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Abstract
The acti\ity pattefns ol radio collared bhck beus $cre monitofed during 1996'1998 at two study areas in the North Cascadcs of

\\,xshjngron. Composirional anallsis of acti!it) patrerns showed that black bears $ere lrot cqually aciive acfoss limc pcriods and

thar thc) cxhibired crepuscular actilit,v paltens rcgardless of sex- season. or siud) rrea. The lo$cst lelelof acti\ily consistcntly

occuncd during the 0201 0,100 PST time pernxl. ln gcneral. fen les w.rc nrost acti\e during thc nrorning .Lnd nales dulilrg thc

evening. Thc rcsulrs ofthis srudy luggest that diumal lclemetry data would adcquately describ. black bear resource use.

lntroduction

The activity pattens of animals are a result ol
the compler interactions between fbraging effi-
cienq,. social activities. and environment (Aschoff
196,1). An animal's pattern of activity and habitat
use are adaptations to spatial and tcn-Iporal vana-
tion in rumerous environmental variables. The
significancc of these adaptations (Aschoff 1964,
Ncilsen 1983) makes it inpoftant to understand
how diurnal. crepuscular. and locturna] activi
tier olanimals intluencc habitat relationships. Most
studies ofspace use by large carnivores use aerial
telenretry because thesc species are wide ratg-
ing and often occupy rugged and 13mote areas.
Habilat use estimatcs may be biased if sampling
does not consider diftercnces in a spacc use and
activity patterns throughout a 2,1-hr period (Beyer
and Hauflcr 1994).

Bear rctivity patterns have been determined
by monitoring thc integdty of radio-telemetry
signals (Pockler and Haftwcll 1973. A mstrup aDd
Beecham 1976, Lindzey and Mcslow l977). Such
detenninations can be inhibited by radio inter-
fercnce. tempennrfe fluctuations. and slight move-
ments of bears (Carshelis and Pelton 1980,
Garshelis et al. 1982). Theuerkaufand Jedrzejewski
(2002) fi)undthat monitoring signal integrity alone
overestimated thc time wolves wcre active. How-
ever. usi|rg signal intcgity. in combination with
dr ta , 'n  lL (a l io l t  ch i tnges , 'b tu tncd  [ r ( 'm l r i , ]n : lu

rAullror to $hom corrcspondence should bc addre\sed. E
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lation, produced ar accurate cslin-Iate of the ac-
tivity patterns of wolves (Theucrkauf and
Jedrzejcwski 2002). This cstimate was more ac-
curate then activity senson, which undercstimated
wolf activity (Theuerkauf and Jedrzejewski 2002).

Activity pattems have becn repoded for black
bears on Long lsland in southwestcrn washing-
ton (Lindzey and Meslow 1977), on the Olympic
Penninsula (Poekler and Hanwell 1973), and in
wesrcentral Idaho (Anstlp and Beecham 1976).
In all of these areas bears have bcen repofied as
being the least active during the night. Lavivierc
et al. ( 1994) otfcred a possible explanalion of the
d iu rn i l l  r c l i \ i t )  pa l le rn \  o l  b l rek  be i t rs  in  r r r ,a :
\\"ith lor, le\'cls of human activity. They suggested
that their excellenl vision for details at close nnge
and discrimination ofcolors (Bacon and Burghardt
1976a) results in mole efhcient fbraging during
daylight hours. Visnal cues represent the pimary
nrechanism in searching for food (Bacon and
Burghardt 1976b).

Wc monitored the crepuscular and nocturnal
activity pattcrns of black bears to evaluate how
well diumal telemetry data would describc habi-
tat use. The crepuscular and nocturnal activity
patterns of black bears have not been described
in the Nofih Cascades of Washingbn. and mav
have impofiant implications relative to therr man-
agement. Ourrcsearch questions included: ( l)Are
black bears equrlly active across all crepuscular
and noctumal time periods? (2) Do black bear
activity patterns vary bet\\,een study arcas and
seasons? (3) Are male and t'emalc black beat ac-
tivity pattems similar' l



Study Areas

This study was conducted in the Okanogan Study
Area (OSA) on the eastem side of the Cascade
mountain crest and the Snoqualmie Study Area
(SSA) on the westem side (Figure l). Elevations
rvithin the stLrdy areas ranged from 100 m in the
valley bottoms to 2500 Irr at the ddge crests.

