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MARTEN SUBNIVEAN ACCESS POINT USE:
RESPONSE TO SUBNIVEAN PREY LEVELS

STUART S. SHERBURNE,' Utah Cooperative Fish and Wildlife Research Unit, Department of Fisheries and Wildlife, Utah State
University, Logan, UT 84322-5290

JOHN A. BISSONETTE, National Biological Survey, Utah Cooperative Fish and Wildlife Research Unit, Department of Fisheries
and Wildlife, Utah State University, Logan, UT 84322-5290

Abstract: Because marten (Martes americana) require subnivean access for cover, prey access, and homeo-
thermic reasons, we developed a predictive model to explain their differential use of subnivean access holes
in Yellowstone National Park. We included prey biomass and percent ground cover of coarse woody debris
(CWD) as explanatory variables in a logistic regression model because of their biological importance to
marten in winter. Taken singly, relative prey biomass yielded the best univariate predictive model (P =
0.001). However, we included CWD in a multivariate model because of its biological significance. Coarse
woody debris provides structure that intercepts snowfall, creating subnivean tunnels, interstitial spaces, and
access holes, and was found at used and unused access points. Mean prey biomass was 205.4 g/400 m? (SE
= 20.26) and 108.2 g/400 m? (SE = 10.73) at used and unused points (P < 0.001), respectively, while mean
percent ground cover of CWD was 24.7 (SE = 2.30) and 18.5% (SE = 1.18) at used and unused access points
(P = 0.017), respectively. As CWD increased by 5%, the probability of use by marten increased 1.12 times,
and for every 50 g increase in relative prey biomass, marten were 1.37 times more likely to use that access
point. Prey biomass varied (P < 0.001) among subnivean access points, and marten chose between different
access points primarily on the basis of prey abundance levels. Older growth forests with accumulated CWD

will enable marten to forage effectively in winter.
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In winter, marten require subnivean access
(Pulliainen 1981, Buskirk 1984, Buskirk et al.
1989), but the mechanisms that determine use
of some access points over others are unclear.
Food availability, escape cover, and homeother-
mic requirements have been hypothesized as
important factors affecting use of subnivean ac-
cess points. There also is a relationship between
use of access points and the presence of CWD.
Coarse woody debris breaks the snow surface
and provides access to the subnivean zone. Bus-
kirk et al. (1989) found that 49% of marten
resting sites and 63% of resting episodes were
associated with CWD. Corn and Raphael (1991)
reported higher CWD levels at used access points
than at randomly sampled points. Buskirk et al.
(1989) suggested that marten used subnivean
access points primarily to reach CWD that pro-
vides thermal insulation. Marten in Wyoming
(Buskirk et al. 1989) used access sites associated
with CWD when ambient temperatures were
coldest. Buskirk et al. (1988) reported that a
mean depression in body temperature of 2.9 C

! Present address: 28 North Main, Upton, MA 01568.

produced an estimated energy savings of 4%.
Taylor (1993), and Taylor and Buskirk (Univ.
Wyoming, Laramie, unpubl. data) reported that
subnivean cavities associated with CWD offered
a warmer microenvironment when convective
losses were high outside the cavity. The energy
savings associated with resting in subnivean
spaces instead of above the snow was approxi-
mately 23% (S. W. Buskirk, Univ. Wyoming,
Laramie, pers. commun.). Studies of marten
temporal activity patterns, however, have shown
that they were most active at night during win-
ter (Lensink et al. 1955, Zielinski 1981, Zielinski
et al. 1983) when temperatures were coldest.
These observations imply that other mecha-
nisms may contribute to access point use.
Marten and other mustelids have metabolic
rates that are 20->100% higher than those of
other mammals with similar body size (Brown
and Lasiewski 1972, Iversen 1972, Casey and
Casey 1979, Korhonen et al. 1983). Brown and
Lasiewski (1972) attributed the increased basal
metabolic rate of weasels (Mustela frenata) to
their elongated body shape, which, combined
with relatively thin and poorly insulative fur
(Casey and Casey 1979), sacrificed energetic ef-
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ficiency. Harlow (1991) suggested that marten
required several separate meals each day. This
supports findings of Buskirk and Harlow (1989)
that marten have limited fat reserves that can
be completely metabolized in <92 hours. Mar-
ten need to be active predators if energy intake
is to equal or exceed their metabolic costs (Brown
and Lasiewski 1972, Buskirk and Harlow 1989,
Harlow 1991). Zielinski et al. (1983) showed that
marten activity coincided with the activity of
their principle prey, microtines. These aspects
of their natural history suggest a relationship
between use of subnivean access points and prey
abundance.

