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Abstract
The timing od fiequency of breeding by nonhem flyiry squnrels (Glozconr sabr;m) on the Olynpic Peninsula, Vchington
were infened fron seconal changes in the occurrerce of juvenile ftying squinel renains in the pellets of northern spotted owls
lSttu occilcnaLi auim| Juvenile flying squnrels were unconmon ot absent in the diet of spolted o*ls ercept during lat Augusr
to early November. This suggested that breeding was largely concenhated in late May and early June, and thar most fenales produced
on]y a singlc liucr in ycars when thcy brcd. lnfrequent breeding did ocaur outside the plimey breeding **on, * evidenced by
the occuional occurrence otjuvenile remains in pellets during nid-sumno, Jate fall, and winter. Quandradve infornation on the
populadon dynamics of flyins squirrels and other arboreal nammals is important to our understanding of forest cobmunities in
thc Pacific Northwcst.

lntroduction

Recent attempts to design management plans {or
spotted owls and late-successional {orest
ecosyslems 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 (Arboimus longicaud,us\. 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-
pofiant role in the spread of hypgeous fungi within
forcst communitics (Maser et al. 1978, Fogel and
Trappe 197f3), there is liltle information on their
population dynamics or life history traits. As a re-
sult, their role in forest systems is only vaguely un-
derstood. Any attempt to understand processcs and
functions within forest communit ies must include
a better understanding of the l i fe histories and
population dynamics of these little knovn
mammals.

Because studies ofarboreal mammaLs are labor-
intensive and expensive, they are invariably limited
to relativelv small areas and there is always somc
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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 ofjuve-
nile flying squirrel remairx in pelles of sponed 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 spotted owls
on the Olympic Peninsula in no hwestem
Washington. 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 forests
of western hemlock (Istga heterophyla), western
re,Jce,Jar (Thuja plirara), Sitka spruce (Picea sidr-
e/Al.r), and Douglas-fir (Pseudatsuga menziesii\.
Forests where we found spotted owls were typically
dominated by multilayered canopies in which the
dominant overslory trees exceeded 100 cm di-
ameter at brea-st height (dbh). Some owls were aLso
found in stands of younger, smaller trees (20-50
cm dbh) interspersed with scattered patches oI
large old trees. Our study area included the entire
peninsula.

Pellets were collected from spotted owls be-
tween I March 1987 and 31 August 1989. Dur-
ing fall and winter (Septernber-February), we
collected pellets from 20 radio-marked adult owls
by locating thc owls in their roost trees and thcn
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returnirrg l ' i thin a fet dals ro seer i f  a pel ler harJ
been regurgit :r ted. In Ino-(t cases. t , ;c could detcr-
mine Lhe c\act dite that pcl lets frorn r.adio tnarkctl
bi lds *crc rcgurgitatc'd. l)ul ing spring ucl surr-
nrer (XIalch-August). \rc continu{rd to col lecL
krrorrn age pel lcts l iorn rarl io-narlecl or,; ls. ancl
nlso rrol lcctcd rnanv olhcr pel leLs lr .om o$ls lhi l l
tele noL racl io-ntarked. Pcl lets lnrrn o*ls that tert:
rrot radio-markcd usuallv coulcl not be assigned to
an cract daL( ol rcpJurgitat ion. I 'el lers in thc latter
( i l lcgorv r{ere col lected fronr roosls lhal \rere
clearerl  of pel lets cvcrr 2 6 uer:ks. \ \  e assignccl
lhcse pel lels lo seasonal categories bascd on t lrr :
date col lccted and thc prerious t latc that th( 'roost
had been clcared. Berausc ol ls inlrcquenth reguf-
gitr terl  pr: l1cts in theif  rdrsts during the Ml and
rrintcr. the nurnbcr of 1rel1ets col lecrerJ du ngrhar
pc l i od  ras  rnL rch  sma l l e r  t han  du r i ng  sp r i ng : rnd
sLrrnmcr'.  Old. hcavi lv l .errho.ccl pel leLs \\cr.c lor
inclurlcr l  in seasorral anal lses.

l ' lv ing scluirrels *erc assigned Lo.rgc categof-
ies bascd on sizc oi sleletal par.ts. loolh ( lcrclop-
mr:nt" ancl deglcr: of iirsion of cpiphlseal r.artilage-..
Verv srrdl indir i r luals l i th rrnfuscd epiph,,scs and
ptrrLial lv cr lpted rrrolars rrere labclct l  as jureni lcs
(genelal lv lcss than 4 months oLl).  l .arger in-
dir, iduals l i th rnoclcratelr Lo ful lr ' l i rsed cpiphr.ses
and frr l lv cruptecl nrolus rrere r lassif iccl as rclults.
In cases rthcrc skul ls rrc rc nrissing. agc delerrni-
nation \ras Lascd on the sizc oi le:( honcs and de-
grcc ol l i rsion ol the epiphvscs.

