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Gradient Analysis of Vegetation on the North Wall of the Columbia
River Gorge, Washington

Abstract
Thc Columbia Rirer Corgc rcpre\ents rn ecoclin. of shifting environlnenlal iac!ors. specie\ populations. and !egetation associr

dons. Combinations ofwind. tcnperarufe. and precipjtation create difierenr cnvjronmental regimes lrom thc west to the e n. The

north |r all of rhe corge supportcd four phlsiognonic associations: westem conjfer forest. centml nircd forest. cennal bro.rdle.ri'

fbrest. and caslern \teppe. Each association comprised spccics disiributed indi!idually along the ecoclire. Douglas llr. westem

redcedar. biglcafmaple, dull Oregongrape. sr\ ord fem. brackcn. r'ine rnaple. and rcdbilbcrry wefe centered in fic wcstern conifel

fofe\i. Crrr- oak. ponderosa pine, poisor oak. and sno*befi) $'cre centefed in t\e ccnlral nrixed forest. Chealgrass. northern

buckrvheat. W)erh s luprne. westem scrviceberry, mockorangc, and Sandberg's blucgrass \\ere centered in lhc castern steppe.

Although thc center of distriburion for each specres was in onc ofthe associalions. ic$ $ere confined lo a spccific association.

The Cotunrhia River corge is analogous ro a mounhin lumed on its srde. wilh rh. cool, moist sumnil lo thc wcst and the warln.

dN basc to the east. Planl specics have migrated bolh castward and $e\tlvard along lhis ecocline durirg fic ljfctime ofthe Gorge.

|nd each associaiion has combinations of species ded!cd from surfounding regions in Washington and Orcgon

lntroduction

The Cascade Mountains arc a ma1or geographr-
cal bal:rieI between distinctly different vegetation
formations in Washington and Oregon. The cool,
nloist forests that l ie west ofthe Cascadcs in both
states, inlluenced by the prevajling maritime cli-
mate, contrast with the warmer, drier shrub-grass
steppc, influenced by the prevailing continental
climate, to the east of the mountains. The Co-
lumbia River cuts through the Cascade Moun-
tains between washington and Oregon (Figure l)
forming a gorye that has served as a migr;ltory
coridor between these two vegetation formations
for millennia (Lawrence 1939. Detling 1958,
Franklin and Dyrness 1988). The modern veg-
etation in the Columbia River Gorge (CRG) is a
product ofspecies ftom surrounding regions over-
lapping according to the varied habitats available
in the Gorge (Detling 1958). Species distribution
throughout the length ofthe CRG is rcgulated by
climate (Lawrence 1939). The westem CRG is
coolerand wettertban the eastem CRG (Lawrence
1939, Lynott 1966, National Oceanic and Atmo
.pher ic  {Jmin i : l ra l ion  2000t .  Wind i \  an  impor -
tant envircnmental factor in the CRG. Mean an-

nual wind velocity is 12.8 km,/hr (National Oce-
anic and Atmospheric Administmtion 2000). Gusts
exceeding 190 km/hr were measured at Crown
Point, Oregon, E km southeast of Washougal
(Lynott 1966). Prevailing wi nds are fionr the \\"est.
hu t  dur rng  u  in te r .  u  i th  a  h igh  pre .su le  s )  \ tem in
place over the Columbia Basin, exceptionally
strong winds can blow from the east (Lawrence
1939. Lynott 1966, Sinton et al. 2000). For ex-
an]ple, two wintcr storms in 1973 and 1983 cre
ated extrene no heast winds that caused
windthrow in 87. of the forest in the Bull Run
wate$hed, ne the western end of the CRG in
Oregon (Sinton et al. 2000). Because the walls
on the nodh and south sides of the CRG face
oppositc directions. local climate differs mark-
edly between Washington and Oregon locations.
Compened to the south wall ofthe CRG, the grow
ing season environment of the north wall is char-
acterized by greater solar radiation, higher air and
.oil lcmperalu res. and grelter er apolrunspinrl ion.
These factors typically combine to causc low veg
etation cover (Cleary and Waring 1969, Barbour
et al. 1999). Wind desiccation, combined with
greater solar radiation, makes the nofih wall of
thc CRG considerably wanner and drier than the
nearby upland forests of the Willamctte Valley
and the mortirne tbrests of the Cascade Moun-
tains. OD the north wall, Iocal wind, temperature,
and moisturc differ according to slope aspect as-
sociated with individual habitats. Local differenccs
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Figurc L The stud] area. localcd on $e Washington side of rhe Columbia Rivsr. ertendeo rrom
dre western end oIlhe Gorge at \Varhougal to lhe eastern end at Wishram.