Our objective was to identify variables that
influenced subnivean access by marten, specif-
ically the relationship between location of sub-
nivean access and relative prey abundance. We
also attempted to determine the role of CWD
in marten’s choice of snow tunnels. We tested
the hypotheses that differential use of access
points by marten was positively correlated with
clumped subnivean prey and access point use
was positively correlated with percent 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 J. A. Gessaman for sug-
gestions and comments on initial manuscript
drafts, and S. L. Durham and T. A. Crowl for
data analysis discussions. We are grateful to per-
sonnel at Yellowstone National Park, particu-
larly the rangers and maintenance people in the
Canyon area of the park for their logistical as-
sistance and support. The research proposal was
evaluated by the Animal Care Committee at
Utah State University for statistical correctness
and adherence to established animal care guide-
lines. All data were collected following accept-
able field methodology established by the Amer-
ican Society of Mammalogists (1987).

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 foot. The major habitat
was dominated by lodgepole pine (Pinus con-
torta) with small- to moderately sized spruce-
fir inclusions. During summer 1988, varying de-
grees of fire intensity created a mosaic of burned,
partially burned, and unburned habitats. Ele-
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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-
cumulation during winter was about 2 m (Yel-
lowstone Natl. Park, unpubl. data).

METHODS
Access Point Sampling

We sampled and compared used and unused
access points within marten home ranges. We
defined an access 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 density, percent ground cover, percent
dead and downed CWD, and snow depth [cm])
at 4 randomly selected locations in a 5-m-radius
plot centered on each access point. We mea-
sured mean canopy cover density with a convex
densiometer. 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 in a 25-m? plot
centered on each access point (Sherburne 1992).

During winters 1990 and 1991, we deter-
mined access point use by tracking marten in
the snow. We trapped 22 marten and fitted them
with 40-g radio transmitters. We relocated each
marten in a random sequence throughout win-
ter and then skied into the area and backtracked
the animal until we located 10 used access points
or lost the tracks. Each used access point was
paired with the first unused point we found
within 25 m of the used site. We judged access
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 incidental checks of 20 unused points
subsequently showed this was rare. We used a
stratified random sampling method to avoid
sampling areas that did not represent marten
habitat (i.e., meadows within home ranges).

Small Mammal Sampling

We trapped small mammals during summer
at the exact sites where used and unused winter
access points were identified. Snow cover pro-
hibited small mammal trapping in the winter,
so trapping occurred immediately after the
ground became accessible. We randomly se-
lected 70 used and 74 unused sites. Sites closer
than 100 m to each other were not sampled to
avoid sampling the same subpopulations. Al-
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Table 1.  Number of subnivean access points used by marten
in response to different levels of prey biomass and coarse
woody debris in Yellowstone National Park, Wyoming, 1989
91.

Subnivean access points
Used Unused

Variable Total

Relative prey biomass (g/25 m?)
Low (0-90) 22 (32.1 44 (33.9) 66

Intermediate (91-180) 16 (16.5) 18(17.5) 34
High (>180) 32 (21.4) 12(22.6) 44

Total 70 74 144

Coarse woody debris (%)

Low (0-33) 22 (23.3) 26 (24.7) 48
Intermediate (34-66) 32 (86.5) 43(38.5) 75
High (>67) 16(10.2) 5(108) 21

Total 70 74 144

2 Observed (expected) values.

though their home ranges are smaller during
winter, microtines do not tend to relocate during
summer (Cranford 1984, Herman 1984, Madi-
son 1984). We expected that microtine popu-
lation levels would vary during summer; how-
ever, we attempted 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 access points were
similar to summer prey levels, we prepared bo-
luses composed of seeds in a paraffin matrix and
placed these in access holes. Our results showed
a relationship between winter bolus use and
summer abundance 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 calculations of
relative prey biomass on the basis of average
mass of individuals within a species. We used
the relative prey abundance index at access
points to determine relative biomass as an in-
dicator of overall food value available to marten
at each point.

