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MOUNTAIN LION AND BEAR CONSERVATION STRATEGIES REPO RT

This report was prepared to address a goal providetle Director of the Arizona Game and
Fish Department by the Arizona Game and Fish Cosionsat its meeting on May 1, 2008. The
Department conducted a literature review, gathexauparative data from other states, and
prepared a series of strategies that may be usaddi@ss management issues for mountain lion
and bear in Arizona. The Commission will be briefed this report at their March 5-6, 2009
meeting. The Commission will take no action on thigefing. All strategies presented in this
report will require additional evaluation, and amynting changes will require future action by
the Commission in a public session.
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MOUNTAIN LION AND BEAR CONSERVATION STRATEGIES REPO RT
EXECUTIVE SUMMARY

This report was prepared by wildlife scientists andnagers, including two contributors not
employed by the Arizona Game and Fish Departmespément). This report reviews data
available in Department files, peer-reviewed puidd literature, and conservation plans and
strategies from other western states. The summandsrecommendations listed at the end of
each strategy section are based on the best deaitdbrmation, supported by science, and are
considered reasonable and cost effective.

This report examines several aspects of conservatia management for both mountain lions
(Puma concolor and black bearsUfsus americana The specific topics addressed include
hunting and recreational opportunity, conflict fesion, livestock depredation, and summarizes
information on genetic sampling for population ntoring.

The strategies that follow are not Department gotic agenda, but provide an array of options
based on published literature and professional rexpee that may be considered to achieve
management objectives. Changes to Department lgiédeand policies occur using public
processes that may consider these strategies.

Hunting and Recreational Opportunity Strategies
Mountain Lion

1. Maintain multiple bag limit areas where the objeetis a reduction of mountain lion
abundance. This will allow hunters to continue #otigipate in mountain lion hunting in
areas that will benefit other wildlife species teehspecific management objectives.

2. Maintain open hunting where female harvest doesnubtate the need for reductions in
resident mountain lion abundance (e.g., adult femao not comprise >35% of the
harvest for four consecutive years) and managewigettives do not include reducing
the abundance of mountain lions in that unit ortiparof that unit. Continue to protect
spotted kittens and females accompanied by sphkitieds.

3. Evaluate an experimental harvest limit zone amamtsuf adult female mountain lions
comprise a high (e.g., >35%) proportion of the atarvest and population reduction is
not the management objective. Manage harvest ghrolie establishment of a harvest
limit on females under an experimental, adaptivenagament approach. Following
inception of such a limit zone, harvest in the zeheuld be monitored closely during a
5-year period to assess total harvest and age exdofs mountain lions harvested.
Mountain lion home ranges generally encompass pheltunits and larger areas of
consideration are needed to evaluate efficacy.
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4. Continue to collect genetic material from harvesteduntain lions to determine
interrelatedness within broad vegetative commusiti€he degree of interrelatedness can
be used to infer population changes over time witlgigetative communities.

Bear

1. Continue with the current conservative managemgateg)y of season and annual female
harvest limits to manage Arizona’s bear populatihile protecting females with cubs.

2. Reduce harvest of females in units that exceedarfamale harvest limits on a consistent
basis (e.g., 3 out of 5 consecutive years) and anealje of harvested females within the hunt
area is <5 years by reducing the number of seagosfortening seasons to less than the
current 6-day structures. Use DNA techniques tionase minimum population sizes in these
units.

3. Use DNA studies in conjunction with age and sexadti better estimate minimum
population numbers by vegetative communities. Adfamale harvest limits for hunt areas
with the best available data, including DNA-suppdriminimum population estimates.

4. Continue to collect genetic material from harvedbedrs to determine interrelatedness
within broad vegetative communities. The degremiarelatedness can be used to infer
population changes within vegetative communitiesrdime.

Human-Wildlife Conflict Resolution Strategies
Mountain Lion

1. Continue to educate the public using Departmenrbbists familiar with mountain lions
and human-mountain lion conflicts in addition tomadistrators, public information
personnel, and outside consultants.

2. Continue to provide specialized carnivore conflreisolution training for specific
personnel focused in areas where projected growthoecur and places likely to result
in continued human-mountain lion interactions.

3. Invest in a science-based educational program, sclWashington State’s Project
C.A.T. (Cougars and Teachers), using the Departs&ntus Wild lesson plans to assist
in educating the public and agency personnel.

4. Continue to use Department Policy 11.10 as theiggigolicy during the Department’s
responses to calls concerning human-mountain borflicts.

5. Pursue regulations prohibiting feeding of wildlifieto additional counties, cities, or
portions of counties as Arizona’s population inse=a and urban areas and high-use
recreation areas interface with high mountain lgensity habitats. Build partnerships
with other agencies that are also responsible fufioreement of wildlife feeding
regulations.
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6. Incorporate geospatial analyses from the collecodériGPS location data at sites of
investigated conflicts for improved identificatianth consistent conflict areas. Maintain
and update all related databases.

Bear

When dealing with human-black bear conflicts thare two fundamental considerations for
strategy development:

Preventing the development of conditioned problears.

Managing problem bears once they are conditiongkeigpresence of humans.

1. Continue with the aggressive Bear Aware progrant thegets communities in and
adjacent to bear habitat. Enact or enforce ordiearconcerning feeding wildlife and
work with local municipalities to discourage plargiof vegetation that attracts bears.

2. Work with local municipalities and land managemeagencies within areas where
nuisance bear problems exist to implement wasteagenent policies encouraging the
use of bear-resistant garbage containers and eyetwmiection times to eliminate
nighttime attractants.

3. Balance the goals of maintaining viable black h@@pulations, protecting human safety
and property, and satisfying the needs of stakehslth a cost-effective manner. Hunting
and proactive education and awareness programegsdo achieving that balance.

4. Continue to provide specialized carnivore conflreisolution training for specific
personnel because Arizona’s projected growth wituw in places likely to result in
continued human-bear interactions.

5. Continue to use hunt structures, including spring population management hunts, to
address nuisance bear situations adjacent to npafitcs.

6. Collaborate with land management agencies to Wegetation adjacent to municipalities
within bear habitat to discourage bear habitat w#hin wildland urban interfaces
(WUIs). Treat vegetation to improve bear foraghapitat, while protecting necessary
screening cover, in locations away from WUIs.

Wildlife Predation Strategies
Mountain Lion and Bear
1. Continue to use site-specific predation managenpans as directed through the
Commission's Predation Management Policy to addsgsations where other wildlife

species have been recently translocated or whereotifier wildlife species is below
population management objectives.
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Evaluate the need to expand the geographic are#testpecific predator management
plans on a regional basis where mountain liongharedentified predator of management
need and adverse impacts on wildlife populatioesdamcumented. Develop and evaluate
broader regional predation management plans whirer avildlife species objectives
have not been met and predation is a contributiotpf.

Continue to use multiple bag limits to provide mased hunter opportunity within hunt
areas where increased removal of mountain lions lmeagfit prey species that are below
management objectives. Multiple bag limits may llihe targeted removal of specific
animals through hunter harvest.

Continue to use Department or contract personagidd in capture methods to remove
mountain lions in areas identified in predator ngg@ment plans.

Intensive harvest of female mountain lions in aaasould theoretically reduce mountain
lion predation on wildlife because male mountaom$é may spend less time in areas with
fewer breeding females. Implementation of thisatsggy should be experimental and
adaptive to test efficacy of approach.

Livestock Depredation Strategies

1.

Mountain Lion and Bear

Intensive harvest of female mountain lions in asaaeven though they are responsible
for comparatively fewer cattle depredations tham m@ales, could theoretically reduce
mountain lion depredations on cattle because malentain lions may spend less time
in areas with fewer breeding females. Implementated this strategy should be
experimental and adaptive to test efficacy of appho

Collaborate with Wildlife Services, guides, ranchand the land management agencies
where depredations of livestock by mountain lionsl &lack bears occur to increase
additional hunting and guiding opportunity undee turrent depredation law A.R.S. §
17-302 and associated Commission Rule A.A.C. RBBE(H).

When appropriate, use current hunt structures t(lipopulation management hunts, and
multiple bag limits) to increase the harvest of mtain lions and bears in areas of high
livestock depredation caused by mountain lion dadkobear.

Work with livestock producers and land manageme@naies to employ innovative
livestock and husbandry practices that reduce isle of depredation, such as the
avoidance of calving operations within mountaim llwabitat.
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MOUNTAIN LION AND BEAR CONSERVATION STRATEGIES REPO RT
BACKGROUND

The Arizona Game and Fish Commission annually getds and objectives for the Director.
On May 1, 2008 the Commission approved the follgngoal:

Goal 5: During calendar year 2008, review, revised report on mountain lion and bear
conservation strategy plans to include the follayim one document: Hunting and recreational
opportunities; human-predator conflict resolutiomagegies; urban predator conflict strategies;
wildlife predation strategies; and livestock depm&dn strategies.

Under the powers and duties of the Commissionsiediin Title 17 of the Arizona Revised
Statutes (2007), Article 3, subsection 17-232,h&. Commission shall: Establish broad policies
and long-range programs for the management, praseny and harvest of wildlife. The use of
the words long-range in direct association with agggment, preservation, and harvest support
the development of strategies for conservation sumstainability of Arizona’s wildlife. This
report was developed with conservation as the keyegic objective and as strategy guidance
from the Commission to the Department for managmguntain lions and black bears on a
sustained yield basis.

The Commission approved a predation managemertypioliOctober 2000. In October 2004,
the Department completed a detailed evaluatioredator management policies through a cross
functional team that involved five subteams to egwthe biological foundations; social aspects;
population biology; public health, safety, and @amise; and information and education needs as
it pertained to management of all predators, indgdolack bears and mountain lions. A
protocol was also developed in 2004 through annske public process to address human-
mountain lion encounters. The protocol primarilyidgs agency response in the event of an
encounter. While these efforts were thorough, thepddtment did not develop specific
conservation strategies for mountain lions or blaelars. Instead they focused on aspects of
broad importance to the public and agency manageawtions, largely in response to human-
predator conflicts.

INTRODUCTION

Large carnivores present major challenges to coaien and management. Large carnivores
can cause human or livestock injury and mortalitg @an reduce their prey substantially in
some situations. In the recent past, Arizona wdsbited by populations of five large
carnivores: black bear, grizzly bedsréus arctoy, wolf (Canis lupig, jaguar Panthera oncg
and mountain lion. Grizzly bears were extirpatedwtd 935 (Davis et al. 1982). Wolves were
also extirpated, yet were reintroduced in March8.@allard et al. 2000). JaguamiRafithera
oncg have been confirmed within the state recentlytbere have been few confirmed tracks or
photos (Emil McCain, personal communication, 20G8gir abundance is obviously low in
Arizona. Only mountain lions and black bears reniaiArizona in large numbers.
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The Department’s mission to conserve, enhancerestdre Arizona’s diverse wildlife resources
includes the management of mountain lion and bleekr. Current management largely relies
on monitoring harvest trends and analyzing hareestposition to determine relative level of
exploitation. Relatively crude estimates of aburtdaare available across the occupied range.
The Department has investigated the use of trackegs to monitor mountain populations,
which was found to be cost prohibitive and inséwsito all but large population size changes
(Beier and Cunningham 1996). Genetic techniquesniz® to be the tool that will provide
effective population monitoring tools, althoughyheave as yet to be broadly implemented.
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HUNTING AND RECREATIONAL OPPORTUNITY STRATEGIES

Figure 1. Mountain lions provide substantial recrational opportunity for hunters annually in
Arizona.

MOUNTAIN LION

Hunting provides substantial recreational oppottuto thousands of Arizona hunters annually
(Figure 1). In addition, hunting harvest is themary mechanism for population-level
management of mountain lions across western Nontlerica. But hunting can reduce the mean
age of adult females and males in the populatitiar aopulation sex ratios, and reduce local
abundance (Ross and Jalkotzy 1992, Anderson artzé&yn2005, Stoner et al. 2006). Anderson
and Lindzey (2005) suggest using sex and age ratit® harvest to monitor lion populations as
an adaptive management indicator for maintaining@propriate harvest. Arizona is among the
few states where mountain lion hunting is not iefloed to a large degree by the sustained
prevalence of snow throughout much mountain liogea

One of the major difficulties with mountain lion megement is that direct survey counts of
mountain lions are not feasible, due to their da@ebehavior, propensity for nocturnal

movements, low abundance, and distribution in rdggerain with abundant cover. Despite this
difficulty, mountain lion hunting harvest levels d0-30% of an estimated mountain lion
population seem sustainable (Lindzey et al. 19%4sRet al. 1996). Experimentally, harvests of
25-50% to reduce estimated mountain lion populatioave been used to examine effects of
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exploitative harvest levels on demographics (Anolerand Lindzey 2005) or to study potential
effects of mountain lion population reductions eaypdemographics (McKinney et al. 2@)6

Harvest levels of about 20% are not likely to rexlmrountain lion populations (Laundré et al.
2007), but sustained harvest of >40% of a mouniaim population for >4 years might have
significant impacts on population dynamics and dgraphic composition (Stoner et al. 2006).
In an unhunted population of mountain lions in B&n Andres Mountains, New Mexico, the
adult population of mountain lion consisted of 4 Inale:female sex ratio, comprised 61%
adults, 6% subadults, and 33% cubs, average nuaildere cubs/female/year varied between
2.0 and 1.3, cubs were born during every montthefytear, gestation averaged 92 days, birth
intervals averaged 17.4 months, females reachedrfyulit about 21 months and males about 24
months, females giving birth in a portion of thadst area was 52 percent and an average of 76
percent were raising cubs each year (Logan and r8we#®01). Mountain lions less than three
years of age are considered subadults, while tlowse three are considered adults (Cougar
Management Guidelines Working Group [CMGWG] 2005).

As an alternative to direct survey, indices havenbproposed as alternative methods to survey
lion populations. Indexing sign surveys, suchrask counts, scent stations, and capture-mark-
recapture methods, have limited applicability fooddl scale management programs that
encompass diverse environmental conditions (Longl.e2003, CMGWG 2005, Choate et al.
2006). Another indirect method, mark-recaptureegendata collection, has potential for cost-
effective, statistically-valid population estimaiésestricted to defined geographic management
areas for initial sampling efforts, but then can d@plied to similar habitats and acreages
(DeSimone et al. 2008).

Current Management in Arizona

The Department's goals are to manage predators isustainable manner integrating
conservation, use, and protection, and to devebepbiological and social data necessary to
manage predators in a biologically sound and plybacceptable manner. Overall, mountain
lion hunting is meeting the Department's managen@jective of maintaining an annual
harvest of 250 animals/year and providing recreational opputies for 6,000 hunters per
year. Harvest and tag sales have met or excebdsd levels during recent years (Figure 2).

A mountain lion tag is required to harvest a moumtimn in Arizona, and tags are available in
unlimited number over the counter each year. Thiodividuals can hunt mountain lions
anywhere in the state during a nine month season 8eptember—May. Hunters are restricted
such that: 1) in general a hunter each year canhpae only one tag and harvest only one
mountain lion, 2) hunters can harvest any mount&@in except spotted kittens or females
accompanied by spotted kittens, and 3) the legatitg season is closed June—July—August.
Additional tags may be purchased for hunting witlsieas designated as multiple bag limit areas
as subunits within selected units.

Between 1990-2007, 5,047 mountain lions were htedes Arizona. Annual harvests ranged

from 205-384 and varied among years%x80) (Figure 2). The number of mountain liagg
sold annually increased from about 3,000 in 1990néarly 11,000 by 2007 (Figure 2).
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Figure 2. Mountain lion harvest, female mountainibn harvest, and number of tags sold annually
in Arizona, 1989-2007.

Harvest among units is highly variable and rangethftwo to 66 mountain lions among 36 units
(Table 1).

Hunters using hounds during 1990-2007 accountea feariable proportion of hunter harvest
among units, ranging from 35.7-100% (Table 1).teStale, hunters using hounds accounted for
about 65% of the harvest. Hunters using houndgested 586 male and 547 female mountain
lions statewide, although the sex ratio of mountains in the harvest varied among units (Table
1). Although males comprised a slightly highergadion of the statewide harvest than did
females, fifteen units had harvested M:F ratiosl<ind 21 had harvested M:F ratids1 (Table

1).

Sex and age data of annual mountain lion harvesamarindicator of harvest rate and population
trend (Anderson and Lindzey 2005). Generally spwpkvith most polygynous species,
management objectives target the harvest of thee magment. Hunting strategies strive to
remove animals that are considered an annual hablessurplus from a population on a
landscape scale. Evaluation of age and sex stmiabfirharvested mountain lions allows
biologists to better understand the degree of égbion on hunted mountain lion populations.

In Arizona, all successful hunters were requiredubmit a premolar tooth from their harvest for
aging purposes (cementum annuli analysis) beginimirgp04. Beginning in 2007, hunters were
required to physically present their harvested Ifon age and sex verification. Field-aging
techniques for mountain lions have questionableir@oy and precision (Ashman et al. 1983,
Shaw 1990, Laundré et al. 2000, Anderson and Ln@8®5), making it difficult to accurately
confirm the age structure of harvest without addiil lab analysis. Based on tooth cementum
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Table 1. Mountain lion hunter harvest, depredationharvest, percent of hunter harvest taken by
hound hunters, harvest of females and males, andtra of males harvested per 100 females (M:F) in
36 game management units in Arizona, 2003-2007.

Percent of Ratio of
Hunter Depredation Harvest Using Female Male M:100 F in

Unit Harvest Harvest Hounds Harvest Harvest Harvest
1 17 1 82.4 4 13 325
2B 4 0 75.0 3 1 33
3BC 13 0 76.9 6 7 14
4AB 21 0 76.2 7 14 200
5AB 22 0 77.3 10 12 120
6 58 0 67.2 33 25 76
7 29 0 89.6 10 19 190
8 23 0 73.9 12 11 92
9 18 0 66.7 10 8 80
10 28 0 35.7 16 12 75
11M 3 0 100.0 1 2 200
12AB 41 0 92.7 17 24 141
13AB 16 0 75.0 7 9 129
15A-D 6 0 66.7 3 3 100
16 8 0 100.0 5 3 60
17AB 63 9 77.8 29 34 117
18AB 45 19 62.2 26 19 73
19AB 29 1 62.1 21 8 38
20A-C 66 1 77.3 28 38 136
21 25 0 72.0 15 10 67
22 60 0 73.3 27 32 119
23 65 0 58.5 30 35 117
24AB 64 3 64.1 23 41 178
27 45 22 48.9 23 22 96
28 13 61 76.9 7 6 86
29 26 1 61.5 13 13 100
30AB 43 0 83.7 19 24 126
31 29 49 55.2 18 11 61
32 39 32 51.3 18 21 117
33 48 0 56.3 16 32 200
34AB 61 0 55.7 37 24 65
35AB 15 0 46.7 5 8 160
36A-C 64 1 46.8 31 33 106
37AB 23 0 65.2 13 10 77
42 4 0 50.0 3 1 33
44A 2 0 50.0 1 1 100
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analysis by sex of harvested mountain lions statewluring 2004—-2006, subadult®(years of
age) comprised 53% of the usable samples subnidte@halysis. Subadult females comprised
31% of samples, subadult males comprised 22% opksmnadult females comprised 21% of
samples, and adultmales comprised 26% of sam@\@srage age of harvested mountain lions
during this period did not change markedly (Table 2

Arizona, along with most other states, limits hatvef females with kittens by regulation. The
effectiveness of this approach to protecting fenmateintain lions with young is limited by the
ability of hunters to identify females accompanigg young (Barnhurst and Lindzey 1989,
CMGWG 2005). Females and males are difficult tstidguish, particularly for hunters not
using hounds. During 2003-2007, Units 6, 10, 184 8, 19A and B, and 21 had hunter
harvest ratios of 76 male mountain lions per 100 females, with thtatter harvest of mountain
lions ranging from 38—76 males per 100 females i@ ah Although preliminary, sex ratios of
adults harvested in these units had more femalgbanhunter harvest than males. Among
subadults harvested statewide, the sex ratio temalespproach 1:1 during this time period.
According to Anderson and Lindzey (2005), when aterhales consistently comprise >35% of
the overall harvest, resident mountain lion abundanay be reduced.

