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Quercus garryana Communities in the Puget Trough, Washington

Abstract
Among thc legacics of the Vashon Glaciation are Oregon white oak (Quercus gijn\dnd). prairie, wetland. and Douglas-fir
(P\eulo^ugu n.tl.iesii) comnNnities rrayed in a mosaic in the Puget Sound ,Area (PSA). N1uch of this mosaic has been de-
stroyed. The largest remaining portion is on FoIt Lewis Military Reser\ation. \\'e examined oak communities on FoIt Lewis to
assess encroachment b! exotic plants and b) Douglas-fir. to determine amounts of fegeneration of oak and othef tree species. and
1() comparc oak communiit diversit,v !lifi that ofnearb) Douglas-fir forests and glacialtillpmides. For the 221aryest communi-
tics. $c dclcrmincd dcnsitics oftrees. djstribuiiorrs oftree diameters and heights. amounts of regenefation for each tree species.
e\idcncc of ciogcnou\ di\turbanccs. and covers of \ascular understo4 species. For siudy sites. we calculated basal areas oftree
\pccics. richncss and dilcrsity of \ascular plants. and percentages of species thal \\ ere eriotic. $'e consnxcted specie\ accumula-
!ion curves foroak com rrun ities. llougla\-fir forests. and pfairies. \\t peI{ormed Bfa)-Cunis and weighted a!efaging ordinations
for 176 sampling plots from lhe 22 sites. Oak communilies were tlpically nore diverse than eitherDouglas fir lbr€sts or prairies
and $ere transitional in species conposition belween them. Holrever, oak conmunities contained nunerous exotics. particularly
Scot's broom (a)liflrr r.o/drirr) and colonial bentgrass (Asr.,r/ir ..rpillrir"i.1). }losl oak conxnunilies conuincd large diameter
Douglas-firs and other tfee species and appeared ro be trunsfbrmirg to coniier or coniier/mixed hardwood loresls. With succes
sion, exotic specie\ become less prevaleni, butthe exlent and abundance ofoaks is diminished. Nlairlenrnce ofoak communities,
and the PSA natural moiaic. ma,v require tree-densit) manageDrent in oak stands, removal ofDouglas-iir, development ofreplace-
nrcnt oak sites. prescribed burning. and mechanical suppression ofexoiics before burning.

lntroduction

Thc Puget SoundArea (PSA) of Washington con
tains much of the human population of the state
as well as land fomrs and plant associations not
found in adjrcent fbrested regions (Franklin and
Dymess 1973. l(uckeberg l99l). The near sea-
level elevation of the Puget Trough, Puget Sound
itsclf, and the sunounding mountain ranges pro-
vide PSAwith a wam and relatively dry climate.
The Vashon Glaciation shaped thc soils and physi-
ogrrphl of PSA. Ketlle lake5 and pond.. morajnes.
gravelly out$ash plains and tcrraccs, and well-
druined soils ranging trom cobbles to sandy loams.
r lons  u i th  r i re r :  o r ig ina t ing  in  the  mounta ins .
provided a diversity of habitats within the land-
scape (Leighton 19J8, Kruckcberg 1991).

The PSA has long bcen inhabited by people.
lndigenous people shaped vegetation by setting
tlres to maintain grasslands dominated by ldaho
fe .c t te  r l r - . i r . r ,  t  i Jahotn i \ t  Jnd  (un lu in ing  u \e -

ful fbod plants. including small camas (Camcssia
qranrash) (Norton 1979, Agee 1996; Tveten and
Fonda 119991 provide a recentreview). Fire, mild
climate, and diverse physiography led to diverse
plant associations including kettle wetland com-
munities. riparian hardwood forests, Douglas-fi r
( P s eudot strgtt menzier ii) westem hemlock (?srga
h e t e ro p hy I I a) - w estem rc dcedar ( T hu i u p I i et o) old
grcwth lbrests, Douglas-fir fire-climax forests,
Idaho fescue prairies, ponderosa pine (Plrls pon
derosc) savannas and tbrests, Oregon white oak
(.Que rc us garryana) savannas, woodlands, fbrests.
and ecotones. including wetland oak grassland,
wetland-oak-tir, riparian hardwood-oak-grassland,
and gras . land-oa l - f i r .  The.e  b io t iL  curnmuni t ies
and their ecotones comprised the PSA lowland
ecosystem-a dynamic, shifting mosaic of diverse
plant communities maintained by indigenous
people.

Soon after European settlement in the 1850s,
gr;zing animals. especially sheep, were introduced
to PSA prairies and, certainly. exotic plants were
inlroduced and became naturalized (Meany l9l8).
Usurpation of most land by white settlers elimi-
nated the indigenes'buming and wildfire. allowing
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Douglas fir to encroach both on prairies and oak
comInunities (Leighton 1918. Ituckcberg 1991,
Ryan and Carey 1995b, Agee 1996). Develop
mentoltlansporlation networks, agriculture. and
scttlements concentratedin the lowlands and con-
tinues to destroy prairies, wetlands, sayannas.
woodlands, and forests (McGinnis et al. 1997).
Prairies were invaded by exotic grasscs (e.g., co-
lonial bentgrass, Agt'o.tti.\ capilLaris) and Scot's
broom (Cltl.!r.! scopariLts). Scot's broom also
invadedmany oak dominatcd sites. Wetlands were
invadedby cxotic species such as reed canarygrass
( P haleris arund inacr.?). Numerous exotic plants
now compete u'ith indigenous. espccially rare,
plants (Thomas and Carey 1996. Thysell and Carey
2000). Although Oregon white oak extends north
to the islands of Puget Sound and southeastern
Vancouver Islrnd (Stein 1990), relarively intact
oak communities exist primarily on areas protected
tiom human development, particularly on thc Foft
Lewis Military Rescrvation. At risk of loss wirh
the destruction of oaks. prairics, and lowland
wetlands are the western gray squirel (S'cfurar
g/lsE&sr listedby the State of Washingten as Threat-
ened and a Fedcral Species ofConcem (Ryan and
Carey 1995n, BayrakEi et al.2001); the western
pocket gopher (.Thonomys nnz.atna), a Federal
Species ofConcern (Ryan and Carey 1995b); and
several species ofbirds, reptiles. amphibians, and
butterflies including the Fcderal Candidate Spe
cies, mardon skipper (PoliteJ mardon), and lhe
Federal Species ol Concenr, valley silverspot
(Spel:eria Terene brcrirrerli) (T. Thomas. U.S. Fish
and Wildlif e Service. personal communication),
as well as severil l  plant species, including
Columbian whitetop aster (Seriorcaryus rigidus
lAster c u rtusl), longhair sedge (Carex contosa),
greenfruit sedge (Cri rex irterruptal. smallflower
wakerobin (Trillium pawiflorurz) (Thomas and
Carey 1996. Washington Natural Heritage Pro
gram 1997), Torrey s pea (Lathrrus toue,\-i), a
Federal Species of Conccm. and golden Indian
paintbrush (Casrillr7r lelisec tur), a Fcderal Threat-
ened Specics (T. Thomas. U.S. Fish and Wildlifc
Service, personal communication). Thus, the citi
zens o1 Washington are in danger of losing a sig-
nitlcant part oftheir natural hcritage (Larson and
Morgan 1998), the lcgacies of the Vashon Gla-
clatlon.

Our objectives in this paper are to assess the
status, condition. and trend olthe oak dominated
vegetation associations on Fort Le*,is by: ( | ) de-
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temining total area and number of sites occu-
pied by oak dominated vegetation. (2) charactcr-
izing overstory and understory vascular vegeta
tion, including cxtent ofoak regeneration. degree
of invasion by exotic plant species, and impacts
of Douglas-1ir encroachmcnt, (3) cornparing oak
community diversit l '  to that of prairies and
Douglas-tir fbrests two donlinant types on the
Fofl Lcwis landscape, (:l) detennining the land-
scape context of. or the nature of the two biotic
communities adjacent to, the 20 or so largest oak
communities. and (5) developing a conceptual
model of the prevailing influences on oaks and
associatcd vegetation in PSA. Finally, we discuss
the implications of our findings for management
anq consetvauo[.

Methods

Study Area

Fort Lewis Military Reservation is in Pierce and
Thurston counties in the southern Puget Trough
ofWashington (Flanklin and Dyrness 1973). Thc
area is near the southem limit of the Puget Lobe
ofthe Vashon Stade ofthe continental glacierthat
retreated 13,000-15,000 years ago (Kmckeberg
1991). Relief is moderatc to rdling, elevation
ranges fiom 120 to 160 m, and annual precipita-
tion is 800-900 nrm with onlv l0-157o ofannual
precipitation fall ing during the peak growing
months of June-September (Pringle 1990). Be-
neath oaks are deep, coarse-textured. well drained
soils of the Spanaway Nisqually association de
rived frorr glacial till and glacial outwash depos
ited during thc retreat of the continental glacier
Because ol thc int'luence of the Vashon Glacia-
tion. FofiLewis is characterized by alack ofsharp
relief and by an absence of markedly divergcnt
soil types (Zulauf 1979, Pringle 1990, Kruckeberg
1991) .

