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DEMOGRAPHY OF THE PRINCE OF WALES FLYING SQUIRREL,
AN ENDEMIC OF SOUTHEASTERN ALASKA TEMPERATE
RAIN FOREST
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We studied the Prince of Wales flying squirrel (Glaucomys sabrinus griseifrons) in tem-
perate rain forest of southeastern Alaska to provide the 1st quantitative estimates of de-
mography from southeastern Alaska and test predictions of the hypothesis that Sitka spruce
(Picea sitchensis)—western hemlock (Tsuga heterophylla) forest is primary habitat for G.
sabrinus in southeastern Alaska. We expected that abundance, body condition, productivity,
and summer and overwinter survival of G. sabrinus would be higher in spruce—hemlock
forest (which typically are the old-growth forests of upland sites [upland-OG]) than in
peatland-scrub—mixed-conifer (peatland-MC) forest. Mean values of minimum number of
animals known alive and density during autumn were higher in upland-OG than in peatland-
MC, and both were about 2 times higher than corresponding spring values. Age and sex
composition of the population was similar among years, between seasons, and between
habitats. Males comprised a larger portion of the population in upland-OG than in peatland-
MC forest. Mean body mass was similar between habitats. Minimum summer survival
varied among years and between habitats. Overwinter survival was less varied and similar
among years and between habitats. Reproductive females were more abundant in upland-
OG than in peatland-MC, but percentage of reproductive females during spring and per-
centage of juveniles during autumn were similar between habitats. These results support
the conclusion that upland-OG forests of southeastern Alaska are primary habitat for north-
ern flying squirrels. Still, squirrel densities in peatland-M C were higher than those reported
for several managed and unmanaged forest types in the Pacific Northwest, and some de-
mographic parameters were similar between upland-OG and peatland-MC. In southeastern
Alaska, peatland-MC habitat likely contributes to breeding populations of G. sabrinus and
reduces risk of viability in managed landscapes.

Key words: demography, Glaucomys sabrinus griseifrons, northern flying squirrel, old-growth for-
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Southeastern Alaska has numerous natu-
rally fragmented landscapes, a dynamic
geological history (MacDonald and Cook
1996), and coastal temperate rain forest
(Alaback 1982; Harris and Farr 1974). The
rain forest is distributed among islands of
the Alexander Archipelago or isolated from
the narrow mainland by mountains and ice
fields. Topography, geology, climate, and
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other environmental features create a vari-
ety of isolated habitats; spatial and temporal
heterogeneity occur in a manner rarely
found elsewhere. Consequently, the poten-
tial for endemism is high, and many indig-
enous taxa have restricted ranges. Mammals
alone are represented by 24 endemic taxa
(MacDonald and Cook 1996).
Southeastern Alaska has experienced ex-
tensive clear-cut logging since 1954 (50%
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of productive old-growth forest on someis-
lands—W. P. Smith, in litt.); yet, little in-
formation is available on its natural history,
biota, and ecological values and processes
(Cook and MacDonald 2001; Cook et al.
2001). Arboreal rodents represent a unique
guild of habitat specialists (Carey 1991,
2001; Smith et a. 2003) that influence the
dynamics of temperate coniferous forests
because of their functional roles, including
dissemination of fungal spores (Maser and
Maser 1988; Maser et al. 1978) and their
importance as prey for owls and small car-
nivores (Carey et al. 1992; Forsman et al.
1984, 2001; Hamer et a. 2001; Martin
1994). Several aspects of the life history of
arboreal rodents are linked to various ele-
ments of forest structure or ecological pro-
cesses (Carey 1991; Maser and Maser
1988; Maser et al. 1978). Abundance and
diversity of the arboreal rodent community
often is viewed as a correlate of ecological
productivity and structural complexity and
as an indication of forest function (Carey
1991; Carey et al. 1999).

The northern flying squirrel (Glaucomys
sabrinus) was implicated as a keystone spe-
cies of coniferous forest ecosystems of the
Pacific Northwest (Maser et al. 1978) be-
cause much of its life history is linked to
attributes of old forest (Carey 1989, 1995;
Carey et al. 1992; Waters and Zabel 1995;
Witt 1992) and because of its close asso-
ciation with hypogeous mycorrhizal fungi
(Carey et a. 1999; Maser and Maser 1988;
Maser et a. 1978, 1986, 1985; McKeever
1960). The Prince of Wales flying squirrel
(G. s. griseifrons) is an endemic subspecies
of southeastern Alaska (MacDonad and
Cook 1996), which is listed as in danger of
extinction in the report of the recent status
survey of North American rodents by In-
ternational Union for Conservation of Na-
ture (Demboski et al. 1998d). Until recent-
ly, it was known only from Prince of Wales
Island (Howell 1934). Today, the known
range of G. s. griseifrons includes several
additional nearby islands west of Prince of
Wales Island (Bidlack and Cook 2001).
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However, much about distribution, natural
history, and ecology of G. sabrinus in
southeastern Alaska remains unknown
(MacDonad and Cook 1996).