Analyses

We used a Student’s ¢-test to compare differ-
ences in canopy cover, percent ground cover,
snow depth, relative prey biomass, and CWD
between used and unused access points. We used
multivariate analysis techniques to identify re-
lations between measured variables and access
point use. Categorical interdependence meth-
ods, including G? analysis and logistic regression
(Hosmer and Lemeshow 1989) were used to de-
termine if dependency relationships existed be-
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tween access point use, relative prey biomass,
and CWD. We characterized results of the lo-
gistic regression with the Wald test statistic (W
= B,/SE [B,]), which was obtained by compar-
ing the maximum likelihood estimate of the slope
parameter (B,) to an estimate of its standard
error, under the hypothesis that B, = 0 follows
a standard normal distribution. Hence, the crit-
ical value was 1.96. We transformed relative
prey biomass using a square-root function prior
to analysis. We calculated cross product (odds)
ratios (Agresti 1984) for relative prey biomass
and CWD to describe 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 g/400 m? (SE
= 20.26) and 108.2 g/400 m? (SE = 10.73) at
used and unused points (¢ = 4.24, 105 df, P <
0.001), respectively, while mean percent ground
cover of CWD was 24.7 (SE = 2.30) and 18.5%
(SE = 1.18) at used and unused access points (¢
= 2.39, 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 associated (P <
0.001) with high prey biomass and to a lesser
extent (P < 0.025) with increasing CWD (Table
1).

Univariate logistic regression indicated that
relative prey biomass was a good predictor of
differential access point use (W = 3.96, P <
0.001). Coarse woody debris was an adequate
predictor of differential access point use (W =
2.32, P = 0.023). The fit of a multivariate model,
created using access point use as the response
variable and CWD and relative prey biomass
as explanatory variables (Fig. 1), was adequate
(P = 0.216) with relative prey biomass showing
good predictive power (W = 3.74, P < 0.001).
Coarse woody debris was not significant in the
multivariate model (W = 1.81, P = 0.072). Log
odds ratios showed that marten were 1.37 times
more likely to use an access point with every 50
g increase in biomass and 1.12 times more likely
for every 5% increase in CWD. Canopy cover,
percent ground cover, and snow depth were not
related (P > 0.05) to access point use.

DISCUSSION

Coarse woody debris and relative prey bio-
mass yielded significant univariate logistic re-
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gression models explaining use of subnivean ac-
cess points by marten. Coarse woody debris
provided marten with access to the subnivean
zone. Buskirk (1984) and Buskirk et al. (1989)
noted that CWD may provide thermal benefits.
Their data suggested a threshold temperature
effect may exist. As temperatures decrease mar-
ten appear to use access points more frequently
for thermal advantage. As a consequence, total
time spent active should decrease. Indeed, in
more northerly and colder climates, marten ap-
peared to increase activity during warmer sea-
sons (Zielinski 1981, Buskirk 1983). Bissonette
et al. (1988), Fredrickson (1990), and G. S. Drew
(Natl. Biol. Surv., pers. commun.) documented
periods of apparent total inactivity by marten
at times of very cold temperatures (<—25 C).

Use of access points also could be influenced
by predators. Mammalian and avian predators
kill marten. In Newfoundland, marten respond-
ed to terrestrial predators by climbing trees (Bis-
sonette, unpubl. data). Most raptors migrated
south of Newfoundland in winter, leaving 4 owl
species (great horned [Bubo virginianus], boreal
[Aegolius funereus), snowy [Nyctea scandiaca),
and northern hawk-owl [Surnia ulula]) (Bull and
Farrand 1977) as primary avian predators. We
believe marten responded to owl predation by
using subnivean cover; however, we do not have
data to support this hypothesis. Choice of habitat
(i.e., forest, meadows, clear-cuts), however, was
influenced by predators (Drew and Bissonette,
unpubl. data).

In our study area, CWD was abundant and
widespread, and potential subnivean access
points were abundant. Marten bypassed a num-
ber of potentially available subnivean access
points before using a seemingly similar point.
When used and unused points were compared,
relative prey biomass and CWD were the only
variables that differed. Canopy cover, percent
ground cover, and snow depth were not related
to access point use. Prey biomass consistently
showed a stronger relationship to access point
use than CWD. While CWD provided access to
prey by providing structure that intercepted
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 prey biomass and CWD levels.
Marten appeared to be able to discriminate be-
tween access points with high prey levels and
those with low prey levels.