Precipitation on the OSA, fir l l ing mostly as
snow, ranged fionr an average of 150-200 cm/yr
on the ridge crests to 25-50 cm/yr in the lower
elevations. Precipitation on the SSA, falling mostly
as rain, ranged from 170 300 cm/yr. Vegetation
conditions on the OSA varied from open bitter-
brush (Pur.shia tridentata)slopes on the low el-
e\,ation eastem portion ofthe study area, to Dou-
glas-fir ( Pseudotsuga nenz.iesii) and ponderosa

prre (Pinus ponderord, forests at the lower and
mid elcvations, to montane and alpine vegetation
beginning at about 1500 m. The SSA was com-
posed of a mosaic ofclearcuts and second growth
westem hemlock (?.s uga hete roph)-lla) forcsts on
the lowgr glevations, extending to montane and
alpine vegetation above about 1200 m.

Methods

Black bears were capturcd and fitted with radio
transmittters during April-July I 994- 1997 (details
described in Koehler et al. 2001). Each capturcd
bear was exr-tagged NLnd the upper lip was tatooed
with an unique identifying number. Total body
length, chest girth. and weight were measured. A
premolar was cxfacted to determine age. and blood

f f iE!n"t i*" t  Forcst lands '  s0km ' A
Fisure L The Okrnosrn and Snoaualmie studv areas are outlined in whiIe.
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u as collected to assess disease and develop DNA
pronles.

The crepuscular and nocturnal activit ies of
radio collared black bcars were monitored using
signal integrity and triangulation approximately
one night per week, from den emergence to den
entrance. On the OSA,bears were monitored during
1996 and 1997, and on the SSA during 1998. Bears
were generally monitored ftom roads due to safety
considentions. Each nighl from I 4 bears were
menitored at 2 hr inten'als from 2000 PST to 0800
PST. Telemetry signals were monitored for 2-3
min fiom two locations fbr a total of 5-6 min/2 hr
time period (Altmann 1974, Lariviere et al. 199,1).
Bearings to each bear were taken fioln 2-3 known
locations along roads or trails within l0 min of
each other to minimize bear movemcnts. lf there
was any chance of disturbing the bear, only the
signal integrity was monitorcd. Consecutrve bear-
ings between time periods were compared to de-
termine if the bear had moved. A bear was con-
sidered active for a time period ifthe intensity of
the signal was uneven orthe bear had changed its
location since the last radio location (Theuerkauf
and Jcdrzejewski 2002).

Data were analyzed by compositional analy-
sis (Aebischer et al. 1993) using the computer
progr;rm RESELECT. Compositional analysis uses
multiple analysis of variance (MANOVA) to test
thehypotheses, and paired ltests to rank the relative
levels of activit ies within each time period
r  Aeb ischer  e t  u l .  lgq j r .  Mu l l ip le  pa i ru ise  com-
par ison i  uere  mlde  to  de termine i l  any  t ime pe
riods were used significantly more than others.
The significance levcl lbr all tests was set at P =

0.05. Seasons were detcrmined by observed
changes in bear diets and plant phenology. Sea-
sons wcre divided into early-season (den emer-
gence to 31 July). and late-season (1 August te
dcn entnnce).

We described activity pattems for 2l black bears
(l I females and 10 males). Bears \\,ere monitored
over 76 12-hr monitodng sessions, for a total of
912 hr bctween 1996 and 1998 (Table l). Five
tests using humans with radio collars r'"'crc int-
tially used to validate the results of the activity
monitoring and none of these tests resulted in
erroneous activity classifi cations.

