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Effects of Collection Method on Sex and Age Composition of Black
Bear ( Ursus americanus) Harvest in Oregon

Abstract
\\'e i.vcsligalcd \cx ,rnd nge distribution of 5I68 black bean (U^&! a,,c.n.rrftr) hrr!ested or live-trapped in Oregon irom 1983
through 199.i. Succcsslul hunGrs were asked to submit a lower prenroLar roolh along with inlbrmrtim on date, managcmcnl unit,
scr o1 the bear and nethod of take (i.e., using hounds. bair stations c'r slalkins). In addition. \\'e used capturc rccords and ru)th
snlnples of be.rs sraied folbwing complaints of damagc or live lrapped iD two research studies. Tooth collections of hunrer
harvested beafs repfesented 5'/t to 58% of the annual har\csl, as estimated fion standard hunter phonc survcls. Usingdatrffom
all ie.rs. \re compared frequencv of sex and agc classes according to method of hanest (i.e., lounds. bail, stalkmg, damage
rcmolal or l\'e-irapping). More that 60% ofbears harvcslcd were nales. Huniing with hounds accountcd lbr >50% ofthe (xal
h,lnesl. Hunting method afecied the proportion of males lakcn. The median age of bears harvested using hounds was greater
than lbr baiting and slalking. Bears fiom damage removals and the livc trappcd sample were older than those takcn by nalking
and $hilc using brit stations. Our sanples indicate different vulnerabililics ofthe sexes to different collection methods. Vulner-
abilil ) ratio coelicients lbr male bears (compared with females) rangcd from 1 .46 Oait) to L 1 2 (dam age rem ovals). We conclud e
lhrl bear harvest data hrre a considefable age and sex bias. dcpcnding on collection methods used. Thjs is likely 1|) confbund
estilnation ofefiects ofchanSing harvest sirategies. such as the prohibition ofceftain hunting techniqucs.

Introduction

The bJack bear (Ursus untericanus) is an impor-
tant big game resource in Oregon. During 1983-
199,1, an average of 22.015 (SE= I ,106) bear tags
were purchased annually by hunters, providing
more thar $220.000 in annual revenue for wild-
life managenent to the Oregon Department of
Fish and Wildlife (ODFW). Oregon=s bearpopu-
l r t i , ' n :  r rnper r  s tuh le  und there  are  grou  ing  con-
cerns rbout bear darnage to livestock, timber and
agricultural crops since 1983 (D. G. Whittaker,
ODFW bcar program coordinator, pers. comnl.).
Bears are hulted fbr one to two nlonths in the
spring on a l imitcd entry l icense. and lbl three
nronths during the thll on a general l icense. Prior
to December 1994 bears couldlegally be han'ested
using hounds. bait and traditional stalking meth-
odr .  Houerer ,  u :e  o f  hounJ .  anJ  ha i t  u . r :  r . ru t -
lawcd in December 1994 by voter initiative (Or
egon Measure 18. hereafter called mcasure 18).
ln addition. spccial permits are issued to land
ou'ners experiencing damage to lbrest stands. crops
er Iivestock. Because oftheir secretive habits and
tbrcsted habitats. black bears are dilficult to sur-
vey. Population estimation using mark-recapture
studies arc costly and ofien do not provide the
necessary inlbrmation in tirne for management

decisions. Consequently, age and sex composi
tion of harvested bears is used by wildlif'e man-
agels as an index to population status, but the bio-
logical interpretation of such information is often
not trivial.

In this paper. we present a case study of bi-
ases in hunter-harvested samples of large mam-
mal species and the applicability of haNest data
as indices fbr population management. In par
ticular, wc were interested in detennining if har-
vest data are sufficiently unbiased to allow int'er-
ences about the population=s responsc to
management. Because Measure l8 effectively
eliminated the primary methods for harvesting
bears, we tested thc assumption that different
methods do not affect composition ofharvest and
thus night be a random sample of bear popula-
tions statewide. We analyzed age and sex com-
position ofharvested black bears in Oregon since
1983, to (1) compare sex and age composition
associated with diffcrent collection methods, and
12)  lo  e \a lua le  i f the .e  du t r  i r l l \w  mersur ing  po-
tential impacts to Measure 18 on bear populations.

