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Abstract
Cougar nunbers in Orcgon declined berween 1928 and 1961. prinrdrily due lo exccssjve harvest ffom the bc'unty system. Cougafs
werc classified as a game mammal in I967 and spo harvest began on a limiled basi s in I 970. B ecau se de temining popu lation

size ofcougars by direct count mcthods is impractical, indircct nrethods to evaluale status are needed. \\'e analyzed harrcst ]cvels.

lianage conrplaints. and data obuincd from harvested cougars 1o evaluate their status in Orcgon. Biological data oblained lrom

oregon and other states were used 1() dcvelop a density dependen! nrodel of the cougar population ofOregon. As indicaled by thc

model. nLrmbers i ncreased fioln an cslimated low of 2 1.1 in 196 I to 2,830 i n I 992, which coincidcd with other ind icators including

incrcascd livesrock damrge. human safety complaints. and sport hanest. The nodel indicaled higher moltality r.rtes lbr hunled
poputarjons and lo*,er proportions ofj venile cougars in populatjons at caffyirg capacit]'. For the modeled populadon in 1993.

sport harrest rates of5.4q. alowed a 5% annual growlh. A sport hanest of 107. of thc population and a total mortality rale of 35%

was needed to srabilize that populatjon. The model predicted that if spofi harlest ceascd. cougar nunbers would incrcase until

carrying capacily is reached in thc year 2009. We believe the model is a useful lool lo summariTe existing data. erplorc cffectr of

hyporhcsizcd rn anagemenr plans. and adaptively aid in managcmcn! deci sion s. The nodel can be adapted to olher states ifappro
priate populadon parameters can be determlned

lntroduction

Historically, cougars ( Puma concolor) were con-
sidered an undesirable predator in the western
United States. Perceived as a threat to livestock,
state and federal agencies implemented programs
rhdt  re .u l red  in  r .ubs tan t ia l  reduc t ion  in  cougar
numbers and elimination of cougars from much
of their historic range (Dixon 1978). ln Oregon,
a bounty system fbr cougars existed unti l 1961.
Statistical analyses in the early 1970s, based on
popu l r t ion  e . t imate :  l ium h l rves led  cougars .  in -
dicated that the statewide population in 1961 was
extremely low and without protection, cougars
would likely have been extirpated fuom Oregon
by the early 1970s (Wanen W. Aney. 1973. un-
published letter on file at Oregon Department of
Fish and Wildlife, Portland).

Cougars were afforded game mammd status
by the 1967 Oregon Legislature and no season
was authorized until 1970. Limited hunting be-
gan in 1970 when 25 tags were authorized, pri-
ma ly in response to livestock damage concems
in a small area of northeastern Oregon. Since then,
livestock damage complaints, cougar sighting
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reports, and past harvest history have been the
primarl lactor. u'eLl lo recommend hunting.er-
sons. Legal challenges to cougar hunting in 1988
prompted the Oregon Department of Fish and
Wildlife (ODFW) to look for additional ways to
assess the status of cougar populations.

Because of their low densities, secretive na
ture. and large home rrnge.. u i ldlife managers
and researchers have struggled with the problem
of accwately measuring cougar populations. We
are unable to measurc, on an lLnnual basis, most
of the parameters necessarJ to know precisely what
is happening with local cougar populations at all
times. Our poor monitoring capability is because
methods are simply not available to measure oougar
populations with the precision possible for other
species (e.g. Douglas-fir trees, bald eagles, mule
deer, pronghom) and money is rarely available
to use the methods that are available. The best
population estimates come from intensive field
work (Lindzey 1987). Track counts have been used
in several areas (Ashman et al. 1983, Neal et al.
1987). However this method only provides an index
to population, depends on a good tracking sub-
strate such as snow or dust, and has been costly.
Most commonly, radio telemetry has been em-
ployed in mark-recapture and complete capture
studies. Several years are necessary to determine
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a population estimate. Both methods are costly
and tjme consuming becausc of the logistics in-
volved in captu.ing o high prcportion of the popu-
lation in a large area of mgged habitat. In addi-
tion. results of such studies may represent only a
small portion of the state. Wc employed statisti
cal analysis and population modeling to assess
status ofcougar populations throughout the state.
We relied on data accumulated over many years
and results of studies in Oregon and other states.
Whereas it appears there are numerous pieces of
unrelated information relative to cougars. through
population modeling we can combinc this infor-
mation in a way that approaches reality and bet-
ter explains cougar population performance. Our
objectives fbr this paper were to: l)analyzehis-
torical data to help determine status of cougar
populations in Oregon and 2) develop a biologi
cally intuitive nodel that relies on data that are
readily available and which can be created and
used by managers.

