
Joseph B. Buchanan, Jeffrey C. Lewis, D. John Pierce, Washlngton Depaftf .ent of Fish afd W d le 600 Cap tol
Way North O ympla Washngtong850l

Eric D. Forsman, USDA Fofest Sefv ce Forestry Sc ences Laboratory. 3200 SW Jefferson Way. Cofva s Oregon
97331

ano

Brian L. Biswell ,  USDA Forest Servce Pacf c Northwest Research Staton 3625 93rd Avenue SW Oympa,
Wash ngton 985'12

Gharacteristics of Young Forests Used by Spotted Owls on the Western
Olympic Peninsula, Washington

Abstract
Alrhough rhe depeDdence ol spolrcd owls (.sr fir ,..ddrrd lir) on oldcr lin csts has been $ell docunenlcd. thc \pccific atlribute\ of

compafatively ]ounger lbrcns used b! o*ls have nol bcen dcscribed in some regions. \\t co]llctcd ]rabital datr aI locatio|s used

by ltotred owls rrackcd in an jntensive radio'telemelry nud) 1o develop descfiptiors of lhcsc lorcns on lhe $e\tefn 01)mpic
Pcrinsula. $'ashington. Ali.r addressing dre effects of tri,rnguladon crror on the placenent oi our \ cgclalion samtling plots. $e

collccted data at all 16 telemcrr! locations that could be clearly as\ociated !lith nonr)ld-gm$th hrbilrl. as !lell as l6 fandonr

locaric'ns. Or I loc.rtions were di!idcd inro 2 group\ to fellect sinslc u\c (only one radio loc.rtion $ ithin (hc crror polygon) and

mulliplc use sites (>2 frdio locarions wirhin lhe errof pol)gon) $ iihin hornc ranges. \egetalion drtr collec(cd in lhrce irra-vs of

\,ari.rbly si^d plors included lneusurj\ oi stcm arrd snag density (by dianctcr clast. canof! cover, rLnd coler of downcd \!ood

.rn{t shrubs. Our anrl}ses iDdicurcd tlal sirgle \ i\ir and randon localions did not diffef with respect to thc !ariablcs we recorded.

Howc\er. both diffefed liom nulriplc use loc.rtions in .rbundancc of larger snags. and rnlounl ol clnopy closure. A logrstlc
rcgression nlodel indicrled rhar mulriple-use sites could be rcliablt disringuished froln single usc and random locations based on

the greater number ol srags >5I c diametef ar breasl hcight (dbh] and >70tt c.Lnop)- closurc. Younger tbrest'r manrged fbr

spoltcd or'1 forrging habrral in rhi! rcgion should be iD the undcrslorl rcinitiation \tage of strnd de\cloprncnt. have >70q; c.rnop)

closurc. and contain >.1\nrgs/0..I hr rhat are 251 cnl dbh. Tbe habilrl dcfiniions re propose n ) ro1b.lppllcablc !(r odrer afeas

characrcriu e'd by differemt lbfert 1)pcs rnd pte) assemblrges

lntroduction

Recent llanagement and conservation strategies
lbr the sponed o\\l (Stix o(identalis) on non-
federal lands in Washington include passage of a
state habitat protection rule (\lAC 222-10-011;
see WSFPB J996). a proposed lederal ; l(d1 rulc
(USDI 1995). and devclopment of Habitat Con-
servation Plan (HCP) agrccmeDts bet$'een Iand-
ou'nen and the U.S. Fish lnd Wildli le Service.
Each of these strategies conlains provisions tirr
managcment of suitable habitats on non federal
Iands. Specifically, the state rule pro\ ides rcgional
descliptions ol suitablc habitats tbr spotted owls
in Washington. In rddition. the state rule and the
HCP process allo* f irr modification of habitat
definit iors based on ncu resealch irfbrmrtion.

Thc definitions ofhabitats used for these lnan-
agement init iatives rvere derived fiorn dcscrip
tiol 'rs summirrized b), Hansonetal. (1993). Thosc
dcscriptions rvere linrited to subnlature forest t)pes

because it $as lelt that there was generii l  aglee-
mcnt oD the definition ofold-tirrcst habitat (Hanson
et al. 1993). The infolmation used by Hanson ct
11. ( 1993) to develop definit ions of suitable habi
tat for the Olympic Pcninsula rvas, in sone cases.
extrapdated from other pafis of western Wash-
in-eton. Data from the western Olympic Penin
sula were not leadi)y available at that t ime al-
though telemetry data had been collccted in the
home ranges of a nunber of owl pairs in that re-
gion (Forsnan urpubl. data). Thal parlicular re
:cJ rch  \ \  a .  de . i ! red  I  c \ l im. r l c  horn< r 'ang< . i ze
and to investigatc usc of different lbrest types.