Of 34,:100 ha within FoIt Lewis. 1.200-1,400
ha (3-,+%) in 573 sites are defined as Orcgon white
oak woodlands (see Ryan and Carey 1995a:206
fbr a map). Some sites are inaccessible (in artil-
lery impact areas) and somc mapped sites no longcr
havc oaks. Msits to 333 accessible sites revealed
that 85 sites had <5 oak trees on areas <0.1 ha or
were within developed areas (Ryan and Carcy
199512). The remaining sites were 0.2-4,1 ha and
usually contained mixtures oftree species oak.
Douglas-fir, Oregon ash (.Fnain us lat (il ia), bigleal



TABLE L Chafacteristics (01 SE. , = 8 plots) oi:2 Oregon rhite oak (pu?\:ur gat\-ana) ca]mtllunjtics, Fort Leu is. Washing

ton. 1999.

Basal area" Understory'
No. Exotics

spccics (%)
AdjonringSitc Slope

No. l:])

\{odal QC;A PSNTE QUGA
aspcct (m:/ha) (mr/ha) no./ha)

QLIGA Nlajor (minor)

dbh (cm)f overstory Species'

22
l8
1,1
8 l
92

t71
183
l t 5
213
265
t93
3 t. l

t l 5

0 2  s w  2 1  1 5
0 1 0  s E  2 , { t 5
0-15 l tu ied 2l  + l

0 3  f l a t  8 1 2

0  , { 2  N W  1 i : l 3
0 - 8  l l a !  l l 1 l

0 1 , 1  E  1 7 1 1

0 3  f l a t  1 ! l

0  l 0  v a r i e d  9 1 3

0 1 0  f l a r  1 6 1 l

0-22 S l:l 1'1

8  : 0  s E  l  l 1 :

0 - 1 3  l a r i e d  2 \  ! 2

3,13 012 \ 'ar ied 10t,1
l - 1 8  3 1 2  S  l 5 1 l
167 0-22 SE 16 1 5

399 0 f lat 61 2
515 0 10 f lal  I l  t  l
528 0 .10 \'aried 17 t l
530 0 f lat 11 |
5 . 1 1  0 5  l l a r  l l t 2
550  0  i l a t  t ]  t 1

1 2 1 6  3 9 5 i 7 5  . 1 0 1 2
13  1 l  3201  67  . 11  1  2
8 1 2  3 5 5  t  l 1 3  3 7 1 , t
1 l r , l  1 1 0 1 2 ' 1  l : t , l
1  1  1  2 6 0 1 1 9  3 l  1 2
1 2 l 6  r 5 0 1  3 8  1 2 : r , t
0 r0  225 !69  , t 0 t l

0  250 : t , t l  22  ! 2
9 1 3  2 3 5 ! l r 2  3 2 t l
5 1 1  3 3 5  r  3 3  3 1 1 2
8 l  I  270  r  8 .1  31  1 , t
9 r 3  l 5 5 r 2 l  t 5 r 2

I r 3  2 3 0 1 3 8  , + 2 1 3

. 1 1 3  1 E 5 1 8 9  1 5 t 6
l , l t 5  . 1 2 5 t l l l  3 0 1 2
1615  1801 ,19  . 10 : ! , t

3 t 2  1 , 1 0 1 . 1 5  2 6 1 1
5 1 2  1 0 0 1 : 1 8  3 3 1 , 1
9 t l  3 1 0 1 ' 1 1  3 2 1 2
l 0 t 3  1 0 5 1 3 7  1 6 1 1
5 : 1 3  2 9 5 1 5 8  1 9 1 3
2 !  r  . r 501  65  31  1  l

Q. I (Frla. Prar)

Q. P. (Frla)

Q . P
P , Q

Q, (Psnrc)

P . Q

Q. (P\ne. Frla)

a
P Q

Q . P
Q. P (Acma)

Q. I Frla.

Q, (Psne. Acna.
Frla)

Q, P. Pra\. (Frla)

Q . P
Q. P (Acma,

Frla, Pra\ )

Q . P
Q . P
Q , P
P , Q

Q . P
Q. (P,in,e)

l , l t 2  1 6 1 6

1 9  + )  2 9 . t 1
1 6 1 1  1 9 r 5
1 5 r r  8 1 3

l 8 t l  2 6 ! , t
2 1 ! 2  2 t  ! 3
tM  2 .6  ! 1
2 2  ! 2  2 7 + 1
1 9 1  I  2 3 1 7
1 , { l  r  3 6 1 5

WL. DF/RD
PR. DFA4F)
RD/SH, DF/MF
WL. DF/SH
RD/SH, RT/SH
PR/SH. DF
WL. SV
I)1,. DFA,IX)
WL, SH
DF MX
PR/RD. DF
PR. WL

PR,/SH. WL

PR, DF,IIX
PR, DF/MF
PR. WL

DF. DF
PR, DF
PR. DF/I,IF
PR. DF
PR. DF/MF
PR. DF

l 2  t
l t  t
r 8 1

8 1 3
1 2 1 1
t 3 t 5
3 1 1 5

12 !6
5 5 1 5

19  t . r
3 t i 5

, l t l

1 ' ,7 !2
1 l i  12

1 5 t l
2 3 1 3
22 !2
1 6 1 l
1 9 1 1

'Includcs only 0. gdr./tdr.r (QUC;A) and Prerl.i.,trr3d ,1o1./'r,i (PSVE) >10 cn dbh
'Bas.d on the 2 lugesl (liancter oak tfees per plo!. 8 plots per site.
'ln order of doninancei tree species codcs: majot species. Q = Q gatra d,P = P m(t.i.rii; minor species. Acna = A.r.r

ittctoph,-llu"t, Fna = Frcritut\ lutit) Iid, Pfti\ = Prunus driuin. Psne = P m(,t.ielii
r\iscular phnt specics nchnesvpkn. 8 plots pcr ritel exotic specics as a percentage of |oul vascular plant species richncss.
.Adjoining hndscape features: DF = Douglas-fir fofest: PR = prairie; MF = mixed oak and Douglas-lir lbreni RD = roadr RT =

rjdee toD: WL = wetland SH = shJubland; MX = niredt SV = oak or mixed salanna.

maple (A<:er nttcrophtllun). and others (Tables
I and 2). Other plants frequently tirund with Or-
egon white oaks includc common snowbef)'
(Slmpho ri<:.trpo s dlbirs). Indian plum (Oemlerlc
t e ras ilb nnis) , P acifrc poison oak (To.ricode ndron
di ve rsi l obum), y anpth (P eride ridia gttinlne ri).
sanicles (Saricirla spp.). tnd snowqueen (S-vtth-r'ds
reneJormis) (Stein 1990, Ryan and Carey 19950,
ttris study). Otrks werecommonly ecotonal wherc
tbrcsts, prairies. or wetlands transition to another
community type and often found at breaks in
the terrain, such as the bottom or tops of hills
(Table 1 , Ryan and Carey 1995a,0). The lbrmer
extent ofoaks on Fort Lewis is unknown, butour
observations ol dead oaks under Douglas-tir and

distant from remaining living oaks. suggest oaks
were more widespread in the past. Analysis of
Iand survey notes froln 1853 suggests a marked
decline in area covered by oaks since then (Tveten

and Fonda 1999).

F le ld  Sampl ing

Based on previous visits to 333 sites with oaks
(Ryan and Caley 1995a), we identified sites that
were cither large enough to be considered oak
communities (i.e., >8.0 ha, dominaled or co domi-
natcd by oaks), as opposed to prairie or conifer
comrnunities with a few happenstance oaks. or
>,1.8 ha and that had llnctioned historically as
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Quetl:u\ ran\untl
Seedl ings/suckcrs 961 1226 0 ,1.150 96
Sapl ings 205 t  56 51025 100

I's e u d o t.\ Ltg u t ne t t ai e s i i
S e e d l i n - s s  1 i 6 1 6 9  0 1 3 0 0  r n
Sapl ings 3,1 I  15 0- l l5 55

Trees > l0 c ln dbh l0 t  6 0-105 7l
Seedl ings 230i  l9 l  0.1250 32
S a p l i n g s  2 6 1 8  0  1 1 5  + b

tu t nktrtophrllunt
Trees > l0 cln dbh
Seedlmgs
Sapl ings

Tfees > l0 cm dbh
Seedt ings
Sapiings

TABLE 2.  Densrt i  andpre! . r lenceof secdl ingsard sapl ings
olmator trec spccies and ofstens >10 cn dbh of
ninor species found in 22 oak comnumries on
Fo Lewis Washingron. 1999.