Although similar in some respects, Arizona’s applot harvest management of mountain lions
differs in other ways from methods used by sometevesstates or proposed by some biologists.
In Utah, mountain lion harvest is managed withirgéaareas either conservatively as a trophy
species or liberally where they are believed ta lieniting factor affecting population growth of
native ungulates (Stoner et al. 2006). In Brit&lumbia, a draft harvest management plan was
developed that includes the use of refuges (unduateas) to limit harvest of mountain lion
populations (Austin 2005). Limit zones (areas witlrvest limits closing hunts when reached)
were established in Washington (Beausoleil et @052 and Oregon, the latter of which also
banned use of hounds through a voter initiative i(f@ker 2005). Limits for harvest of female
mountain lions are used in Idaho (Nadeau 2005)fantbtal and female mountain lion take in
Montana (DeSimone et al. 2005). In Wyoming, then8and Fish Department is fiscally liable
for confirmed livestock losses; they follow an oplemnting policy that protects kittens and
females with kittens at side and requires mandatbgck-out of successful hunters (Moody et
al. 2005).

Hunting of mountain lions is prohibited in Califaan but limited hunting may be developed in
the future; the number of depredation permits idsaed mountain lions taken increased
dramatically between 1972 and 2004, when legal ihgnof mountain lions was terminated
(Updike 2005). Nevada employs an open huntingesystvith mandatory check-out of
successful hunters. Depredation harvest averdyms 42% of hunter harvest, and any hunter
may obtain two mountain lion tags annually (Woaistiéme 2005). Colorado does not use
female subquotas, but harvest limits can be estadai for one or more of 19 Data Analysis
Units (Apker 2005). Finally, New Mexico is dividadto mountain lion management zones
(MLMZ), each of which may comprise one or more bé tstate’s game management units.
Population objectives for each MLMZ depend on salvictors, but protection of bighorn sheep
(Ovis canadens)spopulations and livestock depredation stronglffuences mountain lion
management prescriptions (Winslow 2005).
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Table 2. Average age for harvested male and femateountain lions in Arizona, 2004—2007.

2004 2005 2006 2007
Number of males 37 66 78 101
Average age of males 3.2 3.2 2.8 3.7
Number of females 56 54 78 76
Average age of females 2.7 2.7 2.6 3.3

British Columbia's draft plan allowing pursuit-onrdgasons that would allow hound hunters to
chase but not kill mountain lions (Austin 2005). a$lington developed a three-year pilot
program authorizing pursuit-only hunting (Beaudoégi al. 2005). Hunting with hounds was
banned in Oregon through a voter initiative, resgltin an initial drop in total mountain lion
harvest, but increased tag sales and expansiorasbs dates and legal hunting areas led to
higher harvest levels than prior to the ban ongusiounds (Whittaker 2005). Idaho expanded
hunting seasons after 2002, allowed hound huntinghnost management units, and increased
non-resident hound hunting, but statewide harvestimed between 1999 and 2004 (Nadeau
2005). Hunting with hounds is allowed in Montanaridg the winter season, and all license
holders may pursue and chase (pursuit only) moudians, even within districts where limits
have been reached. Total mountain lion harveskguean 1998 and declined through 2004
(DeSimone et al. 2005). Pursuit-only hunting is auathorized in Wyoming (Moody et al. 2005)
and there is no pursuit-only season in Nevada (¥feohulme 2005). There are no definitive
data regarding impacts of pursuit-only seasons (@WB52005), but multiple chases may have
detrimental physiological effects on mountain ligHsrlow et al. 1992).

Review of Hunting Structures: Open Hunting

Open hunting, currently used to manage mountaimslia Arizona, allows harvest of unlimited
numbers of mountain lions of either sex in aredsmited only by hunter choice during a legal
hunting season (Laundré and Clark 2003, CMGWG 2008pen hunting is a method that
historically has been used throughout the Weshe$ystems based on limits, metapopulation
structure, and zone management concepts are of necgat vintage, and have been proposed or
are being used in some areas of western North AmerResults of several studies suggest that
intense harvest under an open hunting strateggledserwith reduced short-term survival rates or
local reductions in abundance of mountain lionsdizey et al. 1992, Ross and Jalkotzy 1992,
Anderson and Lindzey 2005, Lambert et al. 2006n&tet al. 2006, McKinney et al. in press).
However, long-term reductions in local abundance survival are poorly understood because
they may be offset by immigrations from surroundargas (Cunningham et al. 2001). Logan
and Sweanor (2001) noted that a positive correldbetween number of tags sold and harvest
totals may indicate that a population may be hdaecesit a rate that would reduce resident
mountain lion abundance over time. In Arizona, @lifjh there is a positive linear correlation
between tags sold and mountain lion harvest, tligaship only explains about 12% of the
variation observed between 1971 and 2007 (Y = 19908001X;P = 0.04;r* = 0.124). Tag
sales and harvest does not suggest a strong redaimeither (Figure 2).
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Limited Entry-Limit Management Systems

Limited entry systems control the number of huntdlswed to hunt in a given area by limiting

the number of licenses sold (CMGWG 2005). Limsteyns (Ross et al. 1996, CMGWG 2005)
set a limit on legal harvest of numbers of mount&ins during a season or in a particular area.
Limits may be set on harvest of total mountain dionumbers of females, or number of males.
Hunting seasons close when the specified humbegsalifying animals are killed or continued

harvest of males may be permitted after a fematé is reached. Depending on management
objectives, limit systems may be used to regulagibution of hunting pressure, increase or
reduce harvest levels, or tailor sex compositiothefharvest (Ross et al. 1996, CMGWG 2005).

Using a sex-specific harvest in the limit systemyralow for a greater than desired harvest on
the other sex. On the other hand, sex compostfahe harvest may be skewed with a total
mountain lion harvest limit or limited entry hurgirflLaundré and Clark 2003). Moreover, sex
may be difficult for hunters to distinguish prioo harvesting a mountain lion, which may

contribute to inadvertent violations. Coloradouiegs hunters to participate in a mountain lion
hunting field identification course before huntinghis is the first year of this program and no
data exists to demonstrate its effectiveness. dims leading to use of limits may be based on
one or several goals. Limits may be set as >20%taf harvest of an estimated population size
or to reduce female harvest.

Despite the apparent logic of the limit system helamit is based on a rather crude estimate of
mountain lion abundance at broad landscape scal@s.improve mountain lion population
abundance estimates to establish limits, intensing-term mark-recapture research to estimate
population size could be conducted over a small,aaad those estimates could be extrapolated
over a broader area. Use of genetic sampling rdstbould reduce the intensity of this effort.
Qualitative estimates of abundance within spe@boes might need to be derived from habitat
similarity, harvest and incident records, and cttatons with local wildlife managers,
houndsmen, trappers, and others presumed familiaram area (Ross and Jalkotzy 1992, Ross
et al. 1996). The precision of such a method hawnas impossible to estimate and the accuracy
would likely be poor. A limit system approach ad@rroneously result in increased harvest of
mountain lions (Ross et al. 1996). Data supportimits will be expensive and difficult to
obtain.

A number of Arizona’s units have an apparent higbpprtion of female mountain lions in the
annual harvest. However, small harvest samplessmay cloud this conclusion. Limiting
harvest of female mountain lions on a unit by wasis would only serve to reduce female
harvest if the limit was less than the long termrage harvest of females in all or some of these
units.

Zone Management System
Zone management approaches acknowledge the neaddndscape-scale method for mountain
lion management. Zone management recognizes tiwterse of source (areas where

recruitment is higher than mortality and providesoarce for dispersal animals) and sink (areas
where mortality exceeds recruitment and dispersahals tend to move into) metapopulation
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structures and employs adaptive management obgsctilunder zone management, Arizona
could be partitioned into relatively large zonesthwidifferent management objectives;
management in each zone could be approached aspamingent, with its own objectives,
hypotheses, and prescriptions. Three kinds of gemant zones have been suggested. These
zones are 1) control zones, where the objectivedsiction of mountain lion abundance, 2)
hunting zones, where the objective is sustainingufaiions to provide sport hunting
opportunities, and 3) source zones, where no hginsirallowed and the objective is to sustain
reliable source populations.

For the zone management system to be effectiveycggeiologists should estimate limits to
annual mountain lion harvest within control and réfminting zones, use existing data on
abundance and distribution of mountain lions witthie state, map out potential subpopulations
that are sources and sinks, and gauge effectsreéstain control and sport-hunting zones by
determining tendencies of rates of population ckafigpgan and Sweanor 2001). These
procedures require data based on intensive andsxéeresearch on marked animals, which of
necessity is limited to localized study areas.

Alternatively, genetic sampling from a limited ared a zone could be used to estimate
population abundance. DNA collected from multipfgoroaches can be used as mark-recapture
data to estimate abundance. Collecting sufficisamples would necessitate use of a
combination of methods, such as 1) collecting sasyfiom hunter-killed animals, 2) retrieving
hair snares located within the zone, and 3) oligithiopsy samples from mountain lions using
hounds to tree and specialized darts to obtain ksmp

The role mountain lion source areas play on thgelalandscape is poorly understood. Source
areas function as refuge zones, provide dispefseraumeric and genetic augmentation of
control and hunting zones, reduce influence of lib@vest that could reduce populations in
hunting zones, and serve as reference areas fearods and monitoring studies (Logan and
Sweanor 2001, CMGWG 2005). The degree of mount&in movement across Arizona's

borders is unknown. For an area to serve as aapiirtheoretically must provide a resident
adult population of 30-50 animals with linkage®tber mountain lion habitats (Beier 1993).

Under a zone management system, an adaptive maaagegpproach could combine multiple
contiguous units into a single zone. For examiie, units combined into a single hunt area
(i.e., a zone; Figure 3) and managed with a limiharvest of female mountain lions (Table 3).

Within zone management, a harvest limit of 10 feasgler year within a female harvest limit
zone could be established within Units 6A and 68, 18A and 18B, 19A and 19B, and 21.
During 2003-2007, 22 females per year were hargesithin this group of units. A female
harvest limit of 10 within these combined units lcoreduce female harvest by about 54%. This
limit would also place the responsibility of iddging sex of mountain lions on hunters prior to
harvest and may shift proportion of harvest towte male segment. Within a female harvest
limit zone, the continued harvest of males couldpobanitted once the female limit is reached,
which would provide extended hunting opportunitiathough inadvertent violations might
occur at a relatively high rate.
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Table 3. Arizona units, mean harvest and sex ratiduring 2003—2007, and an example of a possible
female harvest limit that may be considered for esablishing a zone where a female harvest limit
may address the high proportion that female mountai lions comprise in the annual harvest.

Male:100 Average
Sport Harvest per Year Female Annual
Ratio in Female Depredation

Unit Average Female Male Harvest Limit Harvest
6AB 11.6 6.6 5.0 76 3 0
10 5.6 3.2 2.4 75 1 0
18AB 9.0 5.2 3.8 73 3 3.8
19AB 5.8 4.2 1.6 38 2 0.2
21 5.0 3.0 2.0 67 1 0

Currently, no evidence suggests that mountain #bandance in the example zone is being
reduced, other than the sex ratio in the harve3ata on age and sex could assist in this
assessment, but should be considered as trendtiowerrather than a single year snapshot.
Population estimates generated from genetic sagnmould be used to determine if a more
restrictive harvest management approach is neddente will be added costs with this level of
monitoring.

The zone limit example represents primarily a sialt extending from northwest to southeast.
All areas within this zone may not be hunted egudlle to differences in mountain lion

densities, road access, and snow conditions (Ross €996, Robinson et al. 2008). Most
mountain lions in Arizona are killed by hunters idgr October—April (Zornes et al. 2006), a
period of seasonally higher snowfall. Moreovege #one limit represents a region of estimated
medium to high mountain lion densities and compaeht higher levels of sport harvest (Phelps
1989).

Hunters using hounds (selective hunters) take abbt of the mountain lions harvested in
Arizona, and their harvest averages about 37% fesnalln contrast, hunters that don’t use
hounds (non-selective hunters) harvested about @58te total harvest of mountain lions, and
their harvest on average is comprised of about 6@ftales. Disproportionate harvest of
females by non-selective hunters may be becaugetéimel to kill mountain lions at a greater
distance, likely are less able to distinguish s likely attempt to kill the first mountain lion
they see. Hound hunters harvest about 21% subadutiesreas non-selective hunters harvest
about 43% subadults (Zornes et al. 2006).

Because female mountain lions tend to be philopgitbgan and Sweanor 2001), reduced
harvest of adult females may be a viable managermsieategy for sustaining mountain lion
populations (Lindzey et al. 1992, Ross et al. 19%imnbert et al. 2006, Stoner et al. 2006).
Determining age and sex of harvested mountain liensigration, and immigration may be
necessary for identifying effects of harvest (Arsder and Lindzey 2005, Robinson et al. 2008).
At present, harvest sex ratios (Table 1) do noicatd a need to consider establishing source
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Figure 3. Example of a zone, based on historicabhvest data, that could be established to manage
female mountain lion harvests using a limit system.

zones (Logan and Sweanor 2001) encompassing unigizona that are located outside the
zone limit area.

Role of Sources and Sinks in Zone Management
Metapopulations involve local subpopulations ocdngydiscrete, suitable patches of habitats

that interact via dispersal of individuals movingdugh a matrix of suitable and unsuitable
habitats, buffer against extirpation by gene flowoag subpopulations, or contribute to post-
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extirpation recolonization (Baguette 2004). Movaimamong suitable habitat patches is not
routine under true metapopulation dynamics.

Metapopulation theory has become a common framewokonservation biology, yet its use

remains somewhat contentious and uncertain (Bag@é@4, Hanski 2004, McCullough 1996).

Metapopulation analysis may be the current appréachany modern wildlife conservation and

management issues (McCullough 1996), but littlelyam® has been conducted for mountain
lions. Although the metapopulation approach ismwfsuggested for management of large
mammals, little empirical support for metapopulataynamics has been found (Elmhagen and
Angerbjorn 2001). A metapopulation approach mightinteresting for large mammals when

there are discrete breeding subpopulations tha¢ lEf¥erent growth rates and demographic
fates, rather than subpopulation turnover (ElmhagehAngerbjorn 2001).

The two keys to the present concept of metapopustiof mountain lions are: 1) spatially
discrete distributions and 2) a non-trivial proligpiof extinction in 1 patches of localized
habitats (i.e., subpopulations). Isolation of dagians through fragmentation by human-related
activities is the major conservation concern (MdQudgh 1996). Existence of metapopulations
of mountain lions has been based on estimateswidamce on scattered mountain ranges and
speculated occurrence of sinks and sources (LawrdtéClark 2003), but estimates of relative
abundance and population size are influenced byspiatial extent of study areas (Smallwood
1997). Other research identified metapopulatioased on evidence of dispersers between
mountain ranges separated by unsuitable habitatcandiderations of postulated gene flow
between these ranges (Sweanor et al. 2000). Miaoufitan research lacks well-supported
comparisons of abundance, population growth rateslemographic fates of animals between
subpopulations within estimated metapopulation cstmes. We therefore conclude that
existence of and relevance of metapopulations andcs-sink structures to mountain lion
management has been based on weak inference atetiisuientific data.

The relevance of source-sink hypotheses and metiggiam dynamics remains theoretical when
applied to mountain lion populations. Sources amks were defined originally in terms of
birth, death, emigration, and immigration (Pullid®88). Although the concept of source-sink
dynamics has become widely appealing in wildlifelegy and management, application of the
theory and the ability to estimate source-sink dyica in natural populations has proved to be
very difficult (Novaro et al. 2005, Runge et al.08). Studies concentrating solely on adult
survival produce erroneous conclusions regardimgsswhen they ignore data on natality,
emigration, and immigration (Runge et al. 2006heJe data are presently unavailable for most
mountain lion populations.

Genetic analyses failed to demonstrate populatidodisisions within Arizona (Sinclair et al.
2001, Anderson et al. 2004, McRae et al. 2005)hoabh gene flow between and within
northern regions (Utah, Colorado) and southernoregiArizona, New Mexico) appeared to be
strongly limited by distance, particularly in theepence of habitat barriers such as open deserts
and grasslands (McRae et al. 2005). Thus, existaficmountain lion metapopulations in
Arizona is unclear and speculative.

Mountain Lion and Bear Conservation Strategies Repo



20

Hunting may produce attractive sinks if dispersindividuals select habitats with abundant
resources (cover and prey) and high human-causethlito (Delibes et al. 2001). Previous
research in Arizona (Cunningham et al. 2001, Mcléynet al. in press) documented localized
areas with high human-caused mountain lion moytalitit it is uncertain whether these areas
represented sinks. If hunting is intense and vpkssd, heavy harvest pressures in areas of
abundant cover and food resources might producacttte sinks for dispersing mountain lions,
thus maintaining or replenishing populations irksifDelibes et al. 2001, Novaro et al. 2005).

Identification of metapopulation structure and tleistence of sources and sinks present
substantial challenges to mountain lion manager§hese theoretical constructs require
considerable data to support their use. Theseindetade estimates of animal density throughout
metapopulation habitat patches, documented existehsources and sinks with differing levels
of abundance, estimates of population growth rate®ng areas within a metapopulation
structure (Logan and Sweanor 2001, CMGWG 2005), mopllation demographics estimates.
Using source-sink theory to manage mountain lioputettions in Arizona would require a
significant investment to conduct the extensiveeaesh needed to manage lions based on
population-metapopulation dynamics.

