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Current Status of the Western Gray Squirrel Population in the Puget
Trough, Washington

Abstract
The Puget Trough population of$ishington s srale thrcatcncd westem gray squinel is centered in Orcgon white oak ecorones
adjacenl to coniicr lbrests and prairies on the Fort Leu,is Mililary Reservaiion. Our goal \l'as to dclcmine the cul'rent status of
westemgraysquirre ls in lh isregion. In l998. \ \ 'e foundf ivcr ' "esGmgra),squirre ls in538hoursof tbotsuneysin l33oaksi tes.
ln I 999, rvc expanded our survey effon and includcd sur! cys on 1bot, surveys with simulated squirrel calls. live rrapping, and bait
slalions wilh motion'sensitive cameras. No $,cstcm gra] squilTels were detected in any oak siles in 1999. One wesrern gray
squirrcl was photographed in aponderosapinc nand adjacenl to oaks. The western gray squirrcl population on Foft Lewis appears
to havc dcclined se!erehr since lolv population numbcrs were reported in 1992- 1991. Our abilit! !o lbrmulare nutuall) exclusive
h]'potheses undcrlving the decline of the western gray squirrcl on Fon Lewis is limited b) our lack of undershnding ofho*,rhese
squirrels persist in highly liagnented oak ecotones. Without intcrvendon. however, the continued existencc oflhis species in rhe
Puset Troueh mav be doubtiLil.

Introduction

Western gray squirrels (Sclaras grl.reits) inhabit
oak (Qaercas spp.) woodlands in the westem U.S.
(Carraway and Verts l994, Washington Depart-
ment ofWildlife 1993).In recent years. oakwood-
lands have disappeared or been degraded due to
agriculture and urban development, fire exclusion.
and invasion by Douglas-fir (Pseudotsuga
mer:lesli) and Scot's broom (Cyti-sirs scoparits).
Concem over the loss of oaks and declines in
populations ofwestern gray squinels has grown.
InWashington, the westem gray squirrel was listed
as threatened in 1993 and oeLk woodlands were
listed as "Priority Habitat." habitat requiring special
prolection, in 1996 (Washington Department of
Wildlife 1993, Washington Department of Fish
and Wildli le 1999).

Western gray squirrels are curently found in
three isolated populations in Washington State
(Figure 1). The Puget Trough population is cen-
tered oI1 the Fofi Lewis Military Reservation in
southern Pierce and northem Thu$ton counties
(Washington Department of Wildlife 1993). This
popu lu t iun  er i . t s  because o f  p ro tee t ion  g i ren

Oregon white oak (Q uercus garryana) by theU.S.
Amy (Rodrick 1987, Washington Department of
Wildlife 1993, Ryan and Carey 1995b). Westem
gray squinels have been found on private lands
adj acent to Fort Lewis and on McChordAir Force
Base as well, but tew squinels have been recorded
in recent years (Elizabeth Rodrick. Washington
Deparlment of Fish andWildlife, Olympia, Wash-
ington, personal communication). A second popu-
I ation of squirrels is found in Chelan and Okanogan
counties in the northern Columbia River basin.
Very little is known about this population-it is
believed to be low in abundance and highly frag-
mented. Squirrels have been observed in valleys
within grand fir (Abies grardls)-Douglas fir for-
ests and in walnut orchards planted by early set
tle$ (Barnum 1975). The third population ranges
along the Columbia River Gorge and its tributar-
ies along the ellst slopes of the Cascade Moun-
tains into Yakima and Klickitat Counties in mixed
Oregon white oak-Ponderosa pine (Pin rs2o'de-
rosc) and mixed oak-pine-fir forests (Linders
2000).

The Fod Lewis population was intensively
studied in 1992-1993 (Ryan and Carey 1995b).
Eighty-one squirrels were observed during their
study, most during sur.,'eys on fbot. This was a
relatively low number compared to historical anec-
dotal accounts. The primary causes tbr decline
were believed linked with both habitat loss and
mortality ftom motor vehicles. Our objectives for
this study were (l) to reevaluate the cunent
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. Current distribution of western
gray squirrds (1974 to presenl)

t-]l Current distribution ol Oregon
u white oak

Figurc L Currcnl di slrib ulion 01 llcslem gray squirTels (Rodrick 1 999) and curent distribuiion of Oregon white oak (Stejn I 990)
in Washinston Sraie.
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population ofwestem gray squinels on Fofi Lewis
by duplicating the survey methods and intensify-
ing the survey effofi used during the 1992-1993
study, and (2) to evaluate additional survey meth-
odology not tried dudng the earlier study.