\ ariabLe

domlv sclected a bearing and a distance (30 m
tiom the station. but always within the delincated
core arca. to locate each ofeight centcrs tbr nested
plots (at every, every other. or every third station
in sites with one. two, or thrce transects, respec-
tively). We chose 30 nr because it ( I ) nude avail-
ablc tbr sampling a large proportion ofthe points
within delineated sites, and. thus. our samplcs
would approximate nndom samples, (2) prevented
sempling ovcrlap among consecutive lransects,
and (3) provided, then, unbiased samples ofcore
areas.

During June and July. 1999. we recorded rhe
octave-scale percent cover of all v:tscular undel-
story spccies and number and species oftree seed-
lings ('1 cm basal diameter on 2.8 m-radius plots
(25-m') centered on sample points. We uscd the
octave scale recommcnded by Gauch ( 1982.) as
appopriatc fbr visual estimation ofspecrcs cover
allowing precise estimates of the abundance of
rare plants and avoiding estimation eror due to
poor visual discrimination between covers ofhigh
value in abundant plants (Bonham 1989, Carey
et al. 1999a). Scale values are: I (0 < 7c cover <
0.5), 2 (0.5 < 7c cover < 1). 3 (1 ( 7o covcr < 2). : l
(2 { % cover < 1%). .... 9 (64 ( Tr cover I 100).
We defined cover as fte vertical projection of the
vegetation onto ahodzontal plane (i.e.. the ground).
Forrecording and analysis. u'e used the mid point
0f each cover category. We did not distinguish
between oak seedlings and oak suckers.

On 8.9 m radius (250 m') plots. \\,e recorded
octa!c percent coyers ofvascular plant life forms:
canopy trees. shrubs and understory trees >2 m
tall but below the forest carop)'. shrubs 0.5 2.0
ur tall, trail ing shrubs and vine species <0.5 n
tall or scandent on other pl nts oI snags, tbrbs,
lerns, and graminoids. We also recorded (1) the
number of tree saplings 1-5 cm bas l diamelct
(2) number of live and dead overstory trees by
species and diameter-breasrheighr (dbh) category
( 5 - 1 0  c m .  I  l - 2 0  c m , 2 l  3 0 c n . 3 l - , 1 0 c m , 4 1 - 5 0
cm, and > 50 cm) and whether oaks were single-
stemmed or palt of a cluster (> 2 stems), such as
may develop fiom suckers around a stump or root
coilar, (3) bole and canopy dimensions fbr the
two largest diameter oaks including dbh. tree
height. and canopy diameter, and (4) evidence of
iire,logging (species, nunber. and size ofstumps,
and percent cover of skid trails androads), manual
bru 'h  cont ro l .  p i ld l ing  o t  non-oak  t rce  \pec ic \ .

12

5
2l

1 1

ItJ
2
5

6
1
I

I  ) : 1  0 -55  18
l l  ! ' 7  0  r00  l . l
5 1.1 0-90 9

, l 1 l  0  55  23
161 r  75  0  1250  3 l

9 r 5  0 1 0 5  l . l

' Mean aDd range ol 22 site mean\ of 8 plots/sxe.
b Perccnr of 22 siies containing an) ofthis |ariable
'Percent  of  I76 plots coDtain ing an) o l  th is lar iable.

oak habitat lbr westem gray squinels (Ryan and
Carey l995a,b). We visited 133 ofthese (Bayrakgi
et al. 2001) and found 22 that were lar-qe enough
to be considercd oak communities: mosr were
ecotonal between Douglas-fir tbrest and prairies.
For each site, we circumscribed a core erea that
included thc l iving oaks. Visually drawing l ines
from one exte or crown point 10 another along
lhe  ou termu: t  oaks  u  t .  (he  on l )  ob jec t i reproc<
dure we could devise to identify the actual extent
of thc oak community.

We devcloped a sampling scheme for core ar-
eas based on reconnaisslnce of all 22 sites. We
sampled corc areas with eight nested plots. To
place the plots. wc established a 240-m transect
\\"ith eight stations .+0-m apart, >60 m from the
delineated perimeter, and palallel to the long axis
ofthe core. In large sites, we systematically placed
consecutjve tansccts along the long axis of the
core, with onc transect/8 ha. up to thrce transects/
core. Where size or shape of the site precluded
use of a single transect of cight stations, we es-
tablished two parallel lines of four stations each
with 80 m between lines. At each statiorr, we rarr
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soil excavation, and past setdement (e.9., foundations.
fences, fruit trees). From each plot. we estimated
, l i r cc t ion  rnd  d i . tuncc  lo  lhe  l$o  ner rcs t  p r i rn f f \
adjoining landscape f'eatures (c.g.. road, wetland,
prairie, conifer forest).

Vascular plant nomenclature lbllows Kartesz
(1994) as updated (USDA, NRCS 1999) with
vascular plant spccies concepts and identifications
based on Hitchcock and Cronquist (1973). Re-
gional floristic guides (Hitchcock and Cronquist
1973. Klinka et al. 19ii9. Hicknan 1993. Pojar
and MacKinnon 1994) provided further intbrma-
tion about species origins (native orexotic). natural
histories, and prefened habitats.

Ana ytical l\,4ethods

We calculated (l) mean cover fbr each species,
species richness (the number of species/plot).
Shannon-Wiener diversity (H'), and evenness (E),
the ratio of observed H' to the maximum H' that
would occur ifall species in the plot were equa]ly
abundant for each sitc (Maguran 1988)i (2) the
pcrcentage of vasculal plant species that $ere
exotic: (3) basal area (n2,4ra) and densities oftrees
>10 cm dbh: and (4) numberof saplings and seed-
lings tbr each tree species. We used the midpoint
for each dbh category fbr basal area calculations
except fbr the largest category where we used the
category value: thus basal areas might be biased
downwrlrds where trees werclargc-lew oal$ were
>50 cm dbh (Table l). We report means t stan-
dard errors (SE) exccpt where otheN,ise noted.
Ws u.qfl p1q.encq-rh.en\'e Jrtr lor .ftccic. or
groups to calculate prevalence values by site and
by plot. We assessed the correlation between oak
height and dbh based on the two largest oak ffees
per 25(!mr plot.

To assess native and gxotic species contribu-
tions to total spccics richness and to contrast rich-
ness of sampled oak sites to similar arcas in prai-
ries and Douglas-fir forcsts. we genented species
accumulation cur.res, including all understory and
overstory species. We plotted thc cumulative num-
ber of 25-m: plots ve$us the cumulative number
of vasculeLr plant species (McCunc and Mefford
1999). Direct compadsons with prairies nd fbr-
ests were possiblc because all sampling efforts
u.ed 25 In plots nd 2.5 rn i. rn Jffropriir lr 'drcr
with which to samplc vegetation in grass. $,eed.
and shrub communities (Gauch 1982). Prairie data
are from Thonas and Carey ( 1996); managed-

lbrest data are fiom Thysell and Carey (2000).
We calculated the correlation between the total
number of vascular plant spccies and the total
numher  o [  e ro l i c  rpec ies  on  the  uak  s i te : . .

We perlbrmed Bray-Cuftis (BC) ordination with
square-root transfollned percent-cover values for
all species encountered on all 176 plots. We chose
BC ordination because it is easy to interpret eco-
logically as environmental or compositional gra-
dicnts and it has documented utility forplant com-
nunity data(Beals 198.+).In BC, as in dher indirect
ordination methods (Kent and Coker 199,1), or
dinatiol axes aLre derived from the tloristic data
and are init ially undcfincd in terms of ecological
or environmental variables. We used variance
regression endpoint selection and the Sorenson
d i " tunce meu:ure .  The umoun l  o l ' \ J r i Jnce  e \ -
plained by each ordination axis was computed
b)' subtracting the ratio of the sum of squares of
the residual distance matrix to the sum of squitres
of the original distance matrix tiom one and ex-
pressing it as a percentage. For combinations of
species or selectcd derived variables of interest
and each ordination axis. we calculated the value
of the Pearson product moment colTelation coef-
ticient, r. Usingt? = 116 (.dJ = 174), the crit ical
value (twolailed) of r at a = 0.01 was 0.25l (Zar
198,11. We report only conelations withP < 0.01.