Methods

From 1983 through 199,1 and estirnated 14,785
bears were legally hanested in Oregon. Our san.rple
contained 38I I hunter harvested bears fbr whichCorrcsponding auth0r
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age. sex and harvest nrethod was known. ln ad-
dition, we used age and sex structure of 1,263
bears taken by Animal Damagc Control (ADC)
personnel following damage complaints and 94
live-crptured bcars from lwo field studies for
comparison. Bears inflicting danage to timber
stands were primarily snrLred. while bears involved
in l ivestock depredation *'ere primarily removed
using hounds. All bears taken upon damage com-
plaints or live-trapped tirr rcscarch purposes were
examined by ODFW biologists or ADC person-
nel. who cxtractcd teeth and detemined sex of
bears. Prior to 1987. a volunteer program ex-
isted where bear hunters that submitted a harvest
report card rcccivcd r tooth envelope. The hunt
ers were then asked to retun the envelope with a
premolar tooth and statc thc scx of lhe harvested
bear and u'hether they used hounds or not. Be-
ginning in 1987 successful hunters were asked to
subrnit halvest intbrmatiol and a premolar in a
speciaJ envelope issued with &cir tag. Before
1987. data conlained infomation only on whether
hounds were used or not. Alter 1987. bears har-
vested by stalking alld hunting over baitu,ere iden
tif ied. Based on telephone surveys of hunters.
39.3 t 8.6% of all successful bear hunters sub-
mitted a tooth after 1987. Bear teeth wcrc sec-
tioned and agsd using thecementum annuli method
(Willey I 97.1) at a conmercial laborutory (Matson's
Laboratory, Milltown, MT). Samples wcrc sorled
by season and collection nethod (hunted with
hounds. hunted over bait. hunted while stalking,
hullted $,ithout hounds. taken follou'rng damage
complaints or live-cuptured li)r rcscarch purposes).
We clirninated teeth frorrr analysis if the collec-
tion nethod \\,as not specifled.

Because the resolution of collection infbrnrr-
tion changed during oul study, wc tcsted for a
significant effect of sampling period (i.e., 19113-
1986 and 1987-199,1. respecti!ely.)on age distri
bution of bears. Sampling period irnd interac-
tions with collection mclhod and sex did Dot
confibule to model variance (P > 0.05), thus all
harvest records were pooled. We used a Z-test of
binonrial proporlions (Sncdecor and Cochran l980)
1() detemine if sex ratios (proportion of males in
the harvest) dilTcred anong collection nethods.
We used a Iinear regression of log-transltrnned
frcqucncy data for bears 3 22 years old to esti-
mate instantaDeous han'est mofiality rates fbr each
nethod oftake (Bunnell and Tait 1980). We cal-
culated thc ratio of slope estimates for male and

l'enale (p",/B,) bears as an index to relative vul
nerabil ity of the sexes to dit l 'erent collection
methods.

We used analysis of variance to detect etlects
of hunting/tmpping method on age of bears. Be-
cause age hequency distributions ofharr"ested bears
were leti-skewed. $e used their median values
as a measure of ccntral tcndcncy. We obtaincd
the distribution of median ages fbr each sex and
collection method by &awing 1,000 replications
of a bootstrap sample comprising 100 records
randomly selected from the original data set (with
replacement). The distdbution of median ages
fbr each cohort was tested lbr nornrality and used
a simple onetailed t test to test for differences
among rnedian ages. We accepted a type-I error
ratc of 0.05 for all tests.

Results

Bears taken fiom 1983 through 1994 in Oregon
were predominantly male. Sex ratio of bears in
damageremova lswash ighcr (71 .310.1% malcs)
than the ser ntio ofhunter harvested bears (6.1.3
!0.7c/t males,Z=2.68, P < 0.005). Male bears
also dominated the sample of bears l ive-trappecl
tirr rcscarch purposes (60.64 t 0.06%). but there
was no difference in the proportion ofmales com-
parcd with the hunted sample (Z = 0.55. P > 0.05),
or danage renovals (Z = 1.71. P > 0.05). Col
lection method affected the proportion of males
taken by bear hunters. those using bait hrrvested
a higher pnrporlion of males than hound hunters
(.11.90 X 0.22Q' vs.61.09 X0.ll6t'. Z= 2..54,P <
0.005). Bait hunting also resulted in a higherpro
po ion of males than hunting by stalking (7 1.90
X 0 .22% vs .61 .1 t  0 .22c /a .  Z-2 .5 ,+ .  P  <  0 .005) .
We suspected that spdng bear hunten enploy-
ing stalking would be more selective than stalk-
ing hunters in the tall, when bears may be taken
incidentally while hunting other big game. How
ever, there was no diflerence between the pro-
portion of malcs harvcstcd by stalking in spring
(79.5 1 6.8%) and fall (.7 1.9 ! 2.7c/c, Z = 0.96, P
> 0.05). Sex ratio ofbears harvested with hounds
did not differ t'rom those harvested by stalking
(Z= 0.8,1, P < 0.05).