Although Forsnran s research rvas not designecl
to clescribe specific habitat att butes within slands
used by o\\'ls. we f'clt that it was important to de-
scribe the use of subnrrture l'orcst habitat(s) il
the region bascd on conditions at sites kno$n t{)
hrve bccn used bt spotted owls. The most reli-
r rb lc  mean.  ln  l l cc , rmp l i .h  t l t i r  u l r  to  e r l t t t i t te
hah i l i l l  !onJ i r  i , rn .  r l  d , , .u rnentcJ  le lc ruc tn  p , ' in t .
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(e.g. North and Reynolds 19961. Conscqucntly,
we collcctcd habitat data at telenetry-based lo-
cations in submature habitats to address lwo ob
jcctives: 1) to provide a better description of non-
old-lbrest habitat used by spotled owls on the
rvestcrn Olympic Peninsula, and 2) to test the null
hypothesis that within-stand str-uctural attributes
of younger lbrests did not clif '1!r significantly
among documcnted sites with single. multiple.
or no documented records of use.

Study Area

We collected habitat data in two general arcas on
the westeru Olympic Peninsula in Washington
where telemetry research had been conduclcd by
Forsman: the vicinity of Forks in wcstem Clallam
( r ' r r r r t l  r r n J  t h c  r i c r n i t S  o f  N e i l t o n  i n  u e ' ( e r n
Jel'fersoD County. Both arcas occur at the inter-
face of the coastal lowlands nd the fix)thil ls of
the intedor of the peninsula. The lowland rcgion,
dominated by state-managed rnd privatc lands,
is of generally low reliel whereas the lbothil ls
exhibit greater rclief ancl are managcd by the U.S.
Fore . l  Ser r  i . c  rnJ  l \ r t ion l l  Purk  SeI r  iec .

The manuged forcsts ofthe area are dominated
by westcnl hcmlock (Tsuga heteroph\lkt) altho]ugh
Sitka spruce (.PiLeo sitLh(nsis) and Douglas-fir
t P r t t l t t ' t \ l  t t t  t n t t t : i , , i i '  a r e  d o t n i n l n t  i l l  . , r m e
arcas. Olher species, such as western redcedar
lThLlid pliuttu) and Paciflc silver f ir (ADle.s
tonobil is), also occur in the arca. Mosl suitable
habitat on t'ederal lands is lypical old growth forest
(Mi l l s  c l  a l .  1993.  Forsnan and Giese J997)
whcrcas suitable habitat on state and private lands
occurs in a variet"v ofconditions including: l),voung
stands containing residual forest elernents fr-om
stands largely destroyed b)' a catastrophic u'ind
storm in 1921, 2) young stands *hich lack re-
sidual tbrcst elernents. and 3) rcmnanl palches of
old tbrest. Much of thc nonfederal land area has
been fragnrcntcd by timber haNests conducted
in the last f 'cw dccades.

Methods

Se ection of Samp ng S tes

The telenetry data were collected in 1987-191J9
(Forsman unpubl. data). Most of thc telemetry
points representcd nocturnal lbraging locatioDs
ol owls (n= l0): a smaller number (o=6) were di-

urnal roost locations. The nocturnal points were
deternrined by triangulation whereas the diurnal
points rvele based on either triangulation or vi-
sual contacts of roosting owls. All independent
telemetry points were subsequently placed on a
map. digit ized and cntcrcd into a database. Esti-
nratcs ofhome range size and shape, used b iden-
tif5r the area within which random sampling would
occur (see below). rvere made using the mrnlmum
convex polygon procedure (Hayne 1949).

To determine the stand location of mapped
tclcmctry sites, we imported the digital data to a
Geograplic Intbmatior Systen (GIS) where they
were overlaid on a series of orthophotos of the
areas within thc owl homc ranges. We used thcse
orthophotos and other maps of the study area to
locate sites l irr samplin-{.

The inherent enor associated with triangula
tion lwhile rnLl Crrrrutl lQE6) tn.LJc ir n(\ 'e\.!rr)
to develop a sarnpling schcmc that addrcsscd this
potenlial source of bias. Forsman assessed the
degree of tiangulation eror in the erstern Cas-
cade Mountains in Washington and firuncl a mean
distance of 158 m betweel the estimated and ac
tual locations ofradio signals (E. Forsman, unpubl.
data). We believe this enor estimate wirs appro-
priate (and conscrvativc) for thc currcnl sludy
becluse the areas where we sampled habitat rvere
characterized by less rugged terrair than the as-
sessment study arca; this may havc rcsultcd in a
lou,er incidence ofsignal bounce. In addition, our
stucly arel was hi-qhly accessible due to r well
developed road systen, which made it possible
to travel quickly to multiple points from which
to rcccivc radio signals required for triangulation.

