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Distribution and Habitat of the Western Gray Squirrel (Sciurus griseus)
on Ft. Lewis , Washington.

Abstract
S.nrrur (ts.rs has been accorded a thrcalcned" strtus b) rhe Whslinglon Deprfinenr of Wildliii. OuI objectives qere !o
delerminc thc distfibuti(m, abundance. and lactors limiting the.rbundance ofS.ir,-llr grirdr/r on Fort l-ewis. Belween June 1992
andAugusl199- l ! !econducted\ \ 'a lk ing\ur lcvs1orsqui f fe ls inI69oakconi lcrshnds(pproximatel ] ' .700ha). \Veobserred-18
tndi\ ual squir|els ir l0 of the nands. \{c conpared occupancy ofoak nrnds bv size. distance to |r atcr. end vegeration charac
teristic\. wi found that oak \tands used br squinel\ senerally !r'crc: l) > 2.{l ha, l) < 0.6 k'n from water (lake. marsh. srrcam. or
rn er), 3 ) on alerage. 3,1+ Qnc rcu s ga r^ana. 53t/1 P* lot\lltd men.iesll. rnd I 3 % other ircc specie s and .1) di.r ersc in lbod-
producing trees and llrrubs includirg A.rrmd.q)bllun. Frdxinus ldtilblid, and Oenleriu erasilar./r,r. l.i,&\ grir?fur is asso-
cirted $'ith o,"f."r -tidf,l.rr.r woodhnds which are drvi dling due to hurnan deve lopment. Fo Le\aisholds rhe largcsl publiclt,
man ged .rrer of O,e..lll (.r r/ r drd in the Puget S ound regi on. ln order to protect .t.i,rer grir.rr- popu lations $ e reconrmcnd: I )
inlbrning the public aboul5. i]rrr gr./r.rr aDd ii\ status to reducc squirel deaths b] autorrobilcs ard 2) conserling and acri!L.ly
n1anaging o.rk $oodlxnd!.

Introduction

Westem gray squirrels (Scilras grlseris) are found
in Washington, Oregon, Califomia. and Nevada
(Crrrrway and Vefiz 199,1). The State of Wash
ington lists the wcstern grav squirel as "thrcat-

cned" (Washington Depatncnt of Wildlite 1993).
The westcrn gray squirel was oncc cornmonly
seen in Oregon white oak (Quercus gut't1.orui)
rvoodlands bordering prairies in river vallel,s in
thc Nonh$'est (Bowles l92l ). But these oak \\, ood
Iands are being leplaced by conifers, agricultural
lands, and human dwellings and the squirrcl ex-
ists in small, scattered populations in Washington.

Western gray squirrels inhabit three areas rn
Washington: Klickitat County along thc south-
ern Columbia River and its fibutaries:in Okanogan
and Chelan Countics in the nofihern Columbia
Rivcr  b r . i r r :  r rnJ  in  lhe  Puget  Trough.  r r rp r r r r i cu-
lar, Fort Leuis Military Rescrvation (Rodrick 1987;
Figure 1). Because the U. S. Deparlnlcnt of De-
tense gives special consideration in its land man-
agemcnt to sensitive species, wc studied the
popoulation on Fofi Lewis. The objectives of our
study were to describe the distribution, abundance.
habitat, bchavior. and lactors possibly l inrit ing
abundance of westen gray squinels on Fort Lewis.

Study Area

Foft Lewis lies in the Puget Trough between Olym-
pia and Tacoma. in Thurston and Picrce Coun-
ties. Washingtoo. It consists of approximately
3,1,400 ha of iorests, prairies. wetlands, and de
veloped areas, including 1,200 haofOregon white
oak rvoodlands. Forl Lewis maps show > 400 dis-
tlnct oak woodlands ranging in size fion < 0.2
ha to >,14 ha (Figurc 2). Oak woodlands are rnost
commonly tbund adjacent to prairies, ponds,lakes,
and marshes. and at the top or bottom of hil ls.

Methods

D s t r ibu t ion  and Abundance

We used maps of oak woodlands and reports of
historical sightings of wcstern gray squirrels k)
begin our study. First $'e tried to livc trap squir
rcls, then we used walking surveys, to determine
the distribution of squinels.

Trr4rplag. We located 10 areas on Fort Lewis
where squirrels had been seen and set traps in
them tbr a total of 4,162 trap nights fronr April
2l to Septembcr,l. J992. We used wire box traps
and several types of bait: peanut butter oat mix,
tuna cat food. candy bars. dried com. $,hole cracked
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walnuts, pecan halves, and peanuts in the shell.
Tnrps u ere prehuited lor 3 duy' prior to trapping.
Init ially. haps were placed on the ground.30 m
apafl, in a grid pattem throughout the stands. After
several weeks with no trapping success, we moved
traps closer to the base of trees with stick nests.
using no firrrnal grid pattern. Only two squirrels
were captured and we abandoned trapping as a
method.