Study Area

Habitats in Oregon arc diverse. Temperate conif-
erous forests dominate the Coast Range and west-
ern slope of the Cascades. Several interior val-
leys of western Oregon are used for agriculture.
such as grass seed production. fruit and vegetable
l l rm ing .  da i r l  la rming .  rnd  l i res tock  upera t ion . .
Most (1377.) of the hummpopulation ('3,000.000)
reside in the westem interior valleys (Levine 1995).
East ofthe Cascade Mountains, habitats are drier
and include coniferous fbrests on the east slope
ofthe Cascade Range and in the Blue Mountains;
shrub steppe dominates the southeastern third of
the state. Intensive agriculture occurs at lower
elevations in the Columbia and Snake River ba-
SlnS.

Cougars are distdbutcd statewide except for
areas where agricultural practices and human
development have altered habitat suitability for
cougars and thet prey. For the most paft, cou-
gars are closely associated with deer and elk dis-
tributions in the state. In the 1990s, reports to
ODFW of cougars in urban and suburban areas
became increasingly common.

Methods

A mandatory check-in of all cougfs taken dur-
ing hunting seasons in Oregon was instituted in
1970, while check-in of cougars kil led on depre-

dation has occurred since 1980. Reproductive sta-
tus. stomach contents, age, and sex of harvested
cougars were determined at the ODFW Wildlif'e
Laboratory in Corvallis.

Analysis of Harvest and Cornpla nt Data

We used regression analysis to examine hulter
haryest rLnd success and to determine if there were
signiticant trends through time. Several depen
dent variables (bountied cougaLrs, sport harvested
cougars. hunter success) were individually re-
gressed againsttime. The analysis was broken into
two periods: l) 1928-61 during the cougar bounry
years. and 2) 1970-92 when cougars were hunted
as a big game mammal with an annual limit on
the number of tags issued per hunt unit. In addi-
tion, "other losses" (e.g. depredation, accidents),
1980-1992, and damage complaints, l91O-1992,
were used as dependent variables in simple rc-
gressions against t ime. Relationships between
dependent and independent variables were con-
sidered significant atP ( 0.05. Dunage complaints
most commonly included complaints to ODFW
ftom depredation on livestock and sightings of
cougars on pnvate property where there were
concerns for human safety.

B ological Parameters

Mary biological parzrmeters affecting cougupopu-
Iations mustbe considered in model development.
Factors that affect productivity were age at first
breeding, birth interval, litter size, sex ratio, and
longevity. Factors affecting age-specific mo al-
ity included natural and human caused morlality
(e.9. sport or depredation harvest, auto collision).
Several studies of cougars in the westem states
and Canadahave reported rcsults relative to these
tactors (Table 1). We used plausible values for
these parameters based on data collected mostly
in Oregon or representative of cougar populations
throughout their range.

Seidensticker et al. (1973) believed young te-
males usually breed only after establishing ahome
range. Data collected in Oregon support that hy
pothesis (Trainer and Colly, 1989). Based on these
data and rcsults found elsewhere (Table l), we
assumed that all females > 3 yr old and 6970 of
those between 2 and 3 yr of age breed. Thereaf-
ter. females normdly breed soon after loss of k ittens
or dispersal of their litter (Lindsey 1987) causing
the binh intenal to vary (Table 1). We assumed
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TABLE 1. Factors ailecling cougur populations and the range ol values repo(ed by various authon.