Of particular interest is the expected sen-
sitivity of this endemic subspecies to cu-
mulative impacts of clear-cut logging. Else-
where, G. sabrinus is sensitive to broad-
scale forest management (Carey 1991,
1995; Carey et a. 1992, 1999). In the Pa-
cific Northwest, this species is more abun-
dant in late-seral and complex young for-
ests than in conventionally managed stands
(Carey 1995; Carey et al. 1992; Waters and
Zabel 1995; Witt 1992). Generdly, flying
squirrels (i.e.,, Pteromys, Glaucomys) are
sensitive to catastrophic disturbance or re-
peated stand-level disturbances that cumu-
latively eliminate mature forest habitat
across the landscape (Hanski et a. 2000;
Hokkanen et al. 1982). Disturbances that
reduce habitat often increase fragmentation
and alter connectivity of the landscape
(Hanski et al. 2000). Such disturbances of -
ten contribute to loss of local populations
(Andren 1994; Hokkanen et al. 1982) and,
if unchecked, may ultimately lead to extir-
pation of species from an entire region
(Hokkanen et al. 1982). Cumulative im-
pacts of habitat disturbance are especially
problematic in archipelago systems, where
habitat is naturally fragmented, average
population size is often smaller than in
nearby mainland habitat (MacArthur and
Wilson 1967; Soulé and Wilcox 1980), and
‘““source’ populations are already isolated
(Burkey 1995). Extinction rates are higher
in archipelago systems (Burkey 1995), es-
pecially for endemic taxa (Frankham 1998).

The dearth of information from south-
eastern Alaska adds uncertainty to planning
efforts to maintain well-distributed and vi-
able populations of G. sabrinus (Everest et
al. 1997; Shaw 1999). Knowledge of de-
mography is fundamental for understanding
and projecting population responses to hab-
itat modification (Van Horne 1981). The
purpose of this study was to provide the 1st
quantitative estimates of abundance and de-
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mography of populations of G. sabrinusin
southeastern Alaska. Specific objectives
were to test predictions of the hypothesis
that Sitka spruce (Picea sitchensis)—western
hemlock (Tsuga heterophylla) forest is pri-
mary habitat for G. sabrinus. Based on the
results of numerous studies from the Pacific
Northwest (Carey 1995, 1989; Carey et al.
1992; Waters and Zabel 1995; Witt 1992),
we expected that abundance, body condi-
tion, productivity, and summer and over-
winter survival of G. sabrinus would be
higher in spruce-hemlock forest than in
peatland-scrub—mixed-conifer (peatland-
MC) forest.

MATERIALS AND METHODS

Sudy area—Southeastern Alaska has glaci-
ated mountain ranges and fjords and a cool, wet
(200—600 cm precipitation) maritime climate,
with mean monthly temperatures ranging from
13°C in July to 1°C in January (Searby 1968).
About 4 million ha (60%) is forestland (United
States Department of Agriculture Forest Service
1997), of which 2.2 million hais productive for-
ests (Julin and Caouette 1997). Coniferous rain
forest dominates the landscape from shoreline to
about 600-m €elevation, with about 90% of com-
mercial forest in Sitka spruce-western hemlock
forests, which typically are the old-growth for-
ests of upland sites (upland-OG); remaining ar-
eas are alpine, muskeg, or riparian (Hutchinson
and LaBau 1974). Unmanaged forests have a
multilayered overstory of uneven-aged trees,
dominant trees that generally are >300 years
old, and extensive, structurally diverse understo-
ries (Hanley and Brady 1997; Ver Hoef et al.
1988). These forests vary in structure from
“scrub” or low-volume communities of short
(<10 m), smal (<0.5-m diameter) trees with
open canopies and dense, shrubby understories
on poorly drained sites (peatland) to high-vol-
ume stands with a closed canopy, tall (>60 m),
large (>3-m diameter) trees, and a predomi-
nantly herbaceous understory on highly produc-
tive sites (Alaback 1982; Harris and Farr 1974).
The Tsuga—Picea forest type constitutes most of
the closed-canopy forests in the region (Alaback
1982). It is gpatiadly heterogeneous at a fine
scale—<1 ha (Schoen et al. 1984)—and typi-
cally occurs on low-elevation, well-drained sites,
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Fic. 1.—Location of study grids for northern
flying squirrel (Glaucomys sabrinus griseifrons)
during 1998-2000, north-central Prince of Wales
Island, Alexander Archipelago, southeastern
Alaska. Inset map illustrates relative location of
southeastern Alaska (box) and Tongass National
Forest (darker region). (The darker region in
southcentral Alaska is the Chugach National
Forest.)

frequently as a mosaic with muskegs (Neiland
1971).

Study sites were selected in north-central
Prince of Wales Island, Alaska (55°42'-55°48'N,
132°47'-132°52'W; Fig. 1). The island has ex-
perienced the most extensive logging in south-
eastern Alaska, with about 25% of old-growth
forests clear-cut since 1954, mostly at low
(<300 m) elevations (United States Department
of Agriculture Forest Service 1997). We estab-
lished study grids (Carey et al. 1991) in largely
unmanaged landscapes: 3 replicates each of old-
growth Sitka spruce-western hemlock (upland-
OG) forest (Julin and Caouette 1997) and pesat-
land-MC forest (Neiland 1971). These 2 habitats
were selected because they represent endpoints
of a continuum of forested cover types in south-
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eastern Alaska. Because peatland-MC forest has
a limited distribution in North America, few
studies of its indigenous wildlife have been con-
ducted (Smith et al. 2001). Therefore, its capa-
bility to support breeding populations of G. sa-
brinus was unknown.