Multiple Bag Limit Structures

Multiple bag limit hunt structures, used in Arizosiace 1999, were established use hunters to
harvest 50-75% of the estimated mountain lionsngjvwithin an area, thereby reducing
predation on a prey population. Multiple bag linhisve not affected hunter harvest in a manner
that approached the estimated harvest necessanjiuence predation (Table 4). Harvest of
mountain lions has differed little among managenarts following the 1999 implementation

of multiple bag limit structures and harvest did difer statistically following implementation.
The reason for this apparent lack of hunter respa@nschange in hunter harvest within multiple
bag limits is unknown, but factors such as relaticeess to hunting areas, absence or presence
of snow conditions, methods of hunting, and pemeivelative abundance of mountain lions
affect hunter choices of hunting areas.

Predominant vegetation types and relative abundaho®untain lions vary widely among units
where multiple bag limits apply. Multiple bag litmiin Units 6AS, 13BS, and 27 are located in
mixed pinyon Pinus spp.)-juniper Juniperusspp.) and ponderosa pin®ifus ponderosa
forests which favor hunters under snow conditioifunters track mountain lions under these
conditions by driving roads and releasing houndrmwhkign is encountered. Lack of hunter
response to multiple bag limits in Units 6AS and$3may be due to perceived low-moderate
abundance of mountain lions in these areas, reresgend poor road access. In contrast, lack
of hunter response in Unit 27, where mountain lians more abundant, might reflect limited
duration of snow conditions and ruggedness of iterrBlunters concentrate in areas with
abundant, accessible roads during periods of silowfadwindle dramatically when the snow is
gone. Thus, use of forested areas by huntersglgond snow conditions relies on ready access
and comparatively high abundance of mountain lionsile limitations of snowfall duration,
ruggedness of terrain, remoteness, and poor raagsadikely limit or reduce hunter response to
multiple bag limits.
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In comparison, multiple bag limits in desert schabitats (i.e., Units 15A-D, 16A and B, 18A
and B, 22, 40A, 42) often tend to have lower abuodaof mountain lions, more difficult dry-
ground hunting conditions, and relatively poor ascky motor vehicles. Few hunters (whether
using hounds or opportunistic hunting methods) lkikewalk and climb very far in difficult
terrain, so few lions are hunted there. Compaggtifew sport hunters own horses or mules or
have the skills to effectively use these animalsfootably and safely in remote, rugged terrain.
Most must hunt on foot or rely on guides for ridistgpck. Moreover, dry-ground hunters and
the hounds they use successfully have differetitsdis when compared to snow hunters. Most
hounds with moderate trailing ability can follow omain lions in snow, but few excel in trailing
mountain lions over dry, rocky ground. In desentubchabitats, relative lack of trees, steep
slopes, and patches of cacti create problems fotensi and their hounds. Mountain lions are
generally brought to bay on the ground or in bldff® to the relative lack of trees, often leading
to injury of dogs. Hunters are largely motivateg &ctual or perceived mountain lion
abundance, relative ease of access, and success Aat a result, whether or not a resource
agency encourages hunting on specific areas itlef ielevance to hunters. Sport harvests of
mountain lions during recent decades have condedtia central Arizona from northwest to
southeast (Figure 4) in habitats characterizeddundance of tall shrubs and trees, as well as
estimated higher abundance of mountain lions.

Multiple bag limits have not increased harvest afumtain lions, yet allow for hunters to

participate in efforts to reduce predation in sfiecareas to meet specific management
objectives. The Department has the ability to @attwith mountain lion hunters in specific

areas to reduce mountain lions under site spepifetlator management plans even without
multiple bag limits. A zone management system lipomting the concept of control areas
(objective is reducing predation or reducing abuegaof mountain lions) may prove useful in

achieving management objectives. Additional redeanay identify variables that consistently
enhance use of multiple bag limits or control aregaiunters, provide better insights into how
various designations may be used, and enhance e@eag prescriptions.

Effectiveness and practical utility of limited entrlimit, and zone management strategies
remains largely speculative because studies haen belatively short-term (1 years),
replications are lacking, regions vary widely irbltat and available prey, and understanding is
poor regarding variability in community structureMoreover, little is known about either
immediate or long-term effects of sustained hareesmountain lion populations. Few studies
have addressed questions of 1) how does harvesttafiie demographic structure of a
population, 2) the long-term implications for pstence and recovery of exploited populations
within the metapopulation context, and 3) how hab@onfiguration and connectivity affect
recruitment patterns (Stoner et al. 2006).

Mountain Lion and Bear Conservation Strategies Repo



22

Table 4. Units with mountain lion multiple bag limits, multiple bag limit (MBL), and the number of animals taken during the season year
in Arizona, 1999-2008. Columns with missing data-) had no multiple bag limit for that unit during that year.

Season Year (July 1 through June 30)

Unit MBL 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006—2007 2007-2008
6A South 15 -- -- -- -- -- -- 4 5 3
13A & 13B 15 3 6 10 3 4 -- -- -- --
13A South 5 - - - - - 1 -- - --
13B South 10 -- -- -- -- -- 0 2 0 3
15B West, 15C, & 15D 10 -- -~ -~ -- -- 3 1 1 0
16A South & 188 South 17 - 0 5 4 3 - - - ét()'j\f'?'g)
21 West 8 -- -- -- -- 0 3 6 0 --
22 South 12 5 6 1 2 1 1 1 5 0
27 — Bear Canyon 5 -- -- -- -- -- -- 1 0 1
27 — Pipestem 10 -- -- -- -- -- -- 3 0 0
28 South 10 - - - - 0 0 0 - -
37B North 4 -- -- -- -- 0 0 0 -- --
40A 4 - - - - - - 0 0 0
42 South 2 -- -- -- -- -- -- -- 0 0
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Figure 4. Distribution of reported mountain lion hunter harvest locations (red points) in Arizona,
1982-2005.
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Summary

1.

During 2004-2006 (when physical harvest checks wins initiated), subadults
comprised on average 53% of samples, subadult ésm@mprised 31% of samples,
subadult males comprised 22% of samples, adultleE=ntamprised 21% of samples, and
adult males comprised 26% of samples. This sug@estoderate statewide harvest rate
and stable statewide population levels (Andersah landzey 2005). Anderson and
Lindzey (2005) recommend the use of long-term trdath to determine if harvest is
reducing resident mountain abundance, which gdgersdults when harvest composition
exceeds 35% adult females. The open season strategy by Arizona has no
demonstrated influence on mountain lion abundarm#, with increasing habitat
fragmentation, limited entry or limit managememnmatdgies may be effective in specific
areas to reduce female harvest if they ultimatemerise >35% of the harvest in the
future.

There is little correlation between the numberagfstsold and total annual hunter harvest
of mountain lions in Arizona. No studies of lindt@ntry, limit, or zone management
have been conducted in arid or semi-arid regiomspawable to mountain lion habitats in
Arizona.

Direct survey counts of mountain lions are not gmesdue to their secretive behavior,
propensity for nocturnal movements, low abundamaoe, distribution in rugged terrain
with abundant cover. These characteristics infleeagplicability of all techniques that
monitor mountain lions.

Developing population density estimates for mountains on a unit by unit basis used
as evidence for supporting limits will be expensawed difficult, although the use of
genetic sampling methods show promise in redudiegd costs.

An experimental limit restricting harvest of femateountain lions on a zone basis in
Units 6A, 6B, 10, 18A, 18B, 19A, 19B, and 21 mayuseful in reducing harvest of adult
females and shifting harvest to the male segmeiitedomountain lion population in this
area.

The relevance of metapopulations and source-sinkictstes to mountain lion
management has been based on weak inference aciénigés of good scientific data.

Genetic sampling from a limited, representativeaarkea biome or zone could be used to
estimate population abundance in similar habitaésy although collecting the necessary
data will require the assistance of hunters.

Management Strategies

1.

Maintain multiple bag limit areas where the objeetis a reduction of mountain lion
abundance. This will allow hunters to continue #otigipate in mountain lion hunting in
areas that will benefit other wildlife species teehspecific management objectives.
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2. Maintain open hunting where female harvest doesnubitate the need for reductions in
resident mountain lion abundance (e.g., adult femao not comprise >35% of the
harvest for four consecutive years) and managewigettives do not include reducing
the abundance of mountain lions in that unit ortiparof that unit. Continue to protect
spotted kittens and females accompanied by sphkities.

3. Evaluate an experimental harvest limit zone amamts uf adult female mountain lions
comprise a high (e.g., >35%) proportion of the atarvest and population reduction is
not the management objective. Manage harvest ghrolie establishment of a harvest
limit on females under an experimental, adaptivenagament approach. Following
inception of such a limit zone, harvest in the zeheuld be monitored closely during a
5-year period to assess total harvest and age exdofs mountain lions harvested.
Mountain lion home ranges generally encompass pheltunits and larger areas of
consideration are needed to evaluate efficacy.

4. Continue to collect genetic material from harvesteduntain lions to determine

interrelatedness within broad vegetative commusiti€he degree of interrelatedness can
be used to infer population changes over time witleigetative communities.
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Figure 5. Many different habitat types and rough bpography in Arizona make bear hunting
challenging and productive for hunters.

BLACK BEAR

Black bears occupy a variety of differing habitatsArizona, including subalpine and montane
conifer forests, riparian forests, evergreen woada chaparral, and oak savannah habitats. In
recent years, bears have provided hunting oppaytémi almost 5,000 hunters (Figure 5).

Black bears are polygynous, long-lived omnivoresbernation during winter for a period up to

seven months may be an evolutionary strategy teease survival (Jonkel and Cowan 1971).
They are capable of rapidly altering their feedbehavior to adjust to environmental change
(Ayers et al. 1986, Stirling and Derocher 1990)b&lult males exhibit lower survival rates than
subadult females (Beringer et al. 1998; Lee andgWian 2003, 2005) or adult males (Bunnell
and Tait 1985, Elowe and Dodge 1989, Schwartz aadzmann 1992, Beringer et al.1998).
This has been attributed to risks associated wisipedsal (Schwartz and Franzmann 1992,
Beringer et al. 1998, Lee and Vaughan 2005).

The age at which female bears have young and theahproportion of females that reproduce
successfully varies considerably with food supptynatritional condition of females (Rogers
1987, Eiler et al. 1989, Kolenosky 1990, McLaughdinal. 1994). In habitats with good to
excellent food resources, female black bears magdas early as three years of age and
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successfully raise litters at four years of age l(Bghlin et al. 1994). In poor habitats or during
extended periods of drought, bears may not repedmtil as late as 6—7 years of age (Jonkel
and Cowan 1971). The percentage of adult femalds aubs averaged 53% per year for a bear
population in central Arizona (LeCount 1984). Culypjcally born in February while in the den,
stay with the female throughout the first summed generally den with the female during the
winter following their birth. Cubs disperse pritir the breeding season (May-June) of their
second summer. Survival rates of cubs betweenr@l5Léb years of age have been estimated as
high as 95% in the spruce forest (Jonkel and Cdl#ail). In Arizona, cubs between 2—-3 years
of age experience 79% survival (LeCount 1977).

Reproductive failure following years of food shggais common in black bears (Jonkel and
Cowan 1971, Miller 1994, Costello et al. 2003, Dplet al. 2005). Female black bears use
delayed implantation as a reproductive strategyrimating, the fertilized ovum will divide a
few times then float freely in the uterus for ab@it months without developing. Around
denning time, the embryo will implant in the uteriwall. After about eight weeks, the cub will
be born while the female is still in hibernationel®yed implantation serves an important
survival process for the female. If she fails tengenough fat to carry her through the winter, the
embryo will not implant and is then reabsorbed by thody (Middleton 1996).

Kemp (1972, 1976) erroneously concluded that begulations are self-regulating, in part
because adult male bears often kill young beanmskgloand Cowan 1971, LeCount 1982) and
numerical population increases have occurred fofigwemoval of adult males. Subsequent
reanalysis and study concluded that black bear |ptpns do not self regulate or that bears
dispersing beyond the periphery of their currengeafare poorly (Garshelis 1994, Sargeant and
Ruff 2001). Within hunted populations, sustaindil@ater harvest and population abundance are
sensitive to survival of adult females (Taylor €t1987, Horino and Miura 2000, Boyce et al.
2001). Management prescriptions should thereferelitected at protecting adult females in a
black bear population. Primarily, adult femaleshadubs of the year are at the greatest risk of
survival due to defense of young from male beam¢felis 1994, McLellan 1994, Swenson et
al. 2001).

Current Management in Arizona

The Department’s goal is to manage black bear djpul numbers and distribution as an
important part of Arizona's fauna, while providirsgstainable hunting and other related
recreational opportunities. The Game Subprograenatjpnal plan objectives are to maintain an
average annual harvest of no more than 125 fenmedesh(including hunter, depredation, and
other take), with a total hunter harvest of 250nare bears (all bears) (Figure 6).

The operational plan also identifies objectivesptovide recreational opportunity to at least
4,000 hunters annually, maintain existing occuprebitat with emphasis on retention of
medium and high quality habitats, and manage huwiktife conflicts according to Department
Policy DOM 11.10.
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Figure 6. Black bear total and female harvest in Aizona, 1990-2007.

The Department maintains harvest data recordsriblaide age, sex, and kill location to monitor
population trend information. Between 1990 and 208674 black bears were harvested in
Arizona (includes sport, depredation, and othdsk([Table 5).

On average, hunters using hounds accounted for &t#te harvest. Among all units, hunters
harvested 2,015 male and 1,367 female black bestnsebn 1990-2007. The sex ratio of
harvests (number of males:100 females) varied widsl well, but males comprised a higher
proportion of the statewide harvest than did fesalEight units had harvested M:F ratios <1:1
and 26 units had harvested M:F ratids1 (Table 5). The proportion of bears taken bgtars
with hounds varies by unit and hunt structure (€2l

The number of bear tags sold annually has increfieedabout 2,800 in 1991 to nearly 5,000 in
2007. Harvest among units is highly variable amged from 1 to 58 bears in 36 units (Table
6). Annual harvest ranged from 101-368 and vanedrey years (x= 204).

Since 1981, all successful Arizona bear huntere len required to report their bear kill and
submit a premolar from the bear for age determomati Beginning in 2007, hunters were
required to physically present their harvested lbeange and sex verification. Based on tooth
cementum analysis by age and sex class of harvbtield bears statewide during 2005-2007,
subadults comprised 51.3% of the samples. Subdelmales comprised 15.0% of samples,
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Table 5. Total black bear hunter harvest, total depedation harvest, percent of sport harvest taken
by hound hunters, total harvest of females and made and ratio of males harvested per 100 females
(M:100 F) in 33 game management units in Arizona,@3-2007 (AZGFD 2008).

Number
Percent of Other
Hunter Total Total Kills that
Total Total Total Harvest Hunter Hunter Ratio were
Hunter Depredation Other Using Male Female of M: Nuisance
Unit Harvest Harvest Kills Hounds Harvest Harvest 100F Bears
1 66 1 6 62.1 39 27 144 5
3B 40 0 6 70.0 25 15 167 6
3C 16 0 11 6.3 10 6 167 8
4A 27 0 4 48.1 19 8 238 4
4B 16 0 0 25.0 10 6 167
5A 41 0 2 51.2 27 13 208 1
5B 14 0 1 64.3 10 4 250
6A 41 0 1 24.4 31 10 310
6B 31 0 1 6.5 19 12 158
7 5 0 0 0.0 3 2 150
8 28 0 0 21.4 20 8 250
11M 1 0 1 0.0 0 1 0
17A 2 0 0 50.0 1 1 100
18A 0 0 1
19A 14 0 0 7.1 8 6 133
20B 1 0 2 100.0 1 0 1
21 22 0 0 0.0 16 6 267
22 69 0 5 29.3 44 25 176 2
23 144 0 2 100.0 85 59 144 1
24A 32 0 10 0.0 21 11 191 3
24B 15 0 0 0.0 12 3 400
27 157 5 4 20.4 100 57 175 4
28 11 0 2 0.0 7 4 175 1
29 46 0 16 6.5 21 25 84 9
30A 16 0 5 18.8 9 7 129 1
31 34 1 1 2.9 20 14 143
32 26 2 2 3.8 16 10 160
33 1 0 4 100.0 0 1 0 3
34A 13 0 4 0.0 9 4 225 2
34B 0 0 1
35A 17 0 10 11.8 5 12 42 8
35B 2 0 0 0.0 2 0
38M 0 0 2
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Table 6. Black bear harvest (sport, depredation, ah other) and tags sold in Arizona, 1990-2007
(AZGFD 2008).

Harvest
Year Tags Sold Sport Depredation Other Total
1990 3711 149 11 1 161
1991 2843 96 4 1 101
1992 3217 121 1 0 122
1993 3329 117 1 3 121
1994 4376 236 2 14 252
1995 4586 197 1 0 198
1996 4462 254 5 19 278
1997 4093 224 2 6 232
1998 4461 142 0 13 155
1999 4163 181 0 5 186
2000 4413 320 2 46 368
2001 4293 178 6 6 184
2002 4535 230 1 16 252
2003 4525 214 5 34 249
2004 4521 160 5 11 176
2005 4850 158 0 2 160
2006 4840 197 1 40 238
2007 4968 221 1 19 241

subadult males comprised 36.3% of samples, adoialles comprised 21.4% of samples, and
adult males comprised 27.3% of samples.

Sex and age of annual black bear harvests areatnddcof harvest rate and population trend.
Management objectives target the harvest of the sejment because bears are polygynous and
females are more critical to reproductive succdssCount (1990) determined that in unhunted
or lightly exploited bear populations in Arizonaludts make up 70% or more of the population,
with sex ratios near 50:50 and mean ages rangarg 6-8 years. Harvest data during 1995—-
2007 demonstrates that mean age for both male amélé bears harvested in Arizona is
generally 5-6 years (Table 7).

Currently all western states use some form of itné management system for management of
black bear harvest. The Department has an aneaslé harvest limit that approximates 10%

of the female segment of the estimated populatioth @achieves a median age of harvested
females of >5 years of age. Hunts that include ansubset of a unit also have female harvest
limits to distribute opportunity and allow for aosure of specific areas when limits are achieved.
Finally, population management hunts may be estaddi to meet management objectives with
goals, recommendations, or guidelines that werenstduring regular seasons.

Mountain Lion and Bear Conservation Strategies Repo



Mountain Lion and Bear Conservation Strategies Repo

31



32

Table 7. Average and median age of harvested bedrsArizona based on tooth cementum analysis,
1995-2007.