Mcthod of La.ke and ser ofharvested bears were
signilicant lactors detemining the age of han ested
bears (F,,,",n"d = 7.98, P < 0.0001. F,". = 18.4,1, P <
0.0001). Median age was greater for ltmales than
for male bears taken alterdamaging property (.1.25
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TAUI-B 1. N{eans of 1000 boorsrrappcd rncdian agcs of bears taken by diffefeni nethods. rnd relati\e \ ulneftbilil,,' cocllicicnt\

lor m.rlc bl.rcl bcir\ ro differenr collectxm merhods in Oreson. 1983 199,1. Vulncrabilit_v coeificients are calculated

lor each collection method rs the rurio ol slopc c\rimates (|],,,.,.,/P -,, , ".). re,iuliing from lineaf regfessrm of log-trans'

formed rounts (liequcncict o\cr ages ofharlested bears.

S|alking I)amage L  \ e  a  r f t u r e

Nlrlc\

i  1  S . D ,

.t.00,1 t 0 00,1

5 .192  : !  0 .155

1 . .17  10 .31

N{edian Age\:

1 .01110 .u33  3 .00610 .018

l.6l I  t  0.251 ,1.:10210.281

Vulncnbiliq Coeificienls:

3 . 9 0 1 1 0 . 0 1 0 , t . 6 1 1 1 0 . 0 2 7
.1.25010 01,1 5.107 1 0.021

1 .2210 .13  1 .25  t  0 .711.-l-l :! U.l-5 l . l 2  t  0 . 1 0

t  0 .01  vs .3 .9010.01  vcars ,  L=  20 .97 .  P  <  0 .0001)
and I ive-trappcd bears (5.,11 t 0.02 vs. .1.6I t 0.03
years.t=23.5l.P<0.0001). Diffcrcnces innediaD
ages bctwccn male and female bears removed afier
damage complaints wcrc lower than for any other
method (Tablc I ). Similarly, median ageofbears
ditfeled according to sex and hunting method. In
general. hound hunters took olderbears (male and
lemale) than hunters using bait or stalking (nrble
I ). When using hounds. huntcrs kil led younger
males than females (t = 94.13. P < 0.005), and
nales harvestecl over bait wcre younger than fe-
malcs (r = 34.07. P < 0.005). Hunters stalking
bears halvested younger malcs than females (t =
80.78 .  P  <  0 .U05 ' .  hu t  th i '  t cndencr  \ \ r \  no t  un i -
form anong spring and lall seasons. In spring,
male beals harvested b)' stalking were older than
lemaies  ( t=  17 .01 ,  P<0.05)  bu t the  sample  was
small (n =.1.1). Live-trappcd bea$ and those taken
b1 u . rng  hound.  uere  lhe  , , lL le . l  h ta r .  in  , 'u t
san.rple. u'hile those harvcstcd by bait and stalk
ing were youngcr.

Vulnerrbil i ty cocfl lcients. based on raho ol
instanliueous hafl,est rates of maie and tcmalcs
showed pronouncccl variation with collection
mcthod (Table l). Vulnerabil itv to harvest was
always higher firr mlles than for females. Males
appctued nost vulnerable to hunters using bait
and stalkilg nethods. Hound hunters took rela
tively larger proportions of females. thus male
vu)ncrabil ity to hound buntels was lowcst. Trap-
ping methods such as damage removals and live-
capture lbr research pur?oses exhibitcd intcrme
diate vulnerabil ity coefficients.