Study area

The Fort Lewis Military Reservation is located
in the southem Puget Trough physiographic prov-
ince (Franklin and Dymess 1988) in south Pierce
and north Thurston counties in westemWashing-
ton. The 34,,100-ha reservation includes 22,160
ha of wooded lands, 77r (approximately 1,400 ha)
of which contains a component of Oregon white
oak. At present, pure oak stands on Fofi Lewis are
rare: most oaks ocour in ecotones, transitions b9-
tween upland Douglas lr forests and prairies. Com-
munities on Fort Lewis that border oak sites in-
clude prairies, wetland-floodplain forests, dry
Douglas-fir forest. moist Douglas-fi r-westem red
cedar (Thuj a plicaLr)-western hemlock (Tsirga
hete rophvlla) forest,'and ponderosa phe woodlands.
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We used Ceographic lnformation System (GIS )
maps to loclrte our oak sites;573 oak patches rang-
ing tiom < 0.2 to >,1,+ ha existed on Fort Lewis in
1993 (Ryan and Carey 1995b). We initially se-
lected all 133 oak sites > 2 ha and located out-
side of developed and arti l lery impact areas
for study (Figure 2). As our study progressed.
however, we reduced the number of sites to
maximize opportunities for observing squirrels,
generally selecting larger sites (Ryan and Carey
1995a, b) and those with historic (1992, 1993,
and 1998; Figure 2) sightings of western gray
squ i r re ls  (Tab le  l ) .

Each oak site was defined as a core area with
a relatively continuous distribution ofoaks. Bound-
aries weredefined by prairie ortreeless ureas, major
roads. and adjacent non-oak forests. If ecotone
boundaries were unclear, a buffer was also in-
cluded in the survey. Buffers consisted of areas
with at least one large (diameter at breast height
(dbh) >20 cm) live oak within one-half the mean
diameter of the core area.
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TABLE L Srnnmar] oi methods used lbr onilo ng \restern gfav squirrcls on the Fofi Lelvis \,lilitarr- Reserlarion. Forr t-cwis.
WA lrom 1998 to 1999.

Tulr l  nu| l rbcr
Technique Oak sitcs

Fallfoot survcys

Trapping ard trapping survcys

Spfing foot survcys

Cal l ing sur!e ls

Bail stations/cameras

Tclenetry. eastern gray squirrcls

Telemetry. flting squircls

Small-nramnal ttupping suI\e!s

3l  Aug- l0 Oct  98

2 Fcb 19 Mar 99

22 M -10 N{ay 99

I  I  May 3 June 99

I Ma) 28 June 99

I Mar 28 \fay 99

2,1Feb-28 NIay 99

l3 July-6 Aug 99

] ] l

22

33

35

1

22

1

5

5

8

1

6

Methods

Foot Surveys

We walkcd overeach site slowly and quietly, stop
ping every 15 m to look and listen for squinels in
a 15-m radius. Foot surveys were conducted be-
tween 30 min after dawn (approximately 0700)
and 1500 hours. but were suspended during peri-
ods of high wind or heavy rain. Each site was
surveyed three times (Ryan and Carey 1995b).
Sites were surveycd only once by each observer
to reduce obseryer bias. From August through
October 1998 (fall suNeys), we intensively sur-
veyed all I 33 sites. From March thrcugh May
1999 (spring surveys), wc fbcused our effort on
33 sites:22 sites with the highest potenrial lbr
harboring squirrels (our trapping sites, see below)
and an additional l1 sites with the most histodc
western gray squirrel sightings. Because all fall
observations were made betbre noon and 1992-
1993 data indicated that westem gray squirrels
\ \e re  mo: l  ac t i re  ear l )  in  the  dry .  rp r ing  sur re ls
were only conducted from 0700 unti l 1230.