Average Age Median Age
Year Males Females Total Males Females Total
1995 4.2 4.9 4.4 3.5 3.0 3.0
1996 4.9 6.1 5.3 4.0 5.0 5.0
1997 4.8 7.1 57 4.0 6.0 5.0
1998 5.9 5.6 5.8 5.0 5.0 5.0
1999 4.7 6.1 54 4.0 6.0 5.0
2000 5.9 6.8 6.3 5.0 6.0 5.0
2001 6.7 6.8 6.7 7.0 6.0 7.0
2002 6.6 7.1 6.8 6.0 7.0 6.0
2003 7.1 5.7 6.6 5.0 5.0 5.0
2004 6.4 5.4 6.0 5.0 5.0 5.0
2005 4.1 4.2 4.1 3.0 3.0 3.0
2006 5.1 7.0 5.8 3.0 7.0 4.0
2007 5.0 6.5 5.6 3.0 5.0 4.0

Female Harvest Limit Management System

Arizona’s bear hunt structures are designed tactharvest toward the male segment of the bear
population through the use of female harvest limjtsinit or across a combination of units. The
legal wildlife for all bear hunts is any bear excepws with cubs. Hunters are required to report
their harvested bears within 48 hours through kfteé hot line and hunting is closed in units
where female harvest limits have been met. Closocesar at dark on the Wednesday following
the report of the female limit being met.

Beginning in spring 2008, bear harvest limits wiengher restricted with the implementation of

an annual female harvest limit, in addition to itéividual season harvest limit, and includes all
female bears killed by Department personnel duauman-bear conflicts. This system may
close bear hunting in some units before a subseégeason is opened if the annual female
harvest limit is reached before the season opens.

In a few units, the female harvest consistentlyeexls the established female harvest limit
(Table 8). Harvest limits are occasionally exceeldechuse multiple animals are harvested on a
single day or within the time period in which theason remains open (seasons close on
Wednesday evening).

Relative Abundance of Black Bears: Test of DNA fligcies in Units 35A and B

Arizona’s female harvest limits were first estabéd in 1992 for a few units and for all units
beginning in 1995 (AZGFD Hunt Regulations 1992, 399 imits are based on the estimated
number of females occupying habitats of high, mexdiand low quality. Habitat quality is the
limiting factor supporting black bear numbers, fadtors such as habitat manipulation, nutrition,
predation, and hunting can all be proximate regutatmechanisms (Lindzey and
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Table 8. Female black bear harvest by unit in Arizaa with color coding to indicate those units in whih harvest limits were exceeded,

2003-2007.
2007 2006 2005 2004 2003 2002

Close Female Close Female Close Female Close Female Close Female Close Female
Unit Dates Date FHL Harvest |Dates Date FHL Harvest |Dates Date FHL Harvest |Dates Date FHL Harvest [Dates Date FHL Harvest [Dates Date FHL Harvest
1, 2ABC 4 2|8/11-8/31 8/16 3 8|na na na na
1, 2ABC 10/5-12/31 4 2|10/6-12/31 3 1[10/7-12/31 5 3|10/8-12/31 5 0[10/7-12/31 5 3|10/8-12/31 6 0
3B 3 0[8/11-8/31 2 0(8/26-12/31 7 1|8/27-12/31 7 418/22-12/31 7 4|8/23-12/31 7 2
3B 10/5-12/31 5 0]10/6-12/31 4 2|na na na na
3C 10/5-12/31 2 1|10/6-12/31 2 0]8/26-12/31 9/21 2 2|8/27-12/31 10/6 2 2|8/22-12/31 2 0]8/23-12/31 5 2
4A, 5A 10/5-12/31 10/10 2 5|10/6-12/31 10/25 2 2|10/28-12/31  11/2 2 3|10/29-12/31  11/3 2 4|10/24-12/31 10/29 2 7110/25-12/31  11/6 2 6
4B 10/5-12/31 2 0]10/6-12/31 3 0[8/26-10/6 3 0[8/27-10/7 3 0[8/22-10/8 10/1 3] 3]8/23-10/9 3 1
5B 10/5-12/31 10/24 1 1|10/6-12/31 10/11 1 1]|10/28-12/31 1 0[10/29-12/31 11/10 1 1]|10/24-12/31 1 0]10/25-12/31  10/30 1 1
6A 10/5-12/31 11/14 2 2|10/6-12/31 11/22 2 3|8/26-10/20 2 1|8/27-10/21 9/15 2 2|8/22-10/23 9/24 2 2]8/23-10/24 9/11 2 2
6B 8/10-8/30 8/22 3 3|8/11-8/31 8/30 3 3]8/26-10/20 3 0[8/27-10/21 3 2|8/22-10/23  10/22 3 3]8/23-10/24 10/9 3 3
7 na na na na na 10/25-12/31  10/30 1 1
7,9 10/5-12/31 10/10 1 1|10/6-12/31 1 0]10/28-12/31 1 0[10/29-12/31 1 0]10/24-12/31 10/29 1 1jna
8 10/5-12/31 10/10 1 4(10/6-12/31  11/8 2 2|8/26-10/20 8/31 1 1|8/27-10/21 1 0(8/22-10/23 9/3 1 1|8/23-10/24 9/18 2 2
9 na na na na na 8/23-10/24 9/18 1 1
10, 18A, 19B, 20AB [10/5-12/31 2 0[10/6-12/31 2 0(8/26-12/31 2 0]8/27-12/31 2 0(8/22-12/31 2 0]8/23-12/31 2 0
17AB, 18B 10/5-12/31 2 0[10/6-12/31 2 0(8/26-12/31 2 1|8/27-12/31 2 0(8/22-12/31 2 0]8/23-12/31 2 0
19A 10/5-12/31 2 1/10/6-12/31 2 0{9/2-10/20 2 0]9/3-10/21 10/20 2 2(9/5-10/23 9/10 2 2|10/25-12/31 2 0
21 10/5-12/31 2 1/10/6-12/31 10/11 2 2(9/2-10/20 2 0]9/3-10/21 10/20 2 2(9/5-10/23 2 1{9/6-10/24 9/25 2 2
22 na na 9/2-12/31 5 2|9/3-12/31 5 2(9/5-12/31 11/12 7 7|9/6-12/31 10/23 7 7
22N 10/5-12/31 4 3[10/6-12/31  11/8 4 4lna na na na
22s 8/10-8/30 8/15 1 2|8/11-8/31 8/23 1 1lna na na na
228 10/5-12/31 1 0{10/6-12/31 10/11 1 1|na na na na
23N 10/5-12/31  10/10 5 7|10/6-12/31 5 4]10/14-12/31  11/2 5) 5|10/15-12/31 10/25 5 5/10/3-12/31 5 2]10/4-12/31 5 4
23S 8/10-8/30 8/15 2 5|8/11-8/31 8/23 2 5/9/2-12/31 5 3|9/3-12/31 9/15 5 59/5-12/31 10/22 5) 519/6-12/31 9/11 5 9
23S 10/5-12/31 10/17 3] 3|10/6-12/31 3 1|na na na na
24A 8/10-8/30 8/15 1 6|na na na na na
24A 10/5-12/31 10/10 2 3|10/6-12/31 3 2|10/21-12/31 3 0[10/22-12/31 3 0]10/24-12/31 3 0]10/25-12/31 3 0
24B 8/10-8/30 8/22 1 1|8/11-8/31 823 1 1|8/26-9/4 1 0[8/27-9/5 1 0[8/22-9/7 9/7 1 1}8/23-9/8 1 0
27 10/5-12/31 12 10]10/6-12/31 12 918/26-10/6 6 418/27-10/7 6 418/22-10/6 8/27 6 918/23-10/7 8/28 6 7
27 na na 10/7-12/31 15 2|10/8-12/31 15 2|10/7-12/31 15 10]10/8-12/31 15 6
28 10/5-12/31  11/7 1 2|10/6-12/31 1 0/9/16-10/20  10/15 1 1]9/17-10/21 1 0]9/19-10/23 9/24 1 1}9/20-10/24 9/25 1 1
29, 30A 10/5-12/31 10/10 3 9/10/6-12/31 10/18 4 5(9/16-10/20 9/21 4 5|9/17-10/21 4 2|9/19-10/23 9/24 4 10{9/20-10/24 10/2 4 4
31 10/5-12/31 10/10 3 5(10/6-12/31 10/25 3 3(9/16-10/20 3 2|9/17-10/21 3 0[9/19-10/23 9/24 3 3|9/20-10/24 9/25 3 4
32 10/5-12/31 10/24 2 3|10/6-12/31 10/11 2 2(9/16-10/20 2 0]9/17-10/21 9/29 2 2(9/19-10/23 9/24 2 2|9/20-10/24 10/23 2 2
FTHU/35A 1 10/6-12/31 1 8/29-12/31 0]10/21-12/31 1 0(8/22-10/23 8/27 1 1|8/23-10/24 1 0
Archery
1, 2ABC 9/1-10/5 2 0(8/26-10/6 9/14 3 3|8/27-10/7 9/15 3 3|8/22-10/6 9/17 3 3|8/23-10/7 9/25 4 4
3B 9/1-10/5 3 1|8/5-8/25 2 0|8/6-8/26 8/18 2 2(8/1-8/21 2 0]8/2-8/22 8/22 2 2
4B 8/31-10/4 2 0[9/1-10/5 9/27 2 1|8/5-8/25 2 1|8/6-8/26 2 1/8/1-8/21 2 0]8/2-8/22 2 0
6B, 11M 8/31-10/4 9/12 1 1/9/1-10/5 1 1|8/5-8/25 1 0|8/6-8/26 1 0(8/1-8/21 1 0]8/2-8/22 1 0
19A 8/31-10/4 1 0[9/1-10/5 1 O|na na
23N 8/31-10/4 9/26 2 419/1-10/5 9/27 2 2|8/26-9/15 9/14 2 3[8/27-9/16 2 0[8/22-9/18 8/27 1 118/23-9/19 9/4 1 2
27 8/31-10/4 5 1|9/1-10/5 9/13 5 5|na na
32 8/31-10/4 1 0]9/1-10/5 9/27 1 1|8/26-9/15 1 0[8/27-9/16 1 0[8/22-9/18 1 0]8/23-9/19 9/4 1 1
FTHU 0

Female Harvest Limit met
Female Harvest Limit exceeded
Units in which harvest exceeded female harvest limit at least 3 times in 6 years (50%)
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Meslow 1977, Beechan 1980, Hugie 1982, Young andf BR882, LeCount 1987). The
productivity of a bear population is primarily redd to both habitat quality and the number of
adult females in the population. Removal of adeihéles does not increase the productivity of
the remaining females (LeCount 1990).

It is important to obtain estimated numbers of flarteears in similar habitats under consistent
female harvest limits. New genetic methods haveatgp®tential to provide these estimates.
Genetic material is currently being collected frathhunter harvested bears. Regions 5 and 6
currently have on-going pilot projects to evalubtar abundance using hair snags and DNA
analysis. The Department’s Research Branch is usangsnag methodology to inventory the

bear population in and around Units 35A and B.00& a minimum subpopulation figure was

obtained using this technique and it yielded anmedge of 35 bears. Interrelatedness

determinations developed through DNA analysis aiflo assist in better defining future bear

management areas.

Summary

1. Arizona’s hunt structures are designed to directést toward the male segment of the bear
population through the use of female harvest lifjytainit or a combination of units. Female
bears with cubs are not legal for harvest.

2. New genetic methods have great potential to estinbmar abundance and are being
evaluated. Regions 5 and 6 have pilot projecesviduate bear abundance using hair snags
and subsequent DNA analysis. In Units 35A andh®, preliminary results of an initial
analysis indicate a minimum population of 35 bears.

3. A hunt unit cannot be closed until the Wednesddipviong a report of the female harvest
limit being met because of logistical constrairtsaxiated with reporting requirements. If
the limit on females is met on the first morningaohunting season (routinely a Friday), the
season will close on the following Wednesday. ldatdimits of female bears have been
exceeded in few management units.

Management Strategies

1. Continue with the current conservative managemgateg)y of season and annual female
harvest limits to manage Arizona’s bear populatihile protecting females with cubs.

2. Reduce harvest of females in units that exceedarfamale harvest limits on a consistent
basis (e.g., 3 out of 5 consecutive years) and anealje of harvested females within the hunt
area is <5 years by reducing the number of seasosfortening seasons to less than the
current 6-day structures. Use DNA techniques tionese minimum population sizes in these
units.

3. Use DNA studies in conjunction with age and sexadti better estimate minimum

population numbers by vegetative communities. Adfemale harvest limits for hunt areas
with the best available data, including DNA-suppdriminimum population estimates.
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4. Continue to collect genetic material from harvedbedrs to determine interrelatedness
within broad vegetative communities. The degremiarelatedness can be used to infer
population changes within vegetative communitiesrdine.
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HUMAN-WILDLIFE CONFLICT RESOLUTION STRATEIGES

Figure 7. Mountain lion on a porch of a Tucson, Aizona residence adjacent to the Coronado
National Forest, 2008.

M OUNTAIN LION

Recently, mountain lions may have increased in dhoce in western United States, and have
extended their range of distribution into mid-weststates (deVos and McKinney 2005, Cougar
Network Website 2008). Coincident with these tsencbnflicts between mountain lions and
humans (Figure 7), including mountain lion attacks humans, have increased in much of
western North America during recent decades (AWl 1Halfpenny et al. 1991, Beier 1991,
Fitzhugh et al. 2003, Graham et al. 2005). In@dasncounters between mountain lions and
humans likely result from increased abundance ef gredator, changes in prey abundance,
habituation to human activity, reduced suitable itadp and increased encroachment and
recreational activities by a rapidly expanding hanp@pulation within mountain lion habitats
(Aune 1991, CMGWG 2005, Graham et al. 2005). [esjhie increasing trend of encounters
between mountain lions and humans, research ambdigsbn and movements of the predator has
focused on wilderness habitats, and factors infiirgn attacks. Other encounters between
humans and mountain lions are poorly understood€$R2005).

Human Dimensions of Mountain Lions in Arizona
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Arizona’s human population is expected to doublalout 12 million by 2050, and the urban
areas occupied within the state will continue tpand and overlap with suitable mountain lion
habitat (Figure 8).

Arizona created the Mountain Lion Action Plan inD2Qo guide employee response to human-
mountain lion interactions. This action plan wasvaeleped after strong public outcry to
management actions that occurred in Flagstaff @128nd in Tucson between 2003 and 2004
identifying the lack of uniform statewide mountdion protocol. Three public workshops (240
attendees) were conducted to elicit broad-basedicpuiput on development of the Mountain
Lion Protocol. The resulting action plan categatizenflicts as sighting, encounter, incident, or
attack based on acceptable or unacceptable bekdwomountain lions. Department responses
are guided by the action plan for each categorpoRs are entered into the centralized Human-
Wildlife Interaction Database. Since 2005, WildlNéanagers have responded to 405 mountain
lion reports, of which 333 resulted in further istigative actions.

Opinions of Arizona residents towards mountain dicare important in guiding strategies to
reducing human-mountain lion conflicts. In the 20@ttitudes Toward Urban Wildlife Among
Residents of Phoenix and Tucson" survey, residerte asked whether or not mountain lions
are "dangerous:" 44% agreed and 44% disagreedhd@3etrespondents, only 21% think that
mountain lions are a threat to personal safetylenfi2% believe they are not a threat. In the
survey, 80% of the public accepted destroying antan lion that is a "threat to human safety”
or is an "established threat to pets and livestoéccording to Arizona residents in the survey,
33% think the mountain lion population is decliniig% think mountain lions are endangered,
1% think they are extinct, and only 19% think tlopplation is stable.

An Arizona Urban Mountain Lion Study

The Department studied distribution, movements, amdival of mountain lions in north-central
Arizona on 1,200 kfnear Payson, and on 4,600%mear Prescott during 2006 and 2007. The
objective of the studies was to determine distrdouand movements of mountain lions in these
hunted populations within residential-urbanized anidlland areas. Additionally we wanted to
provide insights into some basic question about hoountain lions use residential-urbanized
areas:

Do they enter them frequently?

Do they explore them briefly, and then leave?

Do they just move through them?

Do they use these areas as part of their normatiats®

Eighteen mountain lions2 years old were captured from these populatiotwdsn January

2006 and 2007 by trailing them with hounds or usingres. Each captured mountain lion was
fitted with a GPS telemetry collar equipped witlpr@-programmed timed-release mechanism

Mountain Lion and Bear Conservation Strategies Repo



38

Figure 8. Estimated urban growth model for year 208 with current estimated mountain lion
abundance in Arizona. Suitable mountain lion habita determined by comparing known mountain
lion abundance within studied habitats and extrapating this abundance across similar habitat,
augmented with local biological opinion from unit widlife managers.

and mortality-sensing option, allowing collars te betrieved. Study animals were then
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immediately released. Marked animals were loca@uinually by ground telemetry, with
GPS fix location data uploaded from a fixed-wingeift 1-2 times per month.

Telemetry collars were placed on 18 mountain lighgemales, 13 males) in the Paysar=(6;

1 female, 5 males) and Prescott=12; 3 females, 9 males) areas that were captut®ckm
from residential-urbanized developments. Dataaetd from collars indicated 9,651 position
fixes were recorded, 2,217 for mountain lions oguug only wildland habitatsn( = 5; 2
female, 3 male), and 7,434 position fixes for thasgociated with residential-urbanized ar@as (
=12; 2 female, 10 male).

Individual mountain lions seemed to be highly Vial@ain their use of residential-urbanized
areas. Mountain lions entered some residentiadnided areas frequently, explored some
briefly and left, simply moved through some, anédisthers as part of their normal habitats.
Despite extensive or occasional use of residentianized habitats by marked mountain lions,
local residents seldom reported encounters orisgt except when an animal was killed by
hunters or a vehicle. Recent research in nortremestates also suggests that mountain lions
commonly encounter residential-urbanized areas.

Humans encroach upon areas occupied by mountans laready, and the predators show
remarkable ability to adapt to human presencejquéatly in low-density residential areas that
provide abundant stalking cover, such as brushtese$, open space, and prey like livestock,
pets, and native species (Halfpenny et al. 199¢&erTet al. 2001, Siemer et al. 2004, Shuey
2005). Speculatively, abundance of prey such as (f@docoileusspp.) and javelinaPecari
tajacu) has increased during recent years in some rdasatl@aneas (Ticer et al. 2001, Siemer et
al. 2004), possibly contributing to human-mount&nm encounters (Halfpenny et al. 1991). In
Montana, habituation, food conditioning, an expagdihuman population, and increasing
abundance of mountain lions were believed to béofacassociated with increasing human-
mountain lion encounters (Aune 1991).

Controversy often emerges among the public reggraimountain lions and their prey in
residential and urbanized areas, requiring managemégerventions ranging from individual
interviews and public meetings to lethal removdlsountain lions (Ticer et al. 2001, Siemer et
al. 2004, Casey et al. 2005, Perry and deVos 200%)blic attitudes and knowledge about
mountain lions and their management varies subatgnamong the public, but respondents to
mail surveys in southeastern Arizona indicatedrtbesire to maintain local populations and to
manage problem animals mainly by lethal removakéyeet al. 2005). Translocating mountain
lions that display aggressive or unacceptable behaas defined in Department Policy 11.10, is
not a viable alternative to lethal removal of peshlmountain lions due to the risk of repeating
problem behavior, large movements by translocatechas, a tendency for them to return to
original capture areas, and high post-translocatrmntality (Linnell et al. 1997, Ruth et al.
1998).