Surteys Ior Distribulior. We conducted sur
veys on fix)t to determine the presenca of west-
ern gray squirrels in 313 oak stands covcring 910
ha on Foft Lewis fiom June 1992 to August 1993.
We did not formally survey oak stands in artil-
lery impact areas, housing areas, and developed
areas because of lack of acccss and high hunran
disnubance. We routinely saw eastem gray squirrels
lS '  iunr '  , , t r , ' l i u t ' i t ) .  bu l  no l  ue . te rn  ! r i t )  .qu i r
rels, in the housing and busincss arcas. Of the
3I 3 stands visited, 85 were eliminated from fur
ther surveys because in our subjcctivc cvaluation
thel .rpperrerl un'uit..rble lor ue.tcrn gral .quir-
rels because of one or more of thc following fac-
tors: l) < 0.1 ha in size. 2.) < 5 oaks. 3) within
developed areas. and 4) > 500 n lrom adjacent

Okanogan

' Western gray squirrel

m Oregon white oak

conifers. [n preliminary surveys in three stands
known to have squirrels, squirrels wcrc seen dur-
ing 7l7r of visits to each stand, on average. and
werc active th()ughoutthe dily. We concluded that
3 visits were sufficient to determine if squirrels
were present in a stand. We intensively su eyed
(3 surveys) 169 stands of the 228 remaining oak
stands for squirrels on three different days be-
tween 0700 and 1630. Each stand was surveyed
in its entirety by observers walking thfough the
stands at I .0- I .5 km per hour, pausing about ev
ery l5m to listen and search for squirrels. Ob-
servers recorded the time. location, and activities
of squirels seen or heard. A sighting was con-
sidered an independent observation if it was seen
> 500 tn  f rom o ther  r igh t ingr .  Th is  J i r tanr 'e  ua .
an arbitrary distance chosen to prevent counting
the same squirrel more than once. It is unlikely
that we saw all squirels prcsent in each stand we
sulveyeq.

We classified the oak stands into thrce groups
based on the number of squinel sightings in the
stand. We assumed that consistency of detectiol'l
rellccted consistency of use. Stands were
considered high use if squinels were sccn there

]

Figurc l. Dislributior ol S.r1,"llr (/-ilcrr (Rodrick 1986) and Q'i.,.rs gdrr.ldl?d woodlands (Stein 1990) in Wishingtor.
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Figure 2. I-ocaljons ol.t trzr g,tr.rJ sightings (including roadkills) aDd Qr.r..kr gar, fd,.? rvoodlands (FoftLe$is ceographi
cal lnlbrmalion Systems). Foft Lelvis. \\hshington. I992 1993.
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consistently (> 67 % of visits) or ifthree or more
squirrels were seen on any one visi1. We assumed
that these stands had high use by westem gray
squirrels even though we rarely saw more than
one squirrel per \'isit. Stand! with one or two
sightings over 3 visits were considered moderate
use stands. The stands in a randon sample of 26
surveyed stands in which no squirrels were seen
were considered low-use. Wc could not assume
that squirrels never used these areas. Thus, our
classification relates as much to consistency of
activity as to abundance or density of squirrels.

Descr ib ing  Stands

For each of 30 stands in which squinels wcre
seen, $'e measured specics composition. density.

206 Rytrn and Carey

and basal area of trees and species conposition
and percent cover of understory vegetation. We
also chose a random sanrple of 30 stands from
the 139 surveyed stands in which squirrels were
n, . r t  reen:  bu t .  bec lu rc , ' f  her r r )  m i l i ta r5  ac t r r  r t1 .
only 26 of these stands were actually measured.
Therefore. a total of 56 stalds were measured.

We used the point-centered quarter (PCQ)
method of vegetation sampling tbr trees (Cottam
and Curtis 1956). We placed PCQ points through-
out the oak and oak-conifer stand in a grid pat-
tern, l5 -50 m apaft, depending on the size of the
stand, in order to sample 15-30 poinrs (60 120
trees) per sland. We kept points > l5 m from the
edge of the stand to avoid edge eft-ects. We used
I 0-25 1.5-m-radius plots systematically spaced



throughorlt the stand to sanple percent vcgcttr-
tion cover and dominant taxa for each of three
lilt foms: 1) herbaccous: t'cms, firrbs. and grasses.
2) u'oody: shrubs and seedling and sapling trees
< .1 n. and 3) understory trccs > ,1 m and < l0 cm
diameter at breast height (DBH). We fbllowed the
taxonomy and nomcnclature of Hitchcock and
Cronquist (1991.). We neasured distancc to wa-
ter tiom squirrels and oak stands on l:24,000 7.5
ninutc quadrangle maps and in the field when
any unmapped water sources were found during
surveys.

We calculated means lbr all variablcs mea-
sured jn each stand, and then \\"e averaged the
means kr deternrine means fbr each group of stiurds:
high, moderaLe, and low use. As an exploratory
anr l1 . i .  o I  lea lu le5  r . .o ( i l l ed  , , ' .  i th  g r l l  :qu i r -
rels. wc conlparcd the means firr several variables
in the three groups by using analysis of variance
(ANOVA) and multiplc range tests of variance
(Durcar's and Srudent Newman Keuls). Although
some protection tiom enoneous signilicance due
to multiplc comparisons is provided by the pro-
cedures supplementing the ANOVA. there is still
a risk that diff'erences appearing signiticant at any
preferred p value are not. Additionally, the analysis
ur .1 r , , . t  hn ,  rnd  u \ l l , , r r l , \ r ) :  lhu \ . i ru l i r rn  n lu \ l
be used in extrapolating ourresults andusing them
as predlctors.

We classilied each ofthe high, moderate, and
low usc stands by size (0.4-2.0 ha: 2.1-8.0 ha; >
8.0 ha) and distance from water (<0.1 km: 0.1-
0 .39  km:  0 .4 -0 .69  km:  0 .7 -1 .0  k rn :  > l  .0  km) .  To
evaluate the inlluence ofsize and distance to water
on use by wcstcm gray squilrels. r,e ran Chi-square
tests on the number of stands in high. moderatc.
and lorv use groups in each size and distance class,
reflecting our enrphasis on consistency of use and
our inability to measure abundancc. This was a
retrospective, exploratory analysis.