Producti!it! lac|or Sourcc

Age at first breeding

Bift irlenal

Lirler sire

Se\  LJ I io  (m.nc . lemJ leJ

Longevit)-

Age Speciiic \{orlalit} Racs

1 6 - 2 9 m o
27 3l mo
29 mo
22 - )1 . r ' o

20 mL)

2,1 mo
2.1 mo
12 20 mo

l 8 - 2 1 m o
1 2 - 1 7 m o

2.O
2.5
2.5
2 .6
2 .8
2 .1
2.1
2.1
2 .8
2.1
2.4

100:100 (populadon)
100:100 (population)
l15:100 (ki! !ens)
l25rl00 (haNe\t)
100:l00lcaplure)
120:100 (harvesr)
150:100 (harvcs!)

18 vr
15  18  ! r
l 0  y r
1 v '
l 2  l 7  v r

Adults 107.
Kittens-26'/.

Adults 127.

OveIall 327.

Kitlcns 28q.

Overall 307

Ovcrall 26 287.
Overall-12f.

Eaton and Velander 1977

Young and Coldnan 19.46
Rabb 1959

Ashman et  a l .  1981,

Logan et  a l  1986

Lindre) 1987

Johnson and Couch 195,1
Robinet te et  a l .  l96l

Homocker 1970
Ashman et  a] .  1983

Lindze] '  1987

Lindzel et al. I994
Andcrson ct  a l .  1992

Johnson and Couch 1954
Hornocker 1971

Eabn and Velander 1917
Anderson 1983

Ashman et  a l .  1983

Logan er al. 1986
Hemker et  a l .  1982

Lindzey ei  a l .  199.1

Toweill er al. 198,1
To'\'eill et al. 1988

Trainer et al. 1993

Johnson and Couch 195,1

Tanncr 1975
Ashnan ct  a l .  1983

AndeNon 1983

Logan et al. 1986
Torveill et a]. 198,1
Traincr ct al. 1993

Anderson 1983

Young and Coldman 19,f6

Johnson and Couch 1954
Loean et  a l .  1986
Trainer ct al. I993

Johnson and Couch 195:l
Tannef l9 l5

Tanner 1975

Robinerre el al. 1977
Ashman c! al. 1983
Ashman et  a l .  1983

L- indzcv e!  a l .  1988
Anderson et  a l .  1992

an averagebirth interval of l9 mo, which is equiva-
lcnt lt l  a 63% (12 mo/19 mo) annual pregnancy
rate.

Documented litter sizes are somewhat consis-
tent among existing studies (Table l). Littcr size
can be indicated by counting cor?ora lutea in
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harvested lemales each year However, we do not
know how long corpora lutea may Iast 1br cou-
gilrs rnd cory)orr lutea counts tend to o\cr-c.l i-
mate litter size. We, therefore, used a value of
2..1 kittens/litter in our model because it was based
on fetuses prcscnt in pregnant cougars rather than
corpora lutea (Tniner et al. 1993). It was the most
recent and complete measurement of litter size
for cougars in Oregon and was similar to values
repofted elsewhere.

Scx ratios at bifth are commonly equal whereas
sex ratios in the harvest are often skewed toward
llales (Tablc 1) duc to either higher vulnerabil ity
of males or selection for males by hunters. In the
interest of simplicity, we assumed equal sex ra-
uos.

A widc rangc of longevity values has been re-
ported (Table L). In Oregon, 22 ot 1,089 (2Va)
cougars aged from 1987 through 1992 wcrc be-
tween 12 and 17 yr of age (Trainer et al. 1993),
therefbre we used a maximum age of 17 yr for
this model.