Results

Annual Activity Patterns

Data tiom 21 blackbears(ll females and l0males)
showed that their activities were not equally dis
tributed across the time periods (Wilks
lambda=0.11, P<0.0001) (Figure 2). Bcars were
the least active during the 0201-0,100 time pe-
riod and the most active during the crepuscular
time periods (Table 2). Female black bears (6 lrom
the OSA, 5 fiom the SSA) were least active dur-
ing 0201-0400 and were most active during 0601-
0800 (Wilks lambda=0.06, P<.0001, Table 2).
Likewise, male black bears (8 from the OSA. 2
fiom the SSA) were least activc during the same
time period as the females (Wilks lambda=0.O7.
P<0.0001, Table 2). However, the highest level
of actiyity for males occuned in the 2000-2200
time period. This infomation suggests that males
werg morc active during the evening hours and
females in the morning hours.

Okanogan vs Snoqualmie Study Areas

Black bears on the OSA (6 females and 7 males.
Wilks lambda=0.09, P<0.0001) and SSA (5 fe
males and2males,Wilkslambda=O.O1.P<0.0001)
exhibjted crcpscular activity patterns (Tablc 2).
Blackbeals on the OSA were more active during
0601-0800 and 2000-2200 than during the other
time periods, exhibiting a stronger crepuscular
pattem than on the SSA. On the SSA. lewer sta

TABLE 1. Summar)'. infofmation 1br crcpuscular and noctumal black bcar activity pattern moniloring on thc Okanogan and

Snoqualmie stud] rueas in the North Cascades. Washin8lor.

Year Study area Total No. Female No. Male Hours Monitorcd Nights \,lonirored

1996

1991

1998

Toiah

Okanogan

OkrnL)gan

Snoqualmie

E

1

2 l

3

1

5

t1

5
,7

2.

l 0

29

30

1 1
'76

318

360

t04

9 r l

142 Caines and Lyons



lMales NlFemales

90

80

70

60

50

40

30

ti stically si gnificant di11'ercnces occurred between
activity levels among time periods.

Seasona Activity Patterns

Data from l9 black bears (9 females and l0 males)
were used to investigate their activity pattems
during the early season. The activity pattems of
blackbears during thc r:arly-season indicated that
bears u'ere crepuscular (Wilks Iambda=O.05,
P<0.0001). During 0201 0,100 black bear actir-
ity levels were lower than during any other time
period (Table 3). Thc highcst levels of activity
occurred during 2(X)()-2200 and 0601-0800.

The activity pattems of l4 black bears (10 fe-
males and,l males) dudng the latc-scason showed
that black bear activity was highest during crep-
uscular t ime periods (Wilks lambda=0.10,
P<0.0001). However, during the late-season black
beals were most active during the norning hours
(Table 4). a shif't ti(nn the early-season.

l\4a e vs Fema e

Fen.nle activity levels (n=9, Wilks lambda=0.06,
P=0.000 I ) rl''ere lower during 000 I 0200 and 020 I -

0201-
0400 0600 0800

0,100 than other time periods. The highest levels
of activity occured during 0601 -0800. Males were
the least active during the noctumal time pedods
and most active during the evening in the early-
season (Wilks lambda=0.02, P<0.0001). While
nol a :lati. l ical relationship. thi. informrtion .ug-
gests that black bears were segregated by gender
at sorne level during the early season.

Female black bears were most active in the
late season during 0401-0600 and 0601-0800
(n=10. Wilks lambda=O.01, P<0.0001). During
both seasons, females were most active during
the morning hours. Samples sizes for males dur
ing the late-season were too small for analysis.

