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3¢ wmter mmten. require subaivean socess
{Puﬁmmen 1981, Buskirk 1984, Buskirk et ol
1589), but_the mechanisms that determine use
of some access poings pver others are-pniclear,
Food availabilite, ‘escape covér, and h{:zmeat%zap
mic reguirements hdve been hypothesized ap
jenpoatant fgetory affecting use of subnivean ac
cess points, These also is a refationship between
ase of accest points and the presence of CWITL

Coarse woody debxis bresks the, spow, surface

and vaides acgess 1o the subnivearn zone, Bus

kirk &t al 71889} found that 49% of marten

gasting sitesand B5% of resting episodes werg

aasgoiated with CWD. Corn and Baphael {19517

regorted higher CWI lovels at used socess putnts
______________ wfhan at randumly sampled points, Puskirk etal.

produced an estirmated energy savings of 1%,
Taylor (1993, sad Taylor and Buskirk {Tniv
Wyoming, Lararnie. ynpubl, data) reported that
sebnivean cavities associated Wwith CWD offered

2 warmer mifoenviroiunent when cunvective:

Tossds werd high oufside the cavity. The energy
savings associated with resting in subsivean

spaces instead of abave the snow was dpprogi-.

mately 23% (5 W. Buskirk, Univ. Wyeming,
Laramie, pers, commun). Stadies of marten
terrporal aetivity patterns, bowever, hive shown
thal they were most active at night during win.
ter {Lentink el ol 1938, Zielinski 1981, Zielinski

et gl 1983) when temperatures were coldest.

These observations imply that other mecha-
nisins may cortribute to access point use.
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11989, suzessted that wartes xed. SubOUVERR
avcss palts prisnarily to resch CW 1 that pro-
vides t%terma i inswation Martes in Wyoming
(Buskirk el at. 1989) used aceess sites assoviated
with CWD when ambbent temperatures wers
coldest. Buskirk et al. {1988} reportid that &

taean depression in body tempersture of 2.9 €
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ficiency. Harlow {1991} suggested that marten

required several separate meals each day. This
supperts findings of Buskirk and Harlow {1989}
that marten have limited fat reserves that can
be complétely metabolized in <92 hours. Mar-
ten need-fo be active predators.if energy intake
is-toegual or éxceed their metabolic ¢osts { Brown
and Lasiewski 1972, Buskirk and Harlow 1989;
Harlow 1891). Zielinski et al. (1983} showed that
marten activity. coincided. with the activity of
their principle prey, microtines. "These- aspects
of their natura] history snggest a relationiship
betiveen use of subnivean access points and prey

abundance,

Our- ob}ectne was to identify variables that
influenced subnivean aceess by marten, specif-
ically the relationship between location of sub-
nivean access dnd relative prey abundance. We
also atternpted to determine the role of CWD

‘in-marten’s choiee of snow tunnels. We tested
‘the h»potheses that differential use of access

points by marten was positively-correlated with
clumped sibnivean prey and access point use
was positively porrelated: with pércent cover of
CWD.

We thank the University of Wyoming Na-
tional Park Service Research Center and Utah
State University. for providing funding. We also
thank B: K..Gilbert-and . A. Gessaman fot sug-
gestions and comrnents on initial manuscript
drafts. and 5. L. Durbam and T, A. Crowl! for
data analysis discussions. We are grateful to per-
sorine) at Yellowstorie National Park, particu-

larly the rangers and maintenarice peoplé it the

{anyon. area of the park for their logistical.as-
sistance and support,
evaluated by the Animal Care Committee at
Utal State University for statistical correctness:
and adherence to established animal care guide-
lines. All data were collected following accept-
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vation ranged from 2.500 to 3.500 m. Temper-
atures ranged from 5 to —60 C in winter and.

from 25 to —5 C in summer. Normal snow ac-
cemulation during winter was about 2 m {Yel-
lowstone Natl. Park. tnpubl. data}.

METHQDS
Access Point Sampling

We sampled and compared used and unused
access points within marten home ranges, We
defined an aceess point as any opening through

the snow surface to the subnivean zone. At each

used and unused access point, we described hab-
itat and made 4 habitat measurements {canopy
cover demsity, percent ground cover, percent
dead and downed CWD, and snow depth {em))
at 4 randomly selected locations in a 3-1a-tadius
plot centered on edch access point. We mea-
sured mean cinopy cover.density with a convex
densiorneter. Percent ground cover and CWD
were estimated .in 10% increments. We.. mea-
sured snow depth with a meter stick. We mea-
sured relative prey abundance inia 25-m? plot
céntered on gach access point {Sherburne. 1992,
During winters 1990 -and 1991, we deter-
mined access point use by tracking marten in
the snow, We trapped 22 martén and fitted them
with 40-g radis transmitters. We relocatéd each
marten in a random sequence throughout win-
ter and then skied into the area and backtracked
the animal until we focated 10 used access points
or lost the tracks, Each nsed access point was
paired with the first unused point we found
within 25 m of the used site. We judged adcess
points to be unused if there was no evidence of
tracks or other disturbance in the snow. These