Age specific, natural mortality rates are difli-
cult to assess accurately. Specific moftality mtes
arc not available for each age (Table 1.). but are
necessary lbr modcling. Several authors agree that
kittens, dispersing subadults, and vcry old cou-
gars experience higher mortality than prime-aged
adults (Tanncr 1975. Russell 1978, Anderson
1983). For our model. the fbllowing natural mor-
tali l) '  ratcs were assumed: 57. fbr kittens (<l yr -
old): 20clr, for l,2, and 10 l3 yr-old; 87c forprimc-
agcd adults (3-9 yr-old): 25ole fbr 14- 17 yr-old;
and 100'/c fbr l8 yr-old.

Human caused mortality includes losses due
to rccidents (e.9. rcad kills), cougars killed on
li\estock depredation and salety complaints, i1-
legal harvest. and spon han'est. These losses must
be accounted lbr and disfibuted among age classes
at di1'lcrcnt rates from natural mortality. Records
of "other losses" (e.g. accidents and dcpredation
kil ls) in Oregon have been kept since 1980 and
ranged tiom 10 in 1983 to 50 in 1993. To ac-
count for such sources of monality befbre 1980
and after 1993, "other losses" were estimated at
an annual monality rate o12.3% ofthc adult popu-
lation. which provided close calibration between
predicted and obsened mortality tbr the 1980
through 1993 pcriod.

Losses of cougars fiom illegal hanest have
been repoftcd (Anderson 1983); however. actual

rates of illegal kill have been difficult to docu-
ment. Anderson et al. (1992) reported that two of
49 radio-marked cougars in an unhunted popula
tion jn Colorado were illegally killed from 1981
through 1988. Neal et al. ( 1987) reported I 17. to
167o of 19 marked cougars were lost illegally in
Nonhern Caljfornia over a two year period. tn
Washington, eight of 26 marked cougars were il-
legally kil led fiorn 197,1 through 1986 (Dave
Brittell, 1987, Washington Depanment of Fish
and Wildlife, personal communication). Average
annual illegal mortality in an ongoing study in
southwestern Oregon was 6.24lr: lbr 65 radio col-
lared cougars from 1993 through 1998 (DeWaine
H. Jackson, 1999. Oregon Department ofFish and
Wildlife, personal communication). In northeastem
Oregon, one of 27 collared cougars was illegally
kil led between 1989 and 1994 (Mark G. Henjum,
1995, Oregon Department of Fish and Wildlife,
personal communication). For our model, a value
of 3.57c of the adult population was chosen to
represent illegal kill for the entire state.

Legally harvested cougans were added to "other

losses" and estimated illegal kill to obtain total
human-related loss. Based on ages of 1,089 cou-
gars kil lcd in Oregon between 1987 and 1993
(Trainer et al. 1993), human-related loss was ap-
portioned to the 0 to I yr age class at 5.6clo; and
to the 1 to2yrageclassat 11.47o. However. for'
adults (age 3 to 17 yr). we assumed losses in each
age class occurred in proponion to availability
of that age class in the population.

I\,4odel Development

Amathematical model of Orcgon's couglupopu-
lation was developed in the form of a life table
using spreadsheet softwarc on a microcomputer.
To create a model that behaved realistically dur-
ing and after bounty years, we began the model
in 1928 when numbers ofbountied cougars were
relatively high. Number of cougars in each age
class was initially estimated based on ages of
cougars checked in during 1987-1993 (Trainer
et al. 1993). We used iteration. that is we ran the
model several times changing the beginning age
ratios each time based on results, to determine
the age distribution that best represented the 1928
population and its harvest pressure. Input for each
year included legal (i.e. spofi or bounty) harvest,
other losses, and illegal kill. Number of cougars
in each age class, except kittens, was determined
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by starting with the number ofcougars in the prior
age class, during the previous year and adjusting
fbr age specific mortalities (both natural and hu-
man-caused). To calculate numberof kittens (young
bom and sulviving 1or one year) in a particular
year, number of breeding adults surviving tiom
the prer iou .  )e r r  ua :  Inu l l ip l ieJ  b1  propon ion
t'emale. proportion pregnant, and littcrsize. Number
of kittens $'as then adjusted for mortality. We
irssumcd thatkittens died iftheir mother died during
the first year of the kitten s life.