Livetrapping, handling, and marking of ani-
mals.—Our livetrapping protocol closely fol-
lowed that of Carey et al. (1991). Each grid en-
compassed about 13 ha and consisted of a 10-
by-10 array of 100 trap stations at 40-m inter-
vals (360 by 360 m). Two Tomahawk No. 201
(13 by 13 by 41 cm) live traps (Tomahawk Live
Trap, Tomahawk, Wisconsin; the use of trade or
firm names in this publication is for reader in-
formation and does not imply endorsement by
United States Department of Agriculture of any
product or service) were placed at each station.
One was attached at a height of 1.5 m to the
bole of the largest tree within 5 m of the grid
station and the other was placed on or near the
ground (e.g., on a downed log) within 2 m of
the tree supporting the other trap. Two traps
were placed on or near the ground within 5 m
of the trap station when suitable trees were un-
available. Each trap was covered with a box (4-
liter waxed carton) for insulation and to reduce
exposure to precipitation. Traps on the tree bole
were aligned, with the entrance tilted slightly
downward to encourage runoff and reduce ac-
cumulation of water. A nesting box, consisting
of awaxed carton cut in half and polyester bat-
ting, was placed in the rear of each trap to pro-
vide refuge against cold and precipitation. Traps
were baited with a mixture of peanut butter,
whole oats, and molasses (Carey et al. 1991).

We trapped each site twice per year. We se-
lected early spring (March—April) and early au-
tumn (September—October) because we wanted
estimates of abundance immediately after winter
and during the period when most reproduction
and weaning has occurred but juveniles likely
have not dispersed (Carey et al. 1991; Villa et
al. 1999). During trapping sessions, grids usu-
ally were operated for 14 days, an initial 6-day
marking period, a 2-day period when traps were
closed to allow animals to recover from trap-
related stress, and another 6-day recapture peri-
od. Trap sites were baited at least 1 day before
traps were opened. Traps were opened and bait-
ed during early morning of the 1st day. Begin-
ning shortly after sunrise on each day thereafter,
al traps were visited and replenished with bait.
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The trapping schedule was adjusted when re-
peated recaptures (=3) of individuals occurred
during a 6-day period. Traps were closed for a
2- to 3-day period before we resumed trapping
(Carey et a. 1991). Handling and marking of
captured squirrels followed Carey et al. (1991).
Flying squirrels were weighed to the nearest 1 g
with a 300-g spring scale. Body mass, age class,
and sex were recorded for initial captures, which
were uniquely ear-tagged. The identity (i.e., ear-
tag number) of recaptures, date, grid station
number, and trap location were recorded. After
processing, flying sguirrels were released near
the capture site.

Demography.—We computed 2 estimates of
abundance to increase opportunities for compar-
ing our results with other studies (e.g., Carey
1995). We recorded minimum number known
alive (MNA—Krebs 1966), an index commonly
used as a measure of relative abundance for
comparative purposes (Slade and Blair 2000).
The 2nd estimate, the Lincoln—Petersen index, is
an unbiased estimator of population size that
was selected because it affords relatively precise
estimates, with low biases but without many as-
sumptions or other constraints of program mod-
els (Menkens and Anderson 1988). Also, the
Lincoln—Petersen index performs well over
many different conditions and may be the best
estimate of small-mammal population size
(Menkens and Anderson 1988). Furthermore, we
limited sampling periods to =14 days so that a
closed population model could be used to esti-
mate the abundance of flying squirrels (Carey et
al. 1991). As recommended by previous inves-
tigators (Otis et al. 1978; White et al. 1982), we
evaluated individual behaviors and capture prob-
abilities (Menkens and Anderson 1988). We es-
timated trapability (i.e., recapture probability)
using the procedure of Hilborn et al. (1976) be-
cause it is the most conservative estimate among
common, acceptable measures in the literature
(Krebs and Boonstra 1984). Because capture
probabilities were not extremely low (<0.1) and
were relatively uniform, we used Chapman’s un-
biased version (Seber 1982) of the Lincoln—Pe-
tersen estimator, which generally performs better
than software programs (e.g., CAPTURE—Otis
et al. 1978) when sample sizes are small (n =
100—Menkens and Anderson 1988).

To obtain density, we used the procedures of
Wilson and Anderson (19853a) to estimate ‘‘ edge
effect” and effective area sampled. Mean max-
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imum distance moved was estimated seasonally
for each grid by averaging maximum straight-
line distance between recaptures of all individ-
uals with =2 captures. A strip equal to one-half
mean maximum distance moved was added as a
border width to the grid to compute total area
trapped (Wilson and Anderson 1985a). The strip
represents the expected maximum distance be-
yond the grid that animals are drawn to live
traps. Mean maximum distance moved may be
biased because it may vary with number of cap-
tures (Wilson and Anderson 1985a), spacing of
traps, or subsequent behavior of previousy
trapped animals (Carey 2000a; Carey et al.
1991). Carey et a. (1991) reported that home
ranges of flying squirrels determined from te-
lemetry locations were similar to estimates ob-
tained with mean maximum distance moved, but
mean maximum distance moved likely under-
estimates the movements of flying squirrels (Ca-
rey 2000a) and ultimately the effective area
trapped. Consequently, density estimates may
have a positive bias, but the bias is relatively
small, especially with larger grids (Carey 2000g;
Carey et al. 1991). Moreover, this approach
seems to be the preferred method (Carey et al.
1991; Rosenberg and Anthony 1992; Waters and
Zabel 1995; Witt 1992) because of practical con-
siderations (Carey et a. 1991; Wilson and An-
derson 1985b) and the difficulty in meeting as-
sumptions of or obtaining sufficient number of
captures required by other methods (Carey et al.
1991; White et al. 1982).