.access points could have been used later, al-

though incidenta} checks of 20 unused points.
bubsequentlv showed thr.s was rare, We used 2
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STUDY AREA

We chose the Canyon-Norris region of Yel-
lowstone National Park as a study area because
it contained a variety of marten habitats and
provided a road network for telemetry and ac-
cess to marten habitat by fodt. The major habitat
was dominated by odgepole pine (Pinus con-
forea) with small- to moderately sized spruce-
fir inclusions. During summer [988, varying de-
grees of fire intensity. created a mosaic of Burned,
purtially: burned. and unburned habitats.. Ele-

nr?-‘—rr\——wrﬁ-d ————— o

sampling areas that did riot represent marten
habitat (ie., meadows within home ranges).

Small Mammal Sampling

We trapped small mammals during summer
at the exact sites-where used and unused winter-
actess. points weré identified. Snow cover pro-
hibited siall marhmal trapping in the winter.
0 trapping oceurred immediately after the
ground became' accessible. We randomI} se-
lected 70 used and 74 unused sites. Bités closer
than 100 m to each other were not sarapled to
.avoid sampling the same subpopulations. Al-
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"Table 1. Nuimber of subnivean access noints used by marten

in résponse fo diffesent levels of prey. blomass and coarse
.wipoty debtis in Yaliowstone National Park, Wyoming, 1988
g1,

Subnivean sivest poitls

Aariabic Used Unused®  Total

Relative prey ‘biomass (g725 m?)
Low {0-90) 22 (32,11 44133.9) 66
Intermediate (91-1807 16 (16.5) 18{17.5) 84
High { > 180} 32(21.4) 12(226) 44
Total 70 74 144

Coarse woody debris (%)

Low (0=33] 22 (28.3) 26(247) 45
Intermediate (34-66) G2(36.3) 43(385) 73
High (=87) 16410.2) 34108 21

Total 70 74 144

¥ Observed {sipected] values:

though their home ranges are smaller during
winter, microtines do nat tend to relocate during
sumymier {Cranford 1984, Herman 1884, Madi-
son 1984). We expected that microtine popu-
lation levels would vary during summer; hows
ever. we aftempted to keep the bias constant
across all sites by sampling prey at all points
within a 3-week period. To test the assumption
that winter prey levels at acecess points were
sirnilar to summer prey ‘evels, we prepared bo-
luses compesed of seeds in 2 paraffin matrix and
placed these in access holes. Qur results showed
4 relatiénship. between winter bolus use and
sumrmer 2bundance index {(Sherburne 1992). We
placed snap traps 5 m apart in a grid of 25
-stations, centered on used and unused .access
points. We trapped for 3 days and recorded the
number of small mammals captured. We iden-
tified prey by species to allow caleulations of
relative prey biomass on the basis-of average
mass of individuals within a species. We used
the relative prev abundance index at actess
points to determine .relative biomass as anin-
dicator of overall food vahie available to marten
at each point.

] 'Wildh: Manage. 58(3):1994

tween access poilt use: relative prev biomass,
and CWD. We charagterized results of the lo-
gistic regression with the Wald test.statistic (W'
= B,/SE 1B,]). which was obtained by compar-
ing the maximum likelibood estimute- of the'slope
parameter (B,) fo an estimate of its standard

error, under the hypothesis that 8, = 0 follows
r staridard normal distribution. Hence. the crit-
‘ical value was 1.96. We transformed relative

prey bipmass using a square-root funcétion prior

1o apalysis. We calculated cross product {odds)

rutios (Agresti 1984) for relative prey biomass

and CWD to deséribe the strength of the asso-

ciation and allow a direct interpretation of the
influence of each variable upon access point use,

RESULTS

‘Mean prey biomass was 205.4 g7 400 m* (SE
= 20.26} and 108.2 g/400 m® (SE = 10.73} at
used and wnused points {f = 424, 105 df, P <
0.001), respectively, while meaii percent ground
cover of CWID was 24.7 (SE = 2.30) and 18.5%
{SE = 1.18) at used and unused access points (¢
=239, 103 df, P = 0.017). respectively. When

relative prey biomass and CWD levels at each

access point were classed into low. intermediate,

and high levels, we found that use of subnivean:

access points by marten was assoeiated (P <.
(.001) with hlgh prey biomass dnd to a lesser
extent (P < 0.025) with increasing CWD'(Table
1