An independent estimate ofpopuiation rl'as used
to calibrate the population model. Wmen W Aney
(1973, unpublished letter on fi le at Oregon De-
pafiment of Fish and Wildiif 'e, Portland) used
tbrmulas provided by Johnson and Couch ( 1954)
to calculate the Oregon population bascd on har-
vest (1913 - 1961). A statewide population esti-
mate for 1961 was 214 cougars. Total population
lbr the st ting year of 1928 was adjusted in the
model until the l96l population was as near as
possible to 214 without causing the population
to crash thereafter. The l961 population estimate
was the only and best available and indicates the
population in the state was very low' but notextinct.

We assumed thatcougar populations could trot
grow indefinitely. Tanner ( 1 975 ) esti mated irtrinsic
gro$'th mtes lbr several prey spccies and their
predators using differential equations. He deter-
mined that 1br the cougar-deer predator/prey sys-
tem. equil ibrium can be achieved when cougars
are limited by decr numbers if deer numbers are
low, or by a ceftain maximum predator popula-
tion if deer numbers are high. Seidenstickcr et al.
( 1 973) believed that cougar density in the Idaho
Primitive Area was probably controlled by socitil
behavior interacting with habitat factors (e .g. \'eg-
etation and lopography) and prey numbers to pro-
duce marimum densities characteristic of particular
areas and habiaat types. Cougars are territorial and
males defend that territory against other malcs.
often killing them as well as kittens (Dixon 1978).
Adult temales are occasionally killed by othcr
coug i r r \  aL ind , /ey  l9U7t .  A '  den. i t y  inc rea .e ' .
tefitories over]ap more, probebl]' causing a higher
incidence of intraspecific predation.

Cougar densities have been docurnented at L0
to 1.6/100 kmr in Nevada (Ashman et al. 1983.)
and as high as 5.2/100 km2 in eastern Frcsno
County, Califomia (Neal et al. 1987), 6.7/100 kn:
in Black Cap, Texas (Parsons 1976). and 9.2/ i 00

km'in Glenn and Colusa Counties, Califbrnia
(Sitton 1972). In Oregon, preliminary study re-
sults indicate present densities of 3.9/100 kmlin
the northeastem Blue Mountains (Mark G. Henj um,
1995, Oregon Department of Fish and Wildlife,
personal communication) and 5.4/100 kmzin the
southwestem Cascades (Jackson et al. 1999). To
allow the model to behave in a density depen
dent manncr, a maximum population was esti-
mated for Orcgon by assigning maximum densi
ties to each region of the state based on findings
of studies in Oregon and other areas of similar
habitat in the West. Maximum density estimates
fbr westem Oregon rangcd fiom 8.0/100 km: in
southwestem Oregonto 4.0/100 kmr in norlhwest-
ern Oregon. ln castem Oregon. maximum den-
sity estimates ranged tiom I .6/ | 00 kmr in south
eastem Orcgon to 3.2/100 kmz in central Oregon.
and 3.9/100 kmr in the Blue Mountains ofnofth-
eastem Oregon. A weighted average (based on
arca of each region in Oregon) of 3.2 cougars/
100 km: was obtaioed for the state, which corre-
sponds to amaximum possible population of8,06,1
cougars.

To incorporate density dependence into the
model, a density factor (DF) was assumed when
the population reached 75% of the 8,064 cougar
maximum. The DF was used to increase age spe
cific, natural mortality rates (moflality rate x DF)
and decrease productivity (proportion prcgnant
each year/DF). The DF depcnded on the propor
tion of maximum population (M) and was calcu-
lated using quadratic equation (DF = 2.8-4.9
M + 3.5 M':). The quadratic equation was deter-
mined algebraically to fit a curve that produced a
DF that incrcased as the population approached
maxlmum so that when applied to productivity
and mortality, a logistic curve characteristic of a
population growing to carrying capacity was cre-
aled. Wc applied the density factor at 757. of the
maximum population because we felt 759c would
be a high enough density in the wild to begin to
influence lower productivity and higher mortal-
ity. However, we built into the nodel thc ability
to readily change parameter values so we can
modify the model as we leitrn more information
or want to try different assumptions. Thus, other
equations for DF or how and when DF is applied
can be explored. In ttct, 1br purposes of com-
parison, we calculated a different. quadratic equa
tion that was applied at 507e of miximumpopulation.
The diflerence between the two curves was trivial.
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We conducted sensitivity analysis to determine
which factors were nost important in affecting
population performance. We varied proportion
pregnant, litter size, natural mofiality rates, and
rates of "other losses" and illegal kill by 10%,
then noted the resulting change in cougar popu-
lation after 1 yr and 20 yr.