Alicr rccognizing that both the size ofthe stand
and distance to water could be influencing the
presence of $,estern gray squirrels in a stand, we
did an additional, prospective, experimental test
to quantify these influeDces. We chose random
sanrples of l0 stands, in each of6 categories based
on size and distance to water (a total of60 stands).
Wc survcycd each stand three times fbr squirrels
and determined the nunber of stands in which
squirrels were present. Two stands had to be
recategorizcd lollowin-u surveys becruse we fbund

additional water sourrces there. One ofthese stands
was also smallerthan what was shown on the origi
nal oak stand map. This created unequal sample
sizes. We performed Chi-square tests to compare
western gr-ay squirrel use of stands cross-classi-
fied by size and distancc k) water.

Behavioral Observations

The presence of squirrels at any specific location
and the length ofobservable activity periods u'as
unprcdictable, so we did not do time-controlled
activity budgets during this study. Rathcr. \r,e
oppofiunistically recorded observations from
August 1992 throughAugust 1993. We approached
oatr stands with squirels slowly and quictly, sat
where we could see a large area of habitat. and
recorded squirrcl activities. We also recorded ac
tivities of all squirrels seen during walking and
driving surveys and combincd this infirrmation
with data fiom behavioral observations to deter-
mine general seasonal behaviors. We grouped
behaviors into seven categories: l) foraging, 2)
traveling. 3) resting and grooming.,l) agonistic
interactions. 5) mating,6) escaping and warning.
and 7) alert and \\,atching and determined thc
duration ofactivitics for all obser.,'ations. We com-
pared proportions of time spent in each activity
by season using pie chans. We compared relative
t ime 5pen l  on  the  ground n  i th  t imc.pun l  in  I rc ( .
using Chi-square tests.

Besults

Distr ibut ion and Abundance

During ,106 hours of surveys we saw :16 western
gray squirels, ol I squirel per 8.8 hours of sur-
vey time. These,16 sightings rellected at least 38
individual squirrels in 30 of the 169 stands sur
veyed. We intensely suneyed about 747r of the
possible wcstem gray squireJ habitat (228 stands)
on Fort Lewis. We and Fofi Lewis Forestry and
Wildlife personnel documented 272 western gray
squirrels observed outside of tbrmal surveys liom
April 1992 to August 1993. When we mapped
these locations,,l3 individuals and l,l stands were
added to the 38 individuals seen in 30 stands dur-
ing surveys. Thus, approximately 8l individual
westem gray squirrels were seen fromApril 1992
toAugust 1993 in 44 separate oak stands. Ofthese
81, 13 were found dead on roads and two were
tbund dead on the ground within an oak stand.
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The cause ofdeath ofthe two squirels in the oak
\ l rnd \  \ \a \  no t  de lenn ined:  there  uere  no  r iFnr
of injuries or predation. Most road-killed squir-
rels (1 l of | 3) were fbund fiom April to August;
two were pregnant. a third was lactating, and four
others were juveniles. Squirrels were seen most
often in large oak-Douglas-fir stands near water
(Figure 2). They were never seeninpure oak stands
that werc isolated trom conif'ers and water Eighty-
tbur pcrcent (267 of 318) of total wcstern gray
squirrel sightings were g 390 m of a source of
water. About 3l% ofall oak stands were < 390 m
trom water.

Hab tat Character stlcs Post Hoc
Compar sons

Oak stands on Fofi Lewis were highly variable
in the composition and abundance offbrest-floor
vegetation and shrubs and the density and abun
dance oftree species (Table l). Stand size varied
from 0.,1 ha to ,18 ha. while distance to water var-
ied iiom < 0.1 km to > 1.0 km. Many plant spe
cies that produce squirrel tbod were rare. with an
avemge percent cover of< 57o (Table 1), but were
abundant in pirt icular stands (10-207o cover),
resulting in high vadability in the average num-
ber of mast species per stand.

The charlcteristics of oak stands in our retro-
spcctive survey differcd significantly between high
and low use stands in terms of size of the stand.
distance fiom water tree species composition, basal
area of \trnd. and under'torl plant 'pecies com-
position at the three l if 'e form levels (nrble 2).
Moderate use stands had some characteristics of
both high and low use stands.High-use stands were
larger (Table 3) and closer to water (Table 4) than
low use stands. High use stands had an ove$tory
with an average of 347r oak. 53c/a Douglas-tir,
and l3% other tree species. Low-use stands had
an average of 53dlr oak. 43% Douglas-fir, and <
5% other tree species. The relative frequency of
Oregon white oak trees was signiticantly greater
in low-use stands than in high-use stands. There
was no siguificant difference in the relative fre-
quency or the avemge DBH of Douglas-fir trees
bctwccn high- and low-use stands but high-use
stands had a significantly higher average basal
iuea ofDouglas-fir (Table 2). High-use stands had
a greater diversity of tree species ( l6 species) than
lor-use stands (13 species) and greater abundances
of bigleaf maple (Acer matrophyllunr). Oregon
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TABLE 1. \'egetation in 56 Oaarui.r garn?ir4 woodlands
on Fon Le\\is. Washingron. 1993

Habitat Elcmcnt Nlean Cv RJnre

HERBACEOUS PLANTS (q.  co!cr)
Total 39
Forb 5l

33
3t)
25

22
l 0

5
.l
3

Grass
N{oss
Fefn

SHRUBS ('/. cover)
Tolal
C\ t isus scopat ius
Rehetk uqu|aliutn
Hobdis&s discolor

S)"nphoricarpos aLbus
CotJ lu\ Inuta tdifo ni&t

Oenletid cerusifonnes
P\!utbtflga men ie\ii

Quercus gurt\unu
Cdultherid sllallon
Aneknu hier alntfuliu
Rosd gnnocarya

\hccitiun oratun

UNDERSTORY TREES (7., cover)
Total
l' ! e udolt ugd nten.ie \ ii

Quer&s sabana
Acet ntucftthrllum
Co\^hts nr uta \A.0 t1t)
I. ttLtin\s ldtrfolil

CANOPY

4 6  2 9  1 5 - 7 3
19  ,16  0 -100
r0 90 0 .16
'7  t t 1  0 -33
I  l l 3  0  , { 0