Cal l ing Surveys

We used two hand-held, mouth-blown call ing
devices, Primo s "Squirrel Buster Deluxe"J hunting
call and Haydel's "Mr. Squirrel" squirrel whistle,
to attract squirrels and elicit squirrels to vocalize
by irnitating eastern gray squirrel (S.i/,.as
carolinensis) and fox squirrel (S nlger) distress
and alarm calls. Calls were used according to
manufacturers' instructions. Moving quietly and
wearing dull colored clothing, obser.,'ers called
at approximately 80-m inteNals throughout each
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site to ensure complete aural coverage. At each
calling station. we called and listcnled tbr squir-
rels for approximately 3 min. Again, observers
rotated between sites. Calling surveys were sus
pended during periods ofhigh wind or heavy rain.
In May and June 1999, two call ing suNeys were
conducted in each of 35 sites; l7 of the 22 large
sites trapped (the other five trapping sites were
not surveyed because of a lack of historic gray
squimel obser,'ations) and in an additional l8 sites
u  i lh  h i \ to r ic  wes lem grJ )  rqu ine l  s ighr ing : .

Trapp in g

We live-trapped from Fcbruary through March
l9gg.  S i re .e lecr ion  ur \  hused on  mar imi t ing
ourchances ofwestem gray squinel sightings and
captures. We chose large oak sites (> 8.0 ha) or
sites > 4.8 ha with histodc westem gray squirrel
observatiols. Forty-four trapping afiays were
placed in 22 sites. Each array consisted of eight
stations spaced 40-m apart, primarily near trees
or coarse woody debris, though occasionally in
more open areas. Three tlaps were placed within
a 3-m radius at each station: one small (l2.7 x
12.7  x  40 .64  cm) .  one med ium (17 .78  r  17 .78  x
60.96 cm). and one large (15.2,1 r 15.24 x 66.0,1
cm) wire-mesh Tomahawk trap. Small sites were
lltted with one aray. while large sites held two
to three arrays. Traps werc opened on Monday
mornings andclosed on Friday momings and were
checked twice daily fbr two weeks. Due to cold,
wet. winter conditions and the possibility of hy-
pothemia, tuaps were covered with waxed milk
cfion\. and nc\l h('\e\ and polye.lcr bulring \\ cfe
placed inside traps (Carey et al. 1991). We used



two baits: a pcanut buttef. molasscs. and whole
oatnlixture (C ey et al. 1991). and whole walnuts.
The peanut butter mixture was placed inside each
trap and walnuts were placed both inside and
outside each trap. Trapping stations were baited
with whole walnuts outside each trap tbr at least
three days prior to opening tmps. Bait wits rc-
placcd daily. ifconsuned, and tiesh bait was addcd
at the beginning ofeach week. Captured animals
ucre examined and relcased according to Carey
et al. ( 1991). Each individual was ear tagged upon
first capture. We weighed. and determined the age.
sex, and reproductive status of every squirrel at
each capturc: squirrels wcre then released from
the station where captured.

V sua Surveys Wh e Trapping

Eighteen visual suNeys \l'ere conductcd during
our arboreal rodent trapping (February March)
and during forest floor small mammal trapping
(July-August; Wilson and Carey 2001) in each
ofthe 22 lrapped sites, l0 during morning checks
and eight during aftcrnoon checks. Technicians
looked and listened fbr gray squinels whilewalking
along trapping l ines and handling animals cap-
tured 1n traps.