Results

Data Ana ys s

Number ofcougars taken annually undcr the bounty
systen peaked at 337 in 1930 and thereafter de-
c l ined  to  a  low o f26  in  l96 l .Ana lys iso fharves t
data bet$'een 1928 and 1961 showcd a signifi-
cant decline in cougars bountied (Figure 1). Since

limjted sport haryest began in l970 (Figurc 2),
annual harvest increased significantly through l992
from l0 in 1970 to a high of 187 in 1992. Hunt-
ing success averaged 41% during the period and
did not decline signigicantly. Since 1970. dam-
age complaints increased signiticantly (Figure 3),
as did "other losses" (Figure 4).

Popu at ion model

The modeling proccss allowed the logical com
bination of seemingly unrelated infonnation into
an understandable form that helped explain cou
gar population trcnds and status in Oregon. The
modei indicated over-exploitation of the popula-
tion during the period ofthe bounty system. with
the population reaching alow in 1961 andrebound-
ing under limited harvest regulations to a high of
2.830 in 1992 (Figure 5).

The modcl was used to predict population per
formance under four scenarios (Table 2). For 1993
conditions in Oregon, hunted and below carry-
ing capacity, 5.4% ofthe modeled populatlon was
legally harvested. The lotal monality rate, kitten
monality rate, and mortality rates for dispelsing
juveniles ( l-2 yr-old and 2 3 yr-old) wercgreater
lhan fo r  an  unhunted  popu l r t ion  be lou  car r l  ing
capacity (Table 2). For an unhunted population
below carrying capacity. mortality rates were re-
duced to natural mortality rates for l-2 yr old.
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and adults between 3 and 9 yr (Tablc 2). How-
ever, the mortality rate tirr kittens was higher ( 19%).
because in addition to the 57. direct ratural mor
tality built into the model, kittens also died when
adult fcnalcs dicd of natural causes. The mod-
eled popul t ion .tabil i,/ed al canling caprcitr
through a combination of decreased productivity
and increased morrality (Table 2).

TABLE 2. Char.rcteristics of a hypothetical cousar popula-
lion in Oregor deGmined by a snnulation model.

P0pulalion Status
Ilclow canling At can_virg

capnqlJ capQ!1!I
Hunrcd Unhuntcd llunlcd Unhunred

Nlolalily Rates (%l
'Iotal 

30
Ki t tens 3l
1" ," r  2 l

)1

3 9 ] r  1 6
l 0  l 3 v r  2 /
1 1 - 1 7  y r  3 5

Birh Inten'al (mo) l9

Age Structure
(7 ofpopulat ion)

21

20
20

20

t 9

21
l 8
55
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21
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Age distribution of the modeled population
depended primarily on the status relative to car-
rying capacity rather than on whether it was hunted
(Table 2). Propo ion of 0-2 yr-old animals was
greatest for populations below predicted carry-
ing capacity (457ajuveniles: 55% adults). At car-
q'ing capacity, age strllcture of a hunted popula-
tion (,107r juveniles: 607r adults) was similar to
an unhunted population (387. juveniles: 62%
adults).

Sensitivity analysis sho$,ed that l0% changes
in litter size and proportion pregnantcould change
the predicted population afier 20 yr by 159Vc nd
143%. A,lOEa change in natural mortality rate
had a 117c/c effect on population performance.
In contrast, l07r changes in "other losses" and
il legal kil l  had only 16% and 22% effects on
popu la t ion .