Our goal was to samplc habitat leaturcs in thc
vicinity (i.e.. within the error polygon) of the te
leinetry Iocations and to compare with teatures
at sites not known to be used by foragilg o*ls
u ithin home ran-qes. We assumed that the area in
the immediate vicinity of the mapped telemetry
point u, as representative ofthe habitat being used
by the orl at the time the raclio signals rvere re-
ccivcd. For this rcason. rve used a 316x316 m
(l0 ha) polygon (referred to below as r "cell")

ccntcrcd on thc mapped telemelry poinl, 10 dc-
ll le the area within u'hich $e collected vegeta-
lion dala. For consistenc)r with our use of a grid
of l0 ha squares to identil.v sites fbr random sam
pling. we used a square rather than a circular plot
to represent thc cnor polygon.

256 Buchanan, Lcwis, Pierce. Forsman, ald Biswell



Our primary objcctive rvas to descfibe
subnature habitats used by spotted owls. so u,e
rejected all tclcmetry points recorded in stands
of old-forest habitat and thosc that we felt could
reasonably be associated with nearby old-grorvth
habitats. Given the possible rnagnirude of trian
gulation error that occurrcd in the collection of
the telemetry data. we also rejected points that
would result in eroneous sampling ofunuscd non-
suit ble habitats. Thcrelbre, we discarded all te-
lemeffy points that contained rny of thc lbllow
ing within thc 316x316 enol cell: l .) a stand or
patch of more than 2 ha ofdd fbrest.2) any amount
ofold fbrest that was contiguous with a stand or
patch of old forcst more than 2 ha in size outside
the elror cell, and 3) a stand or patch ol less than
2 ha of suitable non-old-forest habitat in a cell
otherwise compdsed of non-suitable habitat.

Many of the stands were rcadily identified as
old lirrest or non-suitable habitat and excluded
based on our inspection of ortho-photos. How-
ever. habitat assessments ofothcr stands required
site visits. We defincd any staDd with an average
of > eight trees/O..l ha of > 76 cm diameter at
breast height (dbh) to be old forest, based in part
on the dellnit ion used by the USFS in this regioD
(Fierst et a1. 1992a. 1992b). For this sampling
stralegy we considered any tinest condition lcss
than dispersal habitat to be unsuitablc. Dispersal
habitrt wlr.s detincd in pafi on theWashingtoo State
Forest Practices rules (WAC 222-10-0,11): stands
with >70% conittr composition. )707c canopy
closure, and )6. I m open space bct*ccn lhe lop
of the undcrstory vegetatior'r and the bottom of
thc l i!e caDop,v.

Enr ironmental conditions associated with tbrest
edges are known to intluence the composilion and
stmcture offirest stands in a zone associated *ith
Lhe edge area  (Chen e t  a l .  1992) .Becauscanum
ber ol years haci elapsed between the collection
of telemetry dataaDd oulhabitat lsscssmcnts. we
believed there u'as somc potcnlial for changes il
edge conditions since the date ofdocumented o$l
usc. To minimize the ellects oftbrest edge in our
vegetlrt ion sanrpling, wc clid not salnple r,egeta
tion within an intedor stand bufler of 20 rneters
adiacent to gravel roads and 50 meters adjacent
to clearcuts or stands of sapJings.

We also collected data irt random plots. Wc
selected these sites by establishing a fixed grid
ol 316x316 nr cclls ovcr the study area and ran-

domly sclccting cells from within the MCP home
ranges. We collected data only at thosc random
cclls that met the conditions described above fbr
sampling rt the tclcmctry-based points. We col
lected data al a number of random cells equal to
the number of telcmctry-based points (i.e. r? = l6).

Co lection of Habitat Data

We collected data in three pairs of nested 0.1-ha
and 0.l lha plots at each telemetry based point or
randomly sclccled cell. One set of nested plots
was centered on thc point we identified as our
best estinate ofthe actual telemetry location. We
sclected the plot center lbr the other two pairs of
plots by randonly selecting t\\, o octants (i.e.,
nofth$,est. nonhcast, southeast, or south$'est) fiom
the central point and placing the plots immedi-
ately adjaccnt 10 the central oDe in each of the
t\!o octants. At onc site we repeated the random
draw when one of the plots was too close to a
forest edge. The data iiom the three plots at tr
point or in a cell were pooled in our analyses.
Because onc ofour goals was to compare our data
with thc ncw Washington State Forest Pructices
rules (WAC 222-10 011) for spotted owls. we
collected data using parameter categories based
on values in those rulcs.