Camera Surveys

Canreras triggered by infrared motlon sensors
(TrailMasLcrs TM 1500 active infrared trail monitor
*,ith automatic 35 mm cameras) q'ere used to
suruey for westcm gray squirrels and to evaluate
whethcr trap wariness influenced our trapping
results. We establishcd bait stations for remote
camera su eys flom May through June 1999.
Arays of 8- 12 bait stations, $,ith stations placed
40 m apafi. wele located in select oak ecotoncs
and adjacent ponderosa pine and upland Douglas-
fir communities. Atotal of l9 sites were surveyed
$'ith cameras. The nine oak sites (ninc total ar-
rays) selected were those with the most curent
and historic sightings of westem gray squirrels.
Three ponderosa pine sites (seven total arrays)
adjacent to oak ecotones wcre selected because
\\"estem gray squirrels regularly use ponderosa
pine-oak-Douglas fir habilat in south-central
Washingtor'r (Linders 2000). We also expanded
our camera surveys into adjacent Douglas-fircom-
munities because thi:y nray be impofiant as tmvel
corridors between oak sites and water soutces
(Rvan and Carey 1995a. b). as an additional fbod

source, and as availabJe nesting sites. Twelve ar-
rays were placed at seven Douglas-fir sites bor-
dedng oak ecotones with the greatest number of
historic squirrel sightings. Ten walnuts were placed
at each slation. Stations were checked once or
twice weekly. and missing wahuts were replaced.
When walnuts routinely disappeared from ) I sta-
tron n an array. we set up cameras to record an1-
mal activity. From May until June, five cameras
were set up according to manufacturer's sugges-
tions, and checked daily Mondey through Friday.
and bait was replaced as needed. Each camera
was set to pause 30 sec between erposures when
the infrared beam was repeatedly or continuously
broken. To maximizc photo coverage. camgras
were rotated weekly among stations and sites.
Arrays \\"ith little or no aotivity after four weeks
were removed tiom the study.

Compar ison o f  1992 1993 and 1998 1999
Stud ies

We compared squirrel observations fiom l992-
93 and 1998-99 data in two ways. First, we com
pared data collected fuom foot surveys the only
survey method used in both studies. We then com-
plLred the numbers ofboth westem gray squirrels
and eastern gray squirels detected regardless of
method, oak ecotones surveyed, survey hours. or
season.

Results

We obsened llvi: western gray squirrels, seven
eastem gray squirrels, and five unidentified gray
squirrels during 538 foot-survey hours in tall 1998
(Figure 2). Westem gray squirrels were widely
dispersed throughout the main reservation but not
detected in the Rainier Training Area (south of
the Nisqually River (Pierce-Thurston county line);
Figure I. 2). We found six eastern gray squirrels
in five sites. Two eastern gray squiffc]s werc ob
sen ed in one site in which onc western gray squinel
was also detected. All gray squirrcls were found
in oak ecotones 3-32 ha in size and bordering
Douglas-fir communities and prairies. During
spring 1999. seven observers spent 155 hr sur
veying fbr squirrels; no gray squirrels were dc-
tccted. No westem gray squirrels were dctected
during 259 hr of trapping surveys fbr arboreal
rodents or durirg l08 hr of trapping forest-tloor
small-mammals. Additionally. no squirels wcre
obsen'ed during 35 hr of calling surveys.
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We did not catch any western gray squinels
in 8,002 trap nights. We did catch nine adulteastem
gray squirrels 35 times in four sites. three ofthese
sites were in close proximity. we also caught 25
nofihem flying squirrels (G/cacon)-s sabrinus)
ard 12 Douglas' squirrels (Tamiasciurus douglasii).

Animals removed bait routinely from >1 sta
tions at eight ofnine oak, four of sevcn Douglas-
fir, and two ofthree ponderosa pine sites. we set
cameras for 140 camera days and photographed
an imal '  ru id ing  br i t  : ta t i , ' ns  on  16 ,1  occas ions .
One western gray squirrel was photographed in a
ponderosa pine site (Figure 2). We estimated that
eight eastem gray squirrels were photographed:
livc in oak sites. two in Douglas-fir sites, and one
in a ponderosa pine site.

Compar ison o f  1992 1993 and 1998-1999
Stud es

Ryan and Carey (1995b) made 156 obscrvations
of westem gray squirrels durirg the 1992-1993
study---46 during foot surveys and ll0 outside
of tbot surveys (behavioral studies, incidental
observations by technicians and Fort Lewis per-
sonnel, and road kills). They saw ,16 western gray
squirrels during 330 hours of foot surveys (three
visits cach to 119 sites) between June 1992 and
Febru;ry 1993. These squirrels rcpresented at least
38 individuals in 30 sites (Ryan and Carey 1995b).