48  1 ,15  0 -100

169 0 - '7' ,7
128 0 - 5.1
t17 0 5,+
25:1 0 - 2'7
216 0 - 6.1
278 0 21
150 0 1.1
370  0 ,  18
300 0 20
367 0 13

4 2  9 - 8 3
4 8  6 9 2
7 9  0 - 9 3
95 0 100
77  0  8 l

8  8 . 1  0 3 2
9  | 0  0 l l
I  | 4  0 - 3 9
2 238 0 2,1
2  2 6 5  0 - 2 3
)  3 1 1  [ 2 1

Density (trees/ha)
./. QLe :us su lana
E Ps&dots ga nrcn.icsii
% Othef trees
llasal area (m:,4ra)
Median DBH (cm) o"?r.er

san )-dna 21 25
Median DBH (cm) P mdr:ierll ,17 12

2 2 5  1 5 8  1 2 , 1 4 0
,15 5:1 5 100
.18  ' 15  0 -85
1  0 4 )

21  16  0 .11 - , l l

l2 - '10
19  -  102

Coefiicient of\ariation expfessed as a percent.

ash (Frorintrs latifoliu). bitter chery (Prwtus
av i um), cascara ( Rhamnus pu rshiuna), and w est-
em red cedar (Tltjapllcata) than low-use stands.
Some of the differences in diversity of tree spe-
cies may be due to the difterences in stand slzes
(i.e., a species-area effect).

There were differences in vegetation in the
three lift fonn lcvels between high- and low-use
oak stands. High-use stands had a higher percent
cover ofunderstory trees than low use stands. The



TABLE L Chamcteristics of QLrcrtus gan)^ana woodlands with differentialuse by S.irnr.r frir.llr. Foft Lewis. $hshington.
1993.

Habiiat feaiure

High use Modcrate use

n=26

DBI{I QUCA'

DBH PSME

% QUGA
r/' PSME

BA' (all trees)

BA QUGA

BA PSN,IE
q. Ground cover

7. Shrub co|er

I&4!l
8 .1

2 l . 5
,18.5

243.8

3'1.1

s l . 3

\2 .6

2',7.0

29.0

1 1 . 5
4 1 . 9

(0.s)
(  1 . 1 )
(2 .1 )

(  l l . 0 )
( 3 . i )

(3.1)

(1 .3 )

(2.0)

(0.9)
(5.5)

(2.8)

(1 .8 )

M!!!

2L7
,18.9

216.1

43.6

5 1 . 9
,+.5

22.2

.1.9

2t.1

36 .1

1,1.8

1S!.)
(0.5)
(2.0)
(6.,r)

(21 .5)
(6.',7)

(2.1)
(2.6)
(0.9)

(5 . t )
( 4 . 1 )

ME4!
5 .6

25.9
,11.,1

215 .3

52.5
:13.t)

,l.ll

t6.2

3 .9

t4.1

46.1

50.3

(sE)
(0.1)

(6 .1 )
(2.',7)

(2 r . 01

(4.9)

(,t.9)
/ 1 .1 )

(1 .8 )
(0.6)

(  1 .7 )
(:2.9)

( 3 . 1 )

0.00

0 .51

0.5lJ

0.56

0.03

0.25

O.LJ3

0.00

o.91

0.02

0 .01

0 . l 3

High use = western gray squirrels were seen > 2 iimcs or > 2 squirrels seen simultaneously:moderalc use = squirels seen I or
2limest low use = squirrels never reen in stand.
IFood specics include .t) mpharicarpos dlbur,Cor!lus onuta. O{nLeria rcrasifarm6, PseudatMga en.ie\ii,Quercus garrydw,
GLtulth( tia s hdllon. Anl? lanch ie r dltlifolid, Rosu \p.. Ruhur ptorcrus. ua( ini mpanifoli n, Ribe\ sp.. A(:er ma(rophrllun, Acer
cirLindtwn. Fraritrus latifolia. Pitl,,s ponletlsa. Rhantru\ purshidna. Tatus brctifolia, Ahies gruruli\, Cornus nuttallii, Populus
tridio(urpa. anrl Prrus ndl s.
' 
QUCA = 8u.r.'6 sdfr.l ana.PSME= P*utloxusa men icsii.

' DBH = diameter at breasi height in cen!imclcr\.
rBasal area in rnetersr/hcclarc.

'fABI-E 
3. A rcfospective comparison' of the percent of oak

stands across 3 s ize c lassi f icat ions for  three
sanples of oak standsr l) l8 stands wi$ high
wcslcmgray squi [e l  use;2)  12 stands wi th mod
eratc usc: and l) a random sample of 26 stands
ln which no squirrels were seen (low use); 56
nands totait FonLewis. Washirgt(m, 1992- 1991.

TABLE ,1. A retrospccrile comparisonr of the percent of
stands across 5 distance-frcm-water classifica
lions lbr 3 samples of Oregon \l'hite oak slands:
l) 18 slands with high western gray squincl use.
2) l2 slands withmoderateuse, and 3) arandom
samplc 01 26 stands in which no westem gra)
squirrels werc sccn (low use):FoIt Lewis. Wash
ington.  1992 1993.