We uscd the larger 0.8 ha plot size to provide
a greater rrea tirr measuring the abundance of
certain uncommon teaturcs and rneasLlred nlore
common f.eatures within thc smlller plots (Spies
and Frank l in  1991,Buchananeta l .  1995) .  In the
smaller (0.1-ha), more intcnsively sampled plot
we tall ied all trees in each of two dbh classes:
l0-51 cm and 5l 76 cm. We also tallied the nunrber
of snags 25-51 cnr dbh and categorized then
in ole of three height classcs (<5 n, 5 l2 m.
> 1 2  n ) .

We measured canopy opening (the inverse of
canopy closule) at the central point and at the
plot edge in cach octant in the smaller plots us-
ing a conclve spherical dcnsiometer (Lemmon
1956). To address concerns about the prccision
of single densioneter readings within a stand
(Cook eL al. 1995, but see Nuttle 1997) ve re-
corded multiple estinates within each plot and
then used the mean value of all plot Dreasurements
to represcnt thc stand value. At each ofthese llve
poilts we recorded canopy opcning in each of
the four cardinal dircctions. Thus, we recordcd a

Spottcd Owl Habitat 257



total of 20 estimates tor each of the three sam-
pling plots in each stand.

We believed that estimation oftotal tree height
would bc diff icult and potentially inaccurate due
to the height oftrees and the fact that limited vis
ibility ofthe uppermost podion ofthe canopy wor d
producc crror in our cstimatcs. For this reason.
we [reasLlred the height to the base of the ovcr-
story canopy, using a clinometer. to provide an
indication of the height of trees in the stand. Thc
hei-sht to the base ofthe overstory canopv (here-
aftel refened to as 'canopy base height") was
delined as the height above ground to the lowest
livin-s branches that occur on at least three sides
of the bole of a tree. We measurcd canopy basc
height on live dominant ald/or co dominant trees:
thc trcc ncarcst k) thc plot center and the trees
nerr-est to the perimeter of the 0.1 -ha plot in each
octaDt.

Small nanmal prcy populations of thc spor-
ted owl are believed to derjve jmportant resource
berefits from downed wood and shmb cor,ercorr-
ponents $ithin the fi)rest (Crrey and Johnson
I 995). We estimlted the proportion of the ground
covered by dou'ned rvood 22..1 m long and )l0
cn diameter at the small end. Because ofthe dil'-
l lculty in accuratcly cslimating ground covcrtypes
over a 0.I-ha arer. we estinlrted cover as either
absent, <5%. or by incrcmcnls to thc ncarcst 107..
In some sti lnds we noted that the cover-age of
downedrvood in contact with the ground was lower
than the cover ol all dorvned wood which includcd
those pieces nol in contact with thc ground. For
this rcason, wc dit ' f lrentiated between the cover
of downed wood in coltact with rhe ground and
thc ovcrall covcragc. Wc includcd only the downed
rvood in decay classes I-IV (Soll ins 1982) because
they are dislinctly identif i lblc as logs ancl could
bc mcasurcd. Thc proportion ol grouncl covered
hr  r r ,  r  ' J r  shruhsunL l  j , ' n i le r .ee( l l in ! \  \ . \ r . r . t i -
mated as none. <59i. or ir incremelts of 107c.

In the 0.8-hr plots we tall ied rl l trees 276 cn
dbh and all srags 251 cm dbh. We used the same
height categories ti)r these large snags that \\ 'e
used above for the smaller sDags.

Data Ana ysis

\! 'c analyzed the datl set to determine whether
lhere were dit'ferences in habitats among 3 cal-
egories of sites. The first category consisted of
mndonly selected sites lron which we had no

documented use by spotted owls. The other two
categories were sites consisting of single or mul-
tiple telemetry locations. We classitied the latter
sitcs by placing a 3l6x3 l6 rn eror cell over thc
mapped location of the telemetry point and de-
lerinining whcther other telemetry locatiol'ls oc-
cured in the cell (multiple sites) or whether the
ccll was characterized by the single point. Wc
collected vegetation data at onl1, $c first point
location randonly sclccted within the cells with
multiple Jocations (i.e., we did not double sample
within the 3l6x3l6 m cells).

Pover analysis rvas corducted on preliminary
data to delerminc thc probabil ity of tail ing to re
ject a null hypothesis that was t'alse (a TypeJI
error), as suggcstcd b)' Steidl et al. ( 1997). We
collccted dlta at 9 telemetry-based sites (5 single
and.1 multiple-location sites) to estinate samplc
size requirements necessary to achieve a desired
level ofstatistical power (B ( 0.2), lbllowing Hintze
( 1996). We uscd 1wo variables u,ell documented
xs important or potentially iDdicative habitat fca-
tures for spottcd owls: thc number of large-di-
amctcr snags and the number of large dianeter
trees. The analysis indicated B < 0.1 whcn ir = 5
and a < 0.10 in comparing thc number of large
trees at the single and urultiple-point telemetry-
based sites. Similarly, whcn comparing the num
ber of large snags. we tbund that p < 0.2 when rr
=  5 .  and 0  <  0 .1  when a  =  10  (w i th  s  =  0 .10  fb r
both). We concluded that our proiected sanple
sizes rverc adequate lbr testing the hypolhesis that
these features are ilnportant to owls in younger/
mrrginal habitats.