Discussion

Collcction methods emplo,yed in Oregon had a
' ipn i f i c ln t  c f l r , .  t  r r r r  the  s r ' r  l r r r - l  : r : le  cornno. i t ion

of harvested black bcar. Harvested black bears
contained more male bears thatr females. and
harvested males were younger than tcmalcs. A
heavy male bias in hanested black bears has been
reported by other workcrs (Lindzey and Meslow
1980, Kane and Livaitis l992, Litvaitis and Kane
1994). This rnay be due b legal protection af-
t'orded to sows with cubs. rvhich may constitute
a substantial portiol'r of the lemale segment of a
population. Male black bears in Orcgon wcrc
signilicantly nore vulnerable to harvest or-trap-
ping. and their vulncrabil ity dil lered among col
lection methods. Not surprising, sex-specific
vulnerabiiity was lowest for hound hunting, whcrc
hunters werc probably most selective for large
bears (Bunnell and Tait 1980, Litvaitis and Kane
199:l). However. we found no dift'crcncc bctrvccn
propo|tions of males taken by hound hunters (most
selective tirr largc bcars) and by ADC removals
(least selective), and male vulnernbil ity to both
methods appeared similtrr. Sinri lar lt l  our l lnd-
ings. huntels who used stalking methods in New
Hampshire (Litvaitis and Kane 199,1) harvested
lower proportions of male bears and sone of the
youngcst bcars! indicating that stalking hunters
probably werc lcss sclccdve than hunlers who used
hounds and hunters using bait. Wc found that
hunters thatused stalkjng methods took older males
than f'emalcs during spring seasons (when bears
were the sole species hunted), but the opposite
lrend was evident dudng the lall season. rvhere
hunters may ttrkc bears incidentally while pursu-
ing  o ther  g r rn re  marnmr l r .  Th i .  J i i l i r c r rcc  r r r r )
be due to dif lerential emergence and movcment
patterns ofthe sexes fbllowing hibernation. Bait
and stalking techniques resulted in the highest
plopofiion of males in the hanest and consequently
thc highest vulnerability ratio for males. Male
home ranges tend to be larger than those oflemales
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(Fraser et al. 1982). hencc males should be more
likely to eDcounter bail stations, btited tmp sites
or stalking hunters. We conclude that the avail
able harvest data does not allow 1br separation of
the effects arising tiom the legal prdection ofsows
with cubs from those arising liom hunter selec-
tivity and bear vulnerability to harvcst methods.

If harvest data arc to be used as a reprcsenta
tive sample ofpopulation stmcture. thc samphng
process must be random to produce unbiased sex
and age structure inlbrmation. This problcm has
long been recognized in fisheries management,
where selcctivity of tishing gear is considered a
significant source of bias in stock assessments
(Beamesderfer and Riernan 1998). Similarly, the
development of capture models with unequal
catchability corrcctions has occupied biologists
and statisticians for decades (Pollock et al. 1990).
If hunters are selective. or diflerent age classes
ofanimals difter in thcir vulnerabil ity to harvest,
the sampling process is no longer random. and
estimates ofpopulrtion statistics arc biased. For
ungulates. harvest age structure and harvest sex
ratio analysis of white-tailcd deer (Odotoileus

r,irginianus) have been shown to be scverely bi-
ased due to dif l 'ercntial vulnerabil ity of various
ser ancl age classcs, and hunter selectivity
(Roseberry and Woolf 1991). The pronounced
cliiferences in age and sex composition among
ditfcrent sampling methods of bcars in Oregon
indicated that subsiantial biases were inherent in
hunter harvested samples, which could atlect
management decisions. Without han'est-indepcn-
dcnt samples the true composition ofthe popula-
tion cannot be estimated. Alternative methods.
ruch u. mut k-recrPlur(. rrc nccc\.zLr) l, '  (. l i lnale

age ald sex-specific survival rates of bli,tck bcars.
Unless sourccs of bias (huntcr preferences. bcar
behavior ton'ard traps or bait) are kno\\"n, csll
nates of population structurc derived fiom har
lest statistics appear unrelitrble. Detection of
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We conclude that hrrvcsl data of black bear
(and many other mammal species) are of ques-
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suNival can facilitate the application of popula
tion modeling. We urge wildlife managers to
consider functional. mechanistic processcs of
population regulation\\,hen making nanagement
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yield curve. Lastly, we strongly recommend that
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