To furthcr assess species relations. we per-
forned an ordination on all species and used
weighted averaging to locate the average posi-
tion of each species in the BC plots-ordination
space (McCune and Mefford 1999). We grouped
.pec ies  u i th  lhe  Sorenson d is tunce meu 'ure  in
the farthest neighbor linkage method of cluster
analysis to identily recurrjng vegetation site types
and used this site-type membership as a variable
in the erdination. Weighted averaging was based
on all species, but we graphed only locations of
species found on )l0c/a of the 176 p)ots. Then
we used indicator species analysis to idcnlify spc-
cies characteristic of sitc typcs (Dufr6ne and
Legendre 1997, McCune and Mefford 1999). We
evaluatcd statistical significance of maximum
indicatorvalues (IV max) for the resulting groups
$ith a Monte Carlo method employing 1.000
pcrmutations of the data whele the resultant P
value was the proponion ofpermutations in which
the IV max ftom the rundomized data set equaled
ol exceeded the observed lV-max. Thus. a sig-
nil icant IV-max indicated r species that was
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characteristic of a site type and thar the indicator
value was larger than would be expectedby chance
in a pcrmutation set (Dufr€ne and Lcgcndre 1997,
McCune aurd Mefford 1999). All calculations were
made with fhc SPSS statistical program relcase
9.0.1 (Nomsis 1999) or with PC-ORD, a program
for multivariate analysis of ecological data
(McCune and Mettord 1999).

Results

Ad jolning Landscape Features and
D stu rbance

All the oak communities we sampled (all the largc
arcas ofoirk) $'ere on level to gentl)' sloping ground
(generally <15% slope), with viLrious aspects (Tablc
1). A11 the communities could be considered
ecotonal, with adjoining landscape features in
cluding roads, prairies. saviurnas, and forests (Table
1). The distance fiom plot centers to adjoining
plant communities or landscape components av-
er lged lmcrn  o [ . i t c  me. rn ' r  60  =  5  m:  Ineanr
rangcd l ium 2-+  to  l15  ln .  Thu: .  ruk  r 'ommuni
ties were linear and narrow in tbrm. on average.
Douglas-fir or Douglas-fir/mixed hardwood fbr-
est was nearcst to 39clc. prairies lo 387., aDd wet
Iands to 16% of plots (r = 176 plots). Thc re-
maining 77o were nearest to roads (4dl. ) and shrub
lands (3%) (Table 1).

Dislurbance. as sampled by plots. was not
widespread in the communities we sampled. We
observed stumps of recently felled Douglas-fir
(pan of oak restoration efforts) on 23% of plors
(<l% rclative covcr). We tbund evidence ofhome-
steads (e.9.. orchards, ornamental species such
as periwinkle Iyl7ra mclor], or old foundations)
on 227o (<l% relativc cover). Roads crossed 157r
ol plots ( 137. relative cover) and excavations (e.g.,
army fbxholes) were in 107r (rt7o relative cover).
On plots in four areas. however. we found 8 ma-
turc oaks (>15 cm dbh and >,10 years old) that
appeared to have been killed by intensc fire re-
sulting lrom buming ofScot's broom. During our
study, we actually observed crown fires in one
oak-Douglas fir stand and in one ponderosa pinc
stand during prescribed bums.

Overstory Trees and Begeneration

Total basal area averaged 22 1 | mr/ha with a
range of 7-3li m2/ha (Table 1). Oak basal area
averaged l,1t I m2/ ha, 66 t 37o ofthe total basal

22,+ Thysell und CaLrey

area. All but one ofthe sites containcd trees other
than oaks (Table l). Douglas-fir $'as the second
most abundant trcc species. averaging 7 l 1 mrl
ha or 28 t 2% ofthe total basal arca. All but three
sites contained Douglas-fir, which accounted for
>2070 oftotal basal area in 6.1% ol'the sites (Table
l). Tree densitics were 25:11 15 oakfta and 60 t
7 Douglas-fir,4ra, with sitc averages fbroakranging
from 105 to .150 stems/ha (Table 2). Oregon ash.
bigleaf maple. and the non-native su'eet cherry
(Pnrnus atiurn) were the nextmostconmon trees.
found in seven, tbur, and four sites respectively;
each represented <0.5% oftotal basal area (Tables
I and 2). Ponderosa pinc was on two sites: and
black cottonwood (.Populus fulsan(era tricho
crzrpa) and Pacific madrone (Arbuttrs mertzie.sii)
were on onc site each. All in all. )257r of plots in
all but I site and 6.1% of all plots contained >1
tree species besides Oregon white oak (Tables 1
and 2).

Douglas-fir trees large enough ()30 cm dbh)
to dominate mature oaks u'ere found on ,10% of
plots. Domirant oaks (r = 340) averaged 33 | I
cm dbh (maximum = 84 cm dbh) and 161 I m
tall (naximum = 30 m), with 807c of the domi-
nants <20 m tall (Table 1. Fig. I ). Height and dbh
of dominants was strongly correlatcd (transfomed
by the natuml logarithm, r = 0.80). Most oaks
were (30 cm dbh (5% werc ).10 cm dbh) while
Douglas-firs >50 crn dbh were common (Fig. l).
Alnrost all (94q.) plots contained mole than one
single stenmed oak tree (i 1SE, -5 1 1) and 6l7o
contained more than one cluster-stemmed tree (4
t I clustered stems) that may have arisen as suckers
from the base of a stump or root collar.

Oak seedlings or saplings u,ere present on all
sites (N = 22) but in <50c/. of plots (.n = 176)
(Table 2). Of the four other common lrcc spe-
cres, only Douglas-fir saplings were on >507r: of
sites or>207, ofplots. Douglas-fir seedlings. whilc
locally abundant. wcre obsen'ed in onlv 57r of
plots (Table 2). Oregon ash seedlings or saplings
were locally abundant (present in 457e of sites
and 177r ofplots). Bigleaf maple and swect cherry
seedlings and saplings were common on some
sites. but were found in <10% plots (Tablc 2).

Spec es-area Curves

Cunrulative number of species incleased ntore
rap id ly  in  o r l  eommuni t ie .  th ln  in  p r r i r ie :  o l
Douglas fil forests. Fufthemtole. the species- ea



curve for oak communities rvas noL asymptotic.
even aflcr accumulating 17| species. $hilst the
other communities reached asymptotes of approxi-
mately 100 (prairie) and 90 (Douglas-fir fbrest)

species (Thomas and Carey 1996. Thysell and
Carey 2000. Fig. 2). Exotics cornposed 3l% of
the species in oak communities and thc exotic-
species cuNe was more asymptotic than the na

Figure L I)iainerer clas\ dislibulions ofli!eanddead Oregonwhite oak(0r?rc.6 g.r't.r'rir) and Douglas-
fit \Psetulotstsu mlr:i.-rii) tees on 116 250'ln: plots in 22 oak communities on Forl Lewis.
$ 'ashingion,  1999.
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Figufe 2. Species accumulatior curlcs for Otcgon wlite oak (Qrirfcrr gdnrrrz) communilics (* = rll
\ fec ies. l= nal ive spccics.  ̂ = cxot ic  species) l  prai  es(a=al ls tecies,a=nat ivcspccics.x=
exotrc spccics): and nanaged Douglas fir (Pr.rdotsugd m .ie\ii) forcsts (+ = all species) on
Fod Lelv is.  Washineton.  1992 1999.
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t ive-species curvc (Tablc 1. Fig. 2). Native and
exotic species were equally represented in prai
rie comr.nunities, but exotics werc only 18% of
thc spccies in Douglas-fir t irests.

Understory

Wc found 171 species (overstuy and understory)
i n  t h e  o c k  c u m r n u n i l i e \ : 5 3  1 3 l i  I  w e r e  e x u t i e
(Tables I and 3). Oak communities contained
numerous infrequent species; only 46 (27%) wcre
lound on > 10% of plots and | 03 (607.) $'ere tbund
on <57. of plots. Exotics were 28?, of both the
;f6 most fiequent species and the 103 inliequently
encountered species. Plot-lcvcl spccies richness
(r= 176) averaged 17.2 t 0.,1 (range 6 37.)inoak
conmunilics and was intermediate bgt$,een that
of prairies (22..1 I 0.5, rr = l68) and that of man
aged Douglas fir lbrests (11.8 1 0.3, n = 24{)).
Exotics averaged 23 1 1 7a (range 0-787o) oftotal
species across the 176 plots. Averagc spccics rich-
ness in oak communities ranged from I I to 27
spccics/plorsite (Table 3). The total number of
exotic species/site was positively correlated with
thc total number of species per site (r = 0.66).
Plot-level species richness, diveISity (H'), percent

TABLE L Nlcrns (1 I SE) .rnd runge of means ibr undef-
stor,"' species richness. percent exotic\. di\'ersit),.
and e\enness.  and percent  cover of  l0 common
species (tbund on > 50t of 116 plors) in 22 oak
col runities on Fort Lervis. ['ashington. 1999.

exotics species, and percent cover of common
understory species varied greatly within and among
sites (Table 3). Much of the vadance encountered
across all 176 plots also was contained within each
of the 22 sites. Except for common snowberry.
understory species wcre found at low average
covers and frequencies: only 10 undcrstorl, spe-
cies were found on >50c/r of the 176 plots. The
ten most common understory species included lling
native species and one exotic species; all werc
widespread but variable in distribution (Tables 1.
3 ) .

