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Abstract

The timing and frequency of breeding by northern flying squirrels (Glaucomys sabrinus} on the Olympic Peninsula, Washington
were inferred from seasonal changes in the occurrence of juvenile flying squirrel remains in the pellets of northern spotted owls
{Strix occidentalis caurina). Juvenile flying squirrels were uncommon ot absent in the diet of spotted owls except during late August
10 early November. This suggesled that breeding was largely concentrated in late May and early June, and that most females produced
only a single litter in years when they bred. Infrequent breeding did oecur outside the primary breeding season, as evidenced by
the occusional oceurrence of juvenile remains in pellets during mid-summer, late fall, and winter. Quantitative information on the
populatien dynamics of {lying squirrels and other arboreal mammals is important to our understanding of forest communities in

the Pacific Northwest.

Introduction

Recent attempts to design management plans for
spotted owls and late-successional forest
ecosystems in the Pacific Northwest have been
plagued by a considerable lack of knowledge
regarding many species of animals and plants
{Thomas et al. 1990, Forest Ecosystem Manage-
ment Assessment Team 1993). This is particularly
true of arboreal mammals like the flying squirrel
and red tree vole (Arborimus longicaudus). Al-
though these arboreal mammals are important prey
for a variety of forest birds and mammals (Fors-
man et al. 1984, Barrows 1980) and play an im-
portant role in the spread of hypgeous fungi within
forest communitics (Maser et al. 1978, Fogel and
Trappe 1978), there is litlle information on their
pepulation dynamics or life history traits. As a re-
sult, their role in forest systems is only vaguely un-
derstoed. Any attempt to understand processes and
functions within forest communities must include
a better understanding of the life histories and
population dynamics of these litile known
mammals.

Because studies of arboreal mammals are labor-
intensive and expensive, they are invariably limited
to relatively small areas and there is always some
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question regarding their applicability to larger ge-
ographic areas. In this paper we describe a study
in which we used the seasonal occurrence of juve-
nile flying squirrel remains in pellets of spoited owls
to estimate the timing and frequency of breeding
by flying squirrels within a relatively large geo-
graphic region, The data were collected during a
study of the habitat use and diet of spotied owls
on the Olympic Peninsula in northwestern
W ashington. By examining flying squirrel remains
in the pellets of owls, we were able to sample from
the flying squirrel population throughout the year
and to examine large numbers of squirrels from
many different locations on the peninsula.

Study Area and Methods

The Olympic Peninsula is characterized by moun-
tainous terrain covered by dense coniferous foresis
of western hemlock (Tsuga heterophyla), western
redcedar {Thiga plicata), Sitka spruce (Picea sitch-
ensis), and Douglas-fir (Pseudotsuga menziesii).
Forests where we found spotted owls were typically
deminated by muliilayered canopies in which the
dominant overslory trees exceeded 100 c¢m di-
ameter at breast height (dbh). Some owls were also
found in stands of younger, smaller trees (20-50
cm dbh) interspersed with scattered paiches of
large old trees. Qur study area included the entire
peninsula.

Pellets were collected from spotted owls be-
tween 1 March 1987 and 31 August 1989. Dur-
ing fall and winter (September-February), we
collected pellets from 20 radio-marked adult owls
by locating the owls in their roost trees and then
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Figure 1. Belative proportions of juvenile and adult flying squirrels in the diet ol spotted owls during different periods of the vear

on the Olvmpic Peninsula, Washington. Thata summarized from March 1987-August 1989, Sumple sizes indicate nuinber

of flying squirrels identificd in pellets.

returning within a few days 1o see il a pellel had
been regurgitated. Tn most cases, we could deler-
mine the exact date that pellets from radio-marked
birds were regurgitated. During spring and sum-
mer  (March-August). we continued to collect
known-age pellets from radio-marked owls, and
also collected many other pellels from owls that
were nol radio-marked. Pellets from owls that were
not radio-tnarked usually could not be assigned 10
an exact dale of regurgitation. Pellets in the latter
category were collected from roosts thal were
cleared of pellels every 2.6 weeks. We assigned
these pellels 1o seasonal categories based on the
date collected and the previous date that the roost
had heen cleared. Because owls infrequently regur-
gitated pellets in their rossts during the fall and
winter, the number of pellets collecled during tha
period was much smaller than during spring and
summer. Old. heavily weathered pellels were not
included in seasonal analyses.