Considering problem predators in urbanized areas) are more likely than women to accept
lethal management actions, whereas women are rharenhien to accept nonlethal actions or a
no-action approach (Siemer et al. 2004). Thus|lleiges facing resource managers in
attempting to mitigate human-mountain lion encorstare diverse, and lethal removal of
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problem animals based on objective protocols agptatbe more viable than translocations.
Educating the public about mountain lions remaipsi@ary objective and need. The CMGWG
(2005) and Parmer (2005) provided useful reviewpaiéntial strategies for managing human-
mountain lion conflicts. Fitzhugh et al. (2003ppided a useful review of appropriate responses
of humans to encounters with mountain lions.

Options to reduce human-mountain lion conflictsunban areas might include: 1) direct and
severe warnings regarding human behavior thatfostnflicts, 2) restrictions on human use of
high-risk areas, 3) removing problem mountain lijoAs modifying habitat, and 5) deterrent
methods (Fitzhugh 1988, McBride et al. 2005, Parg@95). Local residents generally have
little familiarity with or knowledge about mountailions (Casey et al. 2005), and severe
warnings for feeding or habituating mountain lidikely will have little impact on human
behavior, but should nonetheless be administerdichtbliability. Lethal removal of mountain
lions perceived to pose threats to humans appedrs the most practical method for mitigating
negative encounters with humans if actions are dbase consistent, established assessment
protocols. Non-lethal methods of removing mountkims are neither practical nor more
humane than lethal methods (Linnell et al. 1997zHeigh 1988, Ruth et al. 1998), although
lethal methods can generate public opposition (Lasal. 2005, Perry and deVos 2005, Treves
et al. 2006).

Feeding wildlife attracts prey species to humarainted areas and indirectly habituates lions to
humans. While difficult to enforce in practice fegtively prohibiting feeding wildlife has
proven to be useful and should be expanded toiadditcounties, cities, or portions of counties
as Arizona’s human population increases, urbansaespand, and high-use recreation areas
interface with mountain lion habitats. Enforcemast difficult and time consuming, and
partnerships with other agencies that are alsooresple for enforcement should be pursued.
Pets often are involved in mountain lion confli¢giSitzhugh 1988), and education efforts
targeting pet owners can reduce pet vulnerability.

Habitat modifications are impractical, because @udocations in areas with relatively
extensive surrounding space, brush, and treestaextave to humans. Research on use of
residential areas by large prey of mountain lionghtnbe informative, but public opposition for
removing prey appears likely (Siemer et al. 200fhere is no available evidence that deterrent
methods are successful.

Population reduction through hunting has been ssigdeas a means of reducing conflicts
between mountain lions and humans. To be effec@védniigh percent of a mountain lion
population would have to be reduced over a larga &0 limit immigration and reduce local
abundance and would require continuous huntingspresFitzhugh 1988). Hunting pressure is
usually impossible to achieve in the urban intexfathere most conflicts occur because of public
resistance to hunting in those areas. Increasedtaio lion hunting in urban areas is unlikely
to be effective in reducing human risk (Beier 1991)

Continued public town-hall type meetings, indivilumterviews, and clear, consistent

communication with the media, combined with lethamoval, have proven to be the most
appropriate approach to managing human-mountam donflicts (Parmer 2005, Perry and
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deVos 2005). We recommend that efforts to edutetgublic should be continual, formalized,
and handled by biologists familiar with mountaions and human-mountain lion conflicts. To
address these issues, many states are currentlipyangplarge carnivore conflict resolution
specialists. Brief duration and discontinuous effan few areas will prove ineffective for
enhancing human understanding of mountain lionaggobnd mitigating human-mountain lion
conflicts. A well designed, science-based educatiggrogram, such as Washington State’s
Project C.A.T. (Cougars and Teachers) created ¢woige consistent messages about human-
mountain lion conflicts seems desirable. The Dmpant’'s Focus Wild lesson plans could be
used along with this program to assist in educdtiegpublic and agency personnel.

Summary

1.

Mountain lions may have increased in abundance estevn United States, and have
extended their range of distribution into mid-westetates. Coincident with these
trends, conflicts between mountain lions and humamduding attacks, increased in
much of western North America during recent decades

Arizona’s human population is expected to doublalout 12 million people by 2050,
and urban growth will continue to expand into ogedgmountain lion habitat.

Management options to prevent human-mountain lamflicts might include: 1) direct
and severe warnings for unsafe human behaviogs®)ictions on human use of potential
conflict areas, 3) removing problem mountain liod3, modifying habitat, and 5)
deterrent methods.

Little is known about how or why mountain lions ussidential-urbanized areas. Public
outcry, controversy, and even attacks of humarthar livestock and pets indicate that
encounters between mountain lions and humans areasing throughout the west.

Humans encroach upon areas where mountain lioeadjrlive, and the predators show
remarkable ability to adapt to human presence,iqudaitly in low-density residential
areas that provide abundant stalking cover and prey

Translocating mountain lions that display aggressivunacceptable behavior, as defined
in Department Policy 11.10, is not a viable alteéw® to lethal control for removing
problem mountain lions. Human-mountain lion carfli are currently managed
according to Department policies DOM 11.10 and 2-&.A.6, with human safety as the
highest importance.

Typical mountain lion hunting techniques (e.g.,dater calling, trailing with hounds)
may be ineffective in urban settings as methodeetluce the risk of human-mountain
lion encounters.

Continued public venue-town hall type meetings,ivitiial outreach, and planned
dialogue with the media, combined with lethal rempwnave proven to be the most
appropriate approach to managing human-mountaincimflicts.
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Management Strategies

1.

Continue to educate the public using Departmenbbists familiar with mountain lions
and human-mountain lion conflicts in addition tomadistrators, public information
personnel, and outside consultants.

Continue to provide specialized carnivore conflreisolution training for specific
personnel focused in areas where projected growtlogcur and places likely to result
in continued human-mountain lion interactions.

Invest in a science-based educational program, sschWashington State’s Project
C.A.T. (Cougars and Teachers), using the Departm&ntus Wild lesson plans to assist
in educating the public and agency personnel.

Continue to use Department Policy 11.10 as theiggigolicy during the Department’s
responses to calls concerning human-mountain orflicts.

Pursue regulations prohibiting feeding of wildlifieto additional counties, cities, or
portions of counties as Arizona’s population ineesa and urban areas and high-use
recreation areas interface with high mountain lgEnsity habitats. Build partnerships
with other agencies that are also responsible fufioreement of wildlife feeding
regulations.

Incorporate geospatial analyses from the collecobrGPS location data at sites of
investigated conflicts for improved identificatianth consistent conflict areas. Maintain
and update all related databases.
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Figure 9. Human-caused bear conflicts most often oar when bears become habituated to
humans and associated food sources.

BLACK BEAR

Population estimates for North American black h@@pulations suggest a growth rate of about
1-2% per year (Garshelis and Hristienko 2006) stheelate 1980s. America’s average human
growth rate increases are calculated at a rate e$s |than 1% per vyear
(http://www.indexmundi.com/g/g.aspx?c=us&v=24). tlme last few decades, the number of
human-bear conflicts have increased dramaticalty.,(8eck 1991, Witmer and Whittaker 2001,
Beckmann and Berger 2003, Zack et al. 2003, Goaé @005). Urban black bear conflicts with
humans may be increasing throughout North Amerezabse human development has increased
the availability of human food sources to bearsetigpment in urban areas has expanded within
and adjacent to bear habitat, and black bears msniitaeve increased range-wide. Decker et al.
(1981) suggested that high bear populations waldl 1o increased human-bear conflicts because
of the bear’s attraction to human food sources.

A Nevada study attributed many traits of urban+iatee bears to the availability of human

foods, including 70-90% smaller home ranges, 30&atgr body mass, higher reproductive
success, later denning, and slightly earlier emrergehan wildland bears (Beckmann and Berger
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2003&,b). Similarly in New Hampshire and New Jersey, feanéllears occupying habitats
adjacent to human residential areas had smallereh@mges than those reported for bears in
wildland areas (Ellingwood 2003, MacKenzie 2003gaB may therefore actually thrive and
increase in number adjacent to urban areas dueaitakility of food resources not available to
wildland bears. In a recent Colorado study on hutrlank bear conflicts and spatiotemporal
patterns and predictorspnflicts were related to agriculture (32%), folledvby road kills (27%),
and human development (24%) (Baruch-Mordo 2007).Allizona, human-bear conflicts are
consistently the result of habituation of bearfitionans due to food resource needs (72%), road
kills (24%), and agriculture (4%) (AGFD unpublisheata).

Past Situation

In the last few decades, the number of human-besaflicts have increased (e.g., Beck 1991,
Witmer and Whittaker 2001, Beckmann and Berger 2@@&k et al. 2003, Gore et al. 2005).

Even so, estimates of fatal attack rates by blakdin the U.S. are 0.3 human fatalities per
year, much less than the 9-15 human fatalitiesypar resulting from venomous snake bites
(Conover et al. Twenty-three human fatalities reslifrom black bear attacks in North America
from the early 1900s through the 1980s (ThirgoodleR005). Still, risk perception of a black

bear attack can increase following media coverdga attack (Gore et al. 2005).

Wildlife managers therefore must manage black peaulations not only for sustainability and
distribution but for human safety and concern favaie property. Data regarding fatal attacks of
humans by black bears show for 21 fatalities whkeesex of bear was known, 19 involved a
male bear. In all the cases where the motivatichebear was believed to be predation and the
sex of the bear was known £ 18), the bear was male (Herrero and Higgins 1995

In Arizona, an attack and subsequent associatedansesterage occurred in July 1996 when a
340-pound, 5-year-old male black bear criticallyuhed a sleeping teenage girl on Mount
Lemmon, 48 km north of Tucson, Arizona. The besat heen captured, ear tagged, and released
within 11 km of the attack location five days prior the attack. A lawsuit ensued and three
years later, the Risk Management Section of ArizoBepartment of Administration, settled for
$2.5 million. The victim was permanently disfigdrby the injuries. This incident defined an
unacceptable limit for nuisance black bear cordlict

Current Situation

Human-bear conflicts are currently managed in atanoece to Department policies DOM 11.10
and 2.A.1-2.A.6, updated in 2006. The DepartnsentVildlife Conflict Policy was
implemented to create a standard that defines pppte actions to be taken when dealing with
nuisance wildlife. Under the policy human-wildliigteractions are classified into one of three
categories; Category |, Il, and Ill. The policyfdrentiates wildlife behaviors that are acceptable
from behaviors that are unacceptable or aggressivamn aid to managers handling conflict bears.
These specific behaviors are offered as exampldsware not intended to be all-inclusive.
Managers must rely on their education, experietre&ing, and the individual circumstances
surrounding any report when making decisions.

Mountain Lion and Bear Conservation Strategies Repo



45

A Category lll bear is generally defined as a lmraating a "nuisance" by its mere presence and
is not judged to be an immediate threat. A Catgdbrbear does not display unacceptable
behavior (as defined in the policy), has no histofyhaving been previously captured or
relocated, and does not remain in human occupieasar These bears often do not need to be
captured or relocated (although that may dependhencircumstances), and the preferred
response is to conduct public education focusedowiflict prevention. A Category Ill bear can
be any age or sex. If the bear causes repeated@stlll incidents or reports, this may result in
reclassifying it as a Category Il or even a Catggdrear.

A Category Il bear is judged to pose a potentieddhto public safety and health and is defined
as a bear that causes property damage, is habitt@teumans, conditioned to human-related
food sources, is denning with cubs near human iiesy displays abnormal behavior that might
indicate a disease infection, or displays othercaeptable behavior. A Category Il bear is
limited to female bears or sub-adults (adult maarb that meet the definition in Category Il are
treated as Category | bears). A Category |l beay be captured and then relocated, destroyed,
or an incident may be dealt with through public @tion. The manager on the scene or
responding to a call determines the appropriateorese.

A Category | bear is the most dangerous encounteyeldumans and is defined as a bear that
poses an immediate threat to humans. More spaltyfi@ Category | bear is defined as a bear
that has caused human injury, displays aggresskaubor, or has been previously captured and
relocated because of conflicts with humans. THewstates that an adult male bear, which has
been captured and exhibits Category Il behavidrall e treated as a Category | bear. The
policy directs that Category | bears should berdgetl except under extenuating circumstances.

A final option for managing food-conditioned nuisanbears is providing hunter opportunity

through population management hunts. These haws dnly occurred when a nuisance bear is
present and hunter opportunity has no impact oripughfety. To date, the Department has
administered only a single population managemeag@ewith five permits for bears.

The Department can also enter into agreementsothier agencies or contractors to accomplish
administrative removals. The Department preferas® proactive approaches such as the Bear
Aware program of information and education priorctmflict resolution. Hunter opportunity is
considered an effective method of reducing or elating conflict bears. Recently, vegetation
treatments surrounding urban areas are being igaéstl to determine their effectiveness in
reducing bear conflicts.

Current bear hunting seasons in Arizona includé et and spring hunt structures. In addition,
the Department has available a population manageiment structure designed to manage
wildlife populations to meet specific objectives sfipplemental harvests of wildlife when
traditional harvest strategies have not met managemwbjectives. These alternative bear hunt
strategies have given wildlife managers a full efi management choices by which to assist
them in managing bears before they become condiiém humans. By reducing the density of
bears in the spring, a wildlife manager is beingagtive in addressing the density and
distribution of bears before summer, the peak @mbbear season.

Mountain Lion and Bear Conservation Strategies Repo



46

Opponents of spring hunts contend that cubs wilblphaned (Kerr 1999). Arizona prohibits
the killing of females with cubs. Spring seasomstinely have fewer harvested bears than do
fall hunt, and Arizona's spring archery hunts tleatend through July have successfully
harvested nuisance bears. Spring seasons canldss/effect on bear populations than fall
seasons when female limits are in place, becausegspeasons are designed considering the
differential den emergence dates for male and ferhehrs (Hristienko et al. 2004). Because
males emerge first, spring harvest is compriseghgmily male bears.

Aversive Conditioning and Black Bears

Black bears are naturally wary and tend to avoichdws and developed areas (Mattson 1990,
Clark et al. 2002, Herrero 2002). However, rapigpasion of urban areas in Arizona (Figure

10) contributes to the number of human-black beaflicts within the state. These conflicts are

likely to occur at higher frequencies after proledgperiods of drought or natural forage

shortages, forcing bears to expand their home mngsearch of adequate forage (Bergersen
2001). Under these conditions bears can find udvaas attractive if alternate food sources (e.g.,
garbage) are not available. When bears find fooduiman dominated landscapes, loss of pets,
localized depredation on livestock, property damagel attacks on humans may occur (Herrero
2002).

Nuisance bears may occur in areas of marginal dtathiat are enhanced by humans providing
some type of artificial food source. Nuisance beare defined by two types of behavior:
habituated and conditioned (McCullough 1982, Her@2002). A habituated bear is an individual
that has lost its fear of humans. Bears becomduabd when no negative or positive outcomes
arise from close proximity to humans. In other v&yrthey continue normal activities unaffected
by the presence of humans. A conditioned bear isndividual that associates a positive
outcome from being in close proximity to humans ¢e. being able to acquire food).
Campground bears are first habituated to lose fieair of humans and then conditioned after
they learn they can get food from a close assaciatith people. A bear’s nuisance activity
during a specific time of day may reflect the leeélhabituation and food-conditioning. An
increase in daytime activity in developed areas nmaljcate a bear’'s progressively bolder
conditioned and habituated behavior (Clark et @02).

People often suggest that wildlife managers shdijldt scare bears away." Aversive
conditioning is a method wildlife managers can tasattempt to alter habituated and conditioned
behaviors of nuisance bears. In aversive condityna wildlife manager attempts to create a
negative association between a nuisance bear amdrsuby providing some type of negative
stimulus. Some studies have found that simply trepppnd immobilizing a bear and releasing it
within the area of capture (on-site release) isughdo deter nuisance behaviors in bears (Brady
and Maehr 1982, Wooding et al. 1988, Clark et @02). Clark et al. (2002) concluded that on-
site release success rates were determined byblesriauch as a bear’s sex, presence of young,
type of developed area where capture occurred, tinday the bear was active, and bear
population abundance. It is not feasible for aestgjency to use such a method in many cases
due to the responsibility of wildlife managers tsere some level of public safety. The six most
common methods of aversive conditioning used bie stgencies include 1) rubber buckshot, 2)
rubber slugs, 3) pepper spray, 4) cracker she)lgjogs, and 6) loud noises (Beckman et al.
2004). These methods are usually deployed in cotipmwith the nuisance bear being trapped
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and relocated away from the initial nuisance ditetil recently very little research had been
conducted to test the efficacy of these non-ledet¢rrent techniques.

Beckman et al. (2004) analyzed the effectivenedfirele treatments on black bears in Nevada.
During the study, 62 radiocollared bears were gaptin urban areas in the Lake Tahoe Basin of
the Sierra Nevada and randomly assigned to onéreé ttreatment groups. The experimental
treatments included: Group 1 - upon release trajpeatis were hit with pepper spray, 12-gauge
rubber buckshot, and a rubber slug, and exposedattker shells and yelling; Group 2 - upon
release trapped bears were exposed to same deteasegroup 1 and chased by dogs; Group 3-
(control group) trapped bears released in a sit@nrtner with no physical or audible deterrents.
A treatment’s effectiveness was measured by thebeumf days it took for the bear to return to
the area it was trapped. At the conclusion of thdysBeckman et al. (2004) found that 92% of
the bears returned to the initial site of capt@tthe 62 bears in the study 33 (53%) returned in
less than 30 days, 17 (27%) returned between 3118adlays, 7 (11%) returned between 181
and 365 days, and 5 (8%) had not returned in >38f.dNo difference between treatment
groups was found for the mean number of days i toears to return to the initial capture site.
The researchers concluded that in the Lake TahsaBthe most common nonlethal deterrents
used by agencies responsible for black bear maregeare not effective at altering bear
behavior for periods >1 month (Beckmann 2002). Namlence was provided that suggested
more than immediate behavior change occurred fnagrsave conditioning.