Minimum summer (March—mid-September)
survival was estimated from the number of re-
captured animals during autumn, expressed as a
proportion of animals known to be alive in the
preceding spring trapping period. Minimum
overwinter (November—March) survival was the
number of recaptures in spring, expressed as a
proportion of animals known to be alive in the
previous autumn trapping period (Villa et al.
1999). We tested hypotheses regarding age and
sex composition with the log-likelihood ratio,
i.e, G-statistic (Zar 1999). Mean body weight
was used as an index of body condition. We
evaluated productivity by enumerating adult fe-
males during spring with evidence of recent re-
productive activity, by computing the relative
abundance of reproductive females expressed as
a percentage of total adult females (Villa et al.
1999), and by comparing recruitment rates of
juveniles into the autumn population.
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We chose repeated-measures anaysis with
habitat as the ‘“among-subject” factor or treat-
ment, with seasonal and annual estimates as
multiple measurements of each site (i.e., grid)
nested within habitat treatment (Zar 1999). We
used a mixed linear model in general linear
model (GLM—SAS 2000) to reveal an effect of
season or year (random effects) or of site or hab-
itat (fixed effects) on demographic parameters of
flying squirrels. Thus, during exploratory anal-
ysis, grids were treated as subunits of habitat
similar to a split-plot analysis of variance (AN-
OVA), whereas trapping sessions were viewed
as repeated measures of individual grids (Littell
et al. 1996; Ramsey and Schafer 1997). Com-
parison-wise experiment rates were =0.05; max-
imum experiment-wise error rate was set at 0.10
to reduce the risk of atype Il error (Zar 1999).
When significance was indicated, we used the
Waller—Duncan K-ratio t-test to determine which
means differed based on a minimum significant
difference with pairwise t-tests (SAS 2000). We
took severa measures to control experiment-
wise error rates, including use of the Waller—
Duncan K-ratio, limiting multiple comparisons
with significant GLM and testing only hypoth-
eses identified a priori during the development
of our study. The Waller—Duncan K-ratio t-test
controls for type | error without ignoring con-
sequences for type Il error (SAS 2000; Waller
and Duncan 1969). Nevertheless, we conducted
several ANOVAs and performed numerous
paired comparisons. Therefore, to reduce the
likelihood of spurious conclusions, we limited
inferences to patterns or relationships that were
supported by multiple lines of evidence.

REsuULTS

Abundance and age and sex composi-
tion.—During early spring and autumn of
1998-2000, we captured 163 and 237 flying
squirrels in peatland-MC and upland-OG
forests, respectively. Corresponding total
captures were 778 and 1,176, with 41,198
and 39,199 trap nights of effort, respective-
ly. Average probability of capture (i.e,
number captured/estimated number present)
was relatively high across habitats, seasons,
and years (range, 0.51-0.78). Capture prob-
ability was higher (G = 17.7,df. = 1, P =
0.00002) in spring (X = 0.72, SE = 0.04)
than during autumn (X = 0.58, SE = 0.03).
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TaBLE 1.—Mean maximum distance moved (MMDM) by and 2 abundance estimates of northern
flying squirrels (Glaucomys sabrinus griseifrons) during spring and autumn in unmanaged peatland-
scrub—mixed-conifer (peatland-MC) and Sitka spruce-western hemlock (upland old-growth [OG])
forests, Prince of Wales Island, southeastern Alaska, 1998-2000. (Some values are not available for

spring 1998.)

Peatland-MC Upland-OG

Density® Density©

MNAz2 MMDMP (m) (no./ha) MNA2 MMDMP (m) (no./ha)
X s X s X S X S X s X s

1998  Spring 2 1 4 1 142 38

Autumn 18 3 89 8 1.9 0.4 22 2 76 6 2.2 0.2
1999 Spring 13 2 109 11 1.0 0.5 19 2 78 11 1.6 0.2
Autumn 17 4 104 10 15 0.8 33 4 93 5 4.0 0.8
2000 Spring 17 1 96 13 1.3 0.1 20 2 88 10 2.0 0.4
Autumn 19 5 106 10 1.9 0.7 30 6 93 7 3.4 0.6

aMinimum number known alive on a grid from current and previously marked individuals.

> Wilson and Anderson (1985a).

¢ Chapman’s unbiased Lincoln—Petersen estimate of abundance (Seber 1982) divided by effective area sampled as estimated

with MMDM (Wilson and Anderson 1985a).

In addition, seasonal variation in capture
probability was not independent of habitat
(G = 8.07, df. = 3, P = 0.045); upland-
OG (0.66-0.53) had smaller seasonal dif-
ferences than peatland-MC (0.77-0.61). Re-
capture probability averaged 0.33 (SE =
0.04) and ranged 0.30-0.39.

