenya peploid¢sand beach ryeefymusarenariug. A detailed
description of the vegetative aspects of the asthgo is included in Fleming and
Spencer (2004) (Appendix 1.1).

Kodiak’s diverse habitats provided wintering, regtiand breeding areas for 237
different bird species. There were an estimatBdriillion seabirds that winter near
Kodiak, and 350,000 that nested within the 140 isé¢aolonies that have been identified
along the islands (Kodiak National Wildlife Refugy@87). About 150,000-200,000
waterfowl, including geese, sea ducks, and pudddisl wintered in the area with some
staying to breed. There were also at least 40epet shorebirds that came to Kodiak
either as a migration stop or as a breeding areaestrial birds included about 70
species of passerines and upland game birds. We¥s218 species of raptors reported
on Kodiak, the most common being the bald edgbdig@eetudeucocephalus Up to
3,000 bald eagles spent the winter on the islanis,a breeding population of up to
1,000 eagles.

Only 6 land mammals were considered indigenousaidk Island. These original
inhabitants were brown bear, red fdiu(pes vulpes river otter Lontra canadens)s
short-tailed weaseMustela ermineh little brown bat Klyotis lucifugu$, and tundra
vole (Microtus oeconomygRausch 1969). Confirmation of original inhabiswas,
however, impossible due to the geologic historthefislands. The constant uplifting
and erosion of the terrain is not conducive foradlepment of a useable fossil record.

Sitka black-tailed deexdocoileushemionussitkensi$ were introduced from
southeastern Alaska in the late 1800s. By the 49é@r had dispersed throughout the



Archipelago. Winter mortality was the most sigeafint limiting factor for the deer
population, with estimated population sizes randing <50,000 to >100,000 from
1982-2004 (Van Daele 2005). Deer were an impotanting resource for the residents
of and visitors to the Kodiak islands.

Mountain goats@reamnosamericanuywere translocated to northern Kodiak Island
from the Kenai Peninsula in 1952 and 1953. Thst fiunting season was authorized in
1968, as the population expanded in number anceramg2002, the estimated goat
population was 1,400 and they occupied all suithhlatats on Kodiak Island (Van
Daele and Crye 2004). Other successful translmsitio Kodiak included Arctic ground
squirrels Citellus undulatus(prehistoric), reindeeiRangifertarandug (1924); muskrat
(Ondata zibethicp(1925); beaverGastorcanadensis(1925); and snowshoe hares
(Lepus americanyg1934) (Burris and McKnight 1973).

Kodiak Island’s lakes and streams provided critggawning and rearing habitat for 5
species of Pacific salmd®ncorhynchuspp.), steelhead), mykis} arctic char
(Salvelinus alpinusand Dolly Varden$. malma There were about 350 streams
involved in this vital process. The first salmorréturn to most streams on the island
each year were the sockeye (red) saln@mérka). Each year about 6,000,000 sockeye
returned. Another species that returned to Kodidite May was the chinook (king)
salmon(O. tschawytscha These were the largest of the salmonids, key #iso had the
most restricted distribution on the archipelag@usdng in large numbers in only the
Ayakulik and Karluk drainages. Average annualmetuwvere about 40,000 chinook
salmon.

In mid-summer chum (dog) salm@@. keta)returned to spawn in Kodiak streams. Each
year about 800,000 chums came back to Kodiak. Haranid-summer returnee and the
most abundant salmonid in both distribution and penwas the pink (humpback)
salmon Q. gorbuscha The strength of the return of pinks varied hesgw 5,000,000 in
odd years and 11,000,000 in even years. Thedhsbs to come back to Kodiak were
the coho (silver) salmor®( kisutch, arriving in late summer and averaging an annual
return of approximately 400,000 fish.

In 2003, the estimated resident human populatidfoaliak Island was 14,181, and had
been relatively stable over the previous 20 ye&@sger 90% of the populace lived on
northeastern Kodiak Island, with the other resideligpersed in 6 outlying villages.
Roads were restricted to the northeast coast aéltwed, and the immediate vicinity of
villages. Kodiak’s inland habitat was contiguousl antact. The only large-scale
anthropogenic disruption of inland habitat, therdet.ake hydroelectric project, was
completed with minimal direct or indirect adversgact to bears or their habitat due to a
conscious effort to work with and around the b€8raith and Van Daele 1990). Coastal
areas had much greater human activity that inflaérozar activities, but it was generally
restricted to isolated areas and small numbersople.

Commercial fishing was vital to the economy of tegion. Fishing and fish processing
occurred year-round, but during summer months eesgdand transients expanded their



activities to remote coastal areas in pursuit bhea. Salmon management for sustained
yield was a high priority on the archipelago, aedrypredation was factored into
escapement rates. Residents of Kodiak generatlyaltagher tolerance and a greater
understanding of bears than most other peoplereaas an on-going effort by various
agencies to educate residents and visitors abaws$ bminimize attracting bears to human
habitat, and maintain a lower bear density on ma@skern Kodiak Island where most
human activities occurred (Van Daele 2002).

METHODS

There were 4 major bear research projects on Kddlakd from 1982-2004, all of
which included radio telemetry (Figure 1.1). Eahhese studies addressed specific
management questions. The Terror Lake hydroete@tiH) investigation was designed
to address concerns that bears would be displacettherwise disturbed by construction
and operation of a hydroelectric facility in a ramarea of Kodiak Island (Smith and
Van Daele 1990). The Zachar/Spiridon (ZSP) stidgstigated the relationship
between bears and deer hunters at a time whenw®gesincreasing encounters, which
were resulting in hunters losing their game andsbaing shot in defense of life or
property (Barnes 1994). The southwest Kodiak (S\&i)ly was designed to assess
annual use patterns of salmon spawning areas vy bed explore the possibility of
developing an objective method of determining papah trends (Barnes 1990). The
Aliulik Peninsula (ALK) research was primarily degtive in design, investigating the
population dynamics of bears living in a uniqueitalon the extreme south end of
Kodiak (Barnes and Smith 1997)his paper presents a meta-analysis of data cetlect
during and subsequent to those projects.

We used comparable capture, handling, and progessthniques in each of these
investigations. Bears were captured by chemigalipobilizing them with Etorphin
(M99°, Lemmon Co., Sellersville, Pennsylvania, USA)iletamine hydrochloride and
zolazepam hydrochloride (TelaZoFort Dodge Laboratories, Fort Dodge, lowa, USA).
The drugs were administered from darts fired franfer capture equipment by
biologists in small helicopters (Bell 206 or Hugh€®). Immobilization dosages were
typically 5 ml for subadults, 7 ml for females, at@ml for adult males (etorphin @ 1.0
mg/ml; Telazo? @200 mg/ml). Bears immobilized with etorphin weesersed with a
comparable dose of dipenorphine (2.0 mg/ml) (M58;5@mmon Co., Sellersville,
Pennsylvania, USA). No antagonist was used wilbZtd".

For each captured bear, we noted gender, reprodwstatus, and estimated age. We also
collected standard morphological measurementd (gotgth, heart girth, neck
circumference, and skull length and width), had &food samples, and an upper or

lower first premolar tooth. Matson’s Laboratoryi(lddwn, Montana, USA) and the
Alaska Department of Fish and Game (ADF&G) labanato Anchorage provided
cementum-aging analysis of the teeth (Matson ét9%13). Green punch tattoos were



applied to both sides of the upper lip and to tetfof the lower lip. Groin tattoos were
applied with an electric tattoo gun. Numbered fitasgs were affixed to each ear.

We deployed conventional VHF radio collar transemngt(Telonics Inc., Mesa, Arizona,
USA) on a sample of subadult and adult bears ih saaly area. The sample was
purposefully biased toward adult females becausg would provide the most
information on productivity and cub survival, anechuse of concerns about neck
injuries the collars could cause to subadults aattsn Most collars placed on subadults
and adult males included cotton spacers or sonex btieakaway device. All collars
included inverse mortality sensors (signal pulse stowed down when transmitter was
immobile more than 12 hours). Active transmitt®ese replaced at 2 to 3-year intervals
so that long-term information on individual beaosiidl be collected.

Collared bears were typically radio tracked frofixad-winged aircraft (Piper PA-18,
Aviat Husky, or Bellanca Scout) weekly by experietpilot/observer teams, but windy
or foggy weather commonly delayed these flightse Mtuced the flight schedule to
twice monthly during the winter months. Trackimiglit frequency was increased during
spring emergence to ascertain cub production andvaill During each flight, we
attempted to locate all active radio transmitterd secorded location (plotted on
1:63,360 U.S. Geological Survey [USGS] topographaps), habitat, activity, and
information about other bears associated with tlared individual. If necessary, an
additional day of aerial radio tracking was usetind missing transmitters. Whenever
possible, we investigated transmitter locationswve suspected a collar had been shed
or the bear died. Cause and time of death wemaa&istd whenever carcasses were
found. All location data were digitized to obtamocdinate information and all data were
transferred to Microsoft Exc®(Microsoft Corporation, Seattle, Washington, USA)
spreadsheets for storage and initial analysis.

During this study, home range analyses were ugeskieral purposes. The first was to
estimate the effective sizes and boundaries o tsteidy areas (TLH, ALK, ZSP, and
SWK) and the habitat components available to bedhsn each. Because relocations
were only collected during daylight hours and eaets when flying conditions were
favorable, we could not expect relocation datagabbiased samples of critical habitats.
Taken collectively for an individual, however, thesovided an objective estimate of
areas used during the time the bear was studiesecond use was to estimate the sizes
of home ranges and use distributions within eagtiysarea and to statistically compare
them. A third analysis we used was to investigia¢elevel of home range overlap within
and between each study area. Finally, we compheesize of bear home ranges on
Kodiak Island to those reported for other brownrlgulations.

We used 95% minimum convex polygons (MCPs) derfvexth relocation data from all
bears within each study to determine the boundafieach study area. We then
spatially analyzed each area with ArcView 9.1 Gé8wvgare (Environmental Systems
Research Institute, Redlands, California, USA) ased a recently developed vegetative
cover map for the Kodiak Archipelago (Fleming anqek&cer 2004) to determine the
amount of each major cover type within the beaoshé ranges. Fleming and Spencer’'s
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(2004) vegetative cover map included 64 distinetecdypes, which we consolidated into
8 categories that reflected bear habitat (rockatgne, tall shrub, low shrub, grassland,
heath, wetlands and freshwater) (Appendix I). iN&awaters were excluded from this
analysis.

Cover type and salmon availability data within eatidy area allowed us to compare
resource availability and use between study afasion availability data were derived
from ADF&G weir counts, aerial surveys, and fiektimates during the study period
(Kuriscak 2004 and ADF&G files, Kodiak, Alaska) hd@ number of days reliable feeding
opportunities were available to bed®od day¥ were estimated from field observations.
To surmount concerns about sampling bias due togiof relocations, and potential
variations due to the unique proclivities of indival bears, we collectively analyzed
bears by study area rather than by individual b&ultiple (MANOVA), univariate
Analyses of Variance (ANOVA), and Tukey honestlgrsficant difference (HSD) tests
provided the analytical tools for comparisons bemvareas and resources within areas,
and chi-squareests were used to compare resource availabiliyuse (Johnson and
Wichern 2002, Zar 1999) (SAS 9.1 for Windows, SAStitute Inc., Cary, North
Carolina, USA).

We calculated 100% MCPs to facilitate comparisoatteer bear populations. Only
bears with 30 relocation points were included in these analySehe MCP boundaries
and areas were calculated with the Hawth’s Analysisls extension (Version 3.2,
Edmonton, Alberta, Canada) to Arc View 9.1. Welwred the applicability of using a
minimum sample of 30 in a manner similar to thatatlided below for 95% fixed
kernels. While fixed kernel areas provided an aatsumeasure of the utilization
distribution (UD) of bears, the MCP provided a mooeplete representation of the total
area used. In combination, these metrics were tgsasicertain the distribution and
concentrations of resources used by Kodiak bears.

We determined that the most appropriate analytozdlfor calculating the areas regularly
used by bears (UDs) was the fixed kernel (95%, thiehsmoothing parameter selected
by least squares cross validation with a minimumdeiv width of 500m) (Worton

1989). Fixed kernel home ranges of bears wereailzdérd using BIOTAS software
(Ecological Software Solutions, [http://www.ecostabm/software/biotas/biotas.htm]
accessed 2004 September 01). We included wirnrat®ons, including denning
locations, in UD analyses because we judged tleatettiuced winter flight schedules and
coupled with occasional movements of den sites sunted any potential problems with
autocorrelation. Fixed kernel data were also amalyp determine the appropriate
minimum sample size for relocations (Seaman et%9). This analysis was limited to
data from bears that were relocated at least H@8stiassuming that home range at that
sample size represented the total home range. alelated the percentage of the total
home range that was obtained at each iteratio® oélbcations (e.g. 10, 20, 30, etc.) to
ascertain when or if an asymptote was achieved.

We explored an alternative method of deriving hoaregge and UDs by measuring the
distance between capture and death locations dfaddrears. We analyzed data from
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radiocollared bears that ha@0®relocations and were later found dead or shdiuoyers
at least a year after they were captured and markbd 100% MCP and 95% fixed
kernel areas of those bears were regressed afjarisiear distances between capture
and death locations.

Cubs that were captured along with their mothenewattooed, but not radiocollared.

We investigated dispersal after family break-upcblecting information on where cubs
were recovered as adults and determining distasfdb®se locations to the nearest edge
of their mother’s home range (MCP and UD)(t-testg)all cases, recapture occurred due
to hunter harvest. For this analysis we used bagrs that were marked as dependent
cubs (0-2 years), killed as adults (>5 years @dyl had mothers with sufficient numbers
of relocations to determine their MCP and UD sizes.

Individual bears occasionally made unexpected ®rtside their typical ranges. To
objectively evaluate these erratic movements, vedyaad relocations that were at least
as far away from the edge of a bear’'s UD as themmax distance across the UD. In
other words, if the maximum distance across a bé#lD was 10 km and the relocation
was 12 km outside of the UD, that relocation wdugdconsidered erratic.

Mean seasonal (biweekly) elevations used by beagadch study area provided another
estimate of habitat use because much of the Kddiakd resource characteristics and
availability were directly related to height abmsea level. Elevation data were derived
from USGS 1:63,360 topographic maps, and were geissenced with aircraft
altimeters in the field and digital elevation madel the laboratory.

We recorded the locations of all the dens we foamdl attempted to determine if they
were excavated or within natural cavities. Aspew slope of den sites were derived
using ArcView GIS 9.1 software and digital elevatend topographic models for the
Kodiak Archipelago. Detailed analyses of den emdesand emergence dates included
only those bears that ha@G&days between the last time the bear was obserueaf the
den and the first time it was determined to be dem, or vice versa. Den entrance and
emergence dates were calculated as the mid-pdineba “out” and “in” observation
dates and we used multiple regression analyses 85Afr Windows) to investigate the
factors influencing denning periods. Denning chieastics between areas and between
reproductive categories were compared with ANOVA &nkey HSD tests.