Ordlnat on, C uster Analys s,  Indlcator
Spec es

Our ordination (Fig. 3) produced a two-dimen-
sional model that explained 8l7c oftotal variance.
Axis I explaincd 477r and Axis 2 explained 3,1%
of the variance in cover of 171 species. Pkrts within
the 22 communities were widely distributed in
ordination space (Fig. 3a). exccpt for oak sites
28,92. and 314. Thus, we evaluated gradients and
fru\'e\\e\ acro\\ dll i  76 plots in I 7 | -specicr :prrce
nther than cxamining statistics averaged for the
22 communities sampled. ln addition to oak and
snowberry, only eight species were found on >507.
of the plots. Howevel numerous native and ex-
otic species were correlated with ordinationAxcs
I and 2 (Table 4).

Of l8 species conelated with Axis 1 with r >
10.351. l2 were positively correlared: of these, g
were exotic. The remaining six species u,ere nega-
tively correlated with A\is I and were native (Table
:1). weighted averaging of the 46 most frequcnt
species revealed two broad groups ofspecies (Fig.
3b). Of the 16 species that grouped on the right
of Axis l. I I were exotic. Of 30 species that
grouped on  the  le f t  o ! 'Ar i .  l .  r 'n11  2  uere  ero l i c .
Ari. I u rr po.it irely conell led u ith per.cnt cr, 't i ,. '
specics, percent exotic cover, graminoid cover,
rnd  ork  s lp l ing  L lcn \ i l ) .  Amon!  n ;11 i ' ,q .psc ie . .
the graminoids long-stolon sedge (.Carex inops)
and blue wildrye (EA nir.r g/a/./cr./.r) had the stron
gest positive corelations (Fig. 3a). The species
most negatively conelated withAxis 1 wcre Saska-
loon servicebery (A nre lanchier alnifo I ia), Indran
plum, common snowben), small enchanter's night
shade (Circaea ulpina), and westem swordf'ern
(Pol;"stichum nunittor). Tree species richness, oak
height, tall shrub cover, and native shrub rich-
ness also were negatively correlated with Axis I

\'{eiln t SE Rangc

Specics r ichncss

Shannon $iener di\.'ersit,v (H )
Shannon-\ \  ienef  e!enness ( t )

C o l e r ( ? )
S\nph. t t  utpot  d lbul

Muhontd dquiftnit!nl

0(nlu ie ( ru\ i t1Dl t i \

N?tnothilu pdrtilloftl

PolIsIi(lun nunituIt
CJtisus sco?arius'
Atnekorhi.r dlnil.lid

1 7 1 1
2 - t 1 l
I t 0
r 1 0

r 0 t 3
l l
1 !
3 1

I t 0

2 : t
2 !

t t  2 1
'1 55

i i
0  l 0
0 -  17
0 ,15
0  1 8

0 t 0
0 - 1 2
0 1 2
0 l .r

' lvlean and rangc of 22 sitc ncans of 8 ploty\ilc.
L Exotic specjes richncss as a pcrccnlagc oftoul spccicsdch

'  Exot ic  species. l |e emboldened.
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(Fig. 3a, Table 5). Thus. we interpreted Axis I as
a gradient of increasing domiDance ot cxotic
species. with Scot's broom. sod-tbrming co-
lonial bentgrass and Kentucky bluegrass (Poa
protensis), common St. John's-wort (I1_tperl
cun perlbrutum), and common shecp sorrel
( Rumet aceto s e l la) most positively correlated
(Tables ,1. 5).

l i e u r e  l Bra! Cuflis ordinarion of 176 sample tlots (a) and
\|eighlcd a!cfagirg of the ,16 most common rpc
cies (b) iiom 22 ]arye oak communities on Forr
L e u i . .  \ \ i . h  1 e l . , r .  l q u u  A \ i .  |  .  i n c  e - . i n e
J o r n  r r n c e  o [  r \ o r r c  . f ( .  r . .  J n J  \ \ i . 2  i .  u ,  m  -

nance changing iiom Oregon lvhite oak (0r.r.&r
gal?r.rrd)loDouglas-lir (Pseudolsugu en.ietii)
and siles grading fioln dry to mesic. Samplc plols

are displayed in legetation si!e lypcs dcliyed hom
cluster analysis. Vectors indicate the dircclion tlnd
. r r c n ! t h  o l  . u | | ( l - r i u n ,  b e t u  e e I  a \ i . .  1 d  r h (  \  - r .
ablesi EXOTIC7.. eiolic richness as t of total
richncss: CRASS7.. % grass covefr NAI1VE9,.
natirc dchness as * of total richness; PSME7..
Douglaslirbasal area (BA) as a perccnlagc of to
tal BAI QLIGAf.. oak tsA ar a pcrccnrage Lrf toral
B A ;  Q U G A  H G T .  h e i g h !  o I  l a r g e s t  o a k s r
SHRUB DVRS. r ichness of  nal i \c  shrubs. , {cro,
nlms e plant names (exotic spccics are under-
l ined):  ACMA. Acer n idcroph'" l lu ,nt  A.CCA.
A8,.rrtir..rpi1ldr.tr; AMAL. AnrcLtn hiet ahtilil ie I
BRVU. Br..]r,llr rrlgd,.lr; CA1N. Car^ inopsl
CAPE. Carddnine Fn',\ltutliu| CIAL. Cucded
dlpi a; CLPE. Clalto,iia petJblidu: C.LSI. C.
sihe ricdtCOCO, Co\ lu.! .rr.nurd; CYSC. C}rvr.r
s t: o ptt I i u s ; D AGL, D a c ! )^ Ii s ll I o t ne I ata I ELGL.
tll,r/r Sldrcrr: FltVE. F,?s.rt.r r,.,rc./: FRVL I:
ri/gnrid,?dr FRPU f rangule putthiok\ FRLA.
Fmit s ldtifolidt GAA.P. Gahm updritrc: HODI.
HoloLl iscus dis.nb\  HOt.A.  Hokus Lanau5l
H\PE. H,"per i t :un pcrforutuw H\RA.
Htpo<hu{i\ rudkatd. LACO. Iatpsdnd .otntnu
r t .  l O C l .  L D n , t \ , . , r J , d .  \ ' {  \ A Q .  r . r n r . ' , , /
aq u iJa I iulni t l AST. Ma ianthe hLtnt s te I I dt r"t :
\ t t s l  .  l , r 1 l , , ' , , l r r r l r , r :  \ 4 o \ l A .  v . , / r , ; , . , ; . ,
nncf tUht" ILut  NEPA. N?rrrp l i ld  pan i lorr r :
OECL. Otnl.riu | {a\ilbmir;OSP,E, Osntvntl
befteroi; PO\[U. Pol)"sti(hutn munitur POPR.
PoL. prdt(nsis PS\{E. Pr.r/d.7/vrgd,ren.i.,.il?:

QUCTA, Qr. f . r r  Bdr. rud,rd;  ROCY. / i r ) . ! . r
g\tntbcdrpa. RUAC Rrlraf d&1,re//.| RUUR.
Rltbt5 urs inus SACR. . tdr i . ra ld . rd!1k. l l . r / i r j
\ A D O .  s d r r f , / d  d . , : / . . ; ; .  S l \ l l  .  \ / , / / . , , , . /

neluttt S\AL. S\mplrcticarus d1r,r; SYllE.
\ ; n t ' h .  t , , t r p r ,  i , , p , , / , ,  :  S Y R f .  \ , , . , r , r ; ,
r ,  r , / u , n  r ' :  \ ' l H T  I i ' 1 , / r l r l . / / , , : V l \ A .  l  \ a / . .  .