Flying squirrels were assigned 1o age categor-
ies hased on size of skeletal pars, wooth develop-
menl. and degree of fusion of epiphyseal cartilages.
Very small individuals with nfused epiphyses and
partially erupted molars were labeled as juveniles
(generally less than 4 moenths old). l.arger in-
dividuals with mederately 1o fully fused epiphyses
and fully erupted molars were classificd as adults.
In cases where skulls were missing, age determi-
nation was based on the size of leg hones and de-
gree of fusion of the epiphyses.
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Results and Discussion

Skeletal remains of 772 flying squirrels were ex-
amined {712 adulis, 60 juveniles). The oceurrence
of juvenile squirrels in the diet followed a distinet
scasonal pallern (Figure 1). From early Novem-
ber to late August, juveniles comprised a very small
proportion of the Mlving squirrels laken by owls, Be-
tween 1 September and 6 November. the propor-
tion of juvenile flving squirrels in pellets increased
dramatically (Figure 1). The initial ffush of juveniles
in early September was comprised almast entirely
of very young animals, estimated to be 40-70 days
old. Older juveniles were largely absent in the sam-
ple until October and carly November,

The marked increase of verv smal! juvenile fly-
ing squirrels in the owl diet during a relatively brief
period (September-Oclober), and their relative ab-
sence in the diel during the rest of the vear, indi-
cated that breeding by flying squirrels on the
Olvmpic Peninsula was largely concentrated in lale
May and earlv June. We arrived at this estimate
by back-dating from the time when juvenile flying
scuirrels became common in the diet (1 Septem-
her). To do this we assumed a gestation period of
37-40 days and a period of 40-50 days before
Juveniles began to explore outside their natal dens
(Muul 19693,

The few juvenile ving squirrels captured by
owls oulside the September-October period indi-
cated that breeding during late summer and carly
spring did occur. bul was infrequent. The existence




of a single rather narrow birth pulse also suggested
thal, in vears when they bred. most females
praduced only onc litter,

A potential bias in using the diel of 4 predator
to assess characteristios of a prey population is that
the predator may not sample all cohorts randomly,
We did not feel this was a concern in our analysis
because we were Intercsted only in the liming and
frequency of breeding as indicaled by seasonal
changes in the oceurrence of one cohort (uveniles),
[t would be inappropriate to draw conclusions
aboul the age structure of the entire population
from our data, as juvenile flving squirrels were
prababiy much more susceptible 10 predation than
adults,

Previcus siudies of the northern Mying squir-
rel in Canada {Cowan 1936, Duvis 1963) indicated
that the peak breeding scason was March and
April. but pregnant females or litlers have been
reporled from March to December (Dice and Sher-
man 1922, Grinnell and Starer 1924, Muul 1969,
Raphael 1984, Seton 1929, Wells-Gosling and
Heanev 19841, Wi 19913, Based on examination
of 916 animals that were live-drapped and 176
animals thal were necropsied. A. B. Carev (pers,
cenm.) concluded that the breeding scason of
northern flving squirrels in the southern Coastal
Ranges of Oregon oceurred during late April to
mid-July, with a peak from late May to early June.
Our ohservations, using a very dillerent sampling
technique, and in an area nearly 430 km north
of Carev's study arca, lead us to very similar con-
clusions regarding the reproductive chronology of
the northern flving squirrel. The only substantial
diffcrence was that our observations indicated in-
freciuent instances of breeding during late summer.
Observations by Raphacl (1984) and Wit (1991)
also suggested occasional inslances of breeding by
northern {lving squirrels during mid-summer or fall,

Literature Cited

Barrows. C. W. 1930, Feeding ecology of the spoited owl in
California, I, Raptor Res. 14:73-78.

Cowan. L McT. 1936, Nesting habits of the flving soquirrel (Glas-
comys sebrinust, J. Mammal. 17:58-60.

Davis. W. 1963, Reproductive ecology of the northern flving
soquirrel In Saskatcheswan, Univ. of Saskatchewan, Saska-
toon, 87 pp.