Discussion

Our analysis of harvest data agrced with Warren
W. Aney ( 1973, unpublished letter on fi le at Or-
c-ron Departnent of Fish and Wildlilt, Portland).
who used linear rcgression of number of cougars
bountied versus time (19l3 196l) to conclude
that if the state's cougar population had contin-
ued to decline at the same rate. it would have
reached zero by 1973. Cessation of the bounty
system in 1961 and limited hunting. which be-
gan in 1970, resulted in significant ncreases rn
spofi harvest, with stable hunter success, and in-
creases in damage complaints and "other losses".
Significant incrcascs in harvest, "other losses",
and damage complaints indicate cougar popula-
tions i[ Oregol have grown and adds support to
the validity of the modcl.

Increases in damage complaints and "othcr

losses" may be somewhat influencedby increases
in thc state's human population. The state's popu
Iation increased lron -2.092.000 to 3,082,000
(,17%) f 'rom I 970 to 199,1 (Levine 1995). But in
the I I eastem counties that constitute about half
the land area, the humaur population increased only
26E (-116,000), 1910-1994. In addition. land
ownership patterns are such that most human
habitation is in morc developed, lowland areas
and not in historic cougar habitat. In Oregon, 55'lo
of the land is publicly owned (Levine 1995), most
o i  u  h ich  i .  loca ted  a t  h igher  e le r  a t ions :  p r i r  a te
lands are primarily located at lower elevations.
While human populations have increased, pafiicu-

larly on the west side ofthe Cascades and in cen
tral Oregon, that increase has mostly been con-
fined to those lower elevation areas.

For model development, we input basic bio-
logical data relative to productivity and age spe-
cific motality obtained from numerous sources,
mostly Oregon. We then compared population
performance (total population mofiality and popu-
lation age ratios), as calculated by the model, to
results trom several diff-erent sources.

Comparison of studies of wild cougar popu-
lations with model simulations is complicated for
several reasons. Researchers are often unable to
monitor all members of a particular population
and small sample sizes are common. Kitten mor-
tality is olten underestimated because kittens are
usually not found until several months afterbirth.
Population status (below or at carrying capacity)
is often not known or stated in study results. In
addition, researchers have sometimes not defined
ages for kittens, juveniles, and subadults and have
sometimes used these terms to represent differ-
ent uged animul. in different rtudies.

Tn .p i te  o ld i l f i cu l t ies  in  p rec isc l5  mea\ur ing
wild cougar populations and comparing with modcl
simulations, results ofseveral studies allow some
compari.ons oI popuJation perlormance in term.
of mortality rates and age composition. We cal-
culated mortality rates from data presented by
Hornocker (1970) for a cougar population in a
cental Idaho wildemess during 196,1 69. That
population received light hunting pressure dur-
in t  lhe  . lud) .  hu t  ua \  hun leJ  to r  buunty  p r io r  to
the late 1950s. Therefore, this Idaho population
iikely represented an unhunted population bclow
carrying capacity. Overull mort ity was 17./,r, with
21 7o fbrjuveniles and 147, for adults. From data
collected in the same area by Seidensticker et al.
( 1973), $,e calculated a mean of 277o juveniles
in the population between 196,1 and 1972. These
results are similar to mofiality rates and age com-
position determined by our model for a hypothetical
unhunted population below carrying capacity in
Oregon. Overall mortality was 247c with l9clo lbr
kittens, 207r, for I 2 yr old, and 8% for adults (3-
9 yr-old). The popuJation comprised 27ola kittens
and l87c 1 2 yr-old (Table 2). However, Andcr-
son ct al. (1992) calculated a lower overall mor-
tality rate ( 127. ) for a population in Colorado which
was unhunted during the study, but had been hunted
before the study. For cougars captured during that
stud)'.46% were kittens and 2l% were 1 2 yr.
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Our model generally agreed with lindings from
.cr errlhunted populations and monalit l rates $ere
greater than lbr unhunted populations. For a hunted
population below carrying capacity, the model
predicted mortality rates of 30% total and 3l7o
for kittens. and an age ratio of 26% kittens and
jq ' , .  |  2 ) r -o id  r  l rh lc  2 r .The.epropon ionqsug-
gest an age ratio ofapproximately 387. (26.0q. +
9.5%) fbrjuveniles <l.5 yr-old and 45% (26% +
19olr) forjuveniles < 2 yr-old. In a hunted popu
lation in Nevada, Asbman et al. (1983) l ikcwise
observed 30c/c overall monality with 28clo mor
tality of kinens, and estimated that 40cl. of the
population were kittcns still with their mothers
(probably I mo to 16-2.1 mo of age). Overall
mortality mtes in Utah were similar at32qc br a
hunted population (Robinctte et al. 1917) and26
287c fortrpopulation with limited hunting (Lindzey
ct al. 1988). For the same population. we calcu-
lated fiom data presented by Lindzey et al. (199,1)
a mean of : l l% juvcniles (0-1.5 yr) for 1979
lhrough 1987. Logan et al. (1986) estinrated that
a hunted population in Wyorning consisted of50%
juveniles (0-2,1 nonths).