Axis 2 was a bipolar gradient representing shifts
in dominance trom oak to Douglas-llr and fiom
dry to mesic sites (Fig. 3a. Tables,l. 5). All nine
species corrclating with Axis 2 wirh r > 10.351
were native. Seven were associated with wet to
mesio fbrest Oregon ash, bigleaf maple, Sibe
dan springbeauty (Cl a\tonio sibiri('d ),Ir,dixn plum,
\\,estem swordlcm. Douglas-fir, and bigflowcr
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TABLE ,1. Corelalion coefficients bclsccn plxnt species and Brat-Curtis ordiiation axes. d rheir indicalor !alues fbr three
veget t ion s i te t ]pe\  found in 22 oak s i les on Fof i  Le$, is .  Washington.  l999.Speciesshownhave/> 0.35.  i rd icat( t
\a lues >10. or  l iequencie\  > lot t  ( ,1 = 176 plot t .

Species '
InJiL.uor Value for Sitc T\ Dcs

,{x is 2 npe | 0r = 8.{) t}pe 2(/1=,10) typc 3('] = 52)

A.et inaor4lh\llutit
Agrostit utpilla s
A ielatrchier aln$)lid

Ca a,nine pefisJlwnica

C!tisus scoparius
Eht,us gluu.u\

Geru iun nlunhinun

Hlpericu perf1ratutn

I4psana commu,tis
Leucanthemun ,ulgare

Mdh) id dqLtitoli t

Netnopl t ik t  pa^i f l t ) tu

OunlIri0 ctrasilonni:
Oeltothi.a b?t(roi

Pol \ \ tk  hun rwt l i tu 'n
Pseudot\ugd ']1? 't. ie \ ii

QLkrcus pt nand

S\,tph0ridrpos dlhus
Teesdalia udi.aulis
Te!Iin1a sr i litl0ta

-0.21
( l f i l

0 .11
0.20
0.36
0.68
0.12

-0 .31
-0 .11
0.61
0..15
0.t l

-0.06
0.1:
0.35
0 .61

-0.07
0.36
0.30
0.09

-0 .11
0.:0
0.39
-0 .10
0..1I

-0.+0
0 .37
0.01

- 0 . 1 7
0..1:
0.,10
0.16

-0 .1 I
0.13
0.36

0.12.
0.07

-0 .16
0.26
0 .01

-0.22
0 .31
0.,t3
0.0,1
0 . 1 2
-0 .11
0.31
0.09

-0 . l 9
0.02
0.01
0 . l l
0.08

-0.09
0.01
0 . l 2
0.05
0.36
0.09
0.21
0.36
0.5.1
0.7,1
0.2,1

,0.08
0.,11
0.06
0.,13
-0.28
0.06

U
6

5
1

6

5
3

36

:l
l 0
23
0

)1
1 5
1

l2
1 u

2
1 9

11
l

0
(l
.l

26
0

t 2
21
2

6
32
t 2

l3
-l,l
u
U
5
3
0

t l
21
2 t
21
5 l
1
0

60
l 8
3,1

I

3 1

29
(l
t ,

0
.18

1
l

2 l
6 t

0
l 3

36
0

l 9
22
l 9
l8

l
)1
2

26

6
,l

t 9
30

I
I

l 8

20
t /

0
2',7
1 6

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
0.19

<0.01
<0.01
<0.01
0 . 1 1

<0.0t
<0.{11
<0.01
<0.01
<0.t) l
<0.01

0..18
<t-).01
<0.01
<0.01
0.02

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

'/r-values bascd on Monle C rlo simulations (\,lccunc and Nlcltbd 1999)
"Er0lic species are emboldened.

tell,imx (Tellilna grar./ifl.r?) (Klinka et al. 19E9,
Pojar udMacKinnon 199:1)-and were positively
correlated $'ith Axis 2. Axis 2 uas positively
correlated with native shrub richness. h'ee dch-
ness. percent basal arca that was Douglas fi1. basal
area of bigleaf maple and Oregon ash, and den
sity ofDouglas-fir')30 cm dbh. Only Oregon white
oak and con]mon snowberry werc negatively cor-
related with Axis ?. Percent basal area that was
oak and dcnsity of oaks 210 cm dbh were ncga-
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tively conelated with Axis 2 (Table 5). The spe-
cies nrost highly correlatcd with Axis 2 were
Douglas-fir (r = 0.5.1) and Oregon white oak (r =
-0.11).

Cluster analysis produced threc groups ofplots
representing thrce vegetation site types that made
up the oak conrmunities (Fig. 3a). The eighr plors
sampled in each ofthe 22 oak communities were
widely variable as to site-type membership and
on a \c r i rg . , , ( \ ' u lTed in  2 .4  \ege l l l i on  s i te  types .



T,ABLE 5. Cofelationcoellicienb belween se]cct.d !adablcs
and BIay Curlis spccics ordination arc\ lin 22
oak comnrunilics on For! I-c\,"i\. Was|ingron.
1999.

A*i' 1 A"ir 2

- 0 .15
-0.05
-0 . l 5
0 .  t 6
0 .15

-0.29
0.52
0.5-l
0.17
0.35
0 . 1 3
0.3.1
0..10
0.38
0.37
0.13
0.01
0 . r 6
0.03
0.37
0. ()

Indicator species analysis revealed that each site
type had characteristic species (Table 4). while a
number of species, notably beaked hazelnut
(Con ltrs utrnuta ), strLckywilly (.Galiurn aparite l,
and hollyleaved barbeny [ta]l oregongrapel (Ma-
lnnia ucluifoliurn). were common to all tluee veg
etation site types. Site type 1 contained;187c of
plots, and was charactelized by oak in the over-
story and the native shubs sen'icebern' and snow
berry in the undgrstory. The native vines. orange
honeysuckle ( Lonicera tiliosa) and California
blackberry (Rubus ursinus), were also common
in this site type. The native herbs sticky\\"i1ly and
smallflower nemophila (.NemophiLtt paniflora)
were common in site type I but did not distin
guish this group fiom other groups. Except tbr
common nipplewon (.ldp stuta conrnunis l. cxotic
species u'ere rare in site type I (Fig. 3a.b; Table
4, 5). Thus we labeled siLe typc I thc white oak/
native shrub group.

The three species characteristic ol 'sitc typc 2
were Douglas-fir, Indian plum. and western
swordtern. with the moist-site herbs small
enchanter's nightshade. Siberian springbcauty. and

bigflower tell ima (Klinka et al. 1989, Pojar and
MacKinnon 199,1) rlso common; site type 2 con-
tained 237c of the plots. Site type 2 had the lo\\"
est density and basal area of oaks, the lowest fre
quency and abundance ofexotic species. thc highcst
tree species richness (and the largest non-oak
hardwood component). and the highest Shannon-
Wienerdiversity (H') ard evenness (E) of the three
site types (Fig. 3a.b; Tables ,1, 5). We labeled site
lypc  2  Ihe  Doug la . - l ' i r+ rUrno i : t  hc rh  : i t c  t r  pe .

Site type 3, with oak as its overstory indicator
species. contained 29% of ploLs. lts undcrstory
was characterized by native graninoids (long sto
lon sedge and blue wildryel and by cxotics (co-
lonial bentgrass. Scot's broom, and St. John's
wofi). Other exotics such as long stalk cranesbill
lGe runiton co I urn bi n urn), common vclvct-grass
(Holcns lanatus), oxcye daisy (Leucqrihemum
L,algare). Kentucky bluegrass. comrnon sheep
sonel, barestem tees driia (.Teestlalia nudicauli.s),
and vetches (yrcld ftl,a!l/d, al]d ll sdtir,,]/ also wefe
charactedstic of site type 3 and virtually absent
liom the other site types. Diversity (H') and even
ness (E) were less in site type 3 than in other site
types and, in shalp contrast to site types I and 2,
exotic spccies were a substantial poftion of total
species richness. Olk seedlings and saplings were
morc abundant in site type 3 than in site types I
and 2 (Fig. 3a,b; Tables 4, 5). We labeled site type
3 rs  the  p ioneer  o lVg la ' . l l nd-c ro t i c  . i r c  t1pe.

Discussion

Status of Oak Cornrnun t es

Oak sites cover <,17r of Fon Lewis (Ryan and
Crre)  lg054. l , r '  l ew r re  >5  ha  rnd  n tun l  con ta in
few oaks. Most are ecotones u'ith sharper gradi
cnts and greater influences tiom adji,rcent com-
munitics than in the 22 large sites we describe.
Early in the 20th centurv. Rigg ( I9l8) desc bed
the oaks ofFort Lewis as lbrming a "fringe alound
the edge ofthe praide. next to the forest. The for-
est is evideDtly advancing slowly upon the prai-
r i c ' .  t igh t1  )ear .  ld le r .  our  a : \c \ \men l  i :  \ in r i -
lar. but human dominance of the landscape has
resulted in establishmenl ofexotics and advance-
ment of Douglas-fir into woodlands and prairics
and. off Fort Lcwis, a continuing loss of wood-
lands, e.g., >25% from 1982-1992 (McGinnis et
a l .  1997) .