RESULTS
Capture, Collaring, and Data Collection

We captured 402 bears from 1982-1997. Of theskw#8e radiocollared (196 females,
65 males). The radiocollared bears yielded 15r8R&ations (femalex = 68.9; SE =

3.29; malex = 30.5, SE = 3.17), including 167 bears (142 fesand 25 males) with at
least 30 relocations (Table 1.1).
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Analysis of relocation data for female bears willd6 relocationsn(= 60) revealed that
UDs reached 100% levels (SE = 4.0%) and changézldimce 30 relocations were
obtained. Males were not included in the anallgesause only 1 radiocollared male had
over 100 relocations. MCP data for the same hbdidraot reach an asymptote, as home
range sizes continued to increase as the numbyelaziations increased. At 30
relocations, average 100% MCPs were 54% (SE = 3ai%e level obtained with 100
relocations, with a range of 5% to 100%. There m@sdlifference between study areas in
the proportion of the MCP home range representegbhrglocations (ANOVAF;, 56 =
1.99,P = 0.125) or the number of relocations obtainedfears that had39 relocations
(n=89.4; SE = 3.11; ANOVAF 3139 = 1.92;P = 0.129). These results indicated that
we could compare MCP ranges between study areas,tbough we knew they were not
exact measures of total MCPs.

Home Range and Utilization Distribution

The mean 100% MCP size for female be5¢$(128.6 kmi; n = 143; SE = 12.4) was

smaller (t = 3.82P < 0.001) than that of male (= 251.5 km, n = 24, SE = 26.7)
(Table 1.2). There was no difference in the sizmale MCPs between study areas
(ANOVA, F3 20=0.65,P = 0.592); however, mean size of female MCPs variesdtudy
area (ANOVA,F3 130= 7.51,P < 0.001). The variation between areas was duar¢et
home ranges in SWK than in TLI? € 0.01) and ALK P < 0.01) (Tukey HSD).

The mean 95% fixed kernel UD for female be&s(SO.l knf, n = 143; SE = 1.9) was

smaller (t = 8.35P < 0.001) than that of malex (= 128.1 km, n = 24, SE = 20.2). The
size of 95% fixed kernels of males was similar agistudy areas (ANOVAE 3, 20=
0.011,P =0.956). In contrast, mean size of female UD esngjffered by study area
(ANOVA, F3 140=5.18,P < 0.002). Further analysis revealed that the soaf¢hat
variation was that UDs in ALK were significantlyr¢ger than those in TLH(< 0.01)
and ZSPR < 0.01) (Tukey HSD).

We found that 15.5%n(= 22) of female bears with38 relocations had at least 1 erratic
movement. The proportion of bears with erratic sroents, by study area, was 24.3%
(ZSP), 21.2% (SWK), 9.9% (TLH) and 7.4% (ALK). @ 56 erratic movements we
recorded, most occurred in September (42.9%) amgligt(19.6%). Only 4 were
observed from November through May (7.1%). Erratavements were recorded every
year and there was no apparent relationship betvoaehavailability and erratic
movements. We recorded erratic movements by lemales as well as females with
cubs of all ages (lone females - 44.1% of the iesatemales with new cubs — 26.5%,
with yearlings — 17.6%, with 2-year olds - 11.8%).

In all study areas there was considerable oveffidggoih MCP (Figure 1.2) and the 95%
fixed kernel UDs (Figure 1.3) of individual beavge observed no overt signs of
territoriality or intraspecific spatial exclusiondat precluded individual adult bears access
to resources, although temporal displacement wasram in some places. There was no
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overlap of MCPs for female bears in the TLH stutBeawith females from any other
study area. Females in the ALK study area wereiatdated from females in all other
study areas. One female from the SWK area hadadl portion of her MCP overlap

with bears in the ZSP area. Three females fronzgf had small portions of their MCP
overlap with bears in the SWK area. There wasveslap of the UDs of females from
different study areas.

We recorded distances between capture and deatiolos for 170 marked bears during

this study k = 9.39 km, SE = 0.78; TLHRr = 73, ZSPn = 23, SWK-n =44, ALK-n =
30). Distances between capture and death sitasodidary between study areas
(ANOVA, F3 166=0.84,P = 0.48). Analysis of bears witl88 relocationsr(= 77)
revealed no correlation between the capture-daathntes and 95% fixed kernel UDs
for individual bearsré = 0.005, ANOVA F; 75= 0.352,P = 0.55). There was, however,
a positive relationship between capture-death mists.and MCP home range$ £
0.203,y = 9.4 + 75.48; ANOVA,F;, 75=19.06,P < 0.0001). This suggests that
capture-death distances can be used to estimateveetlispersal and home range
information, but they do not provide accurate eates of the size of UDs.

Habitat Availability and Use

Study area sizes, as defined as the composite 96® bme range of all bears captured
in each area, were 1,974.3 ki SWK, 1,269.2 krhin ZSP, 882.7 kfin TLH, and

414.3 knf for ALK. TLH, ZSP, and SWK had similar vegetatizemposition, with tall
shrub habitats making up the majority of the adds7%, 45.6%, and 43.3%,
respectively). TLH and ZSP had greater areaspah@ltundra and barren rock/ice than
did SWK (39.8%, 38.1%, and 26.6%), and SWK hadeaigr percentage of freshwater
and wetland habitat (9.4% versus 3.9% for TLH ardd@for ZSP). The primary habitat
in ALK was heath and grassland (54.7%). Even thdbgre was considerably less area
within ALK, it still had 45.0% more heath habitatin did the other 3 study areas
combined (113.1 kfwversus 78.0 k). Tall shrub habitat made up only 25.6% of ALK,
and alpine tundra and barren rock/ice made up D886 of the area (Figure 1.4).
Vegetative composition within composite UDs forteatudy area was not significantly
different from the composition within composite 98#¢Ps (TLH —x*= 3.54, P = 0.831;
ZSP —x*=13.96, P = 0.052; SWK» = 12.34, P = 0.090; ALK ¥*= 4.78, P = 0.687).

Salmon resources within each study area varieganiss availability, run timing, and
biomass (Table 1.3). TLH averaged 429.4 kd/amually with a peak period of the run
of 82 days, ZSP averaged 327.7 kofkmith a peak period of 52 days, SWK averaged
2,963.1 kg/kri with a peak period of 112 days, and ALK averagd®d.5 kg/km with a
peak period of 22 days.

Comparisons of resource categories (MANOVA), inalgdhe 8 vegetative types and
salmon availability for each study area, revealff@mrnces in the ways bears used those
resources both in amount used (P<0.0001, n = 14183 = 383.2) and proportions
used (P<0.0001, n =143, Wilkils= 60.21). Two eigenvalues accounted for 95% of the
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variability, and canonical analysis suggested thast of the variation was due to
differences in use of Grassland, Heath, Salmon TatidShrub resources. An ANOVA
indicated differences (P<0.0001) in resource uskimveach of the areas. Further
analysis with Tukey HSD clarified the relationshipgggesting that resources used by
bears in TLH and ZSP were similar in all but 1 gatg, while there were significant
differences (P<0.05) in the use of at least 6 categ between all other study areas
(Table 1.4).

Cub Dispersal

We recovered information from 12 bears that wepgwrad as dependent cubs, later
recovered as adults, and also had mothers’ who radietracked long enough to obtain

MCP and UD data. Male bears € 17.37 kmn=5, SE =9.00, range = 2.98 — 52.46)
were recovered farther from their mothers’ MCP hoarmgest(= 2.24,P = 0.02) than

females Q_< =0.62 kmn=7, SE = 0.46, range = 0.00 — 3.17). Five afdmdles (71.4%),

and no males were recovered within maternal MCBeasn Similarly, male bear§<(:
16.47 kmn =5, SE =9.17, range = 1.30 — 52.26) were re@/significantly { = 1.91,

P = 0.04) farther from their maternal 95% fixed ka&lrblDs than femalesx(= 1.80 kmn
=7, SE =0.86, range = 0.00 — 12.59). Threefefnales (42.9%), and no males were
recovered within maternal 95% fixed kernel UDs.

Seasonal Movements

An evaluation of seasonal (biweekly) mean elevati@mvealed that elevations used by
bears varied by study area (ANOVPRg o, = 31.59,P < 0.0001), by reproductive status
(females with new cubs versus all other bears®.39, df = 190P = 0.018), and by
season (ANOVAF37,= 2.57,P =0.001). Bears in the northern study areas (TL&i an
ZSP) used significantly higher elevations throughbe year than did bears in the
southern areas (SWK and ALK) (Tukey HSD< 0.01). Bears in SWK used higher
elevations than those in ALK (Tukey HSP < 0.01). Overall, females with new cubs
used higher elevations throughout the year thaothér bearstE 20.17, df = 15,538

< 0.0001). The differences between study areasthetdor both females with new cubs
(northern areas higher than southern areas — THE&), P < 0.01), and for all other
bears (northern areas higher than southern anedS§WK higher than ALK) (Tukey
HSD,P < 0.01) (Figures 1.5 and 1.6).

Differences in seasonal elevation use in each siuely appeared to be a consequence of
both topographic relief and resource availabilityhe different areas. In TLH, the area

with highest terrain, mean denning elevation wghéi than any other area € 670.7
m, n =253, SE = 17.0; ANOVAF3 723=81.6,P < 0.0001; Tukey HSDOR < 0.01). The
TLH area was the only area in which we had sampéssufficiently large to compare
mean elevations of male € 27) and femalen(= 226) den sites, and we found no
differences between therh<0.87,P = 0.38). Use of dens in the high country from
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January through March was responsible for high neéewations during those months.
Den emergence for most TLH bears occurred throughptil and into May, and most
bears moved to lower elevations to seek carriastsy@nd newly emergent vegetation.
The emergence of developing vegetation progresgecigher elevation through June
and into early July providing the primary food smifor bears at that time. In early July
alpine sedges provided feeding opportunities fonesbears in TLH, along with
salmonberries in mid-slope areas. From late Jutiythrough mid-August, spawning
salmon, especially in the Terror and Kizhuyak dages drew most of the bears into low
elevation areas (Table 1.3). By late August, éddates and blueberries in mid-slope
areas provided additional nutrients. Autumn fegaipportunities included late run pink
and silver salmon, cranberries, devil’s club betrowberries, bearberries, cow parsnip
seeds, and carcasses of deer shot by hunters. Movémo denning areas began in mid-
October and continued through December.

Seasonal mean elevation patterns by bears in Z&aseparable to those noted in
TLH. The terrain in this area was lower than Tladd the mean elevation of den sites

was significantly lower than TLH, but higher thdre tother 2 study areag € 590.2 mn
=111, SE = 14.5; ANOVAE; 723= 81.6,P < 0.0001; Tukey HSCR < 0.01). Several
ZSP individuals traversed into the central highi&ofithe island to den in mountainous
terrain. The most obvious seasonal difference éetwi LH and ZSP was the extent of
use of alpine feeding areas in July. The ZSP Heaaanore extensive alpine feeding
opportunities and made more use of them than drer group of bears we investigated.
Spawning salmon were more plentiful in the ZacBgiridon, Uyak, and South Arm
Uganik drainages than those in TLH. Berry resasikgere similar to TLH, with lower
levels of blueberries but more cranberries and besvies.

Bears in SWK occupied an area characterized btivelg low ridges separated by broad
flat valleys. Mean den elevations in this areaentewer than TLH and ZSP, but higher

than ALK (x =457.7 mn =136, SE = 16.9; ANOVAF3 723=81.6,P < 0.0001; Tukey
HSD,P < 0.01). The lower terrain resulted in lower viagjge diversity than the

northern study areas. SWK had few alpine feedpmpdunities and few blueberries.
Primary food sources were abundant and long-las@hgon runs and extensive
elderberry and salmonberry crops. Salmon were camimall of the major drainages in
SWK, beginning in late May and persisting throughvBimber. The impact of these
resources on SWK bear distribution is evident asdtbears moved into lower elevations
earlier and remained in them longer than did TLd 28P bears (Barnes 1990).

The terrain in ALK is essentially a broad, flat dna shelf on the south end with
relatively low ridges comparable to SWK on the hahd. Mean den elevations of bears

in ALK were significantly lower than any other studrea on Kodiak Islandx(= 290.7
m,n=111, SE = 17.6; ANOVAF; 723=81.6,P < 0.001; Tukey HSDP < 0.01). The
area provided adequate food for bears but hadthest diversity of resources.
Windrowed marine vegetation such as kelp and blad@dek, and associated
decomposer fauna on beaches provided consistertigimdjuality nutritive opportunities
throughout the year, and carrion from dead mariaexmals and deer was sporadically
available. Sedges were palatable in spring arg sammer and crowberries,
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bearberries, and cranberries became availableghout the peninsula in autumn.
Spawning pink salmon were only readily availableddew weeks in late summer on 2
streams, one of which was not dependable from dtgethe next.

Females with new cubs remained in higher elevatiloas all other females throughout
the yeari(= 2.39,P = 0.02). This held true for all study areas, a@a3 most evident

from April through June. Den site elevations ah#des with new cubs were not different
from those of other bears=£ 1.02,P = 0.31), but the new families stayed in higher
elevations in spite of the paucity of food resoaricethose areas. They traveled to lower
elevations when salmon became abundant and follpattidrns similar to other bears
during late summer and autumn.

Denning

Den use and chronology varied by study area. Kéwsales used a single den (95.2%)
each year, but some switched during winter, usi({® &%) or 3 separate dens (0.4%).
Four instances of females not entering dens allewiwere recorded (0.7%). Most males
also used a single den each winter (76.8%); howavés3 instances radiocollared males
did not enter dens during the entire year. Thexeewo cases of males using multiple
dens in a single season. Bears in ALK had the mmostalous denning activities with
only 76.0% of the females and 25.0% of the mal@sgusingle dens (Table 1.5). Mean
den entrance dates in the northern areas (TLH &R) Were similar, as were those in the
southern areas (ALK and SWK); however, the beateemorthern areas entered dens
later than their counterparts in the south (ANOWA 340= 35.5,P < 0.001; Tukey HSD,

P <0.01) (Table 1.6). Lone (potentially pregndethales generally entered dens earlier
than females with cubs, however, this difference sy significant in the ALK ared (
=4.11,P<0.001), and approached significance in TitH (.51,P = 0.07), and SWKt(=
1.65,P = 0.05).

Most den sites faced northerly directions (67.0%;#27), with all study areas having at
least 60% of the dens with northerly aspects (lEduv). Slopes of den sites ranged

from flat ground (6) to steep (7% (x = 56.7°, SE = 0.59n = 727) (Table 1.7). Slopes

used differed between study areas, with dens in Akkg on flatter groundx(= 40.7,

SE =2.31n = 111) than dens in other areas (ANO\FA, 723= 63.3,P < 0.001; Tukey
HSD,P < 0.01). Although we were not able to visit edelm site, it appeared from aerial
observations that most were excavated annuallyneStatural rock cavities were used,
but those were not commonly available on many pdrtse island.

Den emergence patterns for lone females and feméileyearling and older cubs
mirrored entrance patterns, with ALK bears emergadier than all other bears, and
SWK bears emerging earlier than those in TLH anB ZANOVA, F3 339= 52.6,P <
0.001; Tukey HSDP < 0.01) (Table 1.8). Males in the northern stadsas spent less
time in dens than did females, but sample sizes wet sufficient to detect similar
patterns in the southern areas. As a consequéticese denning patterns, bears in the
northern study areas spent more time in dens tithibedrs in the southern study areas,
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with the most notable difference between femaleélaut new cubs in TLH (180
days/year) versus those in ALK (100 days/year) [@akB). Multiple regression analysis
of factors that might influence denning periodsy&ifood was available, salmon
biomass, salmon availability, den slope, den elemabear age) of females without new
cubs revealed that the best model for predictimmitg periodsR = 0.49;P<0.0001)
was: den days = 134.94 + 0.02(den elevation) — 0.20(fdags)

Interestingly, females with new cubs had virtuadlgntical mean emergence times in all
study areas, and in all areas they emerged |laerdh other females (TLH:= 5.92,P
<0.001; ZSPt = 8.68,P < 0.001; SWK1t =6.37,P < 0.001; ALK:t = 3.79,P < 0.001).
There was also less difference in denning perietiwéden study areas than was noted for
other females (Table 1.8). Multiple regressionlysia of the factors potentially
impacting the denning periods of females with nelvscyielded a lower correlation
coefficient @ = 0.27;P = 0.001) than was noted for other females. Themeslel for

this group of bears waslen days = 181.81 + 0.02(den elevation) — 0.38(fdaygs) —
0.12(den slope).