Other studies evaluating efficacy of non-lethaledetnts have found similar results to Beckman
et al. (2004). Weaver (2004) conducted aversivealitimming on six black bears in West Virginia
and found that all of the bears resumed nuisanteitaas within two weeks. Hopkins et al
(2006) are currently testing intensive aversivedtioning techniques at Yosemite National
Park that involve capturing and collaring bears] #men following them for 168 consecutive
hours applying a negative stimulus whenever the lbgaroached within 50 m of a human
activity area. Preliminary results, with a smalhwgple size (three), indicate the bears quickly
return to developed areas (within 1-8 days) andmesunacceptable behaviors. These studies
provide evidence that bear behavior is not perméynehanged through aversive conditioning.
Clark et al. (2002) suggested non-lethal deterrereie less effective on daylight active bears
than those that are still foraging at night. Thiggests that if aversive conditioning is applied to
nighttime active nuisance bears, (i.e., those Vgis conditioned behavior) behavioral changes
are more likely to occur. Any public relations bé&hfrom aversive efforts is probably only
temporary and generally results in further nuisgroblems at a later date.
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Figure 10. Interface of predicted increased human gpulation growth in relation to
distribution of black bears. Suitable bear habitat determined by comparing known bear
abundance within studied habitats and extrapolatingthis abundance across similar habitat,
augmented with local biological opinion from unit widlife managers.
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Although each of these studies concluded that axernditioning is largely ineffective, they
do make a compelling argument for the importancputflic education and outreach to prevent
development of nuisance bear behavior. Gore (2@0W Herrero (2002) point out that
education and prevention is the most effective oeethf reducing human-bear conflicts. Gore
(2004) describes case studies from five differemtalities across North America that
successfully implemented public education prograrasulting in decreased human-bear
conflicts. Each of the case studies employed aesatic approach to resolve nuisance bear
problems. The approach included:

Establishing a concise definition of the problem

Defining education and intervention objectives

Reviewing alternative options

Identifying stakeholders involved

Defining a target audience

Establishing criteria that define success

Incorporating lethal control for chronic nuisancel g@otentially dangerous bears

The Department’s Wildlife Conflict Policy alreadgrgets human-bear conflicts with a variety of
educational resources and programs. As an agentty avipublic safety responsibility and
potential liability in some cases (especially tbear has been captured, handled, or translocated),
the Department must be prepared to address sigati@t can no longer be handled proactively
through education and outreach. The Department atss be prepared to react to situations that
would include Category | and Il bears (as defingdhe Wildlife Conflict Policy) that pose an
immediate or potential threat to humans.

Managing Problem Bears When They Are Conditionddeéd®resence of Humans

Once a bear has been conditioned to humans simpigving the food source does not eliminate
the fact that the bear associates humans with fdodhese cases other measures must be taken.
A relocated problem bear has not regained its é¢édrumans and poses a potential threat to
anyone it encounters at the release site. Refgrdtears is not a solution, and success of a
techniqgue known as on-site release may vary (Msste2006). Clark et al. (2002) evaluated the
technique and concluded that on-site release ssicatss were determined by variables such as a
bear’'s sex, presence of young, type of developed ahere capture occurred, time of day the
bear was active, and bear population abundanites not feasible for a state agency to use such
a method in many cases due to the responsibilityildfife managers to ensure public safety.

Creating a negative association with humans is knasvaversive conditioning. This method of

"modifying" nuisance behavior has been a conceroranresearchers and wildlife managers
alike due to an increased number of human-wildideflicts in recent years. Masterson (2006)

cites the success of programs around the counting wssersive conditioning to manage and

curtail nuisance bear activity. She describesstiezessful use of Karelian bear dogs, cracker
shells, rubber buckshot, and bean bags to "modifyisance behavior in black bears. The

localized success Masterson (2006) describes isupgdorted by scientific literature evaluating

the same aversive conditioning techniques.
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Breck (2006) invented a device he called the NuisaBear Controller (NBC) that used two 6-
volt batteries wired to an automobile vibrator emhdenser that emitted 10,000-13,000 volts
through a disk that triggers the device. The Niipeared to have great value for protecting
bird feeders. During the test period no protecteeldérs were robbed or destroyed by black
bears, whereas 40% of unprotected feeders wereedololo destroyed. The NBC was an
inexpensive ($200.00), portable, and adaptableesystat potentially can be used in a variety of
situations to deter bears from accessing conceutfabd sources.

Generally we found the literature provided by reskers testing aversion methods suggests
these techniques provide a temporary fix at besickBian et al. (2004) analyzed the
effectiveness of rubber buckshot, rubber slugspeeppray, cracker shells, and dogs on black
bears in Nevada. No evidence was provided thagestigd more than temporary behavior
change occurred from aversive conditioning. Duthese reasons and sometimes lethal results,
the Department no longer uses firearm propelledsaxetools.

Vegetation Treatment to Reduce Human-Bear Conflicts

Three seasons can be distinguished in Arizona basddod habits and food resource selection
patterns of Arizona bears (LeCount and Yarchin }99phypophagia (little food consumption;
1 April to 14 June) - defined as den emergence revhiack bears typically feed on carrion and
herbaceous forage; 2) early hyperphagia (increésmii consumption; 15 June to 31 August) -
when black bears add myrmecophagy (consumptionsacts) (Auger et al. 2004), and 3) late
hyperphagia (1 September to denning) - definedhageriod just prior to denning, when black
bears seek out soft mast (acorns, fruits and Ils¢rid&nce 2006, the Department has been
investigating mechanisms of black bear resourcecteh in response to wildland-urban
interface (WUI) fuel reduction timber managemeegatments in the White Mountains of east-
central Arizona. The White Mountains are a foreskmudscape that have been intensively
managed for >50 years. Using a quasi-experimetidlydesign, we are testing the widely held
hypothesis that forest fuel reduction plots will #oided by black bears by examining GPS
radiotelemetry data. Our specific objectives aredfold: 1) determine differences in black bear
selection of fuel reduction plots; 2) describe siédm by season for individual plots; and 3)
examine whether there are any differences in setedf plots during diurnal or crepuscular-
nocturnal periods.

The United State Forest Service (USFS) scheduled f)s reduction treatments to begin in
summer 2007. The purpose of the treatments wasdiace risk of wildland fire to public and
private lands adjacent to focal urban areas, angrduide safety for firefighters undertaking
wildland fire suppression operations. Need for thision resulted from an accumulation of
natural fuels in the area. Because of fire suppyesand past logging techniques, fuel loading
and vegetative growth have increased and risk i@ fo burn uncontrollably is high.
Accordingly, WUI fuels reduction treatments willcias primarily on three key objectives: 1)
decrease the amount of dead and down materialeogrtbund; 2) increase crown base height by
decreasing ladder fuels; and 3) reduce crown balisily within the canopy. Treatment areas
will be irregularly shaped and range in size fromh-8.4 knf.
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To date, we have placed spread spectrum GPS rdldigcon 21 (12 males, 9 females) of 35
adult bears. Radiocollars were programmed to aedaagations at intervals of every four hours.
Point locations were imported into a geographionmfation system (GIS) and used to delineate
95% fixed kernel (FK) home ranges. These home amgere then used to identify "available™
locations for each individual using a random-pgenherator in ArcGIS. To account for variation
in habitat use through time, we stratified blaclabication data into three seasons based on
food habits and selection patterns for the regleeCpount and Yarchin 1990) For each season,
we developed resource selection function (RSF) tsdddowing Manly et al. (2002).

A total of 4,217 locations have been obtained adiocollared bears have ranged from New
Mexico to the White Mountain Apache Reservation.nt¢oranges sizes varied by sex with
females averaging 77.3 Knf95% CI = 56.2-96.7 kfj, whereas males averaged 193.3%km
(95% CI| = 161.8-229.4 kin Estimates of maximum distance moved per dayedaby sex and
season. During hypophagia, estimated distances arfmyenales ranged from 2—-11 km, whereas
distances moved by females ranged from 1-7 km.dBy hyperphagia, distances moved by
males ranged from 9-23 km, whereas distances muoyé&emales ranged from 10-18 km.

Using data collected in 2006 and 2007, we have laddm to determine how black bears use
available habitat types and physiographic featymesr to fuel reduction treatments. Bears

appear to be very specific in the selection of tebSelection patterns are influenced by bear
nutritional status (hypophagia and hyperphagia)béars progressed from hypophagia through
late hyperphagia, patterns of resource selectidtedhfrom disproportionate use of meadows-

grasslands to oak patches. However, it is import@antote that bears consistently used mixed
conifer habitats regardless of season. The consigge of mixed conifer habitats highlights its

importance to bears. Bears likely prefer mixed fmnihabitats because they are often
characterized by multi-story canopies, moderatpesd>15°), and dense horizontal cover. Such
habitat types appear to meet requirements for betlding and foraging sites, particularly when

located near water features (LeCount and Yarch@9)L9

As in previous studies (Lindzey 1987, Zager 1980ung and Beecham 1986, McLellan 1998,
Neilsen et al. 2002), bears displayed a strongdavme of roads. It appears that avoidance of
roads by bears is motivated by two factors: 1) gdreversion to human activity and 2) effects
of forest management activities that occurs at swls$. Forest management practices that
reduce structural complexity may degrade the valdabitat to bears, particularly when it
occurs in mixed conifer habitats. We believe thatte" to bears occurs in two principal forms:
forage availability and protective cover. When ngeraent activities reduce either, the focal
habitat is degraded to some extent.

Community Involvement

Local communities have been able to eliminate hwablems by creating local volunteer
outreach programs and implementing public poliayutating human behavior in bear country.
An example of a successful program is Colorado’arB&ware program. Through the Bear
Aware program local citizens attend training sessiand then serve as ambassadors to the
public for the Colorado Division of Wildlife. BeaAware volunteers attend homeowner
association meetings, write articles for newslsitgive talks at schools and other organizations,
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staff booths at county and local fairs and fessiyaall on new neighbors, and generally do
whatever they can to get the word out on how peoaieavoid conflicts with bears. Programs
like Bear Aware are successful because people are hkely to listen to their neighbors than

strangers.

However, some citizens do not get the messagerdiega of who is delivering it, and other
measures must be taken. Under these circumstanoss communities have found success by
enforcing policies and regulations aimed at elimigpartificial food sources. In one case study
in Whistler, British Columbia, the resort town weeeing >20 bears a year being killed due to a
policy that destroyed bears if they came in conw@th humans. The number of bears being
destroyed was a result of people’s negligence arélessness in disposal of garbage and
intentionally leaving food for wildlife. In 1998 group of Whistler citizens formed the Black
Bear Task Team, which was charged with developmg ianplementing a bear management
plan. Along with citizens, the task team includedmbers of the resort staff, the local waste
management company, the Conservation Officer Ser¥i¢histler-Blackcomb Mountain staff,
and the Association of Whistler Area Residentstfe Environment. The management plan
created by the team included a public education @rtdeach program, mandated bear proof
waste management programs, and tough local regugaincluding:

No garbage, food waste or other waste could bedtontdoors, including on the

patio, deck or balcony.

All outdoor trash containers had to be wildlifeisgsnt.

All businesses, hotels, apartment buildings andsirial complexes had to

store garbage inside a building or in a wildlifsistant enclosure.

Feeding "dangerous wildlife" and depositing or istgprany "garbage, food waste or other
edible waste" was illegal.

Bird feeders had to be inaccessible to bears.

Garbage containers for special events had to lkegiop and emptied by 10 pm.

An example of the continued efforts being made gy Department to educate and inform
residents concerning human-bear conflicts is therestve work that has been accomplished in
the Sierra Vista, Fort Huachuca, and Huachuca Moar€anyons. In the last few years, the
Department has made direct contact with residemtshé area through packets containing
information on preventing human-wildlife conflictgitiating a community meeting at the
Nature Conservancy Ramsey Canyon Preserve at whigar Aware"” materials were
distributed, and increasing wildlife manager outte@ontacts with homeowners in the area.
Efforts have also been made to encourage land rear&xg agencies in the area to distribute
"Bear Aware" materials to campers and hikers. &ipebruary 2006, the Department has made
contact with the public at least 19 times througidra outlets such as press releases, newspaper
articles, and television news stories. The Depanmtra "Living with Arizona’s Wildlife" section

of its website has also been promoted in virtualgry public contact through the media or
personal communication. However, some homeownerge Mot been as cooperative in
eliminating food sources that lead to the conditignof bears and ultimately to bear nuisance
problems. As a result, the Department contactedCibchise County Attorney'’s office and flyers
were prepared and distributed to explain the legalifications if homeowners continued to
provide attractants that promote nuisance beavicti
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Administrative Removal

In an on-going study of nuisance bears in and atAspen, Colorado, researchers found that
when wildlife managers respond to a need to rensvriisance bear, they may accidentally
capture a nontarget bear at or near the same sate target one (Stewart Breck, personal
communication). This information was obtained framanalysis of nuisance bears radiocollared
with GPS transmitters that recorded locations ef tdrget bear every 30 minutes. Researchers
could document the exact time a radiocollared masaear was at a capture or complaint site.
This study, when completed, may bring about charngepolicies concerning how wildlife
agencies confirm nuisance bears for administragweoval. Setting a bear culvert trap at a site
one night and removing the captured bear the naytnday not always be responsive to the
original complaint.

We analyzed records for administratively killed tse&n Arizona since the inception of the
Department’s Wildlife Conflict Policy (11.10). Rif-eight bears were removed by Department
personnel from 15 different units (Table 9). Thenwal removal ranged from one to eight
animals per unit, with eight bears being removed single year (2006) from Unit 35A, a year of
suspected food source failure for bears in the Huez Mountains. Administrative removal of
nuisance bears is effective at ensuring publictgadad Department's Wildlife Conflict Policy
should continue to be implemented as needed. W todgetter document the exact locations of
removal and record this within the database to @xantrends in occurrence and identify
potential causes.

Table 9. Unit and frequency of administrative remowal of black bears in Arizona, 2003-2007
(AZGFD 2008).

Unit Number of nuisance bears killed through adstmative action
1
3B
3C
4A
20B
22
23
24A
27
28
29
30A
33
34A
35A
Total

FOoNWRORDMWRNRAOOWO
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Summary

1.

Data regarding sex and age of black bears invaivddtal human attacks show that for
21 fatalities where the bear sex was known, ind<es a male bear was involved.

The application of hunt strategies that are focused controlled removal of a portion of
a bear population to proactively manage human-bg#aractions can be effective in
reducing interactions.

Bears are very specific in the selection of habitatd are influenced by bear nutritional
status (hypophagia and hyperphagia).

Human-bear conflicts are currently managed accgrdi Department policies DOM
11.10 and 2.A.1-2.A.6, with human safety as théegy importance.

The most common nonlethal deterrents are not effecit altering bear behavior for
periods long enough to improve public safety. Nalence suggested more than brief
behavior changes resulted from aversive conditmnirJpon conducting a thorough
review of published literature concerning aversseadition and nuisance black bears, it
is reasonable to draw the following conclusions:

Aversive conditioning is not likely to result in peanent behavior modification
of nuisance bears, and current research has shdwibé largely ineffective as a
means to deal with nuisance bears or bears that threat to public safety.
Temporary behavior changes may occur with intensipglication of negative
stimulus; however implementation of this approaduld be very intensive and
costly, yielding questionable results.

Aversive conditioning may have some limited valseagpublic relations tool, but
it is a potential liability if a bear is accidertalinjured or killed during
application. Privileged

THE FOLLOWING TW O BULLETS POINTS ARE CONSIDERED PRIVILEGED
COMMUNICATION AND ARE NOT FOR PUBLIC DISCLOSURE
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6. Local communities have been able to eliminate pealblems by creating local volunteer

outreach programs and implementing public poliayutating human behavior in bear
country.

Management Strategies

When dealing with human-black bear conflicts thare two fundamental considerations for
strategy development:

Preventing the development of conditioned problears.
Managing problem bears once they are conditiongkeigresence of humans.

. Continue with the aggressive Bear Aware progrant thegets communities in and
adjacent to bear habitat. Enact or enforce ordiearconcerning feeding wildlife and
work with local municipalities to discourage plargiof vegetation that attracts bears.

. Work with local municipalities and land managemegfencies within areas where
nuisance bear problems exist to implement wasteagenent policies encouraging the
use of bear-resistant garbage containers and eyetmiection times to eliminate
nighttime attractants.

Balance the goals of maintaining viable black @gpulations, protecting human safety
and property, and satisfying the needs of stakehslth a cost-effective manner. Hunting
and proactive education and awareness programegsdo achieving that balance.

. Continue to provide specialized carnivore conflreisolution training for specific
personnel because Arizona’s projected growth wituw in places likely to result in
continued human-bear interactions.

. Continue to use hunt structures, including sprind population management hunts, to
address nuisance bear situations adjacent to npafitcs.

. Collaborate with land management agencies to Wegétation adjacent to municipalities
within bear habitat to discourage bear habitat wighin WUIs. Treat vegetation to
improve bear foraging habitat, while protecting essary screening cover, in locations
away from WUIs.
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WILDLIFE PREDATION STRATEGIES

Figure 11. Mountain lions are capable of killing &rger prey in relation to their own body mass
than any other predator, as evidenced by this attacon a mature bull elk.

M OUNTAIN LION

Of all the large felids, mountain lions kill therdgest prey relative to their own body mass
(Packer 1986; Figure 11). Considerable researckcdtes that diets of mountain lions are
diverse, but few studies have demonstrated populdgivel impacts of predation on their prey.
Mountain lions are obligate carnivores, and ung@datomprise nearly 70% of their diets in
North America (Iriarte et al. 1990). In Arizonauf studies of mountain lion diet composition
have been conducted; all but one (Shaw 1977) wanducted in mountain ranges inhabited by
desert bighorn shee®( c. mexicanaor nelson Table 4; Shaw 1977, Cashman et al. 1992,
Cunningham et al. 1999, McKinney et al. 2606 Diet composition varied considerably among
studies (Table 10). Nonetheless, predation by rauhions in Arizona has been documented
on pronghorn Antilocapra americanaOckenfels 1994), desert and Rocky Mountain bighor
sheep Q. c. canadensjgKrausman et al. 1989, Bristow and Olding 199&nHer et al. 2002,
McKinney et al. 2008, McKinney et al. 2008), mule deer Qdocoileus hemionlis
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Table 10. Percent frequency of occurrence (percenf scats with prey remains) of selected prey
species in diets (scats) of mountain lions in Arim@ (sources: Shaw 1977 Cashman et al. 1992
Cunningham et al. 1999, McKinney et al. 200&°).

Remains of prey species Percent frequency of oeccer (%)
Mule deer 54 39 48 9-18

Javelina 22 28 17 14-60

Cattle 26" 13 34 0-14

Rodents 8 &£ 0-¢

Lagomorphs 28 6 9-3%

Desert bighorn sheep b7¥ 2-22

Pronghorn 2

(Shaw 1977, Mattson et al. 2005), ekefvus elaphys badger Taxidea taxus bobcat Lynx
rufusg, coyote (Canis latran3, and smaller mammals, including porcupines
(Erethizon dorsatuin javelina Dicotyles tajach (Cashman et al.1992), and lagamorphs
(Mattson et al. 2005).