Total understory covef -0.09

Percent eriotic coler 0..16
Percent gramiroid cover 0.70
Pcrccn! la]l shrub covcr 0.52

lb la l  species r ichness 0. l5
Percent exotic species 0.81
\a(ive shrub richness 0..19
Trec spccics richncss 0.5,+
Shannon Wiencr divcrsit) (lJ=) 0.05
Shannon-Wiener e\enness (E) 0.0E

Toral basal area (BA. m /h.r) -0..13

Q ctrus sarr lana BA 0.10
I 'seudol luqa ine, . ies i i  tsA -0.12

Frarinus ldtifolidBA '0.21

Ac(r tnaL roph\ ||um BA 0.25
Dcnsiw 01 livc oaks >10 cm dbh 0.12

O. 3.r/,r.rnd sapling dcnsjty 0.31

0. gal,rdnd seedling densit_v 0.2.1
Density ofdead 0. ,q."r1.rId >10 cln dbh -0.30

Dersit) ofP ,r.,r.icrii >10 cm dbh 0.33
Hcight oftallesr O. gdrDUra 0.52
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The status ofthe oak cornmunities is sti l l  pri
marily a result of human activities: fire exclusion,
introduction and sprcad of exotic species, mili-
tary activit ies. and conservlrt ion activit ies. Dis
turbances affecting Fofi Lewis woodlands and
prairies are dominated by militaq/ activity and
conservation cftbrts. Tveten and Fonda (1999)
described one fire policy on Fort Lewis: 80% of
the area undgr flre exclusion, 8c/o under annual,
an i i le r )  induced.  i i re .  rnd  8 i  under  l  3 - '5 -yer r
rotation of lo\\ intensity prescribed bums. But
various efforts enploy diverse techniques to ad-
dress ditTerent oonseryation objectives on (and
ofll Fofi Lewis (Dunn and Ewing 1997 provide a
pafiial compendium). Goals include reduction of
Scot's broom. nraintenance of the structural ap
pearance of oak, pine, and prairie communilies,
restoration of Lhe historical variety of oak, pine.
or prairie communities. and maintenance of vi
able populations of various sensitive species of
p lan ts .  in r  e r lebra tes .  and r  e r tebra te . .

Cond i t ion  o f  Oak Communi t ies

Although the large oak communities were influ
enced by adjacent comrnunil ies, most remained
structurally and compositionally dominated by
oaks: most seedlings and saplings wcrc oaks as
well. Most sites averaged >200 oak n'ees,&a within
thc ranges of sizes, densities, and basal areas re-
poned as normal by Stein (1990). Largc oaks were
rare-most oaks were <30 cm dbh and <20 m
tall. Clustefs of oaks, such as develop from cut
stumps oI root collars (Stein 1990), were com-
mon, but we saw almost no direct evidence of
fell ing. Abundant small. clustered stems suggests
that cunrnt oak densities may be higher, and av-
erage oak size smaller, than in the past (Stein 1990)
and that natural, accidental, and prescribed tires
had not been frequent enough to prohibit oak re
eenera l ion .  Smal l  o rk . .  u  h i le  p ror  i , - l i ng  op t ion .
for future management, are more susceptiblg to
fire than large oaks (Stcin l990,Agee 1996.Tveten
and Fonda 1999). Dense small oaks, small Dou-
glas-firs, and Scot's broom in understories ofoak
communities create conditions whereby fire can
bl: more damaging to maturc oaks than where
mature oaks are large and widely separated with
grassy unde$tories. In the tbrmeq understory,
espeoially mature stands of Scot's broom, pro-
vides fuel for intense, high severity fire (Tveten
and Fonda 1999) and a ladder to the crowns of
mature ollks, whereas in the latter grasses sup-
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port only a mild fire conlined to the vicinity of
oak trunks. Consequently. we observed tlre-killed
mature oaks. Douglas-firs. and ponderosa pines
in sone oak sites. Repeated buming on FofiLewis
has reduced fuel loads on some sites and low in-
tensity fires have been shown not to affect ma-
ture oaks (Teveten and Fonda 1999). Fire mor-
tality was not con'mon among large Oregon white
oaks; suppression by Douglas fir was more com-
mon.

t r r  a  a a  a q  I  l n i n r  o n a < c  n f  A a k

Commun t  es

The ecological uniqueness of oak communities
rests on the physical, architectural prcsence of
Oregon white oak itself. itsrole in providing habitat
for the threatened western gray squirrel (Ryan and
Carey 1995b). and the contdbution of the com-
muni l ie .  us  e lemen l r  o l  the  PSA mosr i (  cco \ ) . -
tem-an ecosystem whose properties (e.g., spe-
cies diversity) are greater than the sum of the unique
characteristics of each component system. Few,
if any, vascular plant species were found to be
obligate associates ofoaks. We did not study non-
vascular plants or fungi. however. Nonetheless,
oak communities had high plant species richness
compared to similar areas ofprairies orDouglas
fir forests, reflecting the transitional lature ofthe
oak communities. Most species were 'rare ' spe
cies, in the tail of the rank-abundance curve. Only
one, however. u'as "everywhere sparse" (Murray
et al. 1999) and affofded special protective status
in Washington (Washington Natural Heritage Prc-
gram 1997) the smallflower wakerobin. Other
fare spgcles welg specles mole common rn pral-
ries, Douglas-frr forests, mixed hardwood forests,
or wetlands (Thomas and Carey 1996; Carey et
al. 1999c: Thysell and Carey 2000).

Oak communities used by the westem gray
squirrel on Fort Lewis werc >2 ha. <0.6 km from
water and had a mixture of trce species, includ-
ing co-dominance by Douglas-fir, and a diver-
sity ofmast-prcducing native trees and shrubs Ryan
and Carey (1995a,b). Westem gray squirels were
negatively affected by fiagmentation ofoak com-
muni t ies .  Thus ,  fu l l  func t ion  o l 'oak  eommuni
rie\ in the ! reater ecos) ste m depend\. in prn. on
their size. contiguity. arld ecological context. The
extant oak communities on Fort Lewis are small
in size. relatively high in number, but widely dis-
persed (Ryan and Carey l995a,b).



Conceptual l\,4odel and Oak Trends

Puget Sound oak conmunities \\"ere more exten-
sive a te* hundred years ago than today and oc
curred under a broader range of conditions than
they do now (Stein 1990, I irckeberg 1991, Ryan
and Carey 19950. Tveten and Fonda 1999). Thus.
u e conslrucled u con( eptuirl n rodcl rhdl incorpo-
rates a narro\a,ing ofthe breadth ofhabitat condi-
tions occupied by oakcommunities (Fig.4). Present
oak communities are physically narower, more
disjointed, and more influenced by Douglas-fir
than in the past. a phenomenon apparent throughout
the range of Oregon white or* (Thilenius 1968:
Reed and Sugihara 1987; Bamhart et al. 1987,
1996; Srcin 1990: Tveten and Fonda 1999). Con-
sequently, the contribution of oaks to landscape
and biological diversity in the PSA has dimin-
ished substantively. On Fort Lewis, oak commu-

nities are commonly bounded on one side by glacial
outwash prairies a maiorlloristjc influence that
i r  i n c r e a r i n ! l )  J r \ m i n i r l e J  h 1  e r o t i c  : p c c i c .
(Clampitt 1993, Thomas and Carey 1996) and that
was evident in our pioneer oak-/grassland exotic
vegetation type. Thus, one of the two chief intlu-
ences on oak communities in our model (Fig. 4)
is the prairie/exotic influence.