DISCUSSION

Methods of accurately determining home ranges ftatlife individuals and populations
have been a perennial subject of debate. The Inasst method is calculation of the area
within a MCP that connects the outermost relocagpioimts (Mohr 1947, Hayne 1949).
Researchers have measured and reported it foreawairikty of species and habitats, yet
disagreement remains on the minimum number of poiatessary to provide an accurate
estimate, and the inherent bias of comparing h@nges derived from varying sample
sizes (Kernohan et al. 2001). A plethora of aléue home range analysis methods have
evolved since we began our Kodiak bear studieesdIinclude fixed kernel, adaptive
kernel, harmonic mean, cluster analysis, grid @alint, Dunn estimator, and Fourier
series smoothing (White and Garrott 1990, Millsgaagd Marzluff 2001). Some

authors have suggested that use of conventional ndHiB telemetry, especially aerial
telemetry, can rarely, if ever, yield adequate darsjzes or distributions to provide
meaningful data (Arthur and Schwartz 1999). Ledtal. (2001) conversely note that
when radiotelemetry resources are limited, momtpa higher number of radiocollared
animals while collecting fewer locations per animppears to be more accurate than
more intensive monitoring of fewer animals. Commgate with these discussions is
concern about autocorrelation between successpatitms adversely impacting analyses
(Aebischer et al. 1993, Otis and White 1999), amuseration of how the study animal
perceives its world when it is establishing anthlivwithin its home range (Gautestad et
al. 1998).

Our analysis of MCP home ranges provided a gooeseptation of the total areas in
which bears traveled. It was, nevertheless, anmmiete picture because most MCPs
increased in area the longer we tracked the bddrs.rate of expansion was consistent
between study areas, so we were able to make \@abiparisons among areas;
nevertheless, it was virtually impossible to olbjezdyy compare the MCPs of Kodiak
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bears to those obtained from other areas. There sumply too many variables in the
data collection methods and study durations tonalaletailed analysis. McLoughlin et
al. (2000) list annual female home ranges for orbear populations, including 2

from our studies. They found that only 1 bear papah (Admiralty Island, Alaska) had
smaller home ranges than Kodiak. It is importamdte, however, that the MCPs they
reported for TLH (28 kif) and SWK (71 krf) were considerably smaller than were those
we calculated in this investigation (70 kand 219 krf respectively). When we
compared the mean MCP for all Kodiak bears that¥®fdrelocations (128.2 Kinwith

the McLoughlin et al. (2000) synopsis, it was sithaller than all but 5 of the MCPs
reported from other areas.

McLoughlin et al. (2000) suggest that high habgtaality will result in small MCP home
ranges and much home range overlap. This is densiwith our findings for Kodiak, as
home ranges were relatively small and there wasiderable overlap within all study
areas. Even with the high degree of overlap, wendt detect any overt signs of spatial
territoriality by bears. The only places whereaaspecific strife was consistently
observed was along portions of salmon spawningustsevhere fish were concentrated
and easily caught (e.qg. falls, riffles, and otHaallow areas).

The lack of overlap of MCPs and UDs between studg@was an artifact of how the
study areas were dispersed rather than a functidisiinct subpopulations of bears. Had
we captured bears in locations between the stugBsawe suspect we would have seen a
continuum of overlapping home ranges rather thatindit study areas. This hypothesis

is supported by genetic analyses of bears froneriiee archipelago (Talbot et al. 2006).
That study found that despite evidence of subsirugd of maternal lineages on Kodiak
Island, genetic evidence from nuclear microsageldti indicates that bears on Kodiak
comprise a single interbreeding population. THeg aoted that levels of genetic
diversity at loci adequate for use in genetic taggn other populations of brown bears in
Alaska are insufficiently variable for similar useKodiak populations.

Perhaps a more accurate reflection of bear haipii@ity on Kodiak was bear density.
Estimates derived by Barnes and Smith (1998) sudigasbear densities (independent
bears/1,000 kA) in the study areas were: TLH — 199.8; ZSP — 23\#K — 212.0; and,

ALK — 218.6. Even though densities were comparabbdl areas x= 214.36
independent bears/1000 Kinthere were considerable variations in averagd®Mad

UD sizes between study areas. This implies thapite of obvious differences in
resource availability, the bears were flexible abte to successfully adapt to their local
environments.

To further investigate bear distribution on thaiml, we analyzed resource availability
and the MCP and UD sizes within the study areatlekbrand et al. (1999) found that
the proportion of meat in the diet of brown beaeswignificantly correlated with mean
adult female body mass, mean litter size, and rpeanlation density. Although bears
throughout Kodiak had access to deer, and in soessdo mountain goats and reindeer,
those mammals were only minor components to theatidiet of most bears;
consequently salmon were the primary meat sour@ésiv and Halupka (1995) noted
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that salmon were a keystone species in many cdastastrial ecosystems along the
Pacific Rim and they also provide an influx of nm&rnutrients in these ecosystems
(Hilderbrand and Robbins 1999).

Females in SWK had the largest MCPs of any femadéedon Kodiak. This was in spite
of the fact that bears in SWK had access to amagtd 13,976 kg/bear/year of salmon
(versus an average of 3,893 kg/bear/year in ther aiteas) and the peak run of salmon
lasted longer than any other area (102 days in $fKus an average of 52 days for the
other areas). Hilderbrand et al. (2004) estim#tatibears on the Kenai Peninsula,
Alaska, an area immediately north of the KodiakhApelago that is occupied by bears
only slightly smaller than those on Kodiak, needdiD3 kg/bear/year to sustain
themselves. Within our study areas, the amousalhon available annually ranged
from 1,482 kg/bear/year in ZSP to 13,976 kg/bear/'ye SWK, suggesting that bears on
all Kodiak study areas had access to more thangtnsaimon to satisfy their needs.

The UDs in SWK were only slightly larger than thaséhe northern areas. This reflects
that while bears in SWK had to range relativelyttaacquire resources, they focused on
specific areas once they got there. We noted rhaays in that area going to salmon
spawning areas as soon as fish arrived and mowinther streams when fish numbers
waned or intraspecific competition became too is¢efBarnes 1990). This pattern may
have also been influenced by a preference for fsahon whenever possible because
they have more lipids and proteins when they esgawning streams than after they
spawn (Gende et al. 2004).

Bears in SWK reduced their use of salmon streanenveliderberries ripened. Even
though salmon were still readily available, mosarisesupplemented their diets with
berries. Local Alutiig Native elders speculatedttthe reason bears consumed
substantial amounts of elderberries was to purgmselves of tapeworms
(Diphyllobothriumursi) they acquired from eating salmon. Another reasay be that
elderberries were the most abundant berries iarb& and they grew in concentrated
shrub fields with large clumps of fruit on each lbuerries have a lower nutritive value
than salmon and require more effort to consumelchVet al. (1997) reported that bears
depend on plants that permit large bite sizesgin bite rates through berry clustering
and bush configuration that reduce leaf-to-fruito® Rode and Robbins (2000) found
that a mixed diet of salmon and fruit enhanced Weggin more than a diet limited to
either only salmon (too much protein) or only friido much carbohydrate).

Female bears in ALK had the largest UDs on Kodsadnificantly larger than the
northern areas). Even though those bears hadvetyasmall MCPs, there were few
concentrated food sources on the peninsula, sbethies had to traverse much of the area
to satisfy their needs. Salmon were only availée relatively short period in limited
areas, and berries and sedges were seasonallifiglbat widely dispersed throughout
the study area. The most reliable food sourcewvadrowed marine detritus that
collected on beaches that surrounded the penin3iia.detritus contained an expansive
variety of marine flora including bull kelp, bladeeack, and sea lettuc®iva spp.). As

it decomposed on the beach it also attracted aarniety of invertebrate faunal
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decomposers such as beach hoppesskorchestia traskiarjaand insect larvae.
Myrmecophagy is seasonally important for some brbear populations in North
America and Scandinavia (Mattson 2001, Swensoh &089), but there are no ants on
the Kodiak Archipelago. The beach hoppers maynbecalogical equivalent to ants as a
food resource for bears on Kodiak. Even when vaned marine detritus was not
evident on beaches, some bears were observed gliggnsand and rocks apparently in
pursuit of amphipods.

Although seasonally abundant after vernal and anéistorms, windrowed detritus was
present in ALK throughout the year. Beach foragifsp provided bears with emergent
coastal vegetation in spring and early summer acdsonal bounties such as dead gray
(Eschrichtius robustyshumpbackegaptera novaeangliagdr fin (Balaenoptera
physalu¥ whales that washed ashore, and deer that succuduogg winter.

The northern study areas had the smallest UDs beazthe rich variety of resources
found in relatively small tracts in those locatior®oth areas had a mix of coastal and
inland habitats and topographic relief that prodidesources from early spring to late
autumn, allowing bears the option of elevationaleroents rather than going long
distances.

Another way to investigate seasonal resource useoywa&xamining the biweekly mean
elevations used by bears. These data reflectesetmonal availability of emergent
vegetation as it progressed from sea level to lfhieain spring and early summer, and
salmon at low elevations, and berries in low and-slope habitats. As expected, bears
with access to more topographic diversity (TLH &8FP) used a wider elevational range
than those that lived in areas with more modeeatain. Similarly, analysis of the cover
types within the various study areas showed sicpnifi differences in resources chosen
by bears. Although we did not have detailed, usdailadata on resource use by individual
bears, the suite of analyses we used, coupledthetharge, long-term, and widely
distributed sample of individuals, provided a rdiplatform for investigating resource
use by bears on different parts of the island dutimes of varying resource availability.
If we had relied on a smaller sample of bears withre relocations during a shorter time,
such an analysis would not have been feasible.

Further evidence of fidelity to home areas was sesliee to the well-documented
tendency for female brown bears to stay in or megternal home ranges. During our
studies, most female cubs used home ranges (M@Ppverlapped those of their
mothers. Although all male cubs dispersed fromemmati home ranges, the farthest any
dispersed was only 52 km.

Erratic movements by bears occurred in all of thelysareas throughout the study
period, however, in every case (except those wieansbwere killed during their erratic
ventures) the bears eventually returned to theialugreas. These unexplained short-
term forays away from normal home ranges reitertitedears’ physical ability to use
much larger areas.
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Denning behavior also reflected the ability of Kaldbears to adapt to their local
environs. They usually sought sites that wouldaienary throughout winter, because of
the slope, aspect, substrate, elevation, or a eatibn of those factors. Even though
sufficient den sites existed in what we would catexg as “ideal denning habitat”, most
bears denned near their foraging areas and shogeshtideal of fidelity to den sites,
continuing the pattern noted by Van Daele et &9Q).

In TLH and ZSP, most dens were in steep alpinetaisbi Natural cavities were used
when available, but most dens were dug in suitsidbstrate. Denning usually
commenced at the same time as sub-freezing terapesan the high country, and den
integrity was bolstered by frozen ground and deemsthat persisted through winter.
Some bears in the ZSP area broke the pattern oirtgnear foraging areas by
peregrinating to the rocky central spine of thansl each year to den.

In SWK, most bears dug their dens in mid-slopelshields. These lower elevation dens
did not have consistent snow cover or frozen graundh of the winter, but their
integrity was maintained by the root systems ofgiweibs above. Some SWK bears
moved to higher ground to den in habitats simiathbse in the northern areas, but they
were the exception.

While some of the bears in ALK moved to the nontheart of their peninsula to den in
the highest terrain available in their district,shopted to dig dens in hummocks in the
tundra. Tundra dens were the antithesis to whaldvwoormally be considered ideal
denning habitat on Kodiak. The terrain was re&divlat, open, and rarely covered with
snow. Heath and low shrub root systems providetesategrity to the dens, but they
often flooded and sometimes collapsed. Coincidatht the poor quality dens was a
propensity to change dens during winter, and, geshearlier emergence. Twenty
percent of the females in ALK used more than 1dismng winter as opposed to only
1.5% for females that denned in other areas ondkodi

Denning chronology was as diverse as the den amafiigns and resource availabilities
between the study areas. In the northern areasrewbsources dwindled as winter
commenced and diverse topography allowed dennitigrepin higher elevations, adult
females entered dens in early November, with nfalesving a couple weeks later. In
SWK, females had access to salmon for a longeogp@md entered their dens in late
November. We did not have a sufficient sample gzdetermine when collared males in
SWK or ALK entered their dens, but incidental ola#ions indicated that most also
inaugurated denning a couple weeks after the feandlene (possibly pregnant) female
bears in ALK entered dens about the same timeeaethales in SWK, but females with
cubs waited until mid-December. A reverse pattdraracterized den emergence, with
females without neonates in ALK coming out of denkate March, SWK females in late
April, and females in the northern areas emergingairly May. The result was a
difference of nearly 2.5 months in the average denperiods of female bears without
neonates on opposite ends of the island.
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In contrast to the denning patterns noted abovaidg chronology was similar among
study areas for females with neonates. In all aigags with new cubs emerged in late
May, notably later than other bears, after spendivey 6 months in their dens. Most of
these new families did not follow the post-emergemovement patterns shared by other
bears, foregoing feeding opportunities at lowevai®ns until early summer. Infanticide
by adult males has been well documented in brovan pepulations (Swenson et al.
1997, Miller et al. 2003, McClellan 2005), and vehihe reasons for that behavior have
been debated, spatial and temporal segregatiorebatmales and maternal females
occurs throughout the range of the brown bear (Bawid et al. 2004, Dahle and
Swenson 2004, Wielgus and Bunnell 1995). It apgb#rat even after the physiological
strain of fasting for more than half the year, pation, and suckling new cubs for most
of that time (Hilderbrand et al. 2000), there wiil$ & selective advantage on Kodiak
Island for most females with neonates to selecitatsbseparate from other bears, even if
that meant delaying replenishment of their bod#yerves.

Male bears throughout Kodiak denned for shorteiogerthan their female counterparts
and in spite of larger home ranges, used densitaar to the females in their areas.
Overall, 23% of the males we followed during thisdy did not enter dens during a
winter (as opposed to less than 1% of the femal€kg highest proportion of non-
denning males was in ALK (75%). Even though oungle size of radiocollared males
was not large, incidental sightings concurred whibse observations.

Denning chronology appeared to be driven by foadlaility. Ambient temperatures
were comparable throughout Kodiak, but for bears@mhern Kodiak food was
available later in the spring and dwindled eaiilethe fall as compared to the southern
parts of the island. Marine detritus was availdblbears in ALK virtually year-round.
Multiple regression analysis confirmed that fooaitability was the most important
variable driving the number of days bears wereeinsd This pattern was complicated
somewhat by the reproductive category of the b&arnoted earlier, females with
neonates had comparable denning periods regaafi@gsat part of the island they
occupied, suggesting that the demands of partoréral protecting new cubs superseded
conventional denning patterns. Males typicallyrdehfor shorter periods than did
females in all areas, including many males thathdidden during a winter. This may
have been attributable to their larger home raimpssaind larger body sizes that gave
them an advantage over females in finding and ctingpér adequate food for as
resources dwindled in most areas with the approéelinter.