Wc assessed data distributions pdor to statis
tical analysis. As expected in a sample of tbrest
habitat drta. many ofthe variables exhibited right-
skeu'ed distributiotls. ln subsequent mLrltiplc-conr-
parison analyses usilg gcncralized l inear mod-
. l r  ICLTM:  Cr r r r  l c r  l9 ( ) l \  . r  Po is .on  er ru r
distribution was incorporalcd in the ANOVA
moclel. In situations where the data were over-
dispersed (i.e.. thc ciata wcrc not Poisson distdb
ur t  J  r .  ue  r r .cJ . r  \a i r le  pur r  te le r  to  appror i rn l t<
a negative binonial distribution (Crawlcy 1993).
ln GLIM. ANOVA modcls can be designed to
comparc all mean values against a specil ic mean,
or relelence value. \\'e used this proccdurc firr all
three possible coorparisons with each of two rcf-
erence values (i.e.. singlc- and rnultiple-point data
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versus data from randon sites, and multiple-point
data versus single-point data).

We identified conelations among variables that
were significant in the univariate analyses, and
tha t  migh l  con lound.uh .cquent  log is t i c  regre . -
sion (LR) analyses, by conducting Pearson cor
relation analyses for the thrce categories of site
data. We excluded variables fiom the final analysis
that were highly correlated (P < 0.l0) with other
variables. Finally, we used LR (Hosmer and
Lemeshow 1989) to identify the combination of
variables that best distinguished among sltes used
multiple times and those sites used once or not at
all. A forward stepwise procedure was used to
incorporate only those varitblcs which signifi-
cantly (P < 0.10) improvcd the model (Crawley
r993).

Results

We collected vegetation data at l6 independcnt
telemetry locations, I I in the Forks area and five
near Neilton. Our sanrple included 8 sites with
single relocation points and 8 sites with multiple
relocation points. Overall. r l 'e sarnpled from the
home ranges offour temalc and three nlale spot-
ted owls.

Although we did not collect data on tree spe-
cies composition, all stands we visiled were domi-
nated (c.g., )957c ofstem counl orbasal area) by
conifcrs, primarily westcm henlock and Sitka
spruce. The only variables that ditlerecl among
multiple owl location sites, singlc owl location
sites. and random cells were canopy opening (Table

l) and thrce neasures ofthe abundance oflarge-
diameter snags (Table 2). Therc was slight vari-
abil ity among other habitat tcalures. but none ot
the dil lcrences were significant (Tables l, 2).

Becrusc there were no ditl'ercnces in vegeta-
tion features at singleJocation points ancl randont
cells, wc combined those data and used LR to
compare vegetation characteristics of those sites
with thc nultipleJocation sites. Due to signitl-
cantcorelations iunong some large snag viiriablcs,
we chose a singlc variable, the abundancc of large
diameter snags. that we telt \as most biologi-
call l meaningtul to include in the LR analysis.
Only 2 variables were retained in the final LR
nodel: l) percent olcanopy opening, and 2) abun-
dance of large diameter snags. The probability
that a pafi icular site was used multiple times by a
spotted owl incrcascd with an increase in thc num
ber of largc-diameter snags nd anrountofcanopy
opcning. The tinal LR moclcl and associated pa-
mmeter- estimatcs of the probabil ity of nultiple
usc (PM) *as:

with coet]icicnt standard errors of I .91 l. 0.062,
and 0.527. respecti!ely. The equatiol apperred
to fit the data well, as indicatcd by a lack-ot-fit
analysis (X: = 19.61) and thc Kappa statistic
(0.667). Additionally. the model chi-square sta
tistics (Atiti and Clark 1990) indicated that both
variables were useful in sanple classitication
(large-diameter snags: Wald Xr = 5.'1;1. P = 0.020:
canopy opening: Wald Xr = 3.10. P = 0.07E ). Thc
probabil ity that a site was used multiple tines by
a spotted owl was most strongly associated with
the abundance oflarge diameter snags (Figure 1).