Stand use'
Strnd u\el

Distancel High Moderate Low
Size' H i p h Nloderate Low

50

16

1

25

42

22

41

I

2

3

I
2
3

5

11
22
28
5

42
33
1 1
E

8

l 5
38

'Stalistrcal resultsr Pcarson Clisqurue = 10.35.1; df = ,l; p =
0.035.
I High use = rvestcm gray squinels seeD ln stand > 2 times or
> 2 squirrels seen simultaneously: moderate use = squirrels
seen in stand I or 2 iimesi lo$ usc = squirrcls never seen rn

rSize c lasses:  I  = 0. :1-1.9 hectares.  2 = 2.0 8.0 hecures.  3 =
>8.0 hectares.

i Slalislical resuhs: Mirinum expected value = I .29, PearsoD
Chisquare = 18.9,1,  df  = 8.  p = 0.015.

I  D i s l a n c c  c l a s s e s :  I = < 0 . 1  k m . 2  =  0 . 1  0 . 3 9 k m . 3 = 0 . . 1 ,
0 . 6 9  k m , . +  =  0 . 7  1 . 0 k m . 5 = >  l . 0  k m .

I High use = wenem gray squirrels were seen in the stand > 2
times of > 2 squirrels wcrc scen in |he stand simultaneouslyt
moderale use = squirels sccn in sland 1 or2 times; low use =
squirrels never sccn in stand.
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most commoD understory trees were bigleaLt naple
and Ore-{on ash. There was no significant differ-
ence in total perrent cover at the shrub lcvcl but
species conrposition varied between high and krw
use stands. High use stands had. on avcrage. a
greater variety of food bearing trccs and shrubs
in the understory (Table 2) and these species, if
present, occurred in greiiter abundance in high-
use stands than in low use stands. lndian plum
( Oeml e ri tt t e nts ifrn'me s) was signilicantly more
abundant in high-usc stands (p=0.020) while Scot's
broom ( C_r'llsirs .ica2ad!.r) was significaDtly more
adundrnt in low-use stands (p=0.00l).

High-use stands had significantly more un-
der . ton  ork  th rn  l r  ' $  -u .c  : t rn l l \  .u ! !e . t in !  more
oak rcgcncration in these stands.At life fom level
one (tbrbs, tems, grasses. and ground-cover), low-
ure 'nnd. had l glcal(r p.rcenl , ' l  \ egelrl ion co\ er
than high use stands. High-use stands had more
fems (p=0.010) and mosses (p=0.008) at life foml
level one, rvhile low-use stands had more glasses
(p=0.020) and forbs (p=0.008). High use stands
had a higher percent cover of coarsc wxrdy de-
btis (p=0.001) than low-use stands.

Variables u'e initially thought would be irn-
portant to \vesten gray squirrcls, such as tree
density. median DBH ol oak. nredian DBH of
Douglas fir. percent Douglas-tir. percent shrub
cover, and alrount of htrzel. did not vary signili
cantly betwecn high and low-use stands.

Stand Size and D stance to Water: A Test
of an Hypothes s

The mndom sample conrparison ofthe influence
ol size and distance to $'ater confimed that squir-

rels indecd preferred larger stands (> 8.0ha) closer
to wlter (< 0.6 km) than smaller stands fufiher
from water (Table 5). The hypotheses of no ef
fects were rejected.

Behavior

We observed squirels fronr one minute to five
horus at alimc. We $,ere able to obsen'e two groups
(of 3-7 squinels each) in two oak sttrnds tbr 2-
and 1 l- rnonth periods and recorded their activi
ties (Table 6). Primary activities vrried season
ally (Figure 3). From November through March.
squirrels spent nost oftheir tirne traveling on the
ground and digging for and fbraging on buricd

TABLB 5. Prospcctilc comprri\onr (nu m ber of stand\ wrlh
squinels/nulnber ofstands suNeyed) ofihc num
bcr ()1 sur!eled olldrcr.r qrilrd,, stand\ uscd
by S.trrr.r grrrxs in 6 \izeld isiance to rvalcrcal
egoriest l0 nands iD etrch catesory \{ere choscn
randoml! trom all Qlrirlcrr earfl.rz stands o
I"orl I-c$is. Washirgton. 1993.1

Di\tance from watcr

Sizc of nand <0.6 km > 0.6 km

< 2 h a

2 8 h a

> E h a

Td.rl

0/ l0

0 /11

6/l  I

6t32

0 /10

0 /  r 0

0/8

0/28

0/10

o/21

6/t9

6/60

Slalistical resLrlt\: Size x Squirrel .Yl = 15.73 df = 2, p =
0.000.1: $'ater x Squirrel X = 8.5,{. dl= 1. p = 0 0035
r Upon subsequen! i lc ld exaninat ion,  t lvo stands rcrc
recategoflzed; one wa! lbund to be in a snallef size class a.d
closer to uater. and anothcr was closer to wrtef. making
sanple sEes unelen.

TABLE 6. Time 0ninuies ) lve\rern sray squ;rcls spcnr at prim ry rctil ities bv m onth.r Fon Lc\iis. Washingron. I992 I993.
Activltv

M o n $  T  a l t i m e
(minules)

l_oragc Agonist ic $'arning/
Escqre

Januxr! 3,t

Fcbruarv )11

llarch 168

April 102

N{a} 5,12

June 38

August  1362

Seplcmbcr 216

\ovember 26
'lbtal 

28,15

I
6',7
l l
IJ]

2.
0

928
1 8 0

] ] 9 l

2 t

r03

236

79
l{)
9

3

).
t

55
0

0
l 9
6

l 0
208
21
ll

l0'1

t)
5

1 2

1E
5
I

,18

0
t 2
l2
t8

l l
I

201
1 9
6

3 lu

i i l

6
7

l 8 l

0
l 2
).
1

I 2

1
1

0
t,

0
U
1
U
t,
0
0
I

r Lcss th.rn l0 lllinute\ ofobservarions $'erc collcclcd in July. Octobet and Decenrber
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Winter Spring Summer-Fall

Foraging

Traveling

Agonistic

Resting

Figure 3. Relali!e lime spent in najor our oi:nesl ucrivities by S.ir./J.ri gr"ir.uJ. Fort Lewis. Washington, 1992 1993.
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acoms. Travel decrcased in Jate spring and early
summer. then increased again in late fa1l. In April,
May. and June. squirrels spent much of their t intc
engaged in agonistic behavior with other west-
em gray squirrels. Sexual behaviol was observed
in May. FromJuly tluough October squirrels spent
a l rnor t  r r l l  u f the i r  uur -u l -ne ' t  r ime lo rag ing .