Differential uses of feeding and denning habitat®éars in the various study areas on
Kodiak were a testament to the adaptability ofgpecies. Whenever possible, bears
were able to use a plethora of resources to sdtisfy needs without moving long
distances. If bears can satisfy their needs witbatensive forays, efficient use of the
local resources can improve the fitness of the [ajom. Long-lived species such as
bears invest a great deal in a small number opoffg. Maternal females teach their
cubs when and where to find the most nutritiousifg@nd where to rest and den. The
cubs also learn to recognize the social statushardears in the vicinity, thereby
reducing intraspecific encounters both when theydth their mothers and after family
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break-up. Consequently, there is a strong incertivemain close to home if resources
are adequate. Male movement out of the matermaklrange may be a function of a
natural tendency to wander, maternal intolerandelt anale intolerance, or most likely a
combination of factors. We could not ascertaingkact reasons, but it was common to
see subadults actively chased by other bears dtivengpring and early summer.
Because of the sedentary nature of female beatsdrak, the limited dispersal of young
males and the larger home ranges of adult malesdail some of the few possibilities
for genetic mixing.

Even though there were no physical barriers préwgmhovement between resources,
generations of behavioral specialization withindloareas have created a population that
is a radiating continuum in which bears that lidgaaent to each other are similar in their
resource use and activity patterns, but thosediinndifferent habitats on the island are
considerably different due to behavioral specisiirafor their areas. This radiating
continuum may lead to local carrying capacitiedodal resources dwindle, most bears
would probably not pioneer new locales, but wou#y sn familiar habitats. In situations
such as Kodiak, where virtually all habitats areduby high densities of bears,
opportunities to be successful in new areas ariéelihibecause transient bears would
have to compete with resident bears that have superowledge of the local situation.

MANAGEMENT IMPLICATIONS

The population distribution patterns and the mitoadrial DNA analysis confirmed our
hypothesis that Kodiak Island bears are a singpifadion; however, resource use
patterns lead to a rejection of the hypothesisdhdtears used the same type of
“optimal” habitat. The ecological flexibility of thpopulation as a whole has allowed it to
expand to all available habitats on the islandiethye expanding the carrying capacity
over that which would be expected if they conforrteed uniform habitat use pattern.
This diversification ultimately insulates the pogiibn from collapse. The radiating
continuum appears to be similar in some ways torte@population concept proposed
by Levins (1970) and expanded on by Harrison (1@@t) Hansson (1991), in that it
includes a series of “subpopulations” that usesddiht resources and may be subjected to
localized extinctions and recolonizations shoukté¢hbe catastrophic alterations of
resource availability. Unlike the concepts presdrity those authors, Kodiak bears were
not distinct subpopulations, they were not gen#yichverse, and they were not
dispersed over large distances.

The results of this study highlight the dangersmaking management decisions based on
limited knowledge of a brown bear population. Tadiating continuum distribution and
differential resource use can be expected to r@sulirying population responses to
environmental changes. Many of the conclusiomseée from data on one part of the
island are not directly applicable to bears in ptreas, even though the bears are part of
the same population. Similarly, any estimatiothaf impacts of an environmental event,
such as normal interannual variation or long-telimate change, must consider all
components of the bear population because what@deneficial for bears in one area
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could be neutral or detrimental in other areasis $hme caution holds true for all bear
populations — the species is too diverse to leselfito simple or straightforward
answers.
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Figure 1.1. Kodiak Archipelago, Alaska, includiting 4 brown bear study areas. (TLH —
Terror Lake, ZSP — Zachar/Spiridon, SWK — southwextiak, and ALK — Aliulik
Peninsula) and vegetative cover types, 1982 — 2004.
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Figure 1.2. Minimum convex polygon (100%) homegesfor all female bears witt88
relocations, Kodiak Island, Alaska, 1982 — 2004.
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Figure 1.3. Fixed kernel (95%) utilization distriton areas for all female bears witB0>
relocations, Kodiak Island, Alaska, 1982 — 2004.
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Figure 1.4. Vegetative cover types (percentagetaf area excluding marine habitat) within eacldgtarea (TLH — Terror
Lake, ZSP — Zachar/Spiridon, SWK — southwest Kodiekd ALK — Aliulik Peninsula), Kodiak Island, Alks, 1982-2004.
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Table 1.1. Summary of information collected froeals captured on Kodiak Island, Alaska from 19@264.

Study Area Gender Captured Radiocollared Tota] Bears WIFhZ30 Bears with % known fate
relocations relocations known fate
Terror Lake Male 56 38 1,159 15 38 67.9%
Female 95 60 4,449 45 40 42.1%
Total 151 98 5,608 60 78 51.7%
Zachar / Spiridon Male 11 11 381 5 7 63.6%
Female 44 44 3,607 37 15 34.1%
Total 55 55 3,988 42 22 40.0%
Southwest Kodiak Male 28 8 153 2 15 53.6%
Female 92 57 2,992 33 39 42.4%
Total 120 65 3,145 35 54 45.0%
Aliulik Peninsula Male 30 8 210 3 18 60.0%
Female 46 35 2,588 27 12 26.1%
Total 76 43 2,798 30 20 26.3%
TOTAL Male 125 65 1,903 25 78 62.4%
Female 277 196 13,636 142 106 38.3%
Total 402 261 15,539 167 174 43.3%
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Table 1.2. Home range and utilization distributi@hculations by study area for radiocollared fentaars with 30
relocations, Kodiak Island, Alaska, 1982 — 2004.

Standard Standard

Study Home n Mean Median deviation error Range
area range - (km?) (km?) (k) (k) (km?)
Terror Lake 100%MCP 45 70.0 45.5 55.6 8.3 11.7-217.2
95% FK 45 45.1 40.6 16.6 2.5 98.5-2,029.4
Zachar / Spiridon100%MCP 37 135.5 75.8 156.8 25.8 7.5-817.7
95% FK 37 43.8 41.1 19.3 3.2 119.1-9,61
Southwest KodiakLl00%MCP 33 218.6 155.1 221.4 38.5 5.7-1,063.3
95% FK 33 54.3 48.3 28.3 4.9 20.5 -.a65
Aliulik Peninsula 100%MCP 28 107.3 102.6 61.1 11.5 17.4 -270.3
95% FK 28 61.7 56.6 22.3 4.2 115.5-1.22
TOTAL 100%MCP 143 128.6 76.6 148.4 12.4 5.7-1,063.3
95% FK 143 50.1 46.5 22.4 1.9 16.3 — 165.0

a—100% MCP = 100% minimum convex polygon homgean
b — 95% FK = 95% fixed kernel utilization distribar
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Figure 1.5. Biweekly mean elevations of radiogeithfemale bears that were with new cubs by stuely @LH — Terror
Lake, ZSP —Zachar/Spiridon, SWK — Southwest KodfdlK — Aliulik Peninsula), Kodiak Island, Alaska982 — 2004.
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Figure 1.6. Biweekly mean elevations of radioc@thbears that were not with new cubs by study @reld — Terror Lake,
ZSP — Zachar/Spiridon, SWK — southwest Kodiak, AbH — Aliulik Peninsula), Kodiak Island, Alaska, 82 — 2004.
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Figure 1.7. Aspects of brown bear den sites, bghysérea (TLH — Terror Lake, ZSP — Zachar/Spirid®wK — southwest
Kodiak, and ALK — Aliulik Peninsula) and overally &odiak Island, Alaska, 1983-1997. The numenediie is the number
of den sites.
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Table 1.3. Estimated availability of spawning santo bears in each study area on Kodiak Islanasks, 1982-2004.

Study Species Annual Available Timing Peak run
area P escapemefit biomas8 (kg) of runs

Terror Lake King (chinook) 0 o - -
Sockeye (red) 1,700 3,910 10 Jun - 10 Aug 20 Jun — 10 Jul
Chum (dog) 29,200 99,280 10 Jul- 10 Sep 15 Aug — 30 Aug
Pink (humpy) 141,500 212,250 15 Jul—20 Sep 10 Aug — 10 Sep
Silver (coho) 9,000 32,400 15 Aug — 05 Oct 15 SEP - 30 Sep
TOTAL 181,400 347,840 10 Jun — 05 Oct 01 Jul — 20 Sep

Zachar/Spiridon King (chinook) 0 O
Sockeye (red) 0 o - e
Chum (dog) 38,700 131,580 10 Jul-— 20 Sep 30 Jul — 25 Aug
Pink (humpy) 130,800 196,200 10 Jul—-10 Sep 10 Aug — 25 Aug
Silver (coho) 15,500 55,800 15 Aug — 05 Oct 15 Sep — 30 Sep
TOTAL 185,000 383,580 10 Jul — 05 Oct 30 Jul — 20 Sep

Southwest Kodiak King (chinook) 23,100 214,830 25 May — 10 Jul 05 Jun — 20 Jun
Sockeye (red) 1,314,800 3,024,040 25 May —01 Oct 05 Jun—20 Jun & 15 Aug-15 Sep
Chum (dog) 40,900 139,060 20 Jun-10 Sep 20 Jul — 20 Aug
Pink (humpy) 1,335,200 2,002,800 10 Jul—10 Sep 01 Aug — 20 Aug
Silver (coho) 73,500 264,600 15 Aug - 05 Oct 15 Sep — 30 Sep
TOTAL 2,787,500 5,645,330 25 May — 05 Oct 05 Jun — 25 Sep

Aliulik Peninsula  King (chinook) 0 O
Sockeye (red) 0 o - e
Chum (dog) 14,300 48,620 01 Aug — 15 Sep 05 Aug — 01 Sep
Pink (humpy) 375,800 563,700 15 Jul—10 Sep 10 Aug — 30 Aug
Silver (coho) 2,000 7,200 15 Aug — 05 Oct 15 Sep — 30 Sep
TOTAL 392,100 619,520 15 Jul — 05 Oct 10 Aug — 01 Sep

a — Mean estimates based on weir counts, aeriagsirand field estimates (Alaska Department df Bisd Game files).
b — Mean weights by species: King — 9.3 kg; Socke@e5 kg; Chum — 3.4 kg; Pink — 1.5 kg; and, Silv&.6 kg (Alaska
Department of Fish and Game files).
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Table 1.4. Resource use by brown bears in vastudy areas (TLH — Terror Lake, ZSP — Zachar/Spirj BWK — southwest
Kodiak, and ALK — Aliulik Peninsula) on Kodiak Isid, Alaska, 1982-2004.

Resource Amount ANOVA Study area comparisons
category used ) significancé (Tukey HSD;P<0.05)
Rock — ice 2.99 km P<0.0001 TLH>ZSP, SWK, ALK

Alpine 6.84 kn P<0.0001 TLH>ALK; ZSP>ALK, SWK; SWK>ALK
Tall Shrub 20.15 ki P<0.0001 TLH>ALK; ZSP>ALK; SWK>ALK
Low shrub 4.03 krn P<0.0001 ZSP>ALK; SWK>ALK, TLH, ZSP
Grassland 3.97 kin P<0.0001 ALK>TLH, ZSP, SWK; SWK>TLH, ZSP

Heath 5.04 krh P<0.0001 ALK>TLH, ZSP, SWK
Wetlands 2.53 ki P<0.0001 ALK>TLH, ZSP: SWK>TLH, ZSP
Freshwater 1.28 ki P<0.0001 SWK>TLH, ZSP, ALK

Salmon 1,072,756 kg P<0.0001 SWK>TLH, ZSP, ALK

a — results of univariate analysis of variancastattesting the hypothesis that all of the stadgas had an equal amount of a
given resource.
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Table 1.5. Number of dens used per denning pedodafliocollared bears, Kodiak Island, Alaska, 198004.

Study Gender Complete denning No den (%) Oneden (%) Twodens (%) Three dens (%)
area period$
Terror Lake Females 202 1 (0.5) 196 (97.1) 5 (25) O (--)
Males 34 8 (23.5) 26 (76.5) 0 (---) 0 (---)
Total 236 9 (3.8) 222 (94.1) 5 (2.1) 0 (---)
Zachar /
Spiridon Females 164 0 (---) 162 (98.8) 2 (1.2) 0 --)(
Males 14 2 (14.3) 12 (85.7) 0 (---) 0 (---)
Total 178 2 (1.1) 174 (97.8) 2 (1.1) 0 ()
Southwest
Kodiak Females 117 0 (---) 116  (99.1) 1 (0.9) 0 -)(-
Males 4 0 (---) 4 (100.0) O (---) 0 (---)
Total 121 0 (---) 120  (99.2) 1 (0.8) 0 (---)
Aliulik
Peninsula Females 75 3 (4.0) 57 (v6.0) 13 (17.3) 2(2.7)
Males 4 3 (75.0) 1 (25.0) 0 (---) 0 (---)
Total 79 6 (7.6) 58 (73.4) 13 (16.5) 2 (2.5)
TOTAL Females 558 4 (0.7) 531 (95.2) 21 (3.8) 2  4)0.
Males 56 13 (23.2) 43 (76.8) 0 (--) 0 (-
Total 614 17 (2.8) 574 (935) 21 (3.4) 2 (0.3)

a — includes all bears that were known to entes @@l later emerge from dens, regardless of whetbe&ould accurately
ascertain the timing of den entrance and emergeimcthe case of bears that did not enter densgethimat were observed out

of dens during the entire winter were included.
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Table 1.6. Den entrance dates for radiocollaredshé&adiak Island, Alaska, 1982 — 2004.

Study Reproductive Mean Standard deviation Standard error Range
area status n®  (date) (days) (days) (date)
Terror Lake Lone females 67 06 Nov 11.11 1.36 14-O4 Dec
Females with cubs 34 10 Nov 15.69 2.69 21 Oct B&O
Males 5 30 Nov 35.83 16.02 04 Nov — 26 Jan
Zachar / Spiridon Lone females 49 08 Nov 16.50 2.36 03 Oct — 11 Dec
Females with cubs 56 08 Nov 18.34 2.45 12 Sep — 24 Dec
Males 6 20 Nov 18.53 7.56 27 Oct — 15 Dec
Southwest Kodiak Lone females 29 20 Nov 18.85 3.50 19 Oct — 28 Dec
Females with cubs 50 28 Nov 22.54 3.19 17 dA Jan
Males 2 02 Jan 15.56 11.00 24 Dec — 13 Jan
Aliulik Peninsula Lone females 37 23 Nov 15.83 2.60 30 Oct — 2@ De
Females with cubs 22 13 Dec 20.28 15.83 08-ND9 Jan

Males 0 -- -- --

a — includes only those bears that h&80 days between the last time the bear was detedtinbe out of a den and the first
time it was observed in a den. Den entrance datecalculated as the mid-point between “out” and 6bservation dates.
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Table 1.7. Den site characteristics for radiocelilbears, Kodiak Island, Alaska, 1982 — 2004.

Study Den site Standard Standard
area characteristic n Mean deviation error Range
Terror Lake Elevation 253 670.7m 264.0m 16.6m 91 - 1189
Slope 253 57.7C0 14.38° 0.90° 10 - 74°
Zachar / Spiridon Elevation 227 588.6m 219.0m 14.5m 61 —1189
Slope 227 62.37° 9.39° 0.62° 27 - 75
Southwest Kodiak Elevation 136 457.8m 196.8 m 16.9m 137-914 m
Slope 136 58.70° 8.60° 0.74° 20-77
Aliulik Peninsula Elevation 111  287.4m 184.9m 17.5m 30 — 655m
Slope 111 40.1¢° 24.33° 2.31° 0-73°
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Table 1.8. Den emergence dates for radiocollaradsb&odiak Island, Alaska, 1982 — 2004.