Thc logistic regression rnodel corectly clas-
sif ied six of eight (7-5cl.) multiple-localion sites
and 22. of 21 (92'/a 1 singlc-point ard randonr sites.
The overall correct classitlcirt ion rale was 887..
The two incorrectly classified nuJtiple-location

TABLE t .  Mean(1SE)\alucsolhabiratchrfcter in icsrccordedatfandomsiresl i .c . .nodocumenteduselr=l6ccl ls)andthose
\ire\ used by spo(cd orls xs derermined b) radio-iele|netn (both singlc and nmliiple lelemelrf locntjon!l n = 8 \ites

fof  e.rch) on lhc $estern Ol tmpic Penin\ula,  \ \ 'a \h ington.  Hrbiu\ar iable\xrefepoled|) l rapcr0.1habrsi \ '

Variable RrndoIn L0cr l ion S  i n ! l e  L u ! J r i , , n Niul t ip le Locrr ion F Stat i \ r ic

N( l .  10.2-50.7 cnl  t fees
No. 50.8 76.1 cn]  l rces
No. l rcgs (a l l  d ia.  ch\ses)

Canop,v ba\e height (m)

Canopy opening (%)r

138 .6123 .00 )
13 .1 ( . 1 .951

263..1(20.00)
16 .9  (  1 .07 )
6.2 (1.0.1)1l

257.0 ( '17.60)
21 .1  (6 . . 1 r )

279.1(1244)
r6..1( L'19)
10 .9  (2 .17 )a

197 .1  (30 ,11 )
38 .1 (7 .52 )

238.9 (21.; lo)
r9 .6  (  r . 0 l )
11.,1(1.,17)b

t).126 0..193
1 .612  0 .211
0.'109 0.661t
1.59,1 0.220
3.98t 0.010

\  J r i .  h  e .  i  i r h  J i l l ( r e n r  . ( [  \  {  c r r  .  e  t i .  i ,  r r l \  J . l l .  r .
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T,\BLEl.NIedian(r ' i lh15?.rnd75ttqmJt i ]cs) ! l luc\ofh.rb i tx tchiraclcr is t icsfecofdedatrandonsi te\( i .e. . l lodocumented
usel  ,  = l6 cel ls)  rnd those s i tc \  u icd by \pot ted or l r  as dcrcrnimed b) fadio lc lcmetrr  (both s inglc and lnul t ip le
teleJneth localions:/r = 8 ,iiies lbr cach) on the lvesiern Ol\rnFic Penmsula. Washington $'e reNrt rrcdirn !alues in
thls lrhle hccaLrlc these data \rere nor nonn.rll)- distfibured. Ilabitat vafirLtrles are reporrcd on a per 0.,1 habasis.

Lr\e CrIe!l\11
Varirble Rrndom l -ocat ion Sirg le Locat ion tr f tL l t  p le I  o. :  iun F Sr. , t i \ t re

\o. >76 cm trec\
\o.25 5l  cn srrg\  : -5 m ta l l
N o . 2 5  5 l  c l n  s n r g \  5  l l  m  l d l
No.25 5l  cnl  sn.r-e\  >12 m ta l l
No.25 5l  c tn snr-s\  a l l  heighls
No. >51 cnl  snrgs.2-5 la] l
N o .  > 5 1 r m  \ n r g s . 5  l 2  m  t a l l
No.  >51 cm s.ags.  >12 n ld l
No. >51 cnl  snrgs.  a l lheights
Do*'ncd $ood in contact with

grourd (7 )
Totr l  downed $ood (%)

Shrub cover ( ta )

0.6 (0.0.1.2.1)
0.0 rc.0. t . l )
0.0 (0.0. l .-1)
2.0 (0.0..1.0)
,1.0 (0.7.6.0)
(1.3 (0.01,0.3)a
0 .1  (0 .0 .0 .31 r
r . r  ( 0 .1 .  t . 6 l
1.3 (0.9. 1.3)t l

3 .8  (2 .5 ,9 . : l )
6 .3  (2 .5 .  r 0 .6 )

10.0 (3.E. -12.5)

1.2-15 0 125
0.518 0.590
0.385 0.68,1
0.8,11 0.,t,t2
0..190 0.6 r8
18.050 0.00001
9.838 0.0006
r . r  r 5  0 . i  I  I
9.,115 0.0007

1 1 9 0  0 . 1 1 9
0.,117 0.625
0.r27 0.723

0.9 r0.0,t.2.5)
0.0 ().0. r.0)
0.0 (0.0. r.3l
0 .7  (0 .0 .  r . l )
L3  (0 .0 ,1 .7 )
0 2 (0.0. 0.3)a
0.0 (0.0. 0. t ia
0 .6  (0 . - r .  l . t )
0.8 (0.3.  1.9) t l

7.5  (5 .0 .  r2 . r )
7.5 (5.0. r6.0)
8 .1  (2 .5 .  I  t .5 )

3 .9  (1 .1 , , 1 . l J )
0.0 (0.0, 1.0)
0 .7  (0 .0 .2 . l l
0 . t  10 .0 ,2 .7 )
1.0 (0.1, 6.0)
L6 (0.8, 2.7)b
0.7 ( i) .1. 2. r)b
l . , l ( 1 0 . 2 . 5 )
1 .8  (1 .5 .6 .9 )b