Univariate Jogistic regression indicated that
relative prey biomass was a good predlctor of
differential access point yse (W = 3:96, P <
0.001).- Coarse woody debris was an adequate
predictor of differential access point use (W =
2.32, P = 0.028). The fit of a multivariate model,
created using access poing use as the: responise.
variable and CWD and relative prey biormass
as explanatory variables (Fig. I). was adequate
(P = 0.216) with relative prey biomass showing
gaod predictive power (W = 574, F < 0001}
Coarse woody debris was not significant in the

~~~~~~~~~~~~~ A ralyEes

We used a Student’s t-test to compare differ-
ences in canopy cover, percefit ground cover,

snow depth, relative prey biomass, and CWD'

berween used dndrinused access points. We used
multivariate analysis techniques to identify ré-
lations between measured variables and acéess
point use, Categorical interdependerice méth-
ods, including G* analysis and logistic regression
{Hosmer and Lémeshow 1989) were used tn de-
termine if dependency relationships existed be-
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odds ratios showed that marten were 1.37 times
more likely to use an access point with every 50
gincrease in biomass and 1.12 times more hkeh
for every 3% increase in GWD. Canopy cover,
percent grourid cover, and snow depth were not
related (P > 0.05) ta access point use.

DISCUSSION

Coarse woody debris and relative prey bio-
mass yielded significant univariate logistic re-

use than CWD, \’.\l
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gression models explaining useé of subnivean ac-

cess points by marten. Coarse woody debris

pravided marten with access to the subnivean
zone. Buskirk {1984) and Buskirk et al, (198%)
noted that CWID may provide thermal benefits.
Their data suggested a threshold. temperature
offoct may exist. As temperatures decrease maz-
len appesr to use access points more frequently
for thermal advantage, As a consequence. total
time spent active should ‘decrease. indeed, in
wore northerly and volder plimsates, marten ap-
peared to incTease activity dufing_ warmer sea-
sons (Zielinski 1981, Buskirk 1983). Bisscnette:
ot al: {1988}, Fredrickson {1990), and G. 8. Drew
Nutl, Biol. Surv.. pers. commun.} documented
perigtls of upparent total inactivity by marten
at times of very cold temperatures {< ~25 (0}
Use of access points also-could be influenced
by predators. Mammalian and avian predators
kill marten. In Newfoundlind, marten respond-
wd to texrestrial predators by climbing trees Bis-
sonette. unpubl. data). Most taptors migrated
south of Newfoundland in winter, leaving 4 owl
species (great horned [Buba virginianus], boreal
[Aegolius funereus), snowy [Nyctea scandiaca].
and northern’hawk-owl [Surnig alulaly (Buil and
Farrand 1977} as primary avian predators, We
believe marten responded to owl predation by

using subnivean cover; however, we.do not have.
dlata to support this hvpothesis, Choice of habitat

(i-e., forest. meadows, clear-cuts), however, was
influenced by predators {Drew and Bissonetie,
unpubl. data).

In our study area, CWD was abundant und
widespread. and poteniial submivean actess
polfits ware abundant, Marten bypassed & nur-
ser of potentially available subniveah aceess
points before using o seemingly similar point,
When used and unused points were compared.
relative preyv biomass and CWD were the only

b _sariables that-differed . Canony cover._percent
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Fig: 1. Probability of access point use Y. marten in Yellow-
stons National Park, 1989-91, as & functicn of prey biomass
(g} and coarse woody debris (% Sover). Area of open circles is
propertional o coarse woody debris level. Tha dark solid fine

-describes tha relationship between prey bioMass found at sub-

nivean aceess holes and the predicted prebatiity of use of the
access point by marten. The lighter sofid lines represent 95%
contidence intervals,

on: the basis of prey abundance appears. clear.
However, we do not yet understand how marten
make. their selection: At least 2 possibie mech-
anistic explanations appear worth investigating,
Marten: may use éither auditory or olfactory
cues to assess presence of smail mammals in
subnivean locations. Some voles may group to-
gether during winter (Cranford 1984) providing
stronger olfactory cues than if they existed sol-
{tarily. Similarly, voles or ¢ther small mammals
in .groups may emit a higher frequency and
volume of auditory cues than do single conspe-
gifics. Field and laboritory experiments are.

V=974, P < 0.001)

not significant in the
181, P =10.072). Log
arten-were 1,37 times
55 point with every 50
1. 12 times more likely
WD Ganopy cover,
sty depth ivere not