Discussion

The annual and seasonal activity pattems ofblack
bears in this study were similiar to those reported
fbr black bears in other studies in the northwest-
ern USA where bears have been reponed as be-
ing generally diumal, and most active during the
moming and evening. (Amstrup and Beecham
1976, Ltnd,z.ey and Meslow 1977, Poekler and
Hatwell 1973). However, black bears may become
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Figure 2. The propoltion of frdio-collafed black bears active during thc crcpuscular and nocturnal
time pcriods. Norlh Cascades. \',lshingbn, 1996-1998.
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TABLE 2. Results ofthe multiple comparisons ofannual black bear actility pattens among the sixtime periods. 1996 1998.+
and - indicate thar the rime period on rhe leii hard colunn had signilicantly higher L'r lower acti!ily thun the dlne
period on the rop ro$, P = 0.05. Rankings: 0 = lcast uscd linc pciod. 5 = mo\l uscd timc pcriod.

Rankings 2000-2200 2201-2.100 0001-0200 0201-0,100 0401-0600 0601-0800

Fcmalc\  (n = 11)

2
I
0
3
5

Nlales (n = l0)
5
I

2
3

1000 2200
2201-2,100
0001 0200
0201 0,100
0401-0600
0601 0800

1000-2200
2201 2.100
0001,0200
0201-0.100
0401 0600
0601,0800

Oktrnogan (7 females and 7 males.)
.1 2000-2200
3 2201 2,100
l 0001 0200
0 0201 0,t0t)
2 0,101-0600
5 0601 0E00

Snoqualmic (5lcmalcs and 2 males)
1 t000 2200
3 2101-2,100
I 0001 0200
0 0201-0.f00
I 0.101 0600
5 0601 0800

'fABLE 
3. Results ofthe multiple conpdrisoDs ofearly-season (ien emergence to ll July) black bear activiry pauerns anong the

six iime periods. 1996-1998.+and indicate lhat lhe tine period or lhe lefi hand column had signilicantly higher or
lower actility than the tine period on the top row, P = 0.05. Rankings: 0 = lean used dme period, 5 = most used time
penod.

Time Periods

Ranlings Timc Pciods lO00 22uu 2201-2.100 0001-0-100 020r-0t00 0r0r-0600 060r 0800

Bolh StudyAreas (9 femalcs and l0 males)

5 2000-2200

3 :201 2.t00

l 0001 020r)

0 0201-0,100

2 0,101 0600

4 0601 0800

+

+
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TABLE,1. Results of the nruliiple comtarisons of latc scason ( I Augun dcn cnlrancc) black bear acd\ity pallems among the six
rinre teriods. 1996-1998. + and indicare thit rhe time period on thc lcft hand column had sisniticantl) hishef ol
lo$er acti\ it!' than the time period on the top row, /'= 0.05. Rankings: 0 = least used rimc pcriod. 5 = mosr used rime

Itanklngs Trnru Pcr iuds 1000 t:00 t201 2.10t) 0001 0100 0101-0,t00 0,101-0600 0601 0800

Both Study Arcas (10 temalcs and ;l males)

I 2000 2200

2 ll0l t.100

I 0001-0200

0 0201 0-100

3 0.101 0600

5 0601 0E00

noctumal to rcduce competition with grizzly bears
(MacHutchon ct al.1998) or $,hen habituated to
human activities (orchards, garbage dumps, camp
grounds) (Ayrcs ct al. l986). No evidence was
available to suggest that black bears in this study
wcrc leeding on human fbods, and grizzly bear
numbers in the North Cascades are likely too low
(Alnack et al. 1993. Gaincs et al. 2000) b influ-
ence black bear activity pattems.

Thc annual and scasonal activity patterns of
black bears in this study suggested that males were
more active during the evening and lemales dur-
ing the morning. Garshelis and Pclton (1980) re-
p , ' r ted  th r t  udu l t  m les  $ere  orera l l  more  ac l i \e
than solitary adult females. but they did not dc-
scribc any segregation ofactivity patterns by gen-
der. Further research is needed to quantify this
relationship.

Garshelis and Pelton (1980) reportcd noctur-
nal bear activity may increase during the fall. This
was not lhc casc in this study as black bears ex-
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