In several cases, mountain lion predation appeatmte hampered efforts to translocate desert
bighorn sheep in Arizona, Colorado, New Mexico, dgxand Utah (Krausman et al.1999,
Rominger et al. 2004, McKinney et al. 2@)6 Factors affecting predation of translocatecedes
bighorn sheep are poorly understood, but a relasnercity of mule deer may be involved
(Rominger and Weisenberger 1999, Logan and Sweziik, Kamler et al. 2002, Rosas-Rosas
et al. 2003, Holl et al. 2004, McKinney et al. 2806 Predation on bighorn sheep by mountain
lions may be independent of the relative abundaricgheep (Ross et al. 1997), bighorn sheep
habitat quality (Wakeling and Riddering 2007), elative abundance of mountain lions (Logan
and Sweanor 2001, McKinney et al. 266

Mountain lion predation on bighorn sheep is higiypradic and varies spatially and temporally.
Although several studies have suggested the relatiportance of mountain lion predation as a
limiting factor in bighorn sheep populations, resbaon bighorn sheep population-level impacts
is limited. Importantly, our understanding of pégdion-level impacts of mountain lion
predation on bighorn sheep has been hampered bynast exclusive study of bighorn sheep
populations already perceived to be declining. pbential for mountain lion predation to have
a population-level effect appears highest in sn(®ll00) sheep populations inhabiting desert
environments (Sawyer and Lindzey 2002). Somearekesuggests that mountain lion predation
contributed to Rocky Mountain bighorn sheep popoilatieclines at higher latitudes in North
America (Festa-Bianchet et al. 2006). Other swidigygest that relative abundance of mule deer
is a factor influencing mountain lion predation desert bighorn sheep populations because
mountain lions shift to other prey species whenexdder become less abundant (Kamler et al.
2002, Holl et al. 2004, McKinney et al. 2@)6 Some researchers hypothesized that free-
ranging cattle "subsidized" mountain lions, allogvimaintenance of mountain lion populations
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at higher numbers, thereby increasing predatiodesert bighorn sheep (Rominger et al. 2004).
Decisions to conduct lethal removal of mountainndioto benefit desert bighorn sheep
populations often result in public controversy (Meiey et al. 2000, Rominger 2007).

Lethal removal of mountain lions from a study are&Jnit 22 in central Arizona corresponded
with reduced predation by mountain lions, endedaracted population decline, and increased
abundance of desert bighorn sheep, despite sueesagsrs of drought (McKinney et al. 2@)6
Relative abundance of desert bighorn sheep alsesmwnds with rainfall levels (McKinney et
al. 2001, McKinney et al. 2006 Higher levels of rainfall in desert systemsdiga more
abundant forage production, and neither food shesanor predation likely act alone as limiting
factors (McNamara and Houston 1987, Marshal @G5, McKinney et al. 200%).

Predator control is controversial (Ballard et &02), but localized, short-term, case-by-case
removal of mountain lions to benefit some deseghbin sheep populations may be a viable
management prescription. But in the absence dfifspdimits, hunt and depredation harvests
likely are inadequate to affect abundance of manrians and reduce predation in areas where
the predators are sympatric with desert bighorregh#cKinney et al. 2066 McKinney et al.
2006h). Research suggests that lethal removal of velgtifew mountain lions annually may
benefit growth, productivity, and persistence ofaimsolated desert bighorn sheep populations
regulated by predation (Wehausen 1996, Ernest @08P, McKinney et al. 20@. However,
persistence of short-term benefits of predator robnefforts for desert bighorn sheep
populations, and duration and frequency of predetairol necessary to maintain such benefits,
are unknown.

Research suggests that mountain lion predation doesause mule deer population declines,
but might suppress populations when they are bdlmage carrying capacity. Moreover,
weather, human use patterns, number and type dhtmespecies, and habitat alterations also
influence predator-prey relationships (Ballard &t 2001). Unfortunately, forage carrying
capacity is largely a qualitative concept and diffi to measure. Most variables potentially
affecting mountain lion-prey relationships can b#iallt to quantify in terms of cause and
effect.

Modeling research suggested that mountain liongired was a minor factor in decline of a
mule deer population in Idaho and did not suppressvery of the population (Laundré et al.
2006). However, in British Columbia, mountain lipredation may have contributed to lower
survival of mule deer (Robinson et al. 2002). Otlesearch suggests that abundance of mule
deer was a limiting factor affecting mountain lipapulations (Laundré et al. 2007). Reduced
abundance of mountain lions and predation may becésted with increased abundance of mule
deer in an area of Utah (Ripple and Beschta 20@#hough somewhat controversial, research
indicated that abundance of mountain lions mayegeilated by social patterns among mountain
lions. Associations between mountain lion and nager abundance may be influenced or
limited by environmental variables other than alamw of prey alone (Hemker et al. 1984,
Lindzey et al. 1994, Pierce et al. 2000).

Rainfall patterns may be the key factor influencaigundance of mule deer in arid regions
(Wakeling 2001, Marshal et al. 2002, Lawrence et28l04, Bender et al. 2007). In more
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northern regions of North America, mountain liongypon both mule and white-tailed deer
(Odocoileus virginianus but appear to select mule deer (Robinson e2@02, Cooley et al.

2008). Mule deer in California may reduce theikred predation by selecting specific habitat
characteristics (Pierce et al. 2004). Recent rekeiadicates that a male mountain lion and a
female with kittens may kill 19-44 and 40-73 muéedeach year, respectively (Laundré 2005).

Wolves may displace or reduce abundance of moudi@ms in sympatric ranges. Wolves
recently were reintroduced into northeastern Ar&zdBallard et al. 2000). Wolves and
mountain lions both prey on deer and elk (Alexansteal. 2006, Atwood et al. 2007), wolves
may kill mountain lions and usurp prey carcassemfthem (Kortello et al. 2007), and wolves
may cause deer and elk to shift to more structuaimplex refuge areas, increasing availability
of prey for mountain lions (Atwood et al. 2007).

As mountain lion distribution has expanded, cotslisetween mountain lions and other wildlife
have increased. Mountain lions have been documentine harshest of environments along the
western border of Arizona at an occupancy levdl tbeently necessitated adaptive management
actions. Some mountain lions were removed fromsanelabited by declining populations of
desert bighorn sheep. Nine areas with translocatesep or declining sheep or pronghorn
populations have multiple bag limits to encouraige-specific sport harvest by hunters (no area
has yet reached its limit). In the 2005 "Attitudesward Urban Wildlife Among Residents of
Phoenix and Tucson" survey. When asked about dbngyranountain lions, 65% of the public
found it acceptable "to protect endangered or tereal wildlife" and 55% found it acceptable
"to protect wildlife populations that are declinihgdowever, less than 50% found it acceptable
"to increase numbers of big game animals."”

Mountain lion-prey relationships are complex akelly involve interactions between abiotic and
biotic variables that can be difficult to quantifyLittle research has clearly demonstrated
population-level impacts of mountain lion predation desert bighorn sheep, mule deer, or
white-tailed deer, and none has shown populatigetienpacts on elk. These ungulates, as well
as javelina and pronghorn, are mountain lion presrizona, but few studies have assessed diet
composition of mountain lions. Potential populatievel impacts of mountain lion predation
have been studied only for desert bighorn sheegtifying lethal removal of mountain lions to
benefit ungulate populations will be vulnerablectaticism without further understanding of
population-level impacts of predation and factbia influence predation.

Currently in Arizona, mountain lions are managedinimize adverse impacts on other wildlife
species. This is accomplished through the ArizG@me and Fish Commission Predation
Management Policy, which states: "Actions by theizéma Game and Fish Department
(department) should be based on the best avaitaiatific information. Mountain lions and
coyotes will be managed to ensure their future agiodl, intrinsic, scientific, educational, and
recreational values, to minimize conflict with humaand to minimize adverse impacts on other
wildlife populations.”

The Department develops site-specific predator gemant plans when mountain lions are

considered to be inhibiting the ability of the Ddgp®ent to attain management goals and
objectives for other wildlife species. Furthermdte Department’s Predator Management Team
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Report states that; "Predators and their prey dabeomanaged separately" and that "as a
Department we must strive to develop the biologiaatl social data necessary to manage
predators with a program that is biologically soamd publicly acceptable.” There are currently
two predator management plans that address moulidaimemovals for the Black Mountains
and Kofa National Wildlife Refuge. The Black Moumtdlan uses a desert sheep survey rate as
a management trigger for removal of mountain liatnéle the Kofa Plan uses an offending lion
definition of more than one desert sheep killedaynountain lion in a six month period.
Removals have been facilitated using contract $ipecialists. The combined use of a predator
management plan and individuals knowledgeable oh Icapture methodology is highly
recommended.

BLACK BEAR

Black bears are opportunistic predators and haea becumented as predators of a variety of
wildlife species, large and small. Few studies hdgeumented black bears as limiting other
wildlife species or an additive mortality factorlaBk bear predation has been documented on
moose Alces alcesin Alaska (Osborne et al. 1991) and woodlandboariRangifer tarandus
caribou) in Newfoundland (Mahoney et al. 1990). In Arizopaedation by black bears on other
species of wildlife has been sparsely documentsdpdorly understood, and is not well
researched. In central and east-central Arizonalyaes of bear scats showed that diet
composition was <0.5% elk, mule deer, white-tatdie@r Odocoileus virginianus and javelina
(LeCount 1984, 1990; Cunningham personal communpitatBlack bears are not considered a
limiting or major predator of any wildlife specidéisat inhabit Arizona. Therefore, we offer no
strategy for managing wildlife predation by blacabs.

Summary

1. Lethal removal of mountain lions from a study aireaentral Arizona corresponded with
reduced predation by mountain lions, ending a podéd bighorn sheep population
decline, and increased abundance of desert bigblueep, despite successive years of
drought.

2. Little research has clearly demonstrated populdgeel impacts of mountain lion
predation on mule or white-tailed deer, and nore dfwn population-level impacts on
elk.

3. Mountain lion predation on bighorn sheep seemsethigher in areas of lower mule deer
abundance.

4. Hunter harvests alone have not been increased aiddygin small areas (i.e., multiple
bag limit areas) inhabited by bighorn sheep tochfieedator abundance.

5. Black bears are not considered a limiting factomajor predator of any wildlife species

that inhabit Arizona and therefore we offer no telgg for managing wildlife predation
by black bears.

Mountain Lion and Bear Conservation Strategies Repo



61

Management Strategies

1.

Continue to use site-specific predation managenpdans as directed through the
Commission's Predation Management Policy to adds#sations where other wildlife
species have been recently translocated or whereotifier wildlife species is below
population management objectives.

Evaluate the need to expand the geographic are#testpecific predator management
plans on a regional basis where mountain liongharedentified predator of management
need and adverse impacts on wildlife populatioesdamcumented. Develop and evaluate
broader regional predation management plans whirer avildlife species objectives
have not been met and predation is a contributiotpf.

Continue to use multiple bag limits to provide mased hunter opportunity within hunt
areas where increased removal of mountain lions lmeagfit prey species that are below
management objectives. Multiple bag limits may llihe targeted removal of specific
animals through hunter harvest.

Continue to use Department or contract personagidd in capture methods to remove
mountain lions in areas identified in predator ngg@ament plans.

Intensive harvest of female mountain lions in aaasould theoretically reduce mountain
lion predation on wildlife because male mountaom$é may spend less time in areas with
fewer breeding females. Implementation of this tettg should be experimental and
adaptive to test efficacy of approach.
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LIVESTOCK DEPREDATION STRATEGIES

Figure 12. Although mountain lions comprise 90% ofall depredation harvests in Arizona, they
may also scavenge a cow carcass that they did nalt kphoto by Brian Jansen).

M OUNTAIN LION

Take of mountain lions involved in livestock depa&dn is authorized through Title 17 of the
Arizona Revised Statutes (2007), subsection 17-8uhfirmed legal depredation harvests of
mountain lions in Arizona were recently analyzedoas a 30-year period (1976-2005) to
describe patterns, trends, and demographics oedepon harvest, and determine relationships
between depredation harvest, sport harvest of nmoutibns, and indexed the abundance of
mule deer (McKinney and Wakeling in press). Deptioh harvest of mountain lions increased,
contributed substantially to statewide harvest @untain lions, and was negatively correlated
with abundance of mule deer. Mountain lions halge been known to scavenge dead livestock
(Figure 12).

Harvest of mountain lions for cattle depredatioonsprised 90% of all depredation harvests
between 1976 and 2005; 98% of cattle depredatiosre walves. Most depredation harvests
occurred between January and June (Figures 13whé) calves tend to be born. Harvests for
depredations of livestock other than cattle wemgpprtionally low and showed no clear monthly
pattern, although they appear higher during Jurlg-tdan other months (Figure 14). Harvests
of mountain lions for cattle depredations averaddl7/year (range = 1-66/year), and
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Figure 13. Number of mountain lions harvested in Azona for depredation of livestock by month
during 1976-2005.
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Figure 14. Number of mountain lions harvested in Aizona for depredation of cattle (COWDEP) or
other livestock (OTHERDEP) by month during 1976-208.
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Figure 15. Annual cumulative frequency of mountainlion depredation harvest in Arizona, 1976—
2005.

harvests for depredation of other livestock spe@esraged 1.0/year (range = 0-3/year).
Depredations of prey other than cattle includedldmns, colts, domestic dogs, goats, sheep, and
ostriches (llamas also reportedly have been killgdnountain lions, but this species did not
appear in our records).

Harvest of mountain lions involved in cattle de@toh occurred in 12 of 15 counties; five
contiguous counties accounted for 92% of depreddtarvests. Depredation harvests associated
with cattle in these five counties were: Mohave3¥), Yavapai (6.5%), Gila (7.7%), Greenlee
(24.2%), and Graham (47.6%) counties. Total degired harvests of all mountain lions, all
adults, adult females and males, and all subadw#ee negatively correlated with indexed
abundance of mule deer (hunter harvest), whichimtiduring 1976—2005 (McKinney and
Wakeling in press). Mountain lions appear to poaycattle more frequently when mule deer
populations decline.

Many wildlife management agencies in western statessider depredation of livestock and
other domestic animals by mountain lions an impdrtmanagement concern (Ballard et al.
2001, Torres et al. 1996, Barber 2005, Winslow 208®olstenhulme 2005). But, predator
reduction to minimize domestic livestock loss obemefit wildlife populations is a controversial

action for wildlife management agencies (Ballardakt 2001). Predator control efforts in

Arizona between 1947 and 1969, when the statelddgie offered a bounty on mountain lions,
resulted in 5,400 mountain lions killed (Phelps208In 1970, mountain lions were classified as
big game in Arizona; harvest of mountain lions feported depredations of livestock began in
1971 (AZGFD 2006). Depredation harvests of mountains in Arizona has increased since
1985 (Figure 15).
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Livestock depredation by mountain lion can be doented. Depredations of cattle by mountain
lions occur in 11 western states, but are highreérrizona (Shaw 1983, Cunningham et al. 1995,
Cunningham et al. 2001, Mountain Lion Foundatio®?0 About 850 livestock operators
presently graze 56,000 cattle on public lands iizdra (Bureau of Land Management 2006;
blm.gov/az/range.htin Calves comprised about 93% of cattle killedroguntain lions on a
ranch in north-central Arizona (Shaw 1983). Caleesnprised 34% of diets and 44% of
biomass eaten by mountain lions in southeastermoAda (Cunningham et al.1999). Other
studies in Arizona reported 13% (Cashman et al2),981% (McKinney et al. 20®p, and 26%
(Shaw 1977) occurrences of cattle in diets of mawritons (Table 10).

Hunter harvest is considered the primary causedoit anountain lion mortality in hunted
populations (Ruth et al. 1998, Logan and Swean@1p0 However, depredation take may
exceed hunter harvest of mountain lions in portiofsArizona (Cunningham et al. 1995,
Cunningham et al. 1999, Barber 2005). Depreddtamest was the primary cause of mountain
lion mortality in southeastern Arizona (Cunninghaimal. 2001) and accounted for 15% of all
mountain lions harvested in Arizona between 19962004 (Barber 2005). Depredation harvest
of mountain lions in Montana increased between 18@d 1990 (Aune 1991). Depredation
incidents involving mountain lions increased in if@ahia in the absence of legal hunting
between 1972 and 1995 (Torres et al. 1996).

About 92% of depredation harvests occurred betvi®&3 and 2005, when they comprised 18%
of hunter harvest of mountain lions. Adult malegerev harvested for depredations more
frequently than adult females or subadults of ei®ex, consistent with previous findings (Aune
1991, Torres et al. 1996; Linnell et al. 1999; Aagham et al. 2001; Woolstenhulme 2005).
Mean sex ratio (M:100F) of depredating mountaimgickilled (136:100) was higher than the
average (114:100) for mountain lions harvestedgmyrtshunting in Arizona between 1982 and
2002 (Zornes et al. 2006). Sex ratio also repbrtéavored males (M:100F = 148:100) for

depredating mountain lions in California (Torresaet1996). Explanation for the tendency of
males to predominate in depredation harvest is rtaioe(e.g., larger body size of males may
facilitate taking larger prey), but greater vulri@lisy of males to methods of depredation harvest
is unlikely (Linnell et al. 1999).

Depredation harvest of mountain lions among 36sunitArizona between 2003 and 2007 (Table
1) totaled 200, ranged from O to 61, averaged 1706%unter harvest, and occurred at some
level in 12 units (Table 1; mean harvest = 13.3/w19.7). Highest levels of depredation

harvest (32-61) occurred in Units 28, 31, and 3@&;enmoderate levels (9—22) occurred in Units
17A and 17B, 18A and 18B, and 27; lowest depredatiarvests (1-3) occurred in Units 19A

and 19B, 20A, 20B, and 20C, 24A and 24B, 29, arAl 36B, and 36C. The remaining 24 units

had no depredation harvests. A population sinktdube additive affect of depredation harvests
may occur in Units 27, 28, 31, and 32 (Cunningharale2001). These units have a full-time

USDA Wildlife Services mountain lion hunter employt® respond to depredation reports.

Mountain lions occupy various habitat types thraughArizona and inhabit about 187,000 m

of suitable habitat that includes about 31,0007 lafassified as high quality habitat (Barber
2005). Five counties that comprised about 35% aifupied habitat accounted for 92% of
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depredation harvests for predation of cattle dui8@g6—-2005. These counties essentially are
contiguous with the northwest-southeast distributod the chaparral zone in Arizona (Swank
1958). Vegetation consisting of Great Basin corgfied Madrean evergreen woodlands, Rocky
Mountain and Madrean montane conifer forests, anzoAa Upland Sonoran Desert scrub also
is contiguous with chaparral in much of the regiBrown 1994). Most reports of depredations
of cattle by mountain lions in Arizona originaterin mid-elevation chaparral and pirir{us
spp.)-oak Quercusspp.) woodlands, with few documented in high-elievaor low desert areas
(Shaw et al. 1988, Cunningham et al. 1999).

Relationships between livestock husbandry practares mountain lion depredations have not
been adequately demonstrated (CMGWG 2005). Nolesthedepredation of cattle by mountain

lions is likely higher if free-ranging cow-calf & are grazed in areas of rugged terrain and
dense vegetation cover and if abundance of pregrdtian cattle is comparatively low (Shaw

1983, Cunningham et al. 1999, Bueno-Cabrera @08ab).