The amount of time speDt on the ground !er-
sus in trees varied significantlv among seasons
(Table 7). In spring and summer squirrels were
seen considerably more often on the ground than
in trees (oak and Douglas-fir). ln t'all and winter
squir:rels werc seen in trees as olten as on the
ground. Sightilgs were naturally biased towards
roads and the ground since squinels arc more
readily seen in the open than in trees. Neve he-
less, squirels frequently traveled on and across
roads; 17% (52 of 3 l8) of all squinel sightings
rvele onpavedroads. Twcnty-five percant of squir-
rels sccn on roads had been killed by automo-
biles. This compales with :107r of sightings on
the ground. 227r in Douglas-fir. and l6% in Or-
egon white oak.

TABLE 7 Number of \iestern gra\ squincl sightings on the
gfound and in trees. b\ scason. Fort Le\! is. \\'ash-
i rgton.  1991-1993.

and indian plum berries; 3) fall-acorns, Dou-
glas-fir secd. hazelnuts. and fungi; and 4) win-
ter-acorns. hazelnuts. and nrrple samalas.

Discussion

Distr ibut ion and Abundance

Surveys proved eflective in locating western gray
squirrels and their habitat on Fort Lewis. It is
unlikely that we saw all squirrels present in the
oak stands we suNeyed. but we were able to de-
termine general pattems of distribution. Squirrel
distribution followed water courses including
sffeams, rivcrs, marshes, and lakes as prcviously
repofted by the WashingtoD Deparlmcnt of Wildlile
( 1993). This type ofdistdbution has been rcpofied
fbr fbx squirels (Sclirnr alger) in the southeas!
ern United States ( P Wcigl, pers. cornm. 199,1).
Distribution of squirrels rctlected the size of the
oak stand and adjacency ofthe oak stand to other
fore.t. lnd Io $il ler No \quircl\ werc \cen in
iv ' la led  pure  o . r l  s t i lnds .  S I rnd . ize  is  impor ran t
in terms of l) providing trn adequare supply of
tbod and nest sites for vear-round occupancv. 2)
u i luu ing  fo r  occupanc)  , ' l ' rnore  lh i ln  one \qu i r -
rel (the larger the stand. the more squirels, thc
greater chance ofpersistence. and the greater prob-
ab i l i tS  the  . tand u  i l l  he  t ' t rund b1  d  i \per \ ing  \qu i r -
rels); 3) opportunity for diversity in fbod sources.
Adjacency of oak stands to Douglas-fi1 stands
provides additional food and shelter and n.ny pro-
vide conidors to other oak patches. Prairie-conif'er
torest ecotones and water courses are most likely
the ke) di.per\cl roulcs l i rr rqui6ql. [c.cnLrqc. .qLr;r-
rels rarely cross open prairies (Bamum 1975).

Western gray squirrels do not appear to be
abundant on Fort Le$is. Our best estimatc ofthe
number of individual squirrels seen during sur-
veys was 3ll ( in surveys of 7.1 % of the oak habi-
tat). This translates to I squireVl3 ha ofsurveyed
oak woodlands. We did not observe squirrels in
82% of the oak forests we surveyed. Combining
our survey efforts with squirrel sightings by Fort
Lewis pcrsonnel. westem gray squinels were fbund
in 44 of 228 oak stands. The low number of oc
cupied stands may reflect three phenomena: the
distdbution of oak stands o\,€r Fon Lcw is, including
size of stand. distance to water. and adjacency to
Douglas-fir: the characteristics of indivjdual stands
as they relate to habitat quality (fbr example,

Numbef of  Sighi ingsl

Sprlng

llrll

70

57

52

5 l

30
,+l

\\rinter: Decernbcr Fcbruar) Sprirg: March-lu.r\,Summer:
June Augun. Falli September-\ovember

: Slalinical re suhs: Minirnu m expected vahe = | 9.:12. Pcarson
Chisquarc = 8.222. d.fl = 3. p = 0.0.12

Foragirg . including picking, gathering, bury-
ing. and eating tixrd items was the most common
out of nest activity obser\'ed overall. especially
in August and September when squirrels were
gathcrin-q and burying acoms in preparation for
u'inter. Squirrels buried each acorn in a separate
hole on the ground under or near thc source oak
tree. In geDeral. tbod items we saw westem gray
\qu i r rc l \  c r l in !  r rn  Fon Le \ \  i \  \ \e r ( :  I  I  .p r ing-
tingi, succulent vegcttrtion. and Douglas fil cam-
bium: 2) summer bigleafand vine maple samlras,
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number of mast-bcaring spccies present): and
barriers to dispersal and colonization such as traftic.
OakDouglas-fir stands are well-distributed across
Fort Lewis, but few are kDown to be inhabited by
western gray squi.rels (Figure 2).