Standard Standard

Study Reproductive a Mean - Range :
area status n (date) deviation error (date) Megn denning
(days) (days) period (days)
Terror Lake Females with new cubs 48 27 May 20.24 922 20 Mar-08 Jul 202
Other females 127 09 May 17.06 1.51 31 Mar—-12 Ju 180
Males 21 24 Apr 15.11 3.30 31 Mar — 24 May 146
Zachar / Spiridon Females with new cubs 38 27 May 16.28 2.64 15 ApB Jun 200
Other females 88 01 May 15.83 1.69 14 Mar — 17 Jun 173
Males 9 23 Apr 12.17 4.06 08 Apr — 12 May 154
Southwest KodiakFemales with new cubs 19 27 May 17.53 4.02 19 Ap? Jul 188
Other females 82 26 Apr 19.48 2.15 11 Mar-02 Jun 149
Males 2 09 Mar 50.91 36.00 01 Feb — 14 Apr 66
Aliulik Peninsula Females with new cubs 7 20 May 16.40 6.20 03 M@&§ Jun 177
Other females 46 23 Mar 39.24 5.78 20 Dec —23 May 100
Males 0 --

a — includes only those bears that h&0 days between the last time the bear was obsenthd den and the first time it was
observed away from the den. Den emergence dateal@adated as the mid-point between “in” and “ooliservation dates.

b — difference between mean den entrance and dergente dates by reproductive category. To caktit@ denning period
for “females with new cubs”, we used the mean ddéraace date for lone females and the mean dengemes date for
females with new cubs. To calculate the denninggddor “other females”, we used the mean denagte date for females
with cubs and the mean den emergence dates ofdaraes and females with yearling and older cubs.
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Appendix 1.1. Area of habitats and vegetative coyees within each study area (TLH — Terror Lak8P — Zachar/Spiridon,
SWK - southwest Kodiak, and ALK — Aliulik Peninsyl&odiak Island, Alaska, 1982 — 2004.

Study area (kf)
Habitat type Vegetative cover tybe TLH ZSP SWK ALK

ROCK & ICE 162.34 170.75 108.70 2.61
Bedrock 60.83 66.15 75.52 1.95
River bars (sand and gravel) 4.24 6.30 2.49 0.16
Roads (sand and gravel) 0.05 0.09 0.08 0.28
Snow and glacier 77.60 85.46 20.28 0.01
Talus 19.62 12.76 10.33 0.20

ALPINE 159.95 275.92 399.90 24.35

Alpine forb meadow 56.12 114.79 199.29 10.42
Alpine heath 24.00 69.39 105.60 6.56
Alpine tundra 15.89 9.61 12.81 0.79
Prostrate shurb tundra 61.50 80.32 80.71 6.50
Sitka spruce krummholtz 2.44 1.82 1.49 0.08

TALL SHRUB 361.37 534.06 825.27 90.09
Alder-willow mix 33.02 27.56 31.66 1.32
Cottonwood, birch and alder 4.30 28.38 15.31 0.39
Dense alder 81.51 159.91 265.75 23.55
Dense birch 1.98 2.69 4.56 0.75
Dense cottonwood 9.02 29.68 13.02 0.46
Dense Sitka spruce 10.92 0.00 0.00 0.00
Open alder - forb meadow 101.94 111.33 263.30 33.49
Open alder-salmonberry-elder 34.06 53.97 87.21 16.97
Open alder-cottonwood-birch 16.11 28.23 29.18 0.85
Open alder - Sitka spruce 16.21 18.15 0.56 0.15
Open birch 7.55 25.74 35.99 1.56
Open Sitka spruce 14.30 8.76 0.00 0.00
Sitka spruce regeneration 0.00 0.00 0.00 0.00
Open cottonwood 26.65 36.00 40.72 4.56
Tall willow 3.81 3.64 38.00 6.05
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Appendix 1.1 (continued). Area of habitats andetative cover types within each study area (TLHe#dr Lake, ZSP —
Zachar/Spiridon, SWK — southwest Kodiak, and ALKkulik Peninsula), Kodiak Island, Alaska, 1982 6(2.

Study area (kf)
Habitat type Vegetative cover tybe TLH ZSP SWK ALK

LOW SHRUB 61.83 108.56 220.32 8.52
Low willow 43.07 83.46 140.41 4.04
Wet low willow 2.74 4.69 63.55 2.42
Salmonberry forb meadow 9.15 12.14 8.94 1.72
Salmonberry-devils club-elder 0.00 0.00 0.00 0.00
Salmonberry-elder 6.87 8.28 7.41 0.34

GRASSLAND 27.26 40.49 101.29 79.90
Elymus forb 0.15 0.29 0.31 0.86
Elymus grassland 0.64 0.40 0.47 1.19
Fern forb meadow 4.66 14.79 23.17 6.66
Fireweed forb meadow 5.50 1.76 22.36 1.84
Forb meadow mix 15.09 22.59 54.24 67.57
Grass forb meadow 1.17 0.60 0.72 1.37
Mixed grasslands 0.05 0.05 0.03 0.40

HEATH 4.69 3.82 69.47 11311

Heath 0.42 0.86 1.18 6.19
Heath hummocks 0.70 0.26 7.25 75.96
Heath hummocks w/ forbs 3.49 2.11 60.63 30.37
Heath with forbs 0.04 0.12 0.02 0.13
Heath/bedrock 0.02 0.40 0.04 0.04
Heath w/dogwood 0.01 0.07 0.36 0.43
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Appendix 1.1 (continued). Area of habitats andetative cover types within each study area (TLHe#dr Lake, ZSP —
Zachar/Spiridon, SWK — southwest Kodiak, and ALKkulik Peninsula), Kodiak Island, Alaska, 1982 6(2.

Study area (kR)
Habitat type Vegetative cover type TLH ZSP SWK ALK
WETLANDS 20.53 17.96 102.81 28.31
Dwarf shrub/moss wetlands 1.72 0.34 33.35 3.32
Ericaceous/lichen bog 0.00 0.00 0.00 0.05
Graminoid wetland 3.19 4.43 2.00 1.46
Mud flats 2.39 5.16 3.45 3.45
Myrica gale wetlands 3.06 1.56 36.17 2.72
Myrica gale/dwarf birch wetlands 0.43 0.68 12.38 2.13
Beaches (sand and gravel) 1.11 1.38 0.66 1.07
Sedge marsh 0.77 0.66 0.72 0.81
Sedge/moss wetlands 7.85 3.75 14.09 13.29
FRESHWATER 11.27 18.86 77.47 5.24
Aquatic emergents 0.58 0.20 0.54 0.85
Clear fresh water 7.04 12.62 67.60 1.76
Shallow fresh water 0.56 1.56 1.21 0.27
Water-edge vegetation 3.08 4.48 8.13 2.37
MARINE 73.49 98.74 69.08 62.15
Eelgrass 1.51 3.98 1.75 3.35
Marine water, low sediment 70.61 92.59 64.30 57.49
Shallow marine water 1.23 1.41 2.92 0.40
Marine water, medium sediment 0.07 0.74 0.08 0.51
Goose tongue 0.05 0.02 0.03 0.36
Surf zone 0.00 0.01 0.00 0.02
Cloud, cloud shadow 0.01 0.01 0.00 0.01
TOTAL AREA 882.72 1,269.18 1,974.32 414.27

a — vegetative cover types as described in FlemmbSpencer (2004).

LY
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Chapter 2

MANAGEMENT OF BROWN BEAR HUNTING ON KODIAK ISLAND,
ALASKA

LAWRENCE J. VAN DAELE, Alaska Department of Fish and Game, 211 Mission
Road, Kodiak, Alaska 99615 USA

Abstract: Brown bear (rsus arcto} populations along much of the North Pacific Rira a
healthy and provide an important economic resoasceophy hunters seek the largest
representatives of the species, yet relativelig Iitsearch has been published about the
population dynamics and harvest management of thimsen bears. The purpose of this project
was to gather information on the population dynanoicbears on Kodiak Island, Alaska during
a long-term study, and to develop an easily undedstnodel that could be used by managers of
coastal bear populations to objectively estimafg@priate harvest strategies and guidelines.
There were bear research projects in 4 separatg ateas on Kodiak from 1982-2004, all of
which included marked bears. The annual adult mateival rate was comparable in all study
areas at 0.809. The overall survival rate formalependent females was 0.867, with one area
significantly lower than the others at 0.800. Asfuent annual survival rates were 0.563 for
males and 0.889 for females. The major cause dhdeamales was hunter harvest (91%),
while most females died of natural causes (54%je dnnual harvest density for all areas during
this study was 17.07 independent bears/1,008) &nd the harvest rates of independent bears
ranged from 6.68% to 10.33%. The number of beargdsted remained relatively consistent
during the study period, but we saw an increaskamumber and the percentage of the harvest
that consisted of trophy-sized (total skull sizex#l) males. Male bears dominated the harvest
in all areas and the age structure of the male gaulation directly impacted the number of
large bears available to hunters with 56.1% ofntlaées in the oldest age class (>20 years) being
trophy-sized. We created a deterministic modelgidicrosoft Excel software that operated
with user inputs of either measured or estimatdd fita a variety of population parameters.
Model output included estimates of the projectepytation (by gender) of independent bears in
subsequent years, a calculation of the annual ptipalchange, and an estimate of the number
of bears that will be in the trophy size class. delgpredictions were similar to the results of
consecutive intensive aerial surveys in 3 of 4tueas. The population dynamics and harvest
data collected on Kodiak during this study provi@@dopportunity for a comprehensive analysis
of a closely managed coastal brown bear populdéianwas subjected to annual hunting
pressure. Information from bears in all segmehti@ population, and bears that used a variety
of habitats demonstrated that brown bear managemesit be adaptable to be successful. All
indicators suggested that the Kodiak bear populatias healthy and productive even as it
supported a sustainable harvest that consisterigegd some of the largest bears in North
America. To obtain refined harvest strategies, éw@w, managers must consider local
population parameters, the management objectivebdoarea of interest, characteristics of the
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harvest, and the level of confidence for each o$é¢hfactors — there is no single harvest rate that
is applicable to all situations. We found that winee used our model to explore an assortment
of harvest strategies with hunters and managefagilitated productive discussions about a
multiplicity of options and the potential biologlagamifications of various management
scenarios.

INTRODUCTION

Brown bear populations have been severely depietedich of North America and Europe as
human populations expanded in size and alteredaldtabitats (McLellan 1998, Zedrosser
2001). There has been a concerted effort to revbiet trend during the past half-century as
biologists expanded their knowledge of bear lifgdny, population dynamics, habitat
requirements, and bear/human interactions and cteavthat information into management
actions (Servheen et al. 1999). In some casesg thctions have helped bear populations
improve (Boyce et al. 2001, Schwartz et al. 2009)exome reestablished (Clark et al. 2002).
The coastal areas of Alaska and the Russian FahBeas lower human population densities and
there are still extensive areas of intact habi@dnsequently, many bear populations in those
regions have not been as severely impacted ascthémterparts. Brown bear populations along
much of the North Pacific Rim are healthy and pdevan important economic resource as
trophy hunters seek the largest representatividsea$pecies (Seryodkin 2006, Alaska
Department of Fish and Game [ADF&G] 2005), yetditiesearch has been published about
population dynamics and harvest management of thiasen bears. On the Kodiak
Archipelago, Alaska, where 8 of the 10 largest beaer harvested in North America were
taken, hunters spent an estimated $4.5 million odi&k brown bear. a. middendorffihunts

in 2003 (ADF&G files).

Because of the high economic value of bear hurgiagg the North Pacific Rim, managers are
tasked with maintaining productive populations vatable to increasing proportion of large
male bears in the harvest. The challenge of dihiisgs exacerbated by the logistics of working
with a notoriously secretive species in a remotk@ftentimes inhospitable region. Most
managers recognize the importance of minimizinghmest of productive females in
brown/grizzly bear populations (McLellan et al. 99%ut an appropriate harvest strategy for
males is more complex. While increasing the aveskmlll size of harvested males is attractive,
it can only be accomplished with caution. Hanasdtegies that target large male bears,
especially in spring, may reduce the proportioswth bears in the population and ultimately
reduce the mean skull size and health of the ptipnlaResearch has also shown that in some
bear populations harvest strategies that targedt ades can reduce productivity (Weiglus et al.
2001).

Since the 1960s bear harvests have been closellated and monitored on the Kodiak
Archipelago (Van Daele 2003). The Constitutiorhef State of Alaska (Section 08.04)
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mandates that wildlife populations “...shall be a&ld, developed, and maintained on the
sustained yield principle...” On Kodiak, a desire ‘floigh quality hunting experiences” and
management for a large number of “trophy-sized’rdéarther direct bear hunting management
strategies. Traditionally a “trophy” bear was defi as a bear with a hide size of at least 0.93 m
(measured as the sum of length of the hide frontiphef the nose to the anus plus the length
from the tip of the center claw on the right frémt to the tip of the center claw on the left fron
foot, divided by 2). Most hunting associations niefine a “trophy” bear as one with a total
skull size (zygomatic breadth plus total lengthpbfeast 71.1 cm (Buckner and Reneau 2005).
While harvesting a large male is the goal of masttérs, many are satisfied with taking any
Kodiak bear, regardless of size. In addition taagang harvests, ADF&G is expected to reduce
adverse bear/human encounters and provide opptesifor the increasing number of
individuals and commercial operators seeking beawimg opportunities on the islands.

To balance the public mandates, ADF&G establisheddllowing management objectives for
Kodiak bears: 1) Maintain a stable brown bear pafoah that will sustain an annual harvest of
150 bears composed of at least 60% males; 2) Maidizersity in the gender and age
composition of the brown bear population, with adhalars of all ages represented in the
population and in the harvest; and, 3) Limit huncansed mortality of female brown bears to a
level consistent with maintaining maximum produityi{Van Daele 2005). While the
objectives provide some harvest guidelines, theysamewhat nebulous in what comprises a
female mortality rate that is at “a level consisteith maintaining maximum productivity.” To
date, the harvest strategies for Kodiak bears thkse in many other areas along the North
Pacific Rim, have been adaptive, building on hustercess rates, skull sizes, gender ratios and
perceived bear population responses, and altegigqglations as appropriate (or politically
feasible). This system can be successful, begtiires a great deal of subjective judgment
tempered with extensive experience and publicicelatskills.

The purpose of this project was to gather infororatin the population dynamics of Kodiak
bears during a long-term study and to develop aityeanderstood model that could be used by
bear managers to objectively estimate appropriatedst strategies and guidelines (Bunnell and
Tait 1980). We also anticipated that informatidmamned from Kodiak could be adapted to other
coastal bear populations where hunting and otheramicaused mortalities are important
management considerations.

STUDY AREA

The Kodiak Islands are in the western part of thf &f Alaska (56 25'-58 40’ north latitude by
152 00'-154 50’ west longitude), approximately 400 south of Anchorage, Alaska (Figure
2.1). They are an archipelago of 3 large islakasl{ak, Afognak, and Shuyak) and
innumerable smaller islands, reefs, and offshockso The archipelago’s diverse habitats
provided wintering, resting, and breeding area28¥ different species of birds, 6 indigenous
land mammals, and several introduced mammals. nidst widespread and common large
mammals were the introduced Sitka black-tailed ¢e@®,000) Odocoileushemionussitkensi3
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and the indigenous brown bears (~3,000). The isldakles and streams provided critical
spawning and rearing habitat for 5 species of Ras#lmon(Oncorhynchuspp.), steelhead)
mykis3, arctic char $alvelinus alpinusind Dolly Varden$. malma Each summer about
50,000,000 salmon returned to the 350 spawningrsseon the archipelago.