It is impoftant to note that the model we de-
veloped was deterministic rather than stochastic.

There are parameters that vary fiom year to year
with weather. such as suryival, productivity. sus-
ceptibility to human harvest (varies with snow
conditions), or disease. Whereas we can measure
harvest from year to year, we htve no way to
measurc the other variables on an annual basis.
The rest of the variables were determined over
several years fiom measurement ofdead cougars
or  l iom in tens i re . tud)  in  re reru l  loca t ionsorwere
assumed.

N/anagement lmpl cations

This model can be used as an adaptiye tool to
he lp  muke mrncgemcnr  dec i ' ion .  concern ing
cougars in Oregon. We used the model to answer
scveral questions. One such qucstion was: What
would happen to the populatiol'l if harvest con-
tinued at a pafticular lcvel? To answer that ques-
tion, $e input the 1993 harvest of 160 cougars
for each year after 1 993. The model predicted that
the cougar numbers would continuc to grow ini
tially at 5% annually then stabilize at a maxrmum
by the ye 20l6 (Figure 6).

Because use of hounds lbr sport hunting of
cougar was banned in Oregon in 1994, we askcd

Figure 6. Modeled cougar populadon ol Oreson with sport hanes! hcld ar 160 cougarvlr after 1992.
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$'hat u'ould happen if spoft harvest $'ere discon-
tinued atier 1993 but other hunan-caused losses
continued'l The model predicted the population
would initially increase at a l370 annual rate. The
rate ofincrease would decline by year 2000. when
densitv dcpendency became a factor, and the popu-
lation would stabilizc in the year 2009 at about
three times the 1993 level. lf this hypothesized
population increase is corect. we should see f!r-
ther increases in hunran-cougar interactions that
ccluld include increased damage complaints. more
cougar \  L i l led  a \  a  re \u l l  o l  depredr t ion .  more
sightings. more instances ofcougiLrs in urban and
suburban arcas, ;lnd possibly attacks on huntans.

Anothcr peninent question was: What harvest
was necessary to stabilize the population at the
1993 level'l To answer that question, harvest rates
were adjusted after 1993 until the rnodeledpopu-
lalion stabil ized near the 1993 estimatc of 2,960.
We found that an annual sport harvest rate of28l
cougars (107. ofthe population) and a total mor-
tality ratc of 35% would be necessary to stabil ize
the population. Population pedoflnance could bc
tested in the future if methods allou'ed a signifi-
cant increase in spofi haNest iD Orcgon. Harvest
rates could be increased to the le!el ncccssary to
stabilize or reducc thc popuJation as indicated by
the model. We would expect a leveling ordecrcase
in damage complaints. depredation kills, sightings,
and other human-cougitr interactiols

As knowledgc increases about those param-
eters thatconffol the nodcl oras conditions change.
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