271 Forsrnan et r.r / .

7 November -  February
( N : 2 2 )

Results and Discussion

Skclctal rernains of 772 f lving squirrels r lcr.c er-
amined (71 2 aclult-".  60 jLrvcni les). Thc occurrenc,t:
ol julcni lc sqrr irrels in the diet fol loled a r l ist incr
scasonal pattern ( l igure J). l rorn earl \ .  Novern,
bcr to late August, jLrveni lcs con4rrised a vcrv small
prolxrl t ion ofthe f lr ing scpirrels rakcn br owis. I lc
t s ,  - r r  I  i c o r ,  n  l , e r ' . r r r , l  r ,  \ u r e r n l , - r .  r i r ,  p r ' " 1 " , r -
Liorr of. jLrvcni le f lving squirrels in pcl lel-s inr.rcascd
dlamatical l ' -  (Figure t).  Thc init ial  I l rsh of juveniL:s
irt  early -\1p1s66". t tas cornpriscrJ almost enl irclv
ol rcn' voung aninr:r ls. esLimalcd tr,  be trO-70 dars
ol l .  Olderjrrvori lcs rere largclv ab-<enr in the s:rm-
ple unti l  October arrr l  carlv Norenrbcr.

' l  
he mar-kcd increase of vcrr srnal l  juvcni le f lr-

ing sqLrirrels in thc ol l  diet dLrr ing a relaLi, 'dv lrr iel
pcl iod (Septernbcr-Ot tobcr). and Lhe-' ir  rclat ire ab-
serrcc in the dieL during the rr:st ofthe rr:ar. indi
catcd that brccding br thing scluirr.cls on Lhe
L)hmpic Pcninsul;r *as largelr,  c:orrr,cntr.ated in latc
XIav ancl eal lr  Jurrc. \ \ 'e alr ircd at this ( 'sl imate
bl back-r lat ing frorn the t irrc then jLrvcni le lhing
- ! ( l u i f r cLs  became  co r rmon  i n  t hc  d i e t  ( l  Scp t cm
bcr). To do this le assurncd a €ieslal i{}n period of
i3i-:10 r lals ud a pcriod of ,10-50 davs btfore
i r r r ,  n  l " -  r , - ; r r r  t u  c \ f l , , r  , , 1 t - , 1 "  r l ' ' i .  r ' r r r '  , 1 " ' , .
( \ l uu l  1969 ) .

1hc I i l  jLrrr:ni lc l lv i lg sclLrirrels crlr lrrrcd b\
ol l- .  ouLsir lc thc Septembcr'-Or:tobr:r pcriod inrJi-
r 'atcr l  that breecl ing cluring lalr:  surnnter anrt crr-tr
- l ' r i n r :  , l i , t  , ' ,  r r . .  r , u l  * . r .  i n l f c , l . r , ' , , .  T r ' " . , , i - r ,  r ' , ,

March -  August
(N = 677)

September -  6 November
(N : 73)

IRou t t  I Juven i te

on rh  O l \mf ic  l l  , , ins ,L l ,
o f  f l . i r rg  sqr i te l - .  i ( le I r i f t ! l  l r  pe1 le r . .



ol a single r-ather narrorr birth pLrlse also sug;lcstcd
lhal.  i r l  \ .eals *hen thcr bred. rno-qL lenralcs
ploducrecl onlr onc l i t ter.

A potential hias in using the cl ieL of a plcdator
to assess ( harddcr-istics ol a pr-er popLrlation is thal
the prcrlator mtrv not sarnple a1l cohorts r-trnc|rm1v.
\\  e cl id not lecl lhis tas a concern in ouf arlalvsi-r
bcc rse rte rrere intc'r-cslccl onlv in the Liming ancl
l iequenr:v of brccding as indicalcd bv sea-.onal
change-. in the ortulrcncc ofone cohor-t ( jurr:r i lcs).
I t  $ould be inappropriale to cira\ r,onctusrons
ahouL Lhc agc struct l l re of Lhr: cntirc populat ion
flom our data. ;rs jLrreni lc i l r  ing squir lels telc
probablr rnuch rnolc susceptible to prcdation than
adults.

l \ 'er, ious stLrdics of thc norrhern f lr i rrg sqLrir
rel in Canacla {Colan l9i l6. Davis 1963) irrr l icrLed
lhrt thc peal breeding scason las NTan.h and
Apri l .  bLLL prcgnant lem:rles or l ; lL( rs har'c beerl
reporLed fr lnr fr larch to Decernbr:r (Dicc and -{her-
nran 1922. ( lr innel l  ancl Storer 192,1. \ ILrrr l  |969.
Raphael 11)8,1. -Seton 1929. \ \ ' r :1ls-Cosl ing rnd
Hcanev  1981 .  S r i t l  199 I ) .  Based  on  exan ina t i on
of 916 aninrals thal terc l i rr :- trappecl and l7{r
anirnals th:rL rrere rrr:oopsicd. L B. Carer (pcrs.
cornm.) rroncludctl  that the Ireetl ing sclson ol
noflheln lhing s. luifrels in thr: southcm (loasLal

Rangcs of Oregorr occLrn-cd clul ing laLe Apri l  to
micl-Juh. r l i th a pcah lronr late l \ ' |av to carlv June.
Oul obserrat ions. using a verr di l f i renr srmpling
technir luc. ancl in an ar-ea ncal l l  .150 hm norLlt
oi ( irrrel 's stucir arc'a. lcacl us to rerr sirni lar con
clusions rcgarrJing the leprodLrct ivc chr.onologv of
tht norlhcln i lying rquirrr l-  ' lhc 

onlv subsLrntial
di i fcrence r,;as that orrr obscrrr:rt ions indicatr:d in-
l fe. lLrent insl i lnccs ol breeding during latc summer.
Observations br Raphacl (1981) Rnd \\ ' i l l  ( l  991]
also suggcstcd occasional instanccs ofbreeding br
northern l lving sqLrincls during nicl-sunrnrcl or fal1.
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