The pattern of marten choice of access points

MARTEN ACCESS POINT USE ¢ Sherburne and Bissonette

403

Ll
v 1.0
>
L 0.9
o
> 0.8
'—
= 0.7 1
T 0.6
m
O 0.5 1
[ad
0 g o 5-10%
o O 15-25%
P 031 O 30-50%
(@]
O o, 60-90%
=0 O
& 0.1 4
o
O-O - T T T T T T

0 200 400 600 800 100012I00
PREY BIOMASS (g)

Fig. 1. Probability of access point use by marten in Yellow-
stone National Park, 1989-91, as a function of prey biomass
(g) and coarse woody debris (% cover). Area of open circles is
proportional to coarse woody debris level. The dark solid line
describes the relationship between prey biomass found at sub-
nivean access holes and the predicted probability of use of the
access point by marten. The lighter solid lines represent 95%
confidence intervals.

on the basis of prey abundance appears clear.
However, we do not yet understand how marten
make their selection. At least 2 possible mech-
anistic explanations appear worth investigating.
Marten may use either auditory or olfactory
cues to assess presence of small mammals in
subnivean locations. Some voles may group to-
gether during winter (Cranford 1984) providing
stronger olfactory cues than if they existed sol-
itarily. Similarly, voles or other small mammals
in groups may emit a higher frequency and
volume of auditory cues than do single conspe-
cifics. Field and laboratory experiments are
needed to explain how marten are able to dis-
tinguish between access points with higher sub-
nivean prey levels.

MANAGEMENT IMPLICATIONS

The world’s coniferous forests, the source of
most industrial wood production, covered 1.1
billion ha or 27% of the world’s total forest area
in 1985 (Hinrichsen 1987:59); 26% of these for-
ests were in North America. Because of the
growing worldwide demand for wood products,
increasing pressure is being placed on older
growth forests. In many parts of North America,
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timber harvest levels approach or have exceeded
sustainable levels. Postel and Heise (1988) re-
ported that between 1963 and 1982, forest cover
in the contiguous United States dropped 10%,
to 233 million ha. The United States and Canada
accounted for 35% (590 million m®) of the
worldwide production of coniferous tree species
in 1988, and demand levels are projected to
increase 18-53% by 2030 (Postel and Ryan 1991).
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 trends. As mature
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 subnivean access to their prey. Only older
growth forests with accumulated CWD provide
the forest floor structure necessary to enable
marten to forage effectively during winter.
Managers need to be cognizant of the large-scale
cumulative effects of habitat alteration to avoid
long-term population declines 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 B. WIELGUS,' Department of Fish and Wildlife Resources, University of Idaho, Moscow, ID 83843

FRED L. BUNNELL, Centre for Applied Conservation Biology, Faculty of Forestry, University of British Columbia, Vancouver,
BC V6T 124, Canada

Abstract: We examined seasonal use of habitat for 14 male and 5 female grizzly bears (Ursus arctos) in
southwestern Alberta, 198184, to test 2 competing hypotheses regarding segregation of the sexes. The male
avoidance hypothesis predicts increasing differences in use of habitat with increasing male use of female-
occupied areas because of female avoidance of males. The no avoidance hypothesis predicts decreasing
differences in use of habitat with increasing male use of female-occupied areas because of increasing similarity
of available habitat. Differences in use of habitat were greatest during late summer, when many males
concentrated in the female-occupied area, and they were less during other seasons when few males were in
the female-occupied area. Three of 4 habitat variables differed (P < 0.10) between the sexes during late
summer, whereas 2, 1, and 2 variables differed during spring, early summer, and autumn, respectively.
Grizzly bear females segregated from males and data support the hypothesis that females avoid males. If
females avoid males and male-occupied habitats, reproduction could decline because of nutritional deprivation
and survival could decline because of their increased use of human-occupied areas.

J. WILDL. MANAGE. 58(3):405-413

Key words: Alberta, grizzly bear, habitat, sexual segregation, Ursus arctos.

Grizzly bears have disappeared from most of
their historic range, largely by incremental pop-
ulation and habitat losses at the contracting edg-
es of the species’ range (Servheen 1990). In Al-

! Present address: Centre for Applied Conservation
Biology, Faculty of Forestry, University of British
Columbia, 193-2357 Main Mall, Vancouver, BC V6T
1Z4, Canada.

berta, there were an estimated 780 grizzly bears
in 1990, and numbers were declining (Servheen
1990). Nagy and Gunson (1990) estimated 62
grizzly bears in southwestern Alberta, the edge
of the species’ range. In this study, we radio-
monitored 19 of 38 bears in a declining popu-
lation of Kananaskis Park and Bow Crow Forest,
southwestern Alberta (Wielgus and Bunnell
1994). We must understand use of habitat and
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