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Aprll 17,2006 - 6:30 pm Old Arctic Quarry

Specialty Minerals Inc., Lucerne Valley, CA Photo Courtesy of Dayan Anderson



Habitat Classification & Sheep Locations
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DIET OF COUGARS (PUMA CONCOLOE) FOLLOWING A DECLINE IN A
POPULATION OF MULE DEER ( QDOCOILELS HEMEONUS): LACK OF
EVIDENCE FOR SWITCHING PREY

Jerey T. Viuemgue, * Beaey M. Prmcy, Veros C. Buexs, asn B Teey Bower

igpartwums of Biclogical Scimces, 921 South Sh Avense, Stp 8007, laho State Ursersiy,
Focatella, D) 83202 (JTV, RTE)
S Nevada Bighorn Shegs Recooery Program, Califomia Dpartmunt of Fish and Game, 407 West Line Stra,
Bishop, CA 93514 (RMP, VE)
FPresemt addrss of fTV: Californis Department of Fish and Game, P00 Roe 3222, Big Beor City, €A 92314
Present addness of VECB: Department of Biolgiond Seiemoes, 921 South Sth Avense, Stop 8007, Haho State Universiy,

Pocagello, [0 83202
*Crrrapondme foi e guedfy oo gow

AmTaacr—We investg aved diet of cougars | Pusa oscolor) in the castern Sierma Nevada, California,
folkwing a decline in the populaion of mule deer | Odecoibam heminias). Mule desr declined 34% fram
1985 1o 1991, a perod concument with dedines in bighorn sheep (Oob cmodscs fovae an
endang ered mron). An index 1o rumbers of congans lagged hehind those dedines, with a reducton of
ca G doving 196821996 We dewrmined diet of snngars by anabysi of feml samples colleaed during
1991-1995, when the populaton of mole deer was <25% of is former siee Mule desr wasin 79% of 178
feres in winter and 8% of 74 feces in summer. Although most (83%) fecal samples in winter were
<5 km from, or within (25%) winter range of highom sheep, none conmined evidence of bighom
sheep. One fecal mmple in summer onmined remains of bighom sheep, indicating that those
ungulies were not an impomant component of the dist doning cur inwestigaton.

Remnas—Inwest gamos la dicta del puma (Pus oot en b pane ese de la Sierra Nevada en
Califmia desgpuds de ona deminocidn en b poblecdn del venado bara (Odaoilas msiond El
wenado bura dsminupt 34% desde 1995 hama 1991, una &poca simulenes on disminoein en s
poblacknes del borrego cimamdn (Ol et s un tdn en Was de exincidn). Un indice de
niimens de pumas e quadd airis de esas disminociones, con wna reduaciin de aprocimadamente S0
durame los afios de 1950321956 Deverminameos kb dien del puma con un anilisis de muesms feoles
que col eoamos duranie ke ahos de 19911995, anands la poblaciin del wenads bura foe menos que
250 de s mmahio anerior. Beans del wnado bara s enoomranon en 79% de las 178 mossiras fecles
en el inviemno yen 585 de las T4 moestras fecales en el verano. Aungoe mis mossras fecales (689 %) que
enlemames @ el invemo esmd eron localizdas <28 km de o deniro de (25%) a distrdbocifn. insernal
de los hornegos o masrones, ninguna conmwn evidencia de horrego dmamdn. Una moesra fecal en &
werann tuws restas de bomego cimandn, b goe indic que ssos ungulados no fosron on componenie
imporante de la dista del puma dorante noesra nvestigaa fn.

Mule deer {Odocoilms hemsonus) are the P:r.i-
mary ]:n'q'nfmug:n (Puwy comeodor) in the Great
Basin (Pierce etal, 1999, 20004 Cougamns select
prey based upon sive or sex (Fieroe of al, 20005,
and can respond to declines of prey by switching
to alternative prey (Logan and Sweanor, 2W1;
Rominger et al., 2004). We studied diets of
cougars reconstructed fom feal mmples ool-
lecied following a decline in populations of mmale

deer (Bowyer et al., 2005 and 'hu'ghmn :hee]:
(iDeis comadensi; Wehamen, 1996) in a Great
Basin ecosmystern. We hypothesized that ooour
mence of mule deer in diets of cougars would be
mone commaon when mule deer were conoen-
trated on winter mange thiam dur.ing SEmImET,
when altemative prey were expected to ocour
more frequentl. We further postulated that the
decline and persistent low populations of mule
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“Range abandonment”

Bighorn sheep avoided low-elevation winter range,
subsisted on poor-quality forage, suffered energetically from
high-elevation winter conditions, and died in avalanches. Poor
survival and recruitment of lambs were the result.

Bighorn sheep chose to remain at high elevation rather
than risk predation by mountain lions on low elevation range.
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PROPORTION OCCURRENCE IN FECES
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RESPONSES OF DESERT BIGHORN SHEEP TO EXPERII\/IENTAL
SIMULATION OF RISK OF PREDATIOM BY MOUNTAIN LION
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Habitat selection, sociality, vigilance

 Direct: Response to presence of

predator
Flight (“escape terrain’), inspection, aggression



« Sociality

Dilution of risk, more ears, eyes, noses

« Vigilance

Foraging efficiency, trade-offs



Speed, agility, escape terrain

* Inspection
Safe distance, assess potential predator, maintain
surveillance

« Aggression
Asymmetry of risk
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If bighorn sheep respond to mountain lions