among slope aspects and ravines clearly affect
values of solar mdiation, wind. temperature. and
moisture (Barbour et al. 1999). During the grow-
ing season, southwest and south slopes are more
exposed to higher wind, solarradiation. and tem-
perature, making them drier than southeast slopes
in the same location. Ravines are more protected
fron wind. are moister, and have lower ambient
temperatures. Considering the entire ecocline in
the CRG during the growing season, the eastem
CRG is drier and hotter than the westem CRG.
On a microsite scale, southwest slopes are hotter
and drier than southeast slopes. In sum, the CRG
is an ecocline (Whittaker 1967) through which a
mosaic of environmeltal factors and plalt spe
cies vary in parallel.

The Columbia River is antecedent to both the
Cascade al]d Coast Mountains of Washington and
Oregon (Alt and Hyndman 1984). Three volca-
nic peaks are within 35 km of the CRG (Figure
1). Repeated basaltic floods during lower Miocene

created the platform from which the Columbia
Gorge was later carued (Baldwin l966) frorn late
Oligoccne to middle Miocene as the high peaks
of the Cascade and Coast Ranges rose and the
river maintained its odginal flow (Alt and Hyndman
198,1). The present soils in the CRG are formed
in Ioess and fluvial deposits from the last advance
of Pleistocene ice (Allen 1979). The CRG cur-
rently is a major thoroughfare through the Cas
cade Mountains, with railroads and state high-
ways on both sides, and lnterstate Highway 8:+
on the Oregon side (Figure 1). Within the CRG
are state parks, the southern edge of the Gifford
Pinchot National Forest (Washington), and some
American lndian trust lands.

Two previous studies examined the distdbu-
tion ofplant species in the CRG. Lawrence (1939)
provided a purely descriptive overview of the
vegetation. He obseryed a wind gradient in the
CRG, identified a general east-west environmental
gradient, and noted that the vegetation ofthe north
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T,A.BLE t. lv{can maximum and ninimum cmperarures ('C) at fbur locarions in thc Columbia Riler Gorge, fiom west lo cast.
Dala are summarized fioln National Oceanic and Atmospheric Administration (2000).

N{ar'Ma}
N{ar \,Iilr

Jun Aug
Max Vrn

Selr No!

M.rI Min

Dec-Feb
Mrx Mir

Washougal
Bonnevi l le Dam
Hood Ri\er
' l 'he Dr11es

t9.2
19 .  r
20.1
22.9

2.0
t . l
1 . 3
2.0

25.1
25.9
2  / . l
30.7

9 . 1
i  l . l
9 . 8

t2.1

22.6
23.)
23.8
26.',7

2 .9

t . 8

rJ.3
8.1
7 .8
8 .9

-0 .1
0 .3

-2.2

wall diff'cred qualitatively fiom thc correspond-
ing south wall. Lawrcnce (1939) emphasized the
severe winds and their impact on species distri-
bution and plart morphology. Hy&oelectric dams
have since flooded rnany ofthe habitats Lawrence
(1939) described. Later, Detling (1958) identi-
fied five distinct elements in the CRG flora. based
on centers ofdistlibution in surrounding rcgions.
Ol the 206 species describcd by Detling (1958).
3,1% wcre distributed widely in northwest Nofih
America. and another 26% wcre prominent in the
Puget Trough area west of the Cascade Moun-
tains. The Columbia Basin contributed 13% of
the flora, and high elevations in the Cascades
another 157.. Pcrhaps the most interesting ele-
ment came from the Rogue River arga in south-
west Oregon, accounting for8% of the flora. Seven
species (3clo) were endemic to the CRG. Detling
(1958) did not analyze vegetation patterns and
environmental relationships. Thepattemscreated
by vegetation associations and individual species
on the north wall have not been studied.

Whittakcr and Niering (1965) used gradient
analysis to describe vegetation pattem in the Santa
Catalina Mountains, Arizona. They showed that
plant species were distributed individually. and
that the vegetation pattern depended on envrron-
mental gradients created by elevation and slope
aspect in the mountains. Gradicnt analysis has
been used succcssfully to analyze and describe
vegetation patterns of large and small areas
(Whittaker 1960, 1961: Disraeli and Fonda 1979;
Price et al. 19951Lefstad and Fonda 19951 Sagers
and Lyon 1997; Ohmann and Spies 1998).