Habitat Characterist cs

The retrospective analysis of56 oak stands showed
that squirrels were seen most often in stands > 2
ha and that werc < 390 m away liom water. Squir-
rels were present in most of thc large oak stands
near water on Fort Lewis but were rarely seen in
small (< 2 ha). isolated. and pure oak stands. Our
prospective comparison of60 oak stands showed
that western gray squirrels preferred stands > 8
ha and < 600 m tiom watcr. Of the 413 oak stands
on Fon Lewis, l3l were > 2 ha. and only 63 stands
were > 2 ha and 3 390 m fiom water Only 8
stands were > 8 ha and < 600 m from watel. Av-
erage summer home ranges ofwestcrn gray squir-
rels viuy from 2.6 to:[.2 ha (Gilman l986.Asserson
1974, Foster 1992). Fe$'oak stands on Fofi Lewis
are > 2.6 ha and u'ithin 600 m of vater. Squirrels
were seen most oftcn in stands with a mixture of
conifers. oaks, and other tbod-bear-ing tree spe-
cics. Spccil ic percentages of Douglas-lir and Or
egon white oak required to accommodate $,est-
ern gray squirrels are difficult to determine, but
squinels were rarely seen i[ pure oak stands iso-
lated trom Douglas-fir or in pure Douglas-fir stands
away lionr oak. Squirrels werc lcss l ikcly to use
stands that are tending towards pure oak ; lewer
squirrels were seen in stands that had > 507r Or-
egon white oak than in stands with a greater Dou-
glas-tir component.

The number and variety olfood-bcaring trees
and shrubs in a stand appeared to influence use
by westem gray squirels. Bigleafmaple. Oregon
rurh .  rnJ  inJ i r rn  p lum . rpper re , l  l r ,  he  in rp , ,nant
food bearing species. The abundance of seed and
mast crops varies selnonally, annually, and among
species (Nixon et al. 1975): therefore, stands with
diversefbod sources may provide more stable year-
round food supplies for squirrcls than stands with
lew food sources (Gurnell 1983).

High use stands had more understory trees
(vhich provide vertical routes firr travel and es-
cape) than low use stands . The percent cover of
shrubs was not significantly diffcrcnt between low
and high use, but the vadety of food ploducing
shrubs was greater in high-use stands. High-use

stands had nrole snowberry (.Sttnphoriturpos
albns), Caliibmia hazel ( C oryl us comuta). 5rgleat
maple, r ' ine nraple (Acer circinatun), sii.r\
(Guultheriu shollon). blackbenies (llrrrr spp.),
and Orcgon ash than low-use stands. Usc by squir-
rels $'as lower in stands $,here Scot s broom was
most abundant. Scot's broorn is a highJy invasive
species that may quickly take over disturbed ar-
eas. prairies, and oak woodlands. Much of the
understory ofoak woodlands on Fort Lewis. par-
ticularly those adjacent to prairies, has been in
vaded by Scot's brrxnn. Scot's broom can grow
over 3 m tall and may create shade colditions
unsuitable fbr the establishment of oak seedlings
and other native pmide vegetation. Squirels are
not kDown to eat the foliage, pods. or seeds of
Scot's broom.

Thedill'erences in grr)und vegetation and coane
woody debris between high use and low use oak
stands appear to be a f'unction of the location of
the stand in the conifer forest oak woodland prairie
mosaic. They may indicate high soil moisturc and
suitabil ity fbr fungal production. Low-use oak
woodlands had lower basal areas of trees (less
tree cover) than high-use stands (Table 2). In gen-
eral, low-use stands were lnore open and drier
while high-use stands were denser and moister.
Grasses were abundant in the dry open oak stands
adjacent to prairies, while lerns and mosses were
abundant in the moist, denserstands. Coarse woody
debris is a characteristic of oldcr interior fbrcsts
rather than open prairies. Coarse woody debris
can provide moist nricroclimates in otherwise dry
areas that allow persistence and fiuiting of the
sporocarps (truftlcs) of cctomycorrhizal fungi
(Amaranthus 1989).

Behav or

{c tn  i t i c .  , ,1 ' ,qu i r rc l r  lppe l r  to  r  a r1  in  rc .pon\c
to the breeding season and tbod availability. The
brceding season extends from January to Septem-
ber in western Washington (Brown 1985). The
h i g h  l e r e l  o i t r a r e l  r n  t h c  u i n t e r : r n d : p r i n g  I n i r )
correspond to the search for mates or for scarce
s lo red  food.  Agon is t i c  beha\ io r  be tueen rqu i r -
rels in the spring and early summer may be asso-
ciated with mating in the early spdng, and de
len .e , ' l  h , ,me r lnge.  rg r ins t  ,J ispcrs ine  1 , 'ung
in the summer.

Food species diversity was an inportant cor-
relate of squirrel occupancy of oak stands. We
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observed western gray squinels eating a variety
of tixrds as mentioned in the results but there ha\'9
been lerv studies ofthe westem gray squirel diet
in Washington. Gaulke and Gaulke (1913.1) stud-
ied $'estem gray squinels on the Oak Creek Wild
life RecreationArca ncar Nachcs, Washington and
lbund that acorns are a major food during Febru
ary and March and ponderosa pine (Pitus pon
deiasa) secds a rnajor food in February. They
observed squirrels eating large nunbers of im-
mature irspen (Populu.\ trcnvloides) catkins. Tn
Califomia. Stienecker and Bro*ning ( 1970) de
tcrrnincd principJe tixrds by volume: hypogeous
fungi, pine nuts, acorns, bay fmit, and green veg-
etation. FuDgi were eaten year-round while pine
nuts and acorns \r,ere the nrain summgr fbods. In
southern Oregon. Cross (1969) found that pinc
seeds.llr seeds, and hypogeous tungi $'ere eaten
year-round while acorns were eaten in lal1 and
u'inter. In northcentral Oregon. squirrels ate 1ungi,
conifer seed. acoms, honeysuckle nectar' (l,oirlc eiz
collosa1, urd the tbliage of miner's lettuce (Montid
pe rlb riuta) in the spnng an d summer (Foster 1992).
AlLhough previous lbod habiL studics showcd that
a diversity of food was consumed. they did not
demonstratc dillcrcnccs in thc varicty of foods
r r r i l . rh le  in  d i f l< ren t  qu i ' l i t \  h rb i t r t . .