Minimum number known alive ranged
among grids from 1, recorded during spring
1998 on 1 upland-OG and 2 peatland-MC
grids, to 35 during autumn 1999 on an up-
land-OG grid (Table 1). Overal, mean
MNA was 50% higher (F = 5.26, d.f. = 1,
4, P = 0.08) in upland-OG (21, SE = 3)
than in peatland-MC (14, SE = 3), but it
varied among years (F = 18.62, d.f. = 1,
8, P = 0.0010). Average MNA was lower
in 1998 (11, SE = 2) than in 1999 (20, SE
= 3;t = 4.68, df. = 35, P = 0.0005) or
2000 (21, SE = 4;t = 5.15,d.f. = 35, P =
0.0002), which did not differ (t = 0.47, d.f.
= 35, P = 0.6453). In addition, on average,
MNA during autumn (23) was 2 times
greater than during spring (12; F = 4.47,
df. = 2, 12, P = 0.0355), except in 1998
when value in autumn (20) was an order of
magnitude greater than that in spring (3).

Mean maximum distance moved ranged
from 75 to 142 m (Table 1) but was similar

between habitats (F = 1.35,d.f. = 1, 4, P
= 0.31) and seasons (F = 0.27, d.f. = 1,
387, P = 0.60), averaging 92 m (SE =
9.12). However, significant annual variation
occurred in autumn (F = 3.93, d.f. = 2,
362, P = 0.0206), with squirrels averaging
smaller mean maximum distance moved in
1998 (81 m) than in 1999 (100 m; t = 2.51,
df. = 371, P = 0.0126) or 2000 (98 m; t
= 2.20, d.f. = 371, P = 0.0281). Effective
area sampled averaged 16.5 ha (SE = 0.08),
and mean density ranged from 1.0 to 4.0
squirrels/ha (Table 1). Overall, mean den-
sities in upland-OG and peatland-M C forest
did not differ significantly (F = 3.91, d.f.
=1, 4, P = 0.1191). However, we found a
significant habitat-by-season interaction (F
= 5.03, d.f. = 1, 8, P = 0.0552), with mean
squirrel density during autumn higher in
upland-OG forest (3.7/ha) than in peatland-
MC (1.7/ha; t = 458, df. = 23, P =
0.0018). Also, mean autumn density varied
annually (F = 3.55, d.f = 2,8, P = 0.0789),
with squirrel density in 1998 (2.1/ha) lower
than in 1999 (2.8/ha; t = 2.48, d.f. = 17, P
= 0.0381); density in 2000 (2.6/ha) did not
differ significantly from 1998 (t = 2.08, d.f.
= 17, P = 0.0709) or 1999 (t = 0.40, d.f.
= 17, P = 0.7012).
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TaBLE 2.—Seasona age and sex composition and productivity (i.e., percentage of reproductive
females) of the Prince of Wales flying squirrel (Glaucomys sabrinus griseifrons) in unmanaged peat-
land-scrub—mixed-conifer (peatland-MC) and Sitka spruce-western hemlock (upland old-growth
[OG]) forests of southeastern Alaska, 1998—-2000.

Spring Autumn
Males Females Males Females
% %
n Juv® Ad®  Juv® Ad° reproductived n@  Juv® Ad°  Juv® Ad® reproductive?
1998
Peatland-MC 6 0 3 0 3 100 52 5 24 3 20 8
Upland-OG 11 0 6 0 5 80 65 8 25 7 25 8
1999
Peatland-MC 38 0 24 0 14 78 50 5 26 6 13 0
Upland-OG 57 0 28 0 29 75 100 10 47 6 37 0
2000
Peatland-MC 50 0 32 0 18 71 57 7 29 2 19 5
Upland-OG 60 0 36 0 24 75 89 8 35 10 36 0

aTotal number of animals for which age and sex were recorded, which was = minimum number known alive.

bYoung of the year (i.e., age class |) according to Villa et al. (1999).

¢ Individuals that showed pelage or rostrum features of adults (Villaet al. 1999), regardless of evidence of reproductive maturity.

d Percentage of females exhibiting evidence of reproductive activity (i.e., in estrus, pregnant, lactating). Because data were not
obtained for all adult females, sample size is = number of adult females recorded.

We observed no significant annual vari-
ation in age and sex composition (G
0.165, d.f. = 2, P = 0.92); therefore, we
pooled observations across years to com-
pare seasonal age and sex ratios between
habitats. Relatively more adult and juvenile
males were observed in peatland-MC than
in upland-OG (Table 2), but age and sex
composition was independent of habitat
during spring (G = 1.46,d.f. = 1, P = 0.24)
and autumn (G = 2.75, d.f. = 3, P = 0.44).
When data were pooled across seasons,
however, proportionally more (G = 4.10,
df. = 1, P = 0.045) male squirrels were
captured in peatland-MC (1.6 malel fe-
male) than in upland-OG (1.1 mae:l fe-
male).

Body condition, survival, and reproduc-
tive success.—Overall, mean body weight
of squirrels was similar (F = 0.41, d.f. =
1, 4, P = 0.56) between habitats and av-
eraged 122 g (Table 3). Juvenile body
weight varied among years (F = 6.94, d.f.
= 2, 9, P = 0.0150); in both habitats, ju-
veniles were smaller during 1998 (X = 93
g) than during 1999 (X = 117 g; t = 16.02,

d.f. = 32, P = 0.00001) and 2000 (X = 112

g, t = 1545, df. = 32, P = 0.00001),
which also differed (t = 4.48, d.f. = 32, P
— 0.0001).