This project was restricted to Kodiak Island, thegest and most complex of the islands. Its
most prominent feature is the central spine thas the length of the island from northeast to
southwest. The spine is made up of intrusive foakations sculpted by prehistoric and active
glaciers. The tallest point is Koniag Peak at 2,86 The only portion of the archipelago that
escaped glaciation is in the southwest part of KladiThis “refugium” is unlike any other part of
the island, with wet tundra expanses bordered bgestomountain ridges. On the border of the
refugium are a series of large lakes that fill gldg carved valleys. No point on Kodiak is
farther than 21 km from the sea. Most of Kodidknsg had not been altered by human
intervention. In 2003, the estimated resident hup@pulation of 14,181 on Kodiak Island, and
had been relatively stable for the previous 20 yedihe vast majority of the people lived along
the limited road system on the northeast corn¢h@island. There were 6 small villages and
numerous seasonally occupied cabins and lodgeg #lencoast. Kodiak National Wildlife
Refuge managed the southern and western two-tbirde island. A more detailed description
of the study area can be found in Van Daele (2007).

During this project (1982 — 2004) there were 2 brdyear hunting seasons each year: spring (01
April — 15 May) and fall (25 October — 30 Novembeihe Archipelago was divided into 30

hunt areas during each season. Within 29 of taoss a set number of drawing (lottery)
permits were allocated each year, and competitopdrmits was intense. The other hunting
area was in the vicinity of most of the human atgtien the northeast part of Kodiak Island, and
hunters in that precinct could obtain a permitégistering in person at the ADF&G office in
Kodiak (Van Daele 2005).

All Kodiak bear hunters were required to checktitha Kodiak ADF&G office and attend a

short orientation briefing. Although hunters wall®wed to hunt any time during the open
season, they were limited to a self-defined hunibdeof 15 consecutive days. The bag limit

was 1 bear every 4 years. Either gender couldkent but females with cubs, and their cubs,
were not legal game. Hunters could not hunt theesday they had been flying in a fixed-
winged aircraft and helicopters could not be usedhy aspect of the hunt. The use of dogs and
artificial lights were also prohibited. The hidedaskull of all harvested bears had to be
salvaged, but meat could be left in the field. Husithat did not reside in Alaska were required
to employ the services of a registered Big Gamal&unless they were accompanied in the field
by a relative (second degree of kindred) who waadart Alaska resident.

When the hunt was completed, all hunters were redquo check out at the Kodiak ADF&G
office. Successful hunters were further requicetring the hide and skull of harvested bears to
the Kodiak ADF&G office for inspection and Couneit the International Trade of Endangered
Species (CITES) sealing. Unlike most other ardédlsenstate, bears taken on the Kodiak
Archipelago could not be sealed at any other offideles were checked for size, hair quality,
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evidence of gender, and tattoos. Skulls were niedgiength and width) and a premolar tooth
was extracted for aging. Hunters also providedrimition on where and when they killed the
bear, how many other bears they saw, how longltkeyed, and what commercial services they
used during their hunt.

METHODS
Capture

There were 4 major bear research projects on Kddlakd from 1982-2004, all of which
included marked bears. The Terror Lake hydroate€tl.H) and Zachar/ Spiridon (ZSP)

studies included the north and central parts ofi&gotsland, while the southwest Kodiak (SWK)
and Aliulik Peninsula (ALK) areas were on the soantlal west parts of the island. We used
comparable capture and radio telemetry techniqueach of these investigations. Each
captured bear was permanently marked with greenlptaitoos applied to the inside of the left
and right upper lip and to the inside-front of tbeer lip. Groin tattoos were applied with an
electric tattoo gun. Numbered plastic tags wefi@ed to each ear and a sub-sample of captured
bears were radiocollared and tracked periodicallgn Daele (2007) includes a detailed
description of the capture and relocation methedslu

Data Collection

Survival data were collected during radio telemdtghts for bears with active radiocollars.
Information on natural mortalities was availabldydior bears with active radiocollars.
Whenever practical, all radiocollared bears thatidivere investigated as soon as possible after
death was detected, and we attempted to deteriméngnte and cause of the mortality. Human-
caused mortalities of marked bears were noted whenhides and skulls were brought in to
biologists for inspection. Alaska State regulagioaquired that any bear killed on the Kodiak
Archipelago by either a hunter or in defense @& &f property must have the hide and skull
brought to the ADF&G office in Kodiak to be checkelduring the course of this project, only 6
individuals were authorized to conduct those in8pas, thereby giving us an excellent
likelihood of detecting any marked bears.

We investigated the relationship between the agead¢ bears and total skull size by analyzing
data from bears harvested on Kodiak from 1961 @2Bear ages were determined by
counting cementum annuli from premolar teeth (Matsbal. 1993) and skull measurements
were collected at the time of sealing.

Brown bear population estimates were develope@ &iudy areas with the “intensive aerial
survey technique” detailed in Barnes and Smith 8.@d Miller et al. (1997). Data from the
aerial surveys were extrapolated to develop a Kodighipelago-wide bear density and
population estimate. We did not conduct aerial syswon northeastern Kodiak, Afognak or the
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other northern islands where dense Sitka spiemeé sitchens)sforest made it difficult to
observe bears, so the population estimates foethasas were tentative (Barnes et al. 1988).

Data Analysis

Program MARK (White and Burnham 1999) provided gses$ of estimated adult survival rates
for bears in each study area. We used the Burtirarand dead encounter option (Burnham
1993) with annual data (yearly time steps) fromaeollared bears. Bears that died as a direct
result of research activities (capture mortalitiwgye excluded from the analysis. Comparison
between study areas was accomplished by analypmg@arable study periods (5 consecutive
years), while we used data from all years in theetitgpment of specific study area survival
estimates. We also used Program MARK to analyzevery data from all captured adult bears
(Brownie et al. 1985, Cooch and White 2005) to espln alternate procedure for determining
survival rates. In all cases, we created sevdifferent models and compared them using Akaike
information criterion (AIC) to verify the strongeshost parsimonious model that fit the data.

Model Development

We created a deterministic model using Microsoftéfk (Microsoft Corporation, Seattle,
Washington, USA) software. We sought to developoalel that would operate with user inputs
of either measured or estimated data for a vagepopulation parameters. The intention of the
model was to be parsimonious, transparent, easdgnstood by managers and the public, and
able to run on most conventional computers. Modégbut included estimates of the projected
population (by gender) of independent bears inemisnt years, a calculation of the annual
population change, and an estimate of the numbleearfs that will be in the trophy-size class.
Detailed documentation of the model is includedppendix 2.1.

Model verification was accomplished by comparing plopulation changes (independent bears)
noted in portions of each study area during cortsecintensive aerial surveys with model
predictions for those areas for comparable timegder Model input included data collected
from each of the study areas (initial estimatedytepon of independent bears, annual
productivity and survival, average annual harvasti other human caused mortality, etc.) and
estimates of parameters that were not measured.

Sensitivity analysis was accomplished by inputangnge of 10 variables within the 95%
confidence interval for each study area and monigowhich variables had the greatest impact
on the output. If parameters were estimated rdttser measured, we used a 10% confidence
interval. Confidence intervals about the modehestes of population growth ratel § were
calculated by analyzing the suite of results frtwa $ensitivity analysis.
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RESULTS
Survival Rates

We investigated survival rates of 33 adult malerbeadiocollared over a 9-year period. This
resulted in an annual survival rate of 0.722 (SEG52) and a 95% confidence interval of 0.607
—0.812. We also examined the annual adult maievsli rate based on 108 bears permanently
marked within all study areas and later recoversaticdby hunters or researchers. These data
yielded a rate of 0.809 (SE = 0.026) and a 95%idente interval of 0.754 — 0.854 (Table 2.1).
In both tests, the strongest models were thosdrémted all males as a single population with no
differences between study areas, recapture, regowefidelity rates (AICc weights = 0.569 and
0.459, respectively). Both of these methods yetlcemparable estimates, however because of
the larger sample size, tighter confidence intexvahd smaller standard errors, we felt that the
estimates derived from the recovery model (Brovenial. 1985) were the most applicable for
males.

Initial analysis of adult female survival ratesluded 162 radiocollared bears over a 5-year
period. The periods were not the same years,dult mcluded a consecutive block of time
within each area. The samples included: TLH —&&$®&from 1983-87; ZSP —-47 bears from
1989-1993; SWK — 31 bears from 1983-1987; and, ALY bears from 1992-1996. AIC results
suggested similar recovery, recapture and fideditgs for each area, corresponding with
evidence from capture and radiotelemetry obsematio the field. The overall survival rate for
all independent females was 0.867 (SE = 0.015) avBB% confidence interval of 0.834 - 0.894
(Table 2.1). The strongest model suggested thaivailirates in SWK were lower than those in
the other 3 study areas (AICc weight = 0.402). sEhresults coincided with the statistical
comparisons of the areas that revealed consideoakltap of the 95% confidence intervals for
TLH (0.831 - 0.948, SE = 0.029), ZSP (0.827 — 0,8®= 0.030), and ALK (0.874 — 0.981, SE
= 0.024) survival rates, but little overlap with 840.719 — 0.866, SE = 0.037).

When TLH was analyzed separately, we followed ®do@ollared adult females for 7
consecutive years (1982-1988). The strongest medelthe one that consolidated all parameters
(time, survival, recapture, recovery, or fideligtes) (AICc weight = 0.976). It resulted in an
annual survival rate of 0.886 (SE = 0.022) and% @6nfidence interval of 0.835 — 0.923 (Table
2.1).

Within the ZSP area, we followed 45 radiocollarddlafemale bears for 9 consecutive years
(1988-1996). The strongest model also consolidaliggarameters (time, survival, recapture,
recovery, or fidelity rates) (AICc weight = 0.997}.resulted in an annual survival rate of 0.880
(SE =0.023) and a 95% confidence interval of 0-828917 (Table 2.1).

In SWK, 53 radiocollared adult females were follalWWer 6 consecutive years (1983-1988).
Once again, the best model was the one that colasedl all parameters (time, survival,
recapture, recovery, or fidelity rates)(AICc weigh®.966). It resulted in an annual survival rate
of 0.800 (SE = 0.032) and a 95% confidence inteo¥&l.730 — 0.855 (Table 2.1).
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The ALK area yielded survival information from 2&diocollared adult female bears for 5
consecutive years (1992-1996). As was noted ioth#r areas, the best model was the one that
consolidated all parameters (time, survival, reaaptrecovery, or fidelity rates) (AICc weight =
0.950). It resulted in an annual survival rat® &13 (SE = 0.030) and a 95% confidence
interval of 0.835 — 0.956 (Table 2.1).

When we examined the annual adult female survatal based on bears that were permanently
marked and later recovered dead by hunters ornesza (Brownie et al. 1985), the data yielded
comparable estimates to the Burnham live and deedluater analyses. Unlike the analysis of
male data, the recovery analysis included smallerbers of recovered females and provided
wider confidence intervals and larger standardrerfoLH — 0.817 [0.743 — 0.872, SE = 0.033],
ZSP 0.749[0.610 — 0.850, SE = 0.062], SWK 0.76674 — 0.829, SE = 0.040], and ALK
(0.795 [0.628 — 0.900, SE = 0.069]. Consequent/felt that the estimates derived from the
live-dead encounter models were the most applidabliemale survival rates.

We were able to collar 25 cubs (16 males and 9 lieshaoon after they were weaned (2- or 3-
year olds) and follow them through their adoleseefage 5). Of the 16 males, 13 (81.3%) lived
to age 4 and 9 (56.3%) lived to age 5. For thendales, 8 (88.9%) lived to age 4 and all 8 were
still alive at age 5 (88.9%).

Harvest

We investigated the cause of deaths of all theocadliared bears used for the survival rate
analyses (Table 2.1). The major cause of deatmédes was hunter harvest (91%), while most
females died of natural (non-anthropogenic) ca(s4%). There were no significant differences
between the causes of death reported for females the various study areas (ANOVPRg 11=
1.43,P = 0.286), however, there was a significant diffeeehetween males and femalgs<
148.42, df = 3, P<0.001).

During the study period (1982-2004), overall anrhalvest density for the study areas was
17.07 independent bears/1,000%knanging from 13.34 in TLH to 22.58 in ALK (Tahke2).

The harvest rates of independent bears ranged@r68% in TLH to 10.33% on the ALK, and
males dominated the harvest in all areas (68.48aping from 63.7% in TLH to 72.2% in ALK.

The number of bears harvested remained relativaigistent during the study period, but was
higher than during the previous 20 years (Tablg 2/8e also saw an increase in the number and
percentage of the harvest that consisted of tregagd males (Figure 2.2).

We analyzed data from 3,267 male bears that wexesigd on the Kodiak Archipelago, had
unbroken skulls at the time of sealing, and hadceanplar tooth that was suitable for aging. Data
from these samples revealed that the percentagjautlé reaching trophy size (n = 283)
increased with the age of the bear, with 56.1%efrhales in the oldest age class (>20 years)
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being trophy-sized (>71 cm). Bears in the >68 ategory (n = 710) also increased with age,
including 91.2% of the males in the oldest agesc(&gure 2.3). The relationship between male
skull size and age was also evident when we cordpgheeaverage annual skull sizes and ages
for bears harvested from 1982-2004. The correidtetween these data was significdhg(
0.001) withr?=0.77 (n = 22).

Nonresident hunters were significantly (t = 14.B8; 0.001; df = 41) more successful in their

bear huntsi = 65.8%;) than were resident hunteis:( 35.6%) on the Kodiak Archipelago
from 1982-2004. We did not detect any significdifference in the percentage of adult females

in the harvests of resident E 21.0%;P = 0.17; df = 41) and nonresident hunte;:s;( 18.2%).
There was a significant difference (t = 2.86s 0.046,n = 39) in the percentage of female bears

taken during the spring hunting seas&r:( 17.1%;) as compared to the fall hunting season (
21.3%).

Model

When we sought to validate the model by comparingehpredictions of independent bear
population levels with the results of consecutiviemnsive aerial surveys of areas within each
study area, there were similar results in 3 ofdlstudy areas. The intensive aerial surveys in the
Terror Lake vicinity suggested an 18.0% increasénbear population between 1987 and 1997
(Table 2.4). When the TLH model was run for a #@+yperiod, it predicted an increase of
16.6%. The intensive aerial surveys of the Spiridake area indicated a 13.7% increase in the
population between 1995 and 2000. A 5-year ruhm@®ZSP model predicted a 17.2% increase.
The Sturgeon River drainage is in the westerngfaiie SWK study area. Intensive aerial
surveys in 1987 and 1998 suggested a 20.2% declihe bear population, while an 11-year run
of the model predicted a 19.0% decline. The ondysawea that did not conform to the pattern of
having intensive aerial survey data agree with rhpodeictions was ALK. Intensive aerial
surveys in 1993 and 2002 indicated a 17.2% declvhde the model predicted a 2.0% decline
for a 9-year period. Extrapolation of intensiveialesurvey data from all of the survey units on
Kodiak Island, coupled with model predictions, raied a 16.7% increase in the Archipelago-
wide bear population from 1995 — 2005 (Table 2.5).