‘Move to high elevation
‘Move long distances






If bighorn sheep respond to mountain lions

‘Move away from the lion
‘Move to rugged terrain
‘Increase vigilance



Feed lrm]
i —\ 50m Vv Feed tray

— \ Mountain lion
feces

— \ Mountain lion
feces

Feed tray|
Feed trav )
. IR motion Video
EEnaT camers
















Vigilance
Standing, looking

Walking, looking

Movement
Running
Walking

Social
Looking at conspecifics
Play
Nursing

Bedding
Lying ruminating
Lying resting

Other

Standing with head held above plane of back, head oriented
away from vegetation, other members of group Ruminating
may occur

Walking with head above plane of back, head oriented away
from direction of travel or pausing to look back followed by
continued walking

Running, jumping across rocks
Walking (including jumping across rocks) with head oriented in
the direction of travel

Head oriented towards other group members (typical of lambs)
Jumping, sprinting, butting conspecifics
Lamb in contact with underside of ewe

Lying down masticating head up
Lying down, head up or down, not masticating
Behavior not specified above
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Original distribution of Sierra Nevada bighorn sheep
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What influence does risk of predation by mountain
lions have on resource selection by Sierra Nevada
bighorn sheep?

2) Historical review: Remotely sensed data

Do data from the period of decline in Sierra Nevada
bighorn sheep support the “range abandonment”
hypothesis (Wehausen 1996), or is there greater
support for alternatives?



direct risk of predation

AVOID
-Areas where mountain lions are active
-Areas where mountain lions kill bighorn sheep



SELECT FOR:
-Higher elevations
-Steeper slopes
-Rugged terrain (all radii)
-Convexity at animal location (15-30 m radius)
-Rock cover type

and AVOID
-Convexity within flight distance (100-150 m radius)

-Tree and shrub cover



SELECT FOR:
-Higher NDVI values
-Greater solar radiation

and AVOID
-Snhow cover




NDVI Tradeoff in wet years > NDVI Tradeoff in dry years




Animal Capture
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Mt. Baxter

A Example GPS collar locations

| _ j Example 2.4 km availability radii
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« Remote sensing of land cover

« Remote sensing of temporally varying factors:
snow and vegetation condition



— NDSI = (Green — SWIR)/(Green + SWIR)
or (TM2 — TM5)/(TM2 + TM5)

« Normalized difference vegetation index

— NDVI = (NIR = R)/(NIR + R)
or (TM4 — TM3)/(TM4 + TM3)



« Logistic models for population, conditioned upon the
temporal window of each TM image

« Separate models for males and females



only in correlated predictors

Calculated Akaike weights w; for models
Importance weight parameter 2 w;,

Model-averaged (s and SEs



* No Tree-shrub or Rock cover

« 210 snow-free pixels (NDSI > 0.2)
« Calculate Mean NDVI <2,000 m and >3,000 m

« NDVI Tradeoff = NDVI @ <2,000 m — NDVI @ >3,000 m



Results...
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Mt. Baxter
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Female
CVX15 CV X150 LNRISK NDSI PRR ROCK RUG30 RUG150 SLOPE 7147.0

CVX15 CVX150 ELEV  NDSI PRR ROCK RUG30 RUG150 SLOPE  7220.7

Male
CV X100 LNRISK PRR ROCK RUG20 RUG100 SLOPE TRESH 3296.9
CVX100 ELEV PRR ROCK RUG20 RUG100 SLOPE TRESH 3421.0

3.7

124.1
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Above average Drought

Annual precipitation



Irect risk of predation
Indirect risk of predation SUPPORT

H, Resource selection by Sierra Nevada bighorn sheep is
strongly influenced by forage availability
INCONCLUSIVE

H, Benefit of migration to low elevations in drought years
Is lower than in normal years
SUPPORT
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Resource Selection by an Endangered Ungulate: A Test of
Predator-Induced Range Abandonment

Jeffrey T. Villepique,"** Becky M. Pierce,"” Vernon C. Bleich,"? Aleksandra Andic,* and R.

Terry Bowyer'

ersity,

Department of Biological Sciences, Idaho State

Sierra !

ada

USA

nd 1dlife
and Wildlife,

California Department of Fis

), New Mexico State Ur

artmen Astronon

I. Villepique et al

vestigated influences of risk of predation by moun

tion, land, and snow cover on resource selection

during winters 2002-2007, i

trade off rewards accrued from using critical lc
i the trade {

in wet vears, yielding a reduced benefit of

precipitat Nevada bighomn sheep d

g where risk
for steep, rugged terrain. Bigl

28 2 sheep sclected more str
habitat in winter, likely because mountain lic

1S were

s hemior

of mule deer (Odo

served du drought years

winter range «

1. Introduction

Animals living in temperate or arctic environments, where

th increased

a seasonal abundance of forage coincides

nutrient demands of late gestation and lactation [1-3], must
balance the need to acquire nutrients against constraints
from risk of predation [4-6]. Many populations of ungulates

migrate between discrete seasonal ranges [7-13], with those

occupying montane environments obtaining high-quality

resources by selecting among elevations that enable exploita
tion of new growth in forage [11, 14]. Benefits of migration

to areas of high L{J,li:l\ forage must outwel h increased risk
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of predation to comprise an evolutionarily stable strategy
[15]. Populations of mountain sheep occupying montane
environments may migrate between high-elevation summer
ranges and lower-elevation winter ranges, corresponding to
grasses, forbs, and shrubs

the progression of new growtl
[16-18]. Variation in temperature, precipi

n, and vege
tation phenology, however, may alter behavior and habitat
selection by mountain sheep [13, 19, 20].

Predator avoidance operates through both indirect mech
anisms that affect the likelihood of encountering, detecting,
or eluding a predator, as well as through direct means by
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Future climate

Current climate