Minimum summer (mid-April to mid-
September) survival ranged from 16.7% (1/
6) during 1998 in peatland-MC to 65.7%
(46/70) during 2000 in upland-OG forest.
Minimum summer survival in peatland-MC
during 1999 and 2000 was 57.8% (26/45)
and 38.0% (19/50), respectively. In upland-
OG forests, minimum summer survivorship
was 20.0% (2/10) and 47.6% (30/63) in
1998 and 1999, respectively. Minimum
winter (November—February) survival var-
ied from 43.9% (25/57) in peatland-MC
during 1999-2000 to 60.4% (32/53) in
peatland-MC in the previous winter. Cor-
responding values for upland-OG forests
were 49.0% (50/102) and 49.2% (32/65).
We compared minimum survival rates be-
tween habitats and among years with a log-
likelihood ratio and found that minimum
summer survival, year, and habitat were not
mutually independent (G = 17.99, d.f. = 7,
P = 0.013). Moreover, neither year (G =
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16.06, d.f. = 6, P = 0.015) nor habitat (G
= 10.33, d.f. = 5, P = 0.070) was inde-
pendent of flying squirrel survival rate (G
= 17.88, d.f. = 5, P = 0.004) with summer
survival overal higher in upland-OG (55%)
than in peatland-MC (46%). Minimum
summer survival increased during the pe-
riod of the study, with substantially lower
rates in 1998 (3/16) than in 1999 (56/108)
or 2000 (65/120). In contrast, winter sur-
vival was independent of year and habitat
(G = 553, df. = 4, P = 0.24). Surviva
over extended periods (i.e., 12, 18, and 24
months) was independent of habitat (G =
455, d.f. = 5, P = 0.48). Longevity in both
habitats was 30 months, which was the
maximum value that could be obtained in
this study.

The number of reproductive females was
higher (F = 6.89, d.f. = 1, 4, P = 0.0585)
in upland-OG (3.9/grid) than in peatland-
MC (2.1/grid) but varied significantly (F =
484, df. = 2, 12, P = 0.0419) among
years, with more reproductive females dur-
ing 2000 (4.4/grid) than during 1998 (1.7/
grid; t = 3.49, d.f. = 35, P = 0.0045); val-
ues in 1999 (2.8/grid) did not differ signif-
icantly from those in 2000 (t = 2.01, d.f. =
35, P = 0.0674) or 1998 (t = 1.48, d.f. =
35, P = 0.1643). However, percentage of
reproductive females in peatland-MC
(75.9%) did not differ (G = 0.002, d.f. =
1, P = 0.97) from upland-OG (75.5%).
Moreover, juvenile recruitment rates did not
differ (G = 0.183, d.f. = 1, P = 0.69) be
tween upland-OG (19.3%) and peatland-
MC (17.6%).

DiscussioN

This study provides the 1st quantitative
estimate of flying squirrel abundance and
demography in temperate rain forest of
southeastern Alaska. Despite significant
seasonal and annual variation, patterns ex-
isted that provide valuable insights regard-
ing habitat distribution and abundance of
squirrels. As predicted, flying squirrels
were consistently more abundant in upland-
OG than peatland-MC forests. Old-growth
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Sitka spruce-western hemlock forests are
dense-canopied, structurally complex for-
ests that occur on the most productive sites
in southeastern Alaska (Alaback 1982; Julin
and Caouette 1997). In addition, these for-
ests apparently contain many vegetative and
structural habitat features (DeMeo et a.
1992) important to the life history of G.
sabrinus among coastal coniferous forests
of the Pacific Northwest (Carey 1995,
2000b; Carey et al. 1999). Nevertheless,
flying squirrels were relatively abundant in
peatland-MC, and documenting breeding
populations in these largely nhoncommercial
forests was a unique finding that was some-
what unexpected (L. A. Suring, in litt.). The
habitat capability model developed for G.
sabrinus in southeastern Alaska assumed
that peatland-MC was unsuitable for sus-
taining breeding populations. Peatland-MC
sites in our study were spatially heteroge-
neous, with a diversity of conditions rang-
ing from poorly drained mixed-conifer for-
ests to a mosaic of less-productive open-
canopied scrub forest (shore pine) and bog-
gy, open muskegs (DeMeo et a. 1992). On
better-drained sites were patches of closed-
canopied forests, which were of marginal
value commercially but with structural
complexity and understory composition
that approach upland-OG (DeMeo et al.
1992; Julin and Caouette 1997). In interior
Alaska, populations of G. sabrinus appar-
ently thrive in open-canopied white spruce
(Picea glauca) forests (Mowrey and Zasada
1984) that seem similar in stand structure
(albeit less diverse compositionally) to sites
in peatland-MC forests of southeastern
Alaska.

In the Pacific Northwest, squirrel densi-
ties varied considerably (0.1-3.5 squirrels/
ha), depending on forest type, seral stage,
and management history (Carey 1995; Ca-
rey et al. 1992, 1999; Rosenberg and An-
thony 1992; Waters and Zabel 1995; Witt
1992). Highest mean density (3.3 squirrels/
ha) was reported from old-growth fir (A-
bies) forest of northeastern California dur-
ing summer (Waters and Zabel 1995),
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which was comparable with our autumn es-
timate in upland-OG (3.7 squirrels/ha).
Lowest density (0.1 squirrels’/ha) occurred
in 2nd-growth Douglas-fir (Pseudotsuga
menziesii) forest of southwestern Oregon
(Witt 1992). Low densities (0.2—0.5 squir-
relsslha) also were reported in the Puget
Trough, Olympic Peninsula, and Northern
Cascades of Washington (Carey et al.
1992). In eastern North America, demo-
graphic studies of G. sabrinus are reletively
few and lack comparable estimates of pop-
ulation density (Reynolds et al. 1999; Weig|
et al. 1992).