5 .0  (  l . l .  6 .91
5 .0  (5 .0 .9 .1 )
5 .8  (2 .9 .  t 5 .8  )

r \lui.rbles ($jthi. a ro$) \rith difiefent lettcrs wcre \ignific.rnrlv diiiircnl.
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Figufe L I te la( ionship bet \ reen pfobabi l j l r  lhat  s i te ! r 'a \
u lcd lnul t4r le t imes b)  a \po(cd owland the abun
d.rnce (r f  l r rgc di rmetef  \n lgv0. ]  hr  ( topl :  11-
though r  s igni f ic i ln l  componenr of the t lnal  rod. l .
Ihe fc la l idship bet$een o$l  usc i rmi  . t lnounr of
crnopv oFning was Dot .rs str)ng (botto ).

sites appeu'ed to htrvc been misclassificd because
of low mersures of canopy opening (4% canopy
opening in both cases). Conve$cly. the iuconeclly
classified single point and randorn locations had
greater canopy opening ( l2% and I 7 7o). All four
misclassified sites had bctween 2.3 and,1.5 large-
dianeter snags per 0.,1ha.

Discussion

Our results suggested that the abundance oflarge-
diametcr snrgs al]d the amount of canopy clo-
sure are impofiant habitat componcnts that dis
tllguish an]ong subrnature (SM) and young forcst
marginal (YFM) habitats used by spotted o$'ls in
thc western Olympic Peninsula. The snag and
canopl opening values at nrultiple location and
single point/ranclorn sites werc similarto SM and
YFM habitats. rcspectivcly. rs delined in the rules.
For this reason. we conpared thc dlta trom this
study k) those definit ions. and nake recommen
dations as to how local defirrit ions might be modi-
fied in accord rvith local infornation.

The currcnt \VashingtoD Slalc Forest Practiccs
Rulcs define SM habitat as a conifer-dominated
stand (>307. conifer) r'ith )707c canopy closurc.
I 15-280 trees (> l0 cm clbh) per 0.4 ha. )3 snags
per 0..1ha ol )51 cm dbh and at least 5 m in height.
and optional provisions fi)r using other correlated
attribulcs (\\AC 222,16-085-1[b]). The dcfini-
tlon lor YFM habitat diliers in that the snag re-
quirement is >2 snags per 0.'1ha and thc cover of

I  I  - t

I
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downed wood and shrubs is 210% and 25 60%.
respcctively (WAC 222- I 6-085 I fbl). According
to oLrr modcl, a stand of SM habitat (on our study
area) with 3 largc sna-9s ()51 cm dbh) and 30%
canopy opcning (70% canopy closule) *ould havc
a 0.115 probabil ity of being used n.rult iplc t inres
by spotted owls. Reducing the anrount ofcrnopy
opening to l0% or 07. results i l  lower probabil i-
t ies of tnultiplc use (0.61 and0.20, r 'espectivehl.
This suggcsts that ellbrts to open dense stands
through silvicultural manipulations (i.e.. commcr-
cial Lhinning) mry improve habitat quaiity and
bcnelit spotted ouls.

The biological signil icance to spotted owls of
large diameter sna-ts has long been recognized
in the Pacific Northwesl (Forsrnan et al. i98.1).
These snags are used as nest sites by spotted owls
(Forsman ct al. 198,1. Forsman and Giese 19971
and are an important habitat element. pafiicularly
in terms ofdenning and rcsting sites tbr their pd
maq'prey. the nonhcrn tlying squirrel (Glrrirconr}s
srrlr 'urr; Carey ct al. 19971. Our results suggest
that SM habital is typificclbv. among other things,
the presence of 2:l large dianctcr (i.e.. )51 cm
dbh) snags/0.;l ha )5 m ir height. Ncarly one-
hall of Lhcsc largc-cliameter snrgs wele 2l2 m in
height. Relativcly short snrgs (2.:1-.1.9 m) were
nore abundanl on multiple-use sites conpared
to siDgie-usc sitcs, suggesting a possible value of
these structures 10 spottcd owls. The abundance
of the shorter sDags nay. howcver. be con-elated
with other attributes that rnore slrongly inf'luence
owl usc ofthcsc stands (e.g. possiblv the numbcr
of large snags )12 rn in height): additional work
is  needcJ  t , '  i n rc ' t ip . r r r  Ihc  h ru l , , ! i c r l  in rpornncc
of these struclurcs.