s point ose.

nd relative prev big-
wnivariate logistic re-

'E.

3
-

grourid cover, and snow depth were not related
to aceess point use. Frev biomass consistently
showed a-stronger relationship. to’ access point
use tha CWID. While CWD provided agcess to
prey by providing stucture fhat interoepted
snow fall, thus creating passages, it.was the pres-
ence of prey that dictated differential access
point use by marten. We found no relationship
between relative préy biomass and CWD levels.
Marten appeared to be uble to discriminate be-
tween decess points with high prey levels and
those with low prey levels,

The partern of marten choice of acress points

needed [o explain How Marten Treabletggiss—r—"

tinguish between access points with higher sub-
nivean prey levels.

MANAGEMENT IMPLICATICNS

The world’s conifercus forests, the source of
most industrial wood production, .covered 1.1
billion ha or 27% of the world’s total forest-area
in 1983 (Hinrichsen 1987.59); 26%. of these far-
ests were: in North America. Becaus¢ of the
growing. worldwide demand for wood products.
increasing pressure is being placed on older
growth forests, [n many parts of North America,
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timber harvest levelsapproach or hiave exceeded
sustainable levels, Postel and Heise (1988] re-
ported that between 1963 and 1982, forest caver
in the contiguous United $tates dropped 1U%.

10233 million ha. The United States and Canada
accounted for '33% (590 million m?*) of the
worldwide production of coniferous tree species
in 1988, and. demand levels are projected to
inicredse 18-53% by 2030 (Postel and Ryan 19913,

Marten are ‘habitat specialists {Bissonette et al..
1989, Brainerd 1989}, occurring primarily in

mature coniferous habitat (Soutiere 1979, Ste-
venton and Major 1982.. Raine 1983, Bateman
1986}, and their population status and health
are linked closely to forest trénds. As maturé
coniferous forest is cut and replaced by early

seral stages. marten habitat is lost. The impacts.

are most severe in winter because marten re-

quire subnivéan dccess to their prey. Oply oldex:

growth forests with aceumulated CWD provide
the forest Hoor structure necessary to enable

marten to forage etfectively during winter: \.

Managers need to bé cognizant of the large-scale
cummutative éffects of habitat alteration to aveid
long-terin population declings in.core sensitive
species {Bissonette et al. 1989) such as marten:
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SEXUAL SEGREGATION AND FEMALE GRIZZLY BEAR

AVOIDANCE OF MALES

ROBERT 8. WIELGUS " Department of Fish and Wildiife Regources, University of Idaho, Moscow, D 83843
FRED L. BUNNELL. Centre for apphec! Conservation Biclogy, Faculty of Forestry, University of British Columbiz, ¥ancouver,

8C VBT 1Z3, Canada

shutrat:

We examined seasopal use of habitat for 14 male and 5 female grizzly i)ears (Ursus arctos) in

suthwestern Alberta, 1981-84, to test 2 competing hypotheses regarding segregation of the sexes, The male

avontance hvpothesis predxcts increasing differences in- use of habitat with incréasing male use' of female-
wwvupied areas becsuse of female avoidance of males. The no avoidance hypothesis predlcts décreasing
difererices in-use af-habitat with increasing male use of fernale-oecupied areas bedause of ineressing similarity
ot wwvlabde habitat. Differences. in use of habitat wére greatest dering late summer, when many males
vunceutrated in the-femulésoccupied area, and they were-less during other seasons whén few males were in-
Hastemale-occupied: afea. Three of 4 habitat variables differed (P = 0.10} between the sexes during late
yinmier, whereas 2, 1, and 2 variables differed during spring. early summer, and autumn, respectively.
“Crizzlv bear females segregated from males and data support the hypothesis thit femnales avoid males. {f
femigles avaid malés and malesoccupied habitats, répraduiction could decline hecause.of nutritionai deprivation
Ak snrviviid eould decline because of fheir increased use of human- occup1ed areas.

J. WILDL. MANAGE. 58(3):405—413
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their historic range, largely by incremerital pop-

ni.luun und- imb'.l.lt losses-at- the contracting edg-
e ol the species’ rarige (Servheen 19900 fn Al
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in 1990, and numbers were dechnmg {Servheen
1990). Nagy and Gunson {1990) esnmated 62
grizzly bears m southwestern Alberta, the edge
of the species range. In this study, we radio-
monitored 19 of 38 bears in a dee]mmg popu-
lation of Kananaskis Park and Bow Grow Forest,
southwesternr  Alberta (Wielgus and . Bunnell
1994). We must uriderstand use of habitat and