We analyzed vegetation pattems on the north
wall of the CRG by gradient analysis to describe
the relationship between environmental factors
and species distribution. Our objectives were to
clarify how species are distributed in the CRG in
relation to the regional climate through the CRG,
and to microhabitats created by slope and mvine
topography.

Methods

The study area was on the Washington (noth)
side of the 97 km Columbia River Gorge (Figure
I ). Thc westem end of the Gorge is located at
Washougal. Washington (122' 15' longitude). and
theeastem cnd is near Wishram, Washington (120'
50' longitude). Two cities, Hood River and The
Dalles. Oregon, are located in the CRG. as are
two hydroelectric dams at Bonneville and The
Dalles (Figure l). We limited our study area to
sites (200 m above the Columbia River, because
we wantedto ensure that the vegetation with which
we worked was influenced only by the Gorge.
not by the adjacent Cascade Mountarns.

A general trend of increasing wind velocity
(Lynott 1 966), increasing surnmer temperiltures
(Table 1), decreasing winter temperatures (Table
I r. anLl Llecreasing grou ing .eason pre\ ipitJl ion
(Table 2) defines the west-to-east environmental
gradient in the CRG. Maximum temperatures are
most consistent throughout the CRG during the
December May period, but they begin to diverge
in June (Table 1). Differences of 4-5" between
western and eastem stations last into September.
Although minimum temperature dift'erences cx-
ist amongthe stations, the range is less tban among
maximum temperatures. Thg lowest minima are
in the east during September-February, but they
are too variable to demonstrate a pattem during
March-August (Table I ). Mean annual temperatures

TABLE 2. Mean average precipilation (cm) atfourlocalions
in the Columbia River Gorgc, from \\'est to east.
Dala arc summdrized hom Nalional Oceanic and
Ahrospheric Administration (2000).

Nlarch Seplember
August February

Bonnevi l le Dam
Hood River
The Dalles

72.O
57 .1
18 .4
1.9

l , l  t .  I
l lE .8
58..1
2',7.3

2 1 3 . 1
195 .9
76.8
35 .2
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do not vary grcatly betwcen the wcstem (10.5'C)
and eastem ends (9.3'C) (National Oceanic and
Atmospheric Administration 2000). The kxal
amount of precipitation fall ing from March to
Augusl is an inportant componeDt of the envi-
ronrnen l . r l  g rad ien t .  bccause to ta l  g rou ing  sea
son values are dramatically different bct\\,ccn the
ends of the CRG. March-August precipitation
averages -60 70 cm in the west but -8 l8 cm in
thc east (Table 2). Annual totals are similar be-
tween Washougal and Bonneville Dam. but The
D. r l l . \ . r \ c r i lCr .  dhour  h r l f  Ihc  lo r i r l  p rec ip i ta t ron
recorded at Hood River.

Data were gathered on species in the tee canopy,
tall understory. and low understory layers using
thirty-seven 20 x 50 n macroplots. at 18 loca-
tions at -6'longitude intervals between Washougal
and Wishran (Figule 1). Most locations were on
pubiic lands accessible ;i long Washington Statc
Route 1:l (Figure 1). Obviously disturbed orman-
aged locations. such as logged forests, abandoned
tields, and grazed pastures, u'ere avoided, although
undoubtcdly the entire study area no longer is
pristine. Macroplots were situated on southwest
(210-191'), south (190 170'). and southeast (169
150') sJope aspects. and in ravines at each sample
location, when the location had such sites avail-
able. Macroplots on slopes were oriented with
the central 50-m axis bearing 180', and those in
ravines were orientcd with thc long axis parallel
to ravine bottoms. We located the macrcplots us-
ing a random numbcr tablc. For exanple, a
macroplot on a south slope was located by first
randomly choosing how lar up the slope to pro
ceed. Once thatpoint was reached, a baseline was
stretched parallel to the slope contour. then a ran-
donl numbcr was selected to represent the start-
ing comer for the macroplot.

Fo[ tees >l cm diameter at breast height. den-
sity was calculated as trees/ha for the entire
macroplot. For tall and lo$, understory species.
cover $,as estimated to the nearest lVc for 1-10%
cover. and nearest 5?, for >106/. cover, on twenty
fir'e 20 x 50 cm microplots placed every 5 m along
tlve 50-m lines in each nracroplot. Cover and fre-
quency were calculated ftom these data for each
nracroplot.