Diceo Lo Ro L and Ho Bl Sherman. 1922, Notes on the man-
mals of Gogebic and Ontonagon countics, Michigan.
1920, Lniv. Michigan. Mus. Zool., Oecas. Papers
109:1-47,

Studies by Cowan {1936} and Davis (1963) in-
dicated a much earlier breeding season lor the
northern flying squirrel than in our study or in the
studies by Witl (1991) and Carey (pers. comm.),
Whether these differences were due to smull sam-
ple size in the earlier studies or 1o real differences
in timing of breeding is not clear. Tt could be that
breeding is timed differently in different geographic
arcas, such that weaning oceurs when food is most
abundant. On the CGlympic Peninsula, for exam-
ple. voung [lving squirrels scem 1o be leaving the
nest at aboul the same time that the (all bloom of
hypogeous fungi oceurs. Hypogeous luingi are a
major source of food for northern flyving squirrels
in the Pacific Northwest {(Mascr et al. 1986,
McKeever 1960), and reach peak productivity in
late spring and fall {Fogel 1976).

Historically, most studies of owl diets have
produced lists of prev found in pellets, bul have
paid lile attention to the age structure of the prey
ammals captured. As our unalvsis indicates, dala
on the age structure of prev in owl pellels can pro-
vide interesling insights into the biology and be-
havior of both predator and prev. These sorts of
insights arc possible, however, only if peliets are
collected at relatively frequent intervals so thal
dates of caplure can be approximated.

Acknowledgements
We thank R. Anthony, A. Carey, K. Esterholdr,

and M. Raphac] for reviewing early drafts of the
manuscript. B, Biswell prepared the figure. I, Car-
son and E. Milliman helped clean owl pellets. L.
Ruggiero provided support and advice throughout
the study. Helpful comments on the manuscript
were provided by 1. S, Mills and an anonymous
reviewer.

Fogel, R 1976, Eeological studics of hvpogeous Tungi. 11
Sporocarp phenology in a western Oregon Douglas Fir
stand. Can. J. Bolany 54:1152-1162.

Fogel. R.. and J. M. Trappe. 1978, Fungus consumplion
(I'ﬂ_\'f.’(.l|)h11g_\'! ]J} small mammals, Northwest Science
51:1-31.

Forsman. E. D.. E. . Meslow, and H, M. Wight. 1984, Dis-
tribution and bislogy of the spolted owl in Oregon. Wildl.
Monogr. 87. 61 pp.

=1
(]

Flying Squirrel Reproduective Chronology 2
ying =2q f £




Farest Ecosystem Management Assessment Team. 1993, For-
est ecosysiem management: an ecological, econontic,
and social assessmenl. Portland. OR: L. 3. Department
of Agriculture: L. 8. Department of Interior [and others].
Irregular pagination.

Crinnell. J., and T. 1. Storer. 1924. Auimal lilc in Yosemite.
Univ. €Calil. Press, Berkelev. 752 pp.

Maser. C.o I M. Trappe. and Ro AL Nusshaun, 1978, Fungal-
small mammal inlerrelationships with ciphusis on Ore-
gon conilerons forests. Eeology 59:799-809,

Maser. C., Z. Mascr, LW, Wit and G. Hunt. 7986, The north-
ern flving squirrel; a myeophagist in sonthwestern Ore-
gon. Can. J. Zvol. 64:2086-2089.

MeKeever, 201960, Food ol the northern flving squirrel in
northwestern California. J. Mammal. 21:270-271.

Received 24 August 1993
Accepted for publication 12 Febrear 1994

276 Forsman e al.

Muut, 1. 1969, Mating behavior, gestation period. and develop-
ment of Glavcomys sabrinus. | Manunal. 50:121.

Raphacl, M, G, 1984, Late fall breeding of the northern flving
snirrel (Glegecomys sebrings). ). Mammal. 63:138-139.

Seton. KT 1929, Lives of game animals. Noubleday, Doran
and Company, Inc.. Garden Citv, VY. 4:307-384.

Thomas, J. W., E. ID. Forsman, I, B. Lint, E. C. Meslow, B.
R. Noon, and J. Yerner, 199, A conservation stralegy
for the northern spotted owl, USDA Forest Serviee, Port-
land. OR. 427p.

Wells-Gosling. N, and L. B, Heanev. 1981, Gluuemnys sab-
nus, Mammalian Species. 229:1-8.

Will, J. W. 1991, Fluctuations in the weight and trapping re-
sponse for Glawcomys sabrinus in western Oregon. .

Mamumal. 72:612-615.