Sensitivity analysis revealed that changes in fersatvival rates had the greatest impact on the
rate of population change predicted by the modeliwie tested a range of inputs for each of
the study areas. The second most influential par@anproved to be annual productivity.
Estimates of the population growth rates (lambd#)iwthe study areas were: TLHx-= 1.010

(SE =0.002, range = 1.007-1.014); ZSe = 1.024 (SE = 0.002, range = 1.021 — 1.028); SWK -
X =0.979 (SE = 0.003, range = 0.973 — 0.985); ah& - x =0.995 (SE = 0.002, range =

0.985 — 0.999).
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DISCUSSION

The population dynamics and harvest data colleateodiak from 1982-2004 provided an
opportunity for a comprehensive analysis of a dlosenaged coastal brown bear population
that was subjected to annual hunting pressurerrrdtion from bears of all segments of the
population and bears that used a variety of habitatnonstrated that brown bear management
must be as adaptable and intelligent as the bleansselves to be successful. All indicators
suggested that the bear population was healthypeottictive even as it supported a sustainable
harvest that consistently yielded some of the tirears in North America.

Survival Rates

Survival rates for adult female bears on Kodiakenesmparable in the northern study areas
(TLH, ZSP) and the southern-most study area (AltK3pite of considerable differences in
available habitat and denning patterns. Adult fierbaars in southwest Kodiak (SWK) did not
follow a similar pattern, as their annual surviketles were significantly lower than all other
areas. We recorded 47% more of the radiocollanedlies in SWK dying during the study
period than in any other area. Those deaths iedlilcdth human-induced and natural
mortalities. The sample of female bears in SWK t@aaparable age distribution to the
radiocollared bears in the other areas, and tla¢ivelannual variation in the food availability
noted during the SWK study period was comparabteemther study areas and periods.
Consequently, the difference in survival was prdypabt a result of a biased sample.

This result was surprising because bears in SWkilinadreatest access to salmon resources
both in biomass and in the length of time salmoreveailable (Van Daele and Barnes 2007).
Closer analysis of the survival differences note@WK revealed that female bears in that area
had greater minimum convex polygon home range siresany of the other study areas. The
larger home range sizes were not reflected in 8% Bxed kernel utilization distribution areas,
however, as the SWK females relied on areas corhnleairasize to those used by bears in the
northern study areas. The reason for this appdisatepancy was due to the bears in SWK
seeking out areas where spawning salmon providesbsally concentrated food sources.
Coincident with this movement pattern, the beathat area were more likely to interact with
other bears frequenting the same small areas.oddin bears in northern Kodiak would
seasonally concentrate in small areas (<2.9 lsich as the heads of Terror and Uganik Bays in
densities of 5,400 independent bears/1006, kmsouthwest Kodiak bears at Frazer and Thumb
Rivers congregated at densities of up to 10,008prddent bears/1000 kmnd at O’'Malley

River at up to 16,200 independent bears/1000 (Barnes 2006) for several months each year.

While adult female bears in SWK shared similar esusf mortality to those on other parts of
Kodiak, the magnitude of those mortality factorereed to be exacerbated by increased home
range sizes and increased intraspecific encouatéo®d concentration areas. The annual

survival rate of adult females in SW&(z 0.800) was comparable to that of males islardkwi
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(?( = 0.809), and the 100% minimum convex polygon hoamge sizes also had analogous

similarities (SWK,x = 218.6 knf; all males,x = 251.5 km) (Van Daele 2007). This implies
that because both of these groups of bears rangadéh larger areas than did female bears on
other parts of Kodiak, they were exposed to graaks from humans and other bears.

A comprehensive literature review by Schwartz e{2003) reported that brown bear annual
survival rates in North America ranged from 0.8296 (x = 0.93) for adult females and from

0.62 —0.94 x = 0.85) for adult males. The rates we observd€bitiak (0.87 and 0.81,
respectively) were lower than most noted in thabggis, but their synopsis did not include any
high-density coastal brown bear populations thatwebjected to human harvests. Schwartz et
al. (2003) also noted that subadult female suruias generally comparable to adult female
survival rates, and that subadult male survivagatere usually lower than the subadult females
and all independent bears. Garshelis et al. (200t2d subadult female annual survival rates of
0.92 and subadult male survival rates of 0.69 inefth. The data we collected on Kodiak
followed similar patterns with subadult female® &9 and subadult males at 0.56, again
reflecting a lower annual survival rate than in #immted and interior populations.

We could not definitively ascertain if hunter hastvef males was compensatory for natural
mortality (Burnham and Anderson 1984, Schaub aridten 2004), but radio telemetry data
indicated that adult male bears were over 175% tikely to be killed by hunters than adult
females on Kodiak Island. This discrepancy wassalt of hunter selectivity, larger male home
ranges and use sizes, and hunting regulationptbtdcted maternal females. Conversely, the
adult females we radiotracked on Kodiak were owetirhes more likely to die of natural causes
than were the radiocollared males.

We found significant differences in the produciyviBarnes and Van Daele 2006) and survival
rates of bears in the different study areas on &adin spite of this, densities varied only
slightly (Van Daele 2007) and bears in each ofaifeas appeared to have similar reproductive
fitness as they adapted to their local habitdtemales in SWK had the greatest reproductive
rate on Kodiak (0.421 weaned cubs/female/year}tl@dbwest annual survival rate (0.800).
Conversely, females in ALK had the lowest reprothgctate (0.328 weaned cubs/female/year)
and the highest annual survival rate (0.913). Raijmm dynamics data, coupled with home
range and habitat use data (Van Daele 2007), pedvid evidence of a source—sink dynamic
between the Kodiak study areas similar to whatigpsected in portions of the Greater
Yellowstone Ecosystem grizzly bear population (Saftzvet al. 2006). The only possible
exception on Kodiak might have been the northeagtart of the island where liberal harvests
were designed to reduce bear densities and hamesteded sustainable levels. Unfortunately
we did not have sufficient data to test that paokib

There has been a plethora of articles documentifagpiicide by adult male brown bears and
speculation on its potential impacts on bear pdmria (McClellan 1994, Swenson et al. 1997,
Miller et al. 2003), and guides and hunters docusgkeeveral incidents on Kodiak during our
studies. We have also noted instances of adulsralling and eating adult females, both
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maternal and barren, at various times of the yBanyer and Hensel 1962, Smith and Van Daele
1991). Bunnell and Tait (1981) created a simutatiiodel that predicted that hunter harvest of
adult males would dramatically disrupt regulatorgamanisms of a bear population by reducing
effectiveness of intrinsic controls. Determininbatimpact hunter harvests have on the
dynamics of Kodiak bear populations is confoundgdthie ability of the bears to use a wide
array of habitats and food resources, thereby ngak&isessment of carrying capacity difficult
and measuring impacts of density-dependent pros@sgeactical.

Although density-dependent processes may ultimaégylate all populations, the range of
population densities where density affects viteésand the mechanisms by which density
influences population dynamics have not been detradrd for any bear populations (Taylor
1994). McLellan (1994) reviewed research from saMarown bear populations and concluded
that the hypothesis of a biological mechanism fmsity-dependent population regulation has
not been conclusively demonstrated for any poputadind that a prudent manager should not
assume that a reduction of density would cause@ease in recruitment or survival of a
harvested bear population.

Harvest

From the 1950s through 1970s bear managers on Kadiad a decline in the harvest of trophy-
sized bears, but no detectable change in populdgasity that could be attributed to hunting
pressure (Troyer 1961, Troyer 1962, Troyer and Eleb@69, Kodiak National Wildlife Refuge
1976). To address that concern, regulations wenaplgated to better disperse hunting
pressure around the Archipelago, reduce seasothkerand require that skulls be measured and
premolar teeth collected for aging. Impacts ofringsed regulations were apparent within the
next decade, and continued throughout this stilithrvest levels and male:female ratios were
stable to increasing Archipelago-wide and the nunabe percentage of trophy-sized bears in
the harvest steadily increased. Estimated populaénsities were stable to increasing in most
harvest subunits. When survey data detected andenlbears in the Southwest Kodiak Island
subunit, regulations protecting females were itetlsand within a decade bear numbers
rebounded (Van Daele 2005).

Skull size-age data collected as a result of thaledion changes clearly demonstrated that age
structure of the male bear population has a dimpact on the number of large bears available
to hunters. On Kodiak, over 90% of male bears lilaggotential to reach skull sizes exceeding
68 cm, and over half of the bears can attain trapbg if they live long enough. Therefore,
when managing for a population that retains a saegwidarge males, it is important to establish
regulations that consider survival rates of adwdtes as well as productive females. During this
study, hunting regulations for Kodiak bears wewdted to distribute harvest throughout the
archipelago and reduce hunter efficiency. Whikssea dates included times when hide quality
was at its peak, they are also set to afford ptiotedco females that have longer denning periods.
Prohibiting harvest of maternal females and thepehdent cubs further protected productive
females.
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The estimated annual harvest rate of 5.5% of tta bear population on the Kodiak

Archipelago was close to the suggested approximatemum 5.7% exploitation rate from
Miller's (1990a) population simulation studies amlwn bears in Southcentral Alaska. Other
investigators have suggested that sustainable ¢évelman-caused mortality of brown bear
populations is about 6% (Bunnell and Tait 1981, éloand McLellan 1996), but it has also been
noted that habitat quality impacts bear produgtj\sb human-causedortality should be

reduced in marginal habitats (Austin et al. 200defBardt 1990, McLellan 1994).

Model

Choosing the appropriate level of resolution f@ogulation model is a pragmatic compromise
between the complexity of the ecosystem on one haddhe need to solve a problem with
limited data and in a reasonable amount of timéerother (Starfield and Bleloch 1986).
Wildlife managers and the public are often overwied and sometimes intimidated by models
that incorporate complex algorithms hidden withiteltk boxes” of convoluted formulae,
stochastic iterations, and immeasurable variablékile demands for such sophisticated
modeling techniques are legitimate, too often maragespond by either avoiding using the
models or by dismissing them as unrealistic or @aiding. Consequently, the thought and effort
that went into development and testing are dimeussh

Our model performed well when its predictions wesenpared to data from intensive aerial
surveys of portions of the study areas and studgg®& The only area where estimates did not
closely agree was in ALK. In that case, we sugmktitat the model was more accurate than the
intensive aerial survey. The second survey in At&S plagued by poor weather conditions that
prevented adequate coverage of the entire areael\ypoedictions were also superior to aerial
surveys in that they provided not only estimatetheftotal number of independent bears, but
also estimates by gender and of number of tropHgsna the population.

The simplicity of the model developed during thisjpct is simultaneously its greatest asset and
its greatest limitation (Appendix 2.1). By usiagleterministic model that employs data derived
from long-term studies, impacts of interannual &@ons were dampened and we obtained
concise results. This is attractive to managetdsmaembers of the public who prefer definitive
answers that can be easily comprehended. The dchwib this is that there is no variation or
confidence interval, and results may be misleadiogre is not taken to explain the quality of
the data used to derive those results and the fatenpacts of errors.

Although the purpose of this project was to prodasemple model to be used in a public forum,
there are several ways to surmount its limitatiok®nagers using the model should elucidate
constraints on the model to users and they musaiexihat the anticipated level of projection
accuracy is based on the quality of the input @Béglor et al. 2002). With this in mind, the
model could be run several times using variablaswlere within confidence levels of each
parameter that was measured (Jerina et al. 2008% would give everyone an idea of how
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accurate the results might be and where more i@dsé&aneeded to improve estimates. Although
such an exercise could be more easily accomplisii@dnventional computational techniques
such as Monte Carlo simulation or bootstrappingfauad that having a simple model that
could be manipulated in a public forum made a greatpact on decision-makers than did more
sophisticated methods. If more detailed populagiomulations were desired, the model could be
modified to include stochastic variables, inputgesy and feedback loops (Wielgus et al. 2001,
Schwartz et al. 2006). Starfield and Bleloch ()98 ommended starting off with a simple
model that addressed a specific objective and imgjlchodules that could be attached to that
model as more data became available or if additiolj@ctives were defined. Future iterations
of the model could conceivably include feedbackmfiaotentially limiting factors, such as the
impact of adult male density on cub survival, aadations in productivity due to annual food
availability.

MANAGEMENT IMPLICATIONS

Integration of research and management data iss&oceto assure management for a
sustainable brown bear population and quality mgnéixperiences. Analysis of harvest patterns,
denning chronology, and home ranges provide masagén critical components for bear
management strategies. From these analyses, seasbnegulations provide a suite of
management tools that can be tailored to efficyetiatiget specific areas and segments of the bear
population. We found that because of relativelyalsimome ranges of bears on Kodiak and the
adaptability of bears to their surroundings (Varele€2007), it was best to manage the
Archipelago as 6 subunits, each reflecting the umiaspects of bear biology in the areas.
Application of the model to each subunit gave uassessment of current harvest strategy, and
allowed us to develop an “ideal” strategy that wibstiabilize the bear population while
maintaining opportunities for high quality huntiegperiences.

The concept of a “high quality hunting experiensesubjective and can only be defined with
extensive public input. We found that when we us@dmodel to explore an assortment of
harvest strategies with hunters and managers;iittéed productive discussions about a
multiplicity of options. While consensus may nbtays be possible, a legitimate and
understandable model allows exploration of potébi@ogical ramifications of various
management scenarios and assists in framing aedebptos and cons of different proposals.
These deliberations also expose areas where fudbearch is needed.

Miller (1990b) cautioned that using gender and ragjes to set allowable harvest objectives is
more likely to result in overexploitation than ugitotal adult females for setting guideline
harvests. Our model came to the same conclusidh female survival and productivity the
most sensitive parameters driving population tréradyever, on Kodiak we had an increasing
population on many parts of the island, and an @geapported comprehensive bear
management plan, developed by stakeholders (ADF&@2 Y, that recommended maintenance
of the bear population within a “wildlife-acceptancapacity.” Rather than attempting to
estimate biological carrying capacity, “acceptaocapacity” was defined as a population that
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was no more than 10% larger than the current (288tlmhated bear population level. The plan
also recommended maintaining the tradition of besting, consistent with a conservative
management and regulatory regime that avoided aweekt of the resource (ADF&G 2002).

The increasing number and percentage of trophysnalthe harvest during the past 30 years
was encouraging, however, model results suggelstedhte number of trophy-sized males in the
harvest may be reaching an asymptote, and highelslenay not be sustainable. To stabilize the
population, maintain the current annual harvestaghy-sized males, and avoid overcrowding
of hunters, the model suggested increasing haofestult females in some subunits. It also
suggested harvest rates ranging from 5.6 — 7.9 teaéstimated independent bear population
would be appropriate in various harvest subunit&odiak.

Harvest rates developed during this project wersparable to previously published estimates
for sustainable brown bear harvest levels. Toinbt&fined harvest strategies, however,
managers must consider several population parasp@e@nagement objectives for the area of
interest, characteristics of the harvest, andedkiellof confidence for each of those factors —
there is no single harvest rate that is applicabkl situations.
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Figure 2.1. Brown bear hunt areas (Game ManagebwthB) and bear management
subunits, Kodiak Archipelago, Alaska.
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Annual harvest of trophy bears
(total skull size >71 cm)
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Figure 2.2. Mean number of brown bears with tekalll sizes exceeding 71 cm (trophy-sized
bears), by 5-year period, harvested on the Kodiakifelago, Alaska, 1961 — 2004.
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Table 2.1. Annual survival rates and mortalitytéas for radiocollared adult bears, Kodiak
Island, Alaska, 1982 — 2004.