The other community exerting strong intlu-
ence on oaks is Douglas-fir lowland fbrcst. ln the
absence of tirc and during years of above aver
age rainfall. Douglas-firs readily establish on prai-
ries and among oaks. Rapid height and diameter
growth of Douglas firs can quickly transibrm
prairie or oak sites into homogeneous tir fbrests
(Le igh ton  l9 l8 :  Reed and Sug ihara  19137;
Barnhard t  e t  a l .  1987.  1996) .  Our  resu l ts  a lso
show this process is ongoing in most large oak

Dduobsnr o. hadwood forssl 
, Prarne"innuence'innu;ne" -numerous exotiG

_toss of oat"e ! Furu.e ranse o'osk condrtions? -oak rogen€ration?
_i;";;r"s .mairtain {weedy) p6 rie
-iJ.i"Ji.1.o "p."r"" randscap€ €remenl
ho.nooeniza ton

p isducion in hebirat brcadth psME I / quoA \,

i ... io-u'dir"_ v Fi€ suppression to.est iitr on :p.iiri'u'
psME o. fudhe'oiak loss ' 

;::.,:"-tg,:'*"r rougas-f t  ^4444::v.?
!!:11 PSME/ Hldh int nsltv nrl79/ 

- 
Psuri H,sh intenstv ur€;

r.,' (oucA) < ooisibre bsdofoaks:
-/ ' 49lv! ;xotics favored ,i

J \ FRLA ) a- ,-l l Nascent

fflXli35i
,t i,liiirll"i'^ -- -QucA;natle pioneer \- .--l

= shrub 
9"y9n--, o..-g ws and PSME/OUGAJ

-e o.k: OECE/POMU Site type I 6xotic :;;''"-* 
!3L'* "n't ot' sitetvle 3 ;;;Pred

I '.

a r.€ suppresslon, oss ofPrairies
= Co-iGr enq@chmenl.
j' Exobc species irlroductions

Measure of habitat bresdlh

Figure,l. Conceptual model of Oregon whie oak (Quexv; eur,!-ana) community development on Folt Le$is. \!'ashington. CIa]
boxes indicate non oak conmunitics. Site types l. 2, and 3 fefef \egetation site types thal compose oak coilnunidcsi
ot*./native shrub group, Douglas fir oak/nroist herb group, and pioneer oak-/grassland exotic group. Acronln\ arc:
ACMA = Ac.r ndcrophlllftrTr: AGCA = ,,lgforrir .drrilldrlr; AMAL = A nelanchiet alnilblia: CAIN = Cdr"cir tr.,,p.r;
CYSC = C[lskr J.opd,ill stFRJ,A= Fruinus latilblia. OEC.E = Oenleria cerus{or//.tstPOMU = Pol;"stichu]nnnnitult:
PSNfE = 1'r€rd.rhrgd ,i.,,?iirrtt; QUCA = Quorus surtlunut S\AL = St q*oricdryor dlr'lr. Minor species are
indicaled bv Darentheses.
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conxnunilics; we do not believe that any PSAoak
site is immune from succession to Douglas-fir or
Douglas-1ir/ash/mrple fbrest. Thus, the other major
in l lucn ie  in  uur  n rode l  r :  r rp iL l  \u ( \ 'e \ \ ion  lo
Douglas fir or Douglas-fir/mixed hardwood for-
ests with fire exclusion.

The nrodel incorporates our three vegetation
site types (Figs. 3.4) to suggest possible trends
in future oak developmcnt. Although the types
resemble commun ity types (Thilenius 1968). they
arc not discrete commuDities. Rather. they repre
sgnt responses of vegetation to environmental
gradients atrd compose fine-grained mosaics within
oak communities. Nearly 50% of plots werc in
the oak/native shrub type. This type is thc least
inlluenced by nearby plant communities and may
be the most indicative of interior oak dominated
forests (and $estern gray squirrel habitat). Be-
cause these plots otten contained Douglas fir or
were in close proximity to arcas that did. this type
will continue to conveft to a Douglas-fir typc in
the absence of disturbancc. The olk/native shrub
type contained tew exotic species.

The Douglas-fir-oak/rnoist helb type is in the
proccss ofconversion to Douglas-fir or Douglas
tir/ash/maple forest. Plots within this group con-
taincd large. rapidly growing Douglas-tirs in close
proximity to mature oaks. These Douglas-fir can
rapidly ovetop the slower-growing oaks. Although
oaks are long-lived, they a.re shadc-intolerant and
decline rapidly whcn overtopped by Douglas-fir
Here, n'e often lbund oaks with small live crowns
at the end of long. arcuate stems. We often en-
countered Douglas-tir. Oregon ash, and bigleaf
maple seedlings and saplings but rarely oak rc-
generation. This vegetation type contained few
exotlc spccles.

Thc pioneer oak/grassland-exotic type repre-
sents areas that are most intluenced by glacial-
outwash prairies. This type has abundant and di
verse cxotic species, often dominated by
sod-forming grasses and Scot's broom. Prior to
introduction of Scot's broom and colonial
bentgrass. liequent tires in grassy understories
and at prairie-oak margins u,ould have been patchy
and of low intensity, but sufficient to kil l  invad
ing Douglas-flr. In contrast, exotic understory
species. especially Scot s broom. now have thc
potential to fuel highcr intensity. more severe fires
that could kill even mature oaks (Tveten and Fonda
1999, this study). Although less fiequent than in
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the othertwo oak types. Douglas-fir was here also.
suggesting that, with exclusion of f ire, succes-
sion to Douglas-fir tbrests could occur here as
well (Fig. 4).

I\,4anagement mpllcat ons

\ \ r thout  rppropr ia te  mlnager i r l  in re rvenr i , 'n .
encroachment by Douglas fir and other invasive
spccies $'i l l  continue and deveiopnent ol classi-
cal oak communities in the future is unlikely.
Among the ever-increasing number of invasive
plant species in the Pacitic Northwest. Scot's broom
and colonial bentgrass (Hitchcock and Cronquist
l973.Toney et al. 1998, Ussery and Krannitz 1998,
Tveten and Fonda 1999, this study) present the
greatest threat to oak comntunities by altering
regene[tion nicher r Gruhh I q77 r. pron]ol ing .r\1'm
decay and altcring litter deconposition (Jackson
ct al. 1998). altering soil moisture. precluding oak
seedlingcstablishment (Danielson and H?Llvorson
1990), and increasing tire intensity and frequency
(D'Antonio andVitousek 1992.Agee 1996). Such
complex rclationships suggesL that both a com-
prehensive set of conscryation objectives and
comprehensivc assessment of techniques f or pro
moting indigenous species. including oaks, and
controll ing individual exotic species is needed.
For example, exclusion of f ire, without other
managcrial interyention.leads to succassion to a
Doug l r .  l i r  comrnun i t ; .  On oak-pr l i r ie  murg ins .
fire used to control Scot's broom can pose risks
to oaks unless it is used fiequently enough to pre
vent excessive accretion offuel. If fire is too fre-
quent. ho\vevet exotic species may bc tat'ored
ovcr native species (Tveten and Fonda 1999). The
frequency. intensjty. and season of buming to
control exotic species must be carefully chosen
to a!oid damaging native spccies and mechani-
cal destruction of Scot s broom and Douglas-1ir
before buming will reduce the potentialtbr negative
effects on oaks (Tveten and Fonda 1999).

Currently managemcnt is not effectively ad-
dressing issues of decreasing iand area availablc
fbr natural communities. maintenance of landscape
processes such as dispersal and colonization by
westem gray squirrcls, landscape dynamics. or
values attributable to the PSAnosaic perse. Such
issucs transcend any onc management group.
Land:cJpe proce\\e. came lo lhr. ft)re in alletnpl.
to lbmulate management rccommendations 1br
thc western gray squirrcl. whose population



vilbility may clcpcnd upon an interconnected net-
wolk of low density local populations that fbrm
a rcsil icnt mctapopulation (Ryan and Carey
l995a,D). Ryan and Carey ( l995a,b) recommended
both comnlunity and landscapc management.

Maintaining oaks as paft of a dynamic land-
scape requires management of contemporary pro-
cesses that are reducing the i,rrea of oak commu-
nities. Our nrodel gives insight into somc ofthese
proccsscs. But thc model is inadequate to describe
how either individual oakcommunities ol a greater
PSA system might behave under comprehensive
landscape management. A more sophisticated
modcl is nceded to suggest hypotheses that could
be tcstcd in managcrnent experiments. This model
would be necessarily con.rplex and incoryorate
r,arious subrnodels. perhaps l ike the qualitative
model oftlre and vegetation interaction prescntcd
b1 Mr  e rs  r  lq85  |  Jud i \ ' i , ru \  u ' . c  r , l ' i i r c  i . . rn  im-
portant tool fbr sustaining values associnted with
Oregon u'hite oak woodlands (Reed and Sugihara
1987, Ryan and Carey J9950, Agee 1996. Tveten
and Fonda 1999). Fire holds promise fbr rcduc-
ing Scot's broonr and prcvcnting invasion ofDou-
glas-lir Douglas fir. ho$'ever. and various decidu-
ous trees are important membels of certain types
of oak communities. If simple maintenance of oaks
is thc conservation goal, one could remove all
othcr trees. lf maintenance of either the oak fir
ccotonal conmunity with its threatened flagship
species, the \\,estem gmy squirrel, or the land-
scape mosaic of oak u,oodlands, wetlands. prai-
ries. and coniler fbrests with the ilttendant myriad
of species is the conservation goal, then a bal-
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