The range of variation among forest
types and locations raises questions about
factors that influence squirrel density. Carey
(1995) reported latitudinal variation in
abundance, with densities in the southern
Coast Ranges and Central Western Cas-
cades of Oregon notably higher than on the
Olympic Peninsula or in the North Cas-
cades of Washington. In old-growth forests
of the Olympic National Forest of Wash-
ington, he found that abundance was asso-
ciated with the presence of ericaceous
shrubs and large snags. Flying squirrels of
the Douglas fir—western hemlock zone in
Oregon selected habitats with higher deca-
dence and more complex forest canopies
(Carey et al. 1999).

Many of the vegetative and structural
features correlated with higher squirrel den-
sities in the Pacific Northwest (Carey 1995;
Carey et. a. 1999) are common to forests
of southeastern Alaska (Alaback 1982;
DeMeo et a. 1992), and therefore it is un-
likely that habitat alone explains the varia-
tion in squirrel density between the 2 re-
gions.

Despite many ecological similarities
among regional populations, several aspects
of the natural history of G. sabrinus may
vary geographically (Carey 1995; Carey et
al. 1999). Phylogeography of G. sabrinus
in northwestern North America is highly
variable, and flying squirrel populations in
southeastern Alaska apparently were not es-
tablished by immigrants from the Pacific
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Northwest (Arbogast 1999; Demboski et al.
1998b). Flying squirrels in the Pacific
Northwest are substantially different genet-
ically from flying squirrels in southeastern
Alaska, which are more closely related to
populations in eastern North America. Fly-
ing squirrels in southeastern Alaska are as
genetically distinct from populations in the
Pacific Northwest as each is from the south-
ern flying sguirrel (G. volans—Arbogast
1999; Demboski et al. 1998b).

The diet of G. sabrinus in southeastern
Alaska aso differs substantially from the
diet of squirrels in the Pacific Northwest
(Pyare et a. 2002). Studies of food habits
in the Pacific Northwest consistently docu-
mented a predominance of truffles in the
diet (Carey 1995; Hall 1991; Maser and
Maser 1988; Maser et al. 1986; McKeever
1960; Pyare and Longland 2001; Rosentre-
ter et al. 1997; Waters and Zabel 1995).
Flying squirrels from southeastern Alaska
ate fewer taxa of truffles, consumed truffles
less frequently, and consumed vascular veg-
etation, lichens, and epigeous fungi (i.e.,
mushrooms) more frequently. Diet and food
habits have been implicated as a factor in-
fluencing squirrel abundance in the Pacific
Northwest (Carey et a. 1999; Pyare and
Longland 2002). However, evidence linking
diet to quality and capability of habitats to
support flying squirrel populations is lim-
ited (Claridge et al. 1999).

Alternatively, variation in the composi-
tion of ecological communities, especially
interspecific interactions, may contribute to
geographic variation in habitat distribution
and abundance of flying squirrel popula-
tions (Carey 1991, 1995; Carey et al. 1999).
Predation may be an important ecological
factor distinguishing southeastern Alaska
from the Pacific Northwest. Southeastern
Alaska has few (if any) predators that spe-
cialize on G. sabrinus, and predation rates
on flying squirrels may be relatively low. In
the Pacific Northwest, G. sabrinus is the
primary prey of the northern spotted owl,
Srix occidentalis occidentalis (Forsman et
al. 1984, 2001; Hamer et al. 2001), and pre-
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dation rates are presumably much higher
than in southeastern Alaska. In addition,
competitive release from interspecific com-
petition may further distinguish populations
of flying squirrels in southeastern Alaska
from those in the Pacific Northwest. Coastal
coniferous forests of Washington and
Oregon support several arboreal and forest-
floor squirrels (i.e,, Sciuridae) and other
small mammals (Carey 1995; Verts and
Carraway 1998), many of which are my-
cophagous (Maser et al. 1978) or use other
food or habitat resources (e.g., dens) im-
portant to flying squirrels (Carey 1995; Ca-
rey et al. 1991, 1999). Conversely, small-
mammal communities of southeastern Alas-
kan rain forest are relatively depauperate
(MacDonald and Cook 1996), much less di-
verse than forest communities of the Pacific
Northwest (Carey 1991, 1995; Verts and
Carraway 1998). Although red squirrels
(Tamiasciurus hudsonicus) and flying
squirrels are sympatric over a large portion
of the range of G. sabrinus, red squirrels
are absent from Prince of Wales Island
(MacDonald and Cook 1996). The Prince
of Wales flying squirrel has almost exclu-
sive access to many resources important to
its life cycle.

Previous investigators of flying squirrels
in the Pacific Northwest (Carey 1995; Ro-
senberg and Anthony 1992; Villa et al.
1999) generally observed 1:1 sex ratios or
ratios slightly favoring females (e.g., Carey
1995) during autumn with one notable ex-
ception: Rosenberg and Anthony (1992) re-
ported male-biased juvenile sex ratios in 1
year of a 3-year study. Also, Villa et al.
(1999) reported seasonal variation, with
males comprising a larger proportion of
spring sample. We recorded similar spring
and autumn sex ratios (within habitats),
which consistently favored males. Villa et
al. (1999) suggested that the sex ratio fa-
voring males in spring was likely a result
of a difference in capture probability rather
than demography. In our study, capture
probability was higher in spring than during
autumn, but this variation could be related
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to seasonal differencesin density. Also, up-
land-OG had smaller seasonal differences
in capture probability than peatland-MC,
which also had a higher male: female ratio.
Therefore, some variation in sex ratios be-
tween habitats may have been related to dif-
ferences in the number or behavior of males
seeking estrous females (Villa et al. 1999;
Witt 1991).