We saw six westem gray squirrels during our
study. Of these, five were observed during 740
houn of foot suneys. These five individuals were
all obsen'ed in the fall. Of all 1992-1993 obser-
vations. 966lc were in 14 of the 36 sites surveyed
during both studies.

The ll0 western gray squinel observations
outside offoot surveys in 1992-1993 represented
,13 individuals on l4 sites. In I998 and 1999, we
observed only one western gray squirrel outside
of foot sun eys and not within an oak site. ln 1992-
1993, observers saw one squirrel per t hr of sur-
vey timc, compaled to one squirrel per l17 hr of
survey time in 1998, and no squinels in 155 hrin
1999. Most westem gray squirrels were obsen'ed
liom June through October during 1992 l993 foot
surveys; September foot surveys were common
toboth studies 14 squirrels were detected in 1992,
but only five in 1998.

Eastem gray squirrels were captured during
both studies. In May and June l993, lbur eastern
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gray squirrels were observed while surveying and
two eastem gray squirels were captured while
trapping (Loreen Ryan, USDA Forest Service,
Olympia, Washington. personal communication).
During our study, we observed 36 eastern gray
squinels, all within I km ofresidential areas, al-
though some obseryations were likely repeats of
the same individual.

Discussion

Westem gray squinels have declined dramatically
on Fon Lewis during the last decade. Fort Lewis
is considered the las1 stronghold of the westem
gray squirrel in the Puget Trough (Washington
Departmert of Wildlife 1993) and few squirrels
have been observed outside Fort Lewrs 1n recent
years (Elizabeth Rodrick, Washington Department
oI Fi:h and Wildlite. Oll mpir. w.-r:hington. pcr-
sonal conmunication). Our data, coupled with
previous studies (Ryan and Carey 1995a, b) and
historic accounts (Buechner l953: Larrison 1970;
Tivel 1978; Rodrick 1987: Washington Depa
ment of Wildl ife I 993), suggests that the end of a
long term decline in the Puget Trough westem
gray squirrel population has been reached lnly
a f'ew individuals remain, and the likelihood of
extirpation appears high.

Techn ques for l\,4on toring Western Gray
Squirrels

Our efforts to locate westem gray squi[els were
.ubs t rn t ia l l )  more  comprehens i re  thun prev iour
studies we used five different methods of de-
tection, had larger sample sizes, and many more
ob.er\er\. Becau:e we were monitoring r rrre
species, we also chose to expand our methodol-
ogy to explore several techniques fbr locating
squirrels.

Western gray squirrels are very wary and
challenging to approach and theretbre can be
difficult for observers to detect. Where squir
rels are relatively abundant, foot surveys can
be effective, as they were in the 1992-1993 study
on Fort Lewis (Ryan and Carey 1995b). Vi-
s u a l  s u r r e ) .  c o n d u c t e d  u h i l e  l r a l n i n g  $ e r e
likely not as eflective as our foot surveys, partly
because techn ic ians  were  mov ing  rap id ly
through sites, only along trap 1ines, and con-
centmting on checking traps more than detecting
squirrels. However, we do advocate training



technicians to look and listen for squirrels while
trapping, as it increases the effon expended in
searching fbr squirrels with little added cost.

Trapping efforts have been successful in pre-
vious and ongoing westem gray squirrel studies
in Oregon, Califomia, and southern Washington
(Foster 1992: Gilman 1986: Cross 1969; Linders
2000). ln 1998-1999, Mary Linders (University
of Washington, Seattle, Washington, personal
communication) tbund that she could recapture
members of thc Klickitat County squirel popu-
lation with predictable regularity. We used simi-
lar traps and trap placement techniques, although
the addition ofwaxed milk cafion trap covers and
nest boxes. and polyester batting were unique to
our trapping study. Previous western gray squir-
rel trapping efforts on Fofi Lewis also had lim-
ited success (Ryan and Carey 1995b). Why westem
gray squirrels on Fort Lewis appear trap shy is
unclear. Even with the use ofcamera surveys, we
could not detemine whether trap wariness influ-
enced our trapping results because the popula-
lion was so low. In contrast, trapping was very
efltctive fbr eastern gray squirrels, and we regu-
larly recaptured most individuals.