Our diitr on tbrcst conununitv composition and
perccnl canopy opening were consistent with
existing habital dcfinit ions (e.g. Hanson et al.
1993). Wlth only one exceplion, the stands we
visited had <30% canopv opening ()70% canopy
closure). The greater canopy opcnin-e in the muJ-
tipleloc tioo sites appearecl to bc rclated to greatet
structural complexity of the stands. Spccifically,
d1c multiple location stalds had greatcr canopy
opening, morc large-dilDreter snags. and tended
to have fewer stems. ir l l  indications ofthe under
story reinit iation stage of stirnd dcvelopment
( O l i v e r  1 9 8 1 ) .

The range ol stcnr clensities we noted in stands
used by owls (Tablc 1) was greater than preli

ously recommended 1br this region (1 J5 280 stems/
0.,1 ha; Hanson et al. 1993). Specifically, 2 ol the
8 (257.) multiple use locations had more than 280
stems/O..l ha. but only :l ( 137.) of the 32 telem-
etry-based or landom sitcs htd stern counts >380/
0.4 ha. For this rcason, we suggest that the upper
limit ofacccptable stem density is about 380 sterns/
0.4 hr ) l0 cm dbh for the wcstern Olympic Pen-
insula. A component ol 'the total stem count was
the abundance of 51 76 cm trees; the differences
among site categodes for this diameter class (and
the relatively low P value). although not signifi-
calrt, slrggest potcntial selection by owls. A ret-
Iospcctive power analvsis suggesls that additional
investigation is rvarranted to cvaluate the possible
irnportance of this habitat attribute (e.g. data from
liO sample plots would bc required. with power
of 0.80 and cr = 0.10, to dctecr a 50% change in
the density of 5l 76 cm trees fbund at randorn
plors J.

Dou'ned rvood and shrub cover are believed
to be rmpofiant components of spotted owl habi-
tat by providing cover and otherresources for small
mammal prey (Carey and Johnson 1995). Wc found
that the anrounts ofdowned wood and shrub cover
1n the slands were variable. and tltat ovcrall the
nean amount of cover did not diffcr among the
crtegories ofsites. Fufihennore. the mean amounts
of downed wood and shrub cover we recorded
were lorver than the lower limit requircd in the
Forest Practices rules (WSFPB 1996). Our data
suggesl lhat 5% cover ofdowned wood might be
appropdatc for defining the lower thrcshold of
this component of spotted owl habitat. Similarly,
l lower range in shrub covcr (e.g. > 107.) may be
warranted. We recognize. however. that thcse
values reprcscnt only what the owls in our study
used on average, and mav Dot rellect optimal con
ditions lbr prey species in SM habitats (Crre)'
and Johnson 1995).

Celtain l imitations apply when using tclcnr-
etry data 10 make inlerences about htrbitat qual-
it),. One of the prinary concerns in this type of
anrlysis is that the recordcd occurrence(s) in an
rrea may not reflecl thc actual ecological valuc
of the site (North and Rcynolds 1996: see Van
Horne 1983). In the context of our stud)'. tlus means
that there ma)'be silualions where owls use a sitc
to a greater or lcsser degree than is indicated by
tclcmctry data. There are many possible reasons
tirr this. including sanpling problems related tit
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the number of tclcmctry locations or the timing
or fiequency in which they wcrc collccted. aDd
ecological factors such as occupancy ofthc study
are . r  b1  unknou n  co I \nec i l i c \ .  r , lher  ( r  ' rn le t i l , , r \ .
or predators. ln this study we used telemetry data
collected fiom residcnt. rcproductive o$,ls that
were intensively monitored (302-,162 locations/
oul) during all sersons of the year ( I 3 23 months/
owl; Forsman in prep.). \\re have no way to cvaluate
whether the ecological factors above influenced
the habitat use we obsened. although such influ-
ences likcly occurin all natural populations. There-
tbre. u,e believe that the telemctry sampling re
sul1s represented variations in intensity ofuse and
rvere adequate tirr r)ur purposes.

Although rve believe the data reported above
confirm and rcfinc our understanding of habitat
attr-ibutes used by spottcd owls in this region.
caution is warranted. Our prinriry objcctive rvas
to compare the atffibutes at telemetry relocation
sites in lower-quality habitats with those at ran
dom locations. We deUned the lowest-quality
habitats uscd by the spotted owls in this study,
but turther reserrch in an arca, which includes a
wider successional range of habitnts. nlay better
defiDe the lo\\"er l imit of habitat suitrbil i ty f i)r
.po l tcd  o \ \  l : .  Morcover .  ue  be l ie re  i t  i s  in rp , r r -
tant to distinguish betwccn rcgulatory definitions
o l  hcb i l r l  and  lho .e  used lb r  c l ln .c r ru l i r rn  pur -
poses. Rc-sulatory dcl'initions replesent thresholds
to tacil i tate identif lcation of sites or stands where
an assessment, t-ypically to gvaluate potenti i l l
impacts, may be required. For conservatien plan-
ning purposes. howcver. wc bclieve that the higher
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