The proportion of juveniles captured in
our study was much lower than that report-
ed by Villa et a. (1999) in the Pacific
Northwest. In the Oregon Coast Range and
Puget Trough of Washington, they reported
percentages of juveniles in autumn of about
40% and 30%, respectively. In our study,
juvenile percentages averaged 19% for both
males and females. Villa et al. (1999) pro-
posed density-dependent reproduction as a
mechanism to explain variation in juvenile
recruitment between Puget Trough and
Oregon Coast Range. They suggested that
breeding is delayed in younger females and
that fewer flying squirrels breed at higher
densities, a consequence of which is lower
juvenile recruitment rates with a smaller
percentage of juveniles in the autumn pop-
ulation. We found higher squirrel densities
than those reported for Washington and
Oregon (Carey 1995; Carey et al. 1992).

Contrary to our prediction, we found no
difference in body mass between upland-
OG and peatland-MC habitats. Similarly,
Rosenberg and Anthony (1992) did not de-
tect differences in body mass between old-
growth and 2nd-growth Douglas-fir stands
in the Oregon Cascade Range. However,
Villa et a. (1999) reported that mean body
mass of flying squirrels varied considerably
among locations in Washington and
Oregon. Average body mass of adults in
our study (122 g) was lower than values
reported for flying squirrels in the Pacific
Northwest (Carey 1995; Rosenberg and
Anthony 1992; Villaet al. 1999). Converse-
ly, juveniles in our study weighed more on
average (108 g) than juveniles from the Pa-
cific Northwest. In habitat most similar to
southeastern Alaska (Olympic Trough,
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Washington), Carey (1995) reported mean
body weights of adults and juveniles similar
to values at several locations in Oregon and
Washington (Rosenberg and Anthony 1992;
Villa et al. 1999). The relationship between
body condition and survival is not well doc-
umented for G. sabrinus, but the likelihood
of surviving winter (or other periods of
stress) probably improves with increasing
body mass, which is linked to habitat qual-
ity (Villaet al. 1999). We had predicted that
survival would be higher in upland-OG
than in peatland-MC, but neither body mass
nor overwinter survival differed between
habitats. Minimum summer survival was
higher in upland-OG than in peatland-MC,
which was unexpected because in the Pa-
cific Northwest, survival of older squirrels
was similar among forest types in different
regions (Villa et al. 1999).

As expected, the number of reproductive
females during spring was higher in upland-
OG than in peatland-M C. However, relative
abundance (i.e., percentage) of reproductive
females in the population and juvenile re-
cruitment into the autumn population did
not differ between habitats. No detailed
studies have been conducted on the repro-
ductive ecology of flying squirrels in the
Pacific Northwest or southeastern Alaska
(Smith et a. 2003). Substantial variation in
percentage of reproductive females exists
between forest types and geographic re-
gions, ranging from 90% in the Puget
Trough to 39% in the Oregon Coast Range
(Villa et a. 1999). On the Olympic Penin-
sula, 31% and 29% of the females in old-
growth and young forests, respectively,
were reproductive (Carey 1995). Variation
in juvenile recruitment among geographic
regions of the Pacific Northwest may be at-
tributable to a density-dependent response
of squirrel populations (Villa et a. 1999).

We found that percentage of reproductive
females was similar (76%) in peatland-MC
and upland-OG, which differed substantial-
ly in density of flying squirrels. Densities
in southeastern Alaska are comparable with
(if not higher than) those in the Oregon
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Coast Range; yet, the percentage of repro-
ductive femaes in our study was nearly
twice that reported by Villa et al. (1999).
Severa factors likely contribute to variation
in reproductive performance of flying squir-
rel populations, not the least of which isthe
ability of investigators to assess reproduc-
tive parameters accurately (Carey et al.
1991; Villa et a. 1999). In our study, var-
iation in reproductive performance ap-
peared to be linked to differences in habitat
capability (i.e., density of reproductive fe-
males) rather than the consequence of a
density-dependent response (i.e., percent-
age of reproductive females or juvenile re-
cruitment) to winter population levels.

Our results are consistent with those
from studies of several coniferous forest
types in the Pecific Northwest in support of
old-growth Sitka spruce-western hemlock
forests of southeastern Alaska as primary
habitat of northern flying squirrels. More
importantly, we documented squirrel den-
sities in peatland-MC forests that were
comparable with, or greater than, densities
reported for several unmanaged and man-
aged forest types in the Pacific Northwest.
Furthermore, other demographic parameters
were similar between habitats. If the results
of our study can be generalized across
southeastern Alaska, peatland-MC forests
likely contribute to breeding populationsin
managed landscapes and thus reduce the
risk of viability for local populations of fly-
ing squirrels. However, no information ex-
ists on how habitat distribution and demog-
raphy of G. sabrinus change as population
levels vary. Additional study is needed to
determine what landscape features and con-
figurations might restrict squirrel dispersal
and potentially isolate populations, further
reducing opportunities for rescue and in-
creasing the likelihood of local extinctions.
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