Bait stations and remote cameras proved to
be an eflective monitodng technique because we
photographed all three diurnal squinel species.
Camera stations may be less intrusive than fap-
ping and more cost effectjve than foot sul-\,'eys,
especially iflarge areas need to be monitored and
squirrel numbers are Iow. Stations should be pre-
baited and checked twice weekly prior to setting
up cameras. Cameras should be placed only at
\ l l t i on \  uhere  ba i l  i s  cons is ten t l l  d i .appear ing .
Calibration is necessary and problcmatic when
cameras are frequently mor cd belu een .t lt ion..
Cameras should be programmed to shoot a maxi-
mum of once every 30 sec to minimize exposure
of an entire roll of film on one individual.

'We 
were unsuccessful in using mouth-blown

distress and warning calls to attract squirrels.
Squirrels in low-density populations may rely more
on secretive behavior than distracting or swamp-
ing predators with vocalizations. The calls we used
were designed fbr eastem gray and fox squilrels,
and did not imitate the precise tone or pattems of
westem gray squirrel vocalizations. It is also pos-
sible that the dialect imitated by thc calls was not
recognizable by our eastem gray squirrels. Stud-

ies have shown that different dialects (pronun-
ciation and vocabulary differences) exist for the
same bird species in diflerent rnacrogeographic
and even microgeographic regions (Mundinger
1982; Kroodsma et al. 1985); squirrels may also
use different dialects and therefore calls may
need to be developcd specifically lbr westem
gray squirrels.

Telemetry studies would be the most useful
lerhnique forquanlifying hou uc.tern grul rquir
rels use fragmented habitat, especially how safely
squirrels can move between oak ecotones con-
sidering the extensive road network on FortLewis.
Telemetry would also be uset'ul in measuringhabi
tat quality, specifically quantifying important
habitat components within oak ecotones, and as-
sess ing  the  re l r t i re  imponance o f  communi t ies
adjacent to oaks in providing year-round habitat
for westem gray squirrels. However, the benefits
ofknowledge gained fiomtelemehy studies must
be considercd against the potential risk of mor-
tality caused by handling squirrels when the popu-
Iation is very low.

Management lmplications

As oak-dominated ecotones in the Puget Trough
become increasingly rare and degraded, we would
expect aconesponding reduction in westem gray
squirrels. If the Foft Lewis land base, especially
total area in oak woodlands, is too reduced to
sustain a viablc western gray population, it may
be necessary to expand squirrel management onto
adjacent federal, state, tribal, and private lands in
the Puget Trough. Additionally, the status of the
westem gray squinel may be upgraded from state
threatened to state endangered in the nem future.
Western gray squirrel management objectives and
practices should take thesc possibil i t ies into
account.

Westem gray squirrels are associated with
mixed oak-conifer stands throughout tieir rangc
(Asserson 1974;Gaulke and Gaulke 1984;Gilman
1986; Rodrick 1987; Foster 1992;Ryan and Carey
1995a, b; Carraway and Vefiz 1994;Washington
Depaltment ofwildlife 1993). The ecology ofo;rks
in the Puget Trough glacial outwash plains may
be differcnt t iom oak ecology in lhe rir cr Icrrirr. es
and floodplains in southem Washington, Oregon,
and Califbrnia. In the Puget Trough, oaks most
often occur in ecotones, between upland Douglas-
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f ir fbrest and prairie. Although oak ecotones
can bc highly varicd in structural complexity
and plant species composition which may be
important in providing a year-round fbod source
for squirrels (Ryan and Carey 1995a, b), many
of the present Foft Lewis oak stands have a l im-
ited variety of mast-producing tree specles.

The success ofthe westem gray squirel in Puget
Trough may be ecologically linked to the suc-
cess of the oak ecotones. It appears that simple
protection of oak habitat on Fo Lewls was n
suttcient to preserve the Puget Trough popula-
tion. Retum of a viable westem gray squirrel popu-
lation to this region wil l require a concened and
well planned strategy, and may require a broader
participation of federal. staie. tdbal, and private
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