Yearlong cow-calf operations predominate in mourdas areas of many counties. Historically
intensive mountain lion depredation control effons some regions of Graham County is

emblematic of that relationship (Dodd and Brady@,98unningham et al. 2001). Between 1988
and 1993, hunters and depredation control effoeimoved 32 and 26 mountain lions,

respectively, from a portion of Graham County (Gagham et al. 2001). Another 46 and 52

mountain lions were removed from the area betw@®&® 2nd 2005 by hunters and depredation
control, respectively (AZGFD 2005, AZGFD 2006).

Depredations of livestock concern ranchers andligldnanagers alike, but killing depredating

mountain lions may provide only a short-term salatfor preventing or reducing losses of cattle
(CMGWG 2005, Graham et al. 2005). Intensive lewdlsport harvest of mountain lions may

alter demographics and reduce populations, butlptpas appear to recover relatively rapidly

if hunting pressure is not maintained over timenflzey et al. 1992, Ross and Jalkotzy 1992,
Cunningham et al. 2001, Anderson and Lindzey 28d&ner et al. 2006).

Intensive, localized harvest of mountain lions uitable habitat (such as may occur in a cattle
operation with intensive predator control) may teea "sink,” where abundance may be
maintained by emigrations from surrounding habi{@anningham et al. 2001). Longer term

solutions to depredation might require significe@ductions in mountain lions over broad areas
or modification of cattle husbandry practices, saslremoving calves from prime mountain lion
habitat (Shaw 1977, Shaw et al. 1988, CMGWG 2003Research is particularly needed to
evaluate effectiveness of different animal husbampdactices in reducing livestock depredations
(CMGWG 2005). Moreover, removing depredating maimtlions has not reduced cattle

depredation rate in Arizona.

Potential explanations for increased depredatiopsmwmuntain lions in western U.S. are
speculative, but include factors such as changdanioh use, elimination of bounties, increasing
abundance of mountain lions, and declining abunelaicdeer (CMGWG 2005). Mule deer are
the primary prey of mountain lions in North Ameri¢aiarte et al. 1990), and are widely
distributed in Arizona (Hoffmeister 1986). Abundanof mule deer might be a factor
influencing abundance of mountain lions (Hemkealetl984, Lindzey et al. 1994, Pierce et al.
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2000, Riley and Malecki 2001). Availability of maél prey might influence depredation of
cattle by mountain lions (Polisar et al. 2003). r @odings suggest that decline in abundance of
mule deer corresponded with increased depreda#iorebts of mountain lion in Arizona.

Reducing Depredations on Livestock by Mountain &iand/or Shift Depredation Harvest into
Hunter Harvest

Between 2003 and 2007, 83% of mountain lions kiftadcattle depredations were harvested in
Graham and Greenlee County in Units 27, 28, 31, 3dvhere USDA Wildlife Services
currently employs two full-time mountain lion hurge Multiple bag limit areas for mountain
lions presently occur in areas with substantialreéation harvests only in Unit 27, in Greenlee
County. During 2003-2007, depredation harvesthisunit and county represented only 11%
of statewide mountain lion depredation harvestsorSharvests in this area during 2005-2007 (
= 13), when the multiple bag limit was in place,swawer than during the three-year period
(2002—2004n = 40) just prior to initiation of the multiple bdignit. Depredation harvests also
declined 57% from 2002—-2004 € 21) and 2005-200#h (= 9). The hunter harvest sex ratio
between these respective periods increased from:¥@0 F (17 M, 23 F) to 160 M:100 F (8 M,
5F).

Longer term solutions to depredation might reqsigmificant reductions in mountain lions over

broad areas, or modification of present husbandagtiges, such as grazing cattle in mountain
lion habitats when calves are present (Shaw 197aw3988, CMGWG 2005). Research could
evaluate the effectiveness of different animal luasloy practices in reducing livestock

depredations (CMGWG 2005). Moreover, removing ddpting mountain lions has not been
shown to reduce subsequent cattle depredationsouglh depredation harvests potentially
contribute substantially to total annual harveshef predator.

Intensive harvest of female mountain lions in amaareven though females are responsible for
comparatively fewer cattle depredations than arkesnanay reduce mountain lion depredations
on cattle because the reduction in female numberg masult in male mountain lions seeking
other habitats where mates are more readily availaBorrespondingly, relative abundance of
male mountain lions, although ostensibly associgtesitively with abundance of mule deer,
might be affected by relative abundance of potéptsexually receptive female mountain lions
in an area.

Management actions can be tested to determinelidage in cattle depredation patterns could
be detected. Experimentally, an increased halwegtfor females may be tested to determine if
selective harvest of females by contract hound dmsnivould reduce cattle depredations. This
could be tested experimentally (adaptive managentgnimposing a high female sport harvest
limit (multiple bag limit) in some units for a ped of 5 years, followed by restricted female

harvest (e.g., no female harvest) over the subsggbeyears. Alternatively, various units could

be assigned simultaneously to high or low femaledsts. Comparison of cattle depredation
harvests between these periods of differential fenmarvests would provide assessment of
effects of intensive female harvests on mountain tiattle depredation rates.
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Significant and widespread conflicts between humansl large carnivores arise due to
depredations of livestock, resulting in predatonogals in response to depredations (Linnell et
al. 1999). Surveys suggest that the public capdbarized in their opposition to or support for
removal of predators that threaten livestock orepotdomestic prey (Casey et al. 2005).
However, implementing the experiment outlined ab@eéncident with public involvement
might be feasible from an adaptive management petsge. Regardless, this experimental
assessment likely is an untenable approach for gnagalepredations of cattle by mountain
lions in Arizona unless the Department choosetorait long-term to involvement in predator
control efforts for livestock. This management@@agch may not be desirable.

BLACK BEAR

We analyzed depredation harvests of black bears fioiteen-year period between 1990 and
2005 throughout Arizona to describe patterns, seadd demographics of depredation harvest,
and determine relationships between depredatiovebaeand sport harvest of black bears. We
used 1990 as the starting point for our analysisabse the state law that permits livestock
owners to protect their property from depredatiregars (A.R.S. § 17-302) was significantly

changed in 1990 to require reasonable evidencetatks on livestock recently if a person

authorized by the Department requests such eviddPrger to 1990, scavenging black bears
caught and killed in traps set for depredating ntaunlions may have been reported in the
depredation harvest. Beginning in 2006, hunterssvparmitted to kill depredating black bears

(and mountain lions), keep the carcass and repiorthe hunter harvest.

Black bears are omnivores and their scavengingvestock carcasses may put them at risk of
being inappropriately blamed for livestock mortalitn a food habits study by LeCount et al.
(1984) in central Arizona, the frequency of occooe of cattle in the diet of black bears was 0.4
percent. In a second food habits analysis of blas in east-central Arizona by LeCount and
Yarchin (1990), the presence of livestock in seas not detected.

The black bears killed for livestock depredatiominiy the period analyzed were mostly males,
were taken during the months of May-July, avera®gy@dyear (range = 0—11/year), and did not
contribute significantly to the statewide harvekblack bear (about 1%) (Table 11). As with
mountain lions, the killing of black bears for Isteck depredation is currently occurring in
Greenlee and Graham counties where Wildlife Sesvitave contractual agreements with the
county and livestock associations to employ govemindepredation hunters.

Relatively little livestock depredation occurs aseault of black bear activities and no change
may be needed to manage black bears effectively.
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Table 11. Summary of Arizona bear hunter harvest,dgs sold and depredation harvest, 1990-2005.

Year Tags Issued Hunter Depredation Total
1990 3,711 149 11 160
1991 2,843 96 4 100
1992 3,217 121 1 122
1993 3,329 117 1 118
1994 4,376 236 2 238
1995 4,586 197 1 198
1996 4,462 254 5 259
1997 4,093 224 2 226
1998 4,461 142 0 142
1999 4,163 181 0 181
2000 4,413 320 2 320
2001 4,293 178 0 178
2002 4,535 230 6 236
2003 4,525 214 1 215
2004 4,521 160 5 165
2005 4,850 158 0 158
Total 61,528 2,977 41 3,016
Summary
1. Cattle depredation harvest comprised 90% of alteltggtion harvests between 1976 and

2005; 98% of cattle depredations were of calvesostMiepredation harvests occurred
between January and June when calves tend to be bor

Depredation harvests of mountain lions, particylddr predation on cattle, increased
between 1976 and 2005, and has contributed sulzshatd total harvest since 1985.

Depredation harvests involved primarily predatidncalves by adult male mountain
lions. Five counties accounted for 92% of mouni&én depredation harvests during
1976-2005.

During 2003-2007, 83% of depredation harvests eedun only two counties, reflecting
a lack of depredation harvests in Gila, Mohave, ¥adapai counties when compared to
the 1976-2005 study.

Negative correlation between indexed abundanceuwé meer and harvest of mountain
lions for depredations during 1976—2005 is conststé@th a hypothesis that abundance
of the ungulate influences mountain lion depredetiof cattle. When natural prey is less
abundant, mountain lions shift their diet to in@udore cattle.
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6. Black bears killed for livestock depredation duritige period analyzed were mostly
males, during the months of May-July, averagedy&af/ (range = 0-11/year), and did
not contribute significantly to the statewide hatvef black bear (about 1%).

Management Strategies

1. Intensive harvest of female mountain lions in agaareven though they are responsible
for comparatively fewer cattle depredations tham m@wales, could theoretically reduce
mountain lion depredations on cattle because malentain lions may spend less time in
areas with fewer breeding females. Implementatidn tlos strategy should be
experimental and adaptive to test efficacy of appho

2. Collaborate with Wildlife Services, guides, ranchand the land management agencies
where depredations of livestock by mountain lionsl &lack bears occur to increase
additional hunting and guiding opportunity undee tturrent depredation law A.R.S. 8
17-302 and associated Commission Rule A.A.C. RBDE(H).

3. When appropriate, use current hunt structures t(lipgpulation management hunts, and
multiple bag limits) to increase the harvest of main lions and bears in areas of high
livestock depredation caused by mountain lion dadkobear.

4. Work with livestock producers and land managemeggnaies to employ innovative

livestock and husbandry practices that reduce tble of depredation, such as the
avoidance of calving operations within mountaim llwabitat.
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SUPPORTING INFORMATION

Descriptions of current genetic and geospatial plagn approaches are provided for perspective
in using these conservation strategies.

GENETICS

The use of genetic analysis techniques in beamamehtain lion conservation and management
has great potential to support and direct managemecisions and is beginning to provide
insights unavailable by any other methods. Theetyamf topics that can be addressed through
the application of genetic methodologies rangeshfrelatedness of known individual animals to
species-wide assessments. Genetic analysis allathiergng of information relevant to mountain
lion and bear conservation and management, witlpeststo evolution, taxonomy, and
population characteristics, such as inbreedingyedigal or migration rates, and population size.
Incorporating such information into management sleas can be a critical tool for maintaining
functioning sustainable populations with naturakls of gene flow.

Genetic information is of increasing importancetlie conservation and management of wild
populations for several reasons. First, the ragesdelopment of new genetic techniques
continually increase the usefulness of sourcesaguing little or degraded DNA from samples
collected non-intrusively (e.g., hair and fecesgatly facilitating the study of elusive species
like carnivores. Second, new types of genetic exarkand equipment have dramatically
improved the level of resolution and the quantitgenetic data that can be efficiently extracted.
Third, the interpretation of genetic data is conyaimproved by the development of new
statistical methods and models. All this makes gerapplications well suited to address a wide
range of questions in natural populations.

Molecular markers can be used to describe subdngs{or taxonomy) within a species, which
can be more reliable than taxonomy based on maogliahlone. This technique alone reduced
the morphological classification of mountain lidinem 32 subspecies to 6 (Culver et al. 2000),
eliminating the Yuma Puma designation and justiflednagement actions that introduced
introgression of mountain lions into the Floridanfieer population. DNA molecules can also be
used to examine population boundaries, populatiag, or evidence of migration-dispersal
among populations, by assessing levels of gene downg populations. In addition, genetic
studies can be used to explain behavioral differerstue to gene variation or to relatedness-
kinship among individuals. Genetic techniques hbgen used as a forensic tool to estimate
population features for unknown populations or i ia wildlife law enforcement. Finally,
genetics of a virus infecting populations can be efective tool to estimate ecological
parameters for those populations.

A wide variety of genetic markers can be used fiddlike applications including mitochondrial
DNA, nuclear DNA genes, DNA fingerprinting, micrdstite DNA, Y-chromosome DNA, and
DNA from viruses infecting the study species. Sayeaetic techniques are designed to analyze
a single region, or locus, of DNA (RFLP, DNA seqcdieg), whereas other techniques examine
many loci at the same time (DNA fingerprinting).lf{@oerase chain reaction is a technological
advance in molecular genetics that allows easyckguand inexpensive amplification of a
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specific region of DNA across many individuals. §hechnique makes it possible to analyze
samples with poor quality and/or very low quantfyDNA (such as museum, forensic, hair, or

scat samples). Each of the markers is charactebyedistinct rates of evolution and thereby

possesses different levels of resolution to anadijgent or recent divergences. The assumption
that the distribution of genetic variation in natupopulations should reflect the influences of

historical, geographical, and ecological factorsvigat makes these markers useful in mountain
lion and bear conservation and management.

The need to understand how genes are distributddmnwéand among populations led to the
development of population genetics. Population iemaodels can be used to quantify and
predict genetic structure (population subdivisianyl gene flow at the population level. It is also
possible to calculate the effective population s{i), a metric of huge importance for
population genetic processes. It is defined assthe of an ideal population that would loose
genetic variance (by genetic drift) at the same &at the population under study (Wright 1931).
Ne reflects the number of animals in a populatidrose genes are actually transmitted to the
next generation, directly affecting a process dafjenetic drift (the random fluctuation of allele
frequencies in a population over time). Genetift éddiminates, or fixes, alleles proportional to
Ne. Thus, a larger Ne has a smaller chance ofdadielic variants and, conversely, alleles have
a greater chance of elimination in small populatioAs allelic variation is lost, adaptive
potential is eroded.

Dispersal, considered to have evolved as a meahatusavoid inbreeding, has wide-ranging

effects at virtually every level, from species ke tindividual. For example, at the population

level it affects species distribution and abundarsmial structure, and gene flow. At the

individual level it affects survival and reprodweisuccess. No biological process is unaffected
by dispersal. But, despite this fundamental impurgaof dispersal, our understanding is lacking
because dispersal is difficult to estimate. Direloservations of dispersal are restricted by the
logistical difficulty to track dispersers or radagt sufficient numbers to monitor populations.

Early efforts to look at genetic relatedness betwrwlividuals were limited by low genetic
resolution. More recently, the relatedness betw®en individuals can be inferred from their
degree of pairwise band sharing from genetic datapared to the population average.

An individual's genotype can be used as a uniqgddarepeated sampling (similar to capture
mark-recapture). Such genetic monitoring, whereividdals or populations are sampled
repeatedly over time, can be used to quantify niesjc individual and population metrics (e.qg.
effective population size, reproductive successpelisal). It is typically more effective, more
accurate and cheaper than traditional methods (&thwt al. 2007).

DATA MANAGEMENT NEEDS

The Department currently has five separate databidwse capture information about bears and
mountain lions. Each database was originally dgesd to capture specific information
regarding these species (sport harvest, depreditisnroad kills, marked animals, or human-
wildlife encounters). These databases were creaset)y different software packages which
makes querying them difficult at best and impossitd query simultaneously. The hunter

Mountain Lion and Bear Conservation Strategies Repo



73

harvest and depredation kill databases have beeveded from dBase to Informix (our main
frame system) where all other species harvestréatdes. The road kills, marked animals, and
human-wildlife encounters databases were mergedamtMS Access database then converted to
an SQL database. The SQL conversion is still mgprss and has numerous troubleshooting
concerns.

Ideally, these databases would all be linked, i@iat databases with set queries and reports for
retrieving and reporting data from all five areaswdtaneously. The databases would not
necessarily have to be linked but would need sommdlas fields that would allow for this
"canned" query. The databases should also be nafiiexl with a geo-referencing and mapping
component for both data entry (plotting the locatevent) and reports. Incorporating geo-
referencing in the databases would provide a \izsabn component to our dataset and aid in
management decisions. According to Department opeed involved with Geographic
Information Systems (GIS) and mapping, a rough esimate for developing such a database
(without a formal Request for Information) is $2B00 minimum.

An ideal component for data capture would allovdfipersonnel the ability to enter the data at
the time of the event. ESRI (a vendor on contraffgrs a product called ArcPad that operates
on hand-held devices such as PDAs and Blackbertissng software such as ArcPad increases
the accuracy and efficiency of data collection ardands access to geo-spatial data in the field.
Electronically capturing data while in the field pnpoves the quality and accuracy of the data,
while reducing administrative and data entry tingatellite coverage is necessary for this system
to work. The current cost per ArcPad softwarengme is $515.00. Ideally, every wildlife
manager would have access to this technology (88126 = $41,200). All field data including,
but not limited to, carcass checks, radiotelemdaia, road kill locations, depredation reports,
sightings and human conflict reports could be detd and accessed by such a program and
would facilitate the management of data neededanage large carnivores.

GEOSPATIAL PLANNING

The Areas of Conservation Priority (ACP) createdhmsy Arizona Game and Fish Department is
a raster-based GIS platform developed to modelligldesources for the state of Arizona. The
current version of the ACP model has two main comepbs: biological value and threats
(stressors) to wildlife.lts application to mountain lion and black bear agement has not yet
been directed by the Commission or Department polic

An opportunity exists in the development of futgeospatial concepts using GIS platforms to
include mapping distribution and estimated abundafanountain lions and bears. In addition,
estimated hunters, hunter days, and economic bomtitvhs to the Department and the local
community could be included in a manner that woalldw planners to evaluate estimated
impacts on populations of wildlife and revenue atns.

RESEARCH NEEDS

Management of mountain lions and black bears fadeslenges in the coming decade.
Challenges involve conservation and maintenancgagulations in relation to increasing
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human-mountain lion encounters, increasing depi@tatof domestic pets and livestock,
mortality on ungulate prey, and changing prey bas&esource managers must face these
challenges with a relatively sparse databank adrmétion to guide them, and nowhere is this
deficit more critical than in Arizona. Biologistsave learned much about mountain lion and
black bear ecology in the past 40 years or so,nbost of the research contributing to this
knowledge has resulted from studies conducted bitdta dissimilar to Arizona’s. To some
extent, these studies have provided knowledge tmlegumountain lion and black bear
management in Arizona, but ecology of the predatarses among arid, semi-arid, and more
mesic regions. We suggest that a need has eméngadreased mountain lion and black bear
management efforts supported by research in Arigatigerse habitats, and for reassessment of
management goals to consider landscape scale lMmriglich as habitat fragmentation and
vegetation changes resulting from fires, and an ediate need for population genetics
information to determine population sizes. Addiibresearch needs to target the influence of
shifting prey population abundance and dynamicmonntain lion and bear abundance. Habitat
fragmentation merits additional attention.
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