Annual survival

Area / Gender rate Cause of death
(95% CI) Natural Hunter DLP llegal Total

All males’ 0.809 1 20 1 0 22
(0.754 — 0.854) (5%) (91%) (5%) (----)

All females 0.867 21 13 4 1 39
(0.834 - 0.894) (54%) (33%) (10%) (3%)

Terror Lake 0.886 5 2 2 0 9
female$ (0.835-0.923) (56%) (22%) (22%) (----)

Zachar / Spiridon 0.880 3 4 1 0 8
female$ (0.828 — 0.917) (38%) (50%) (12%) (----)

Southwest Kodiak 0.800 10 6 0 1 17
female$ (0.730 - 0.855) (59%) (35%) (---) (6%)

Aliulik Peninsula 0.913 3 1 1 0 5
female$ (0.835 - 0.956) (60%) (20%) (20%) (----)

a — bears killed under defense of life or propertyisions.

b — survival rates calculated using proceduresradlby Brownie et al. (1985) and Program
MARK (White and Burnham 1999).

¢ — survival rates calculated using proceduresradlby Burnham (1993) and Program MARK
(White and Burnham 1999).



Table 2.2. Annual human harvest of brown bearkiwithe 4 study areas, Kodiak Island,
Alaska, 1982 — 2004.

Annual harvest

Study Independent bearsBears / Male FEemale % harvest of
area year/1000 krf year independent bee
Terror Lake 13.34 16.17 63.7 %35.5% 6.68%
Zachar / Spiridon 16.46 2461 70.7% 28.8% 7.44%
Southwest Kodia 17.82 47.70 66.8% 32.9% 8.41%

Aliulik Peninsula 22.58 14.00 72.7% 26.7% 10.33%
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Table 2.3. Mean annual harvest of brown bear&-fpgar period, on the Kodiak Archipelago, Alaska61-2004.

RegulatoryMean annual fall harvest Mean annual spring harvestMean annual total harvestMean annual

Years Male FemaleTotal Male Female Total Male Female Total trophy %
1961-65 62.5% 37.5% 32.0 60.4% 38.0% 103.6 60.8987.9% 135.6 6.97%
1966-70 61.2% 37.9% 44.8 59.1% 38.7% 81.2 59.8988.4% 126.0 3.49%
1971-75 52.0% 46.9% 54.2 63.1% 35.6% 87.2 58.8989.9% 141.4 2.41%
1976-80 59.0% 41.0% 35.6 63.6% 36.0% 96.6 62.3987.4% 132.2 2.27%
1981-85 58.0% 41.2% 50.0 71.4% 28.6% 112.4 67.2982.5% 162.4 4.32%
1986-90 52.7% 46.3% 60.0 67.6% 32.2% 108.8 62.2987.3% 168.4 7.26%
1991-95 64.0% 35.2% 53.4 67.2% 32.1% 106.6 66.1983.1% 160.0 8.38%

1996-2000 68.6% 31.4% 52.8 74.8% 25.0% 107.2 72.8987.1% 160.0 7.38%
2001 -04 72.2% 27.8% 53.0 75.9% 24.1% 112.3 74.7985.3% 165.3 9.11%

a — four-year average
b — “trophy” bears are those with a total skulesjmaximum length + maximum width) >71 cm.
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Table 2.4. Results of intensive aerial surveylrofvn bears on Kodiak Island, Alaska, 1987-2002.

Bear$ Estimated Area Estimate
Survey Replicate Survey rate observed beaf density Standar(surveyec bear§in
area Year surveys (min/kn?) /1,000 knf Sightabilit’ /1,000 kni error (km?)  area

Terror Lake 1987 3 15 75 33% 234 29.75 355 83
Terror Lake 1997 4 1.7 92 33% 276 31.70 355 98
Spiridon Lake 1995 4 1.9 38 33% 118 24.26 287 34
Spiridon Lake 2000 4 1.8 44 33% 134 23.28 287 38
Sturgeon River 1987 4 1.6 120 41% 293 22.32 264 77
Sturgeon River 1998 4 1.9 94 41% 227 4.43 264 60

Aliulik Peninsula 1992/93 8 1.6 108 53% 209 16.95 350 73

Aliulik Peninsula 2002 5 1.4 92 53% 173 18.32 350 61

a — independent bears (does not include dependbs}.c

b — percentage of bears expected to be seen dhergyrvey (based on radio telemetry data).
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Table 2.5. Estimates of brown bear numbers andityan each harvest subunit on the Kodiak Archagel, Alaska, 1995 and
2005.

1995 2005 Difference

Bear harvest Area Independent Total Independent Total Independent Total
subunit (km? Density bear§ bear§ Density bear§ bear§ bearé bear§
Northern Islands 2,281 101 231 330 132 300 430 +69 +100
Northwest Kodiak 2,983 200 596 808 224 668 908 +72 +100
Northeast Kodiak 1,005 63 63 90 70 71 101 +8 +11
East Kodiak 1,738 146 253 471 230 400 744 +147 +273
Southwest Kodiak 3,498 204 712 1,019 219 765 1,094 +53 +76
Aliulik Peninsula 837 219 183 262 208 174 249 -9 -13
TOTAL 12,342 165 2,038 2,980 193 2,378 3,526 +340 +547

a — estimated bear density in 1995 (based on aenakys and extrapolation from 1987 — 1994) (Baweteal. 1988, Barnes
and Smith 1998).

b — estimated bear density in 2005 (based on amakys and extrapolation from 1987 — 2005).

c — estimated density of independent bears pe©Xk06.

d — estimated number of independent bears (excldel@sndent cubs)

e — estimated number of bears in the harvest supoaiudes dependent cubs and independent bears).

V.
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Appendix 2.1. Population model documentation
Kodiak brown bear population model documentation

This is a deterministic model for use on Microdecel® (Microsoft Corporation,

Seattle, Washington, USA) software. It was devetbip operate with user inputs of
either measured or estimated data for a variepoptilation parameters. It is designed to
be parsimonious, transparent, easily understoaddnjagers and the public, and able to
run on most conventional computers. Model outpaliides estimates of projected
population (by gender) of independent bears inegisnt years, a calculation of annual
population change, and an estimate of the numbleearfs that will be in the trophy size
class.

The first input variable to the model is an estienait the initial population level. This
includes only independent bears (>3 years old)amnestimate of the percentage of those
that are males. The projected population is time glithe initial population, plus the

influx of new subadults from resident sows minus tlkmber of bears that died. In
making these calculations we assume: 1) we knavaliiopulation size and gender

ratio; 2) immigration/emigration has no net impastthe population; 3) productivity and
mortality rates are known; and, 4) all factors @egerministic.

Mortality calculations consist of 4 facets: 1) hemiharvest of adult bears; 2) adult bears
killed in defense of life or property (DLP); 3)athal and unreported human kills of adult
bears; and, 4) all adolescent mortality. Huntevést includes reported harvest by
gender (input variable). The number of those #énatadults is calculated by multiplying
the total harvest by a correction factor (inputadale) for the proportion of adults in the
harvest of each gender. DLP Kkills are input vdeslby gender (only adults are
included). Those that are of unknown gender asigyasd a specific gender by
multiplying them by the percentage of each gendehe reported DLP Kkill. Unreported
and illegal kills are calculated as a percentagb@fteported legal harvest and the
reported DLP (both input variables). Percentagegdmder are calculated to be the same
as in the reported kill. These data are addeldeodported kills for total harvest
estimates. Unreported DLP Kills are also caledats a percentage of the reported DLP
kill (input variable). Gender percentages areudated to be the same as in the reported
kills. These data are added to the reported DbP#he total DLP estimates. Natural
mortality is gender-specific and incorporated gmitrvariables. This is a 2-step process
that includes an input of the total estimated pstage that is due to natural (non-human-
caused) circumstances. The resultant natural titgntate is multiplied by the estimated
adult population size, by gender, to calculateniimaber of adult bears that die of natural
causes. Total estimated annual adult mortalitjessum of all the above.

Subadult (adolescent) mortality is calculated bytiplying the estimated annual
adolescent (3- and 4-year olds) mortality, an infautable, by the estimated number of
subadults of each gender in the population. Themated number of subadults is
obtained from the productivity estimates. Totalrtality is the sum of the adult and
subadult mortality estimates. Throughout the mibytaalculations we make the



76

following assumptions: 1) estimates of unreported ilegal kills are accurate; 2) gender
ratios of unknown and unreported kills are the samthe reported rates; 3) adolescent
mortality rates are different from adult rates aad consistently be estimated; 4) the
number and percentage of males in the populatiomtdanpact mortality rates; 5)
natural mortality rates are consistent; and, 6)ntlmaber of subadults in the initial
population is closely correlated to the numberulfaglults in the projected population.

Annual productivity is derived by multiplying thetenated number of cubs weaned per
productive female per year (input variable), tirttes estimated number of productive
females. Mortality calculations are made prioptoductivity calculations, thereby
reducing the number of productive females availalilee estimated number of
productive females includes those between 7-25syadr This is calculated by
developing a life table (based on female surviags and the initial population) and
subtracting the number of females in the populasibyear 7 from the number in the
population at year 26.

The percentage of weaned cubs of each gendenmpanvariable that is multiplied by
the total number of cubs weaned to obtain the eséichnumber of male and female
subadults coming into the population. Productiei$yimates take into consideration the
age of first successful weaning, weaning age otthes, reproductive intervals, new cub
production and survival, and the age of femalea@pctive senescence. The calculated
annual productivity is derived by multiplying thstienated number of cubs weaned per
productive female per year (input variable), tirttes estimated number of productive
females. Throughout the productivity estimatioms,make the following assumptions:
1) cub production is constant; 2) weaned cub gerai&s can be accurately determined
and are constant; 3) adult male numbers and pagesnthave no impact on productivity;
and, 4) cementum age data are accurate.

The number of trophy males in the population iswiated by multiplying the percentage
of >10-year old males that are projected to have 7{28%) or greater total skull sizes
(input variable) by the projected number of malest aire at 0 years old, based on a

life table. The life table is derived from thetial male population multiplied by the
estimated male survival rates (subadult plus adtdts). In making these calculations we
assumed: 1) there is a consistent percentagé®fear old males that havécm skull
sizes and that percentage can be gleaned fromstalai®; 2) cementum age data are
accurate; and, 3) there is a direct relationshipvden male bear age and the percentage
of trophy-sized bears, and an inverse linear ighip of the number of males available
in each age category (i.e., fewer bears in oldercagegories).

Model verification consisted of comparing extrapethresults with intensive aerial
survey (IAS) data from IAS areas nearest to or withstudy area. The initial population
was multiplied by the intrinsic rate of increasantbda) to obtain the projected
population size for the next year (t+1). Similafoulations were performed to project
population sizes for subsequent years. Changasnsity estimates from 2 temporally
distinct IASs were compared to the changes inrili@i population estimate used for the
model and the extrapolated estimate for a compartabke span. Subtracting the latest



estimate from the initial estimate and dividing thi#erence by the initial estimate
calculated the percent change.
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Appendix 2.1 (continued). Example of the Kodialatblearvest model with input variables for the Tetrake study area, Alaska
(yellow and beige cells require user input, bluésaae calculated by the model, red cells arentbeel output).

New Population Level

Initial Population

independent males-> independent males->,

independent females—> independent females—>

Population change

Initial Trophy males - RIS IR
New Trophy males > [EEeRi0)

independent males killed by hunters> . 63.5% 4.6% percentage of 10+ yr old males >71cm9
independent females killed by hunters—>
independent bears killed by hunters> percent male cubs%
estimated percent adult males in harvest->| 51.2% percent female cubs—> %)

Annual production
calculated annual production->
new independent males—>

new independent females—>

Annual mortality
total independent males—>
total independent females—>

estimated percent adult females in harvest>| 46.2%

estimated unreported & illegal harvest> 3% (% of reported) male adolescent survival>| 56%
female adolescent survival>|  89%

adult males reported DLP->|  0.57
adult females reported DLP->| 0.91 total calculated adult female mortality=>| 11.4%
adult unknowns reported DLP->|  0.00 estimated % that is natural (female) 2| 56.0%
estimated unreported DLP—->| 100%, (% of reported)

natural adult male mortality - [VEE4) total calculated adult male mortality>| 19.2%
natural adult female mortality—> SRS estimated % that is natural (male) >| 2.9%
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Appendix 2.1 (continued). Example of the Kodialatblearvest model with input variables for the Tetrake study area, Alaska
(yellow and beige cells require user input, bluésaae calculated by the model, red cells arentbeel output).

ADULT MORTALITY
Reported kills
Total males killed by hunters>
Adult males killed by hunters—>
Total females killed by hunters—>
Adult females killed by hunters—>
Total adults reported as hunter kill>|

Percent of total males that are adults > JESYWAZ

Percent of total females that are adults > [REGRAZL

males killed DLP—>
females killed DLP->
Unknown gender DLP->
Total reported DLP~>

Estimated males killed DLP—> 0.57
Estimated females killed DLP~> 0.91
Total estimated DLP (reported) —)

Natural & other unreported mortality
% unreported & illegal that were male—>
% unreported & illegal that were female->,
Total unreported and illegal kill>

% males in harvest * est unreported kill - KON Y
% females in harvest * est unreported kill |
* the reported harvest >

male unreported DLP -
female unreported DLP >
Total unreported DLP->

* the estmated reported male DLP |
* the estmated reported female DLP -
* the reported DLP >

natural independent male mortality—> JOESEA * the est independent male population->|
natural independent female mortality> e * the est independent female population->

sum of estimated total natural mortality—>

6.



Appendix 2.1 (continued). Example of the Kodialatblearvest model with input variables for the Tetrake study area, Alaska

(yellow and beige cells require user input, bluésaae calculated by the model, red cells arentbeel output).

Estimated annual adult mortality
adult males harvested by hunters—>
adult females harvested by hunters->

Estimated percent adult males in harvest—> Y%
Estimated percent adult females in harvest-> ELEWAZ
Total hunter harvest of adults>

Estimated adult males killed by hunters— ER{VIESSR APV

males killed DLP—> il Estimated adult females killed by hunters - |RSIRS LR/ WAL

females killed DLP—> 2 Estimated total adults killed by hunters>
Total DLP kill> 3

adult male natural mortality—> Y| bears

Including: S| males
Including:

Total estimated adult mortality>
adult female natural mortality >

Total adult natural mortality-> ikl females

SUBADULT MORTALITY
male adolescent survival=>

56% male adolescent survival X male cubs—> @& subadult males
female adolescent survival >N female adolescent survival X female cubs—> ksHsi subadult females

Total estimated adolescent mortality > |k bears
Including: A males
Including: |PEe) females

TOTAL MORTALITY (all independent bears)

Total estimated annual mortality > [gek#ll bears
Including:FeKs males
Including: s females
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Appendix 2.1 (continued). Example of the Kodialatblearvest model with input variables for the Tetrake study area, Alaska
(yellow and beige cells require user input, bluésaae calculated by the model, red cells arentbeel output).

PRODUCTIVITY

Cub production>OReZ¥A mean weaners/adult female/year X adult females - [RERsIS}# total cubs

percent male cubs—> [EEZ percent male cubs X total cub production > R4 male cubs
percent female cubs 0 percent female cubs X total cub production Rkl female cubs
f I bs—> e f I bs X | cub production - ARk f I b

Total new subadults> LR

18