The diet of the western gray squirrel is de-
pendent on the seasonal and ycarly availabil ity
of acorns, conifel seed, fungi. and other foods.
The amount oftirne squirrels spend on the ground
vcrsus trccs also depends on the kinds of fixrd
that are available. For exanple. Foster (1992)
observed most foraging on thc ground. cxcept in
the tir)1 rvhen sqr.rirrels were gathering acorns from
oak trees. Wc obscrvcd similar pattcrns in tbrtrg-
ing. Most of the year, squinels nust leave the
satety of trees to lbrage on the ground 1br food.
\ \c . l cm gr r )  .qu i r r t  l r  JL ,  nu t  ,1 i . .  r im inr te  rg r r in . t
roads during on the ground travel and 25% of
squirrcls sccn on roads rvere dead. Roads (par-
ticularly those \\"ith heavy traffic) are a threat to
thc  eont  i r ru ing  p .  r : i . lunL  c , , l '  $  e . le rn  g r i l )  .qu i r -
rels. Many deaths on roads occurred in thc spring
rvhen temales wele pregnant and, aga1n, in sum
mer u'hen young were dispersing.

Management lmplications

Management ti)r the western grly squirrel should
involve protecting both the squilTel and its habi-
tat. The greatest threats to westen gra)' squirrels
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on Fort Lewis appear to be habitat loss duc k)
succession and invasion by Douglas fir, the over-
dispersion ofoak woodlands. and automobile trat:
f ic. Raising public awareness ofthe presence and
status of the western gray squirrcl through bro-
chures rncl posted road signs may reduce squir
rc l  dec lh .  on  ru ld . .  Ac t i rc  InJnrgernenr  i \  ( r i l i -
cal in presen'ing dwindling oak woodlands.

Oak comn.runities in other parts of Washing-
ton were diminished jn the past by the removal
of oak for firewood, agriculture, and grazing. They
have been further reduced because of hre sup
pression (leading to succession by Douglas-fir),
logging, and the clearing oftrees for housing de
velopmcnts. Oak-conifer forest has high value tbr
western gray squinels because it provides a vari-
ety of fbod. cover. and nest sites (Gilman 1986).
Oak provides travel ways (Fostcr 1992), f ircd (in
the lbrrn of acorns and edible tluffles; Molina
l992), and escape cover. Conifcrs (Douglas-fir
on Fort Lewis) provide year-round cover, nest sites
(Cross 1969. Foster 1992). cone seed, and truffles
(Luoma 1991). No other communities seem to
suppofi westen gray squirels in western Wash-
ington.

Oak-conifer forests are transitional commu-
nities that require centinued management for their
maintenance. Oregon white oak stands may be
replaced by laster growing Douglas-fir and, then,
by climax stands of grand lir (Abies grundis) or
grand fir and Douglas-fir (Franklin and Dyrness
1988). On Fort Lewis, this succession to Dou-
glas-fir is cvident in most oak stands except for
those that are isolated from conifers and thathave
little value lor westcrn gray squirrels. There is
little evidence of succession from Douglas-fir to
grand lir on Fort Lewis.

Our study showed that squirels preferred la.rge
stands near watcr Therefi)re. management should
emphasize preserving oak stands that are > 8 ha
and that are < 600m tiom water. Small stands near
water and adiacent to coniferous forests are high-
fri, 'r i l) caIdiJ.rle. l,.rr munugement to increase
the area of oaks. Maturs. acorn-producing oaks
can be  rna in t r ined b1  k i l l i ng  over - topp ing  t rec :
by girdling or fell ing. Growth of smaller oaks can
be encouraged h1 relel. ing rhem from cornperi-
tion with conif(]$. Rcducing competition with oak
seedlings, Scot's broom, young Douglas-fir, and
invading grasses thus may be imponant both in
allowing ork\ lo regenerate lnd in preserr ing n.rtire



prairies. Management may includc prescribed
burning ()n prairie ed-qcs to control the invasion
, ' i  Seot  .  b room and re t r in  nu t i re  f l rn t  . le r  ie : .
Franklin and Dyrness (1988) repot that f ires set
by native Americans (betbre European settlemcnt)
reduced the invasion by Douglas fir and lessened
the amount of brush in oak woodlands thus cre-
ating a park-like appearance.

Western gray squirrels on Fort Lewis uscd
stands $ith native undcrstory vegelation over those
with Scot's bfoom understory. Bec;ruse squirrels
did not use isolatcd oak stands, were often killed
by crossing roads, and would be highly vulncr-
able to predation rvhcn away from trees, \\,e be
lievc that once oak stands are being maintained.
the next pdodty is to protect habitat corridors
between oak patches to facil i tatc travel by squir-
lels. Adding water sources such as small man-
made ponds or guzzlers (Schcmitz 1980) to oak
stands that are lalge and adjacent to conif'er stands
could signiticantly increase thc amount of suit
rble squirrel habitat.

Maintaining a nrix and juxtaposition of habi
tat conditions is necessary to naintain western

Frd)  \qu i r re l  n ( 'pu l  l i . ' n . .  f , , f l  Le$ i '  i .  rn  im
portanl area for westem gray squirel rnanage-
ment because it holds the largest publicly man
agcd area of Oregon white oak itr the Puget Sound
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