Prominence values were calculated for each
species as PV=mean 7. cover * freq uencyr/r (Fonda
ud Bernardi 1976: Risvold and Fonda 2001). Wc
enlercd density/ha for trees and PV for under-

story species into a detrended correspondence
analysis (DCA) progran in PC-ORD (McCune
urd Mefford 1995) to elucidate rclationships anong
the 37 macroplots.

Botllnical lromenclature follo* s Hitchcock and
Cronquist ( I973). Voucher specimens are depos-
ited in the Biology Depaftment herbarium (WWB)
at Western Washington University.

Results

DCA Ordlnat ion

The two-dimensional DCA ordination we con-
structed used all 37 macroplots. The eight ravine
macroplots were embedded in the overall ordi-
nation matrix. but tbr clarity in understanding
relationships through the CRG and among the three
slope aspects. the ravine plots were omitted from
Figure 2. The ordination confirmed that the dis-
ributionrl prttcm ofthe mrcroplol: \\ i l5 continuou\
through thc CRG (Figure 2). The X-axis retlects
t'loristic changes from west to east, whereas the
Y-axis reflects relatively moister conditions low
on the axis to relatively drier conditions higher
on the axis. The ordination also shows the rela-
tive positioning ofmacroplots according to slope
aspect. Most ofthe forested macroplots on south-
eas t  s lopes  (#1 ,6 ,  10 .  13 .20 .23)  wcrc  c lus te red
to the left of the ordination. at values <200 (Fig
ure 2). In oontrast, many ofthe tbrested macroplots
on southwest slopes (# 1 5, 2l . 28) were ananged
toward the center (values of 285 37,1). Plots 18,
19, and 20 represent a good example ofthis ordi
nation alignment. AII three u'ere located on Dog
Mountain (Figurc l). Plot 18. on the southwest
s1ope. aligned to the right, in contrast to #20, a
southeast slope that aligned to the lelt. PIot 19.
on the south slope. aligned between #l8 and #20.
Plot 18 was a stand of Garry oak (Quer<:us
garryana) with much cheatgrass (Brznas
tectoru r) and poison oak (Rhus diversikfia) in
the understory. whereas #20 was a stand of Dou-
glas-fir (Pseldolsriga men:-iesii) and ponderosa
prne (Pinus pondero.sa) u,ith an understory of
s n o$,berry (S)/rplo ric arpos albus) , dull Oregor
grape (Berberis nen osa), and sword fern (Pol_r'-
stichum mutlitLun).Plot l9 was a mixture ofpon
derosa pine, Douglas-fir, and Carry oak, with a
complex understory ofpoison oak, dull Oregon-
grape, cheatgrass, and snowberry.
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Figure 2. Tlvo-dimensr(mal DCA ordination of the l7 macroplots. Plot numbcrs insidc ! uere on sourhwest slopes. those
insidc n wcr. on southeasl slopes. and those witb no s) mbolwere on \ouih slopes. Plots i. ravjncs rcrc ol1lirted lil)ln
rhis figure.
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At'ter constructing the ordination. we inspected
the datafrom each macroplot individually to iden-
tify pattems associatcd with tree density and mean
cover of understory species. We combined these
dr r r  i l rd  DCA l i r l l e rns  u  i th  lo re . t  ph l . iognomS
(eithcr conil.cr dominance. mixed dominance,
hroldleal dominunce. or trceles.) to crcate a mosaic
diagram (Whittakcr and Niering 1965) that iden-
t i i i e .  pa t te rns  a ' .oc ia l<d  u  i rh  fo l r r  ph)  . ioE nomi (
a . .oc ia t ion .  and the  i tnpor t rn t  p l ln t  .pce ics  , 'n
the nofth wall (Figure 3). Plant species were dis
tributed individually according to local and re
g iona l  d i f le rence '  w i th in  the  CRC.  erer t ing  nr i ' . -
tures of dominut and subordinate species (Figure
3: Tables 3.,1). Within each association, ravines
suppofted species conrbinations whose architec-
ture differed from the surounding slopcs. ln gen-
erul. the total number of tree species and conifers
declined eastward. whereas broadleaf trccs in-
crcased eastward. ID the understory. general in-
dicators of moisture changed from $'est to east.
Fol example, fems werc more prominent in thc
ues t .  uherea.  g rarn ino id .  \ \e re  more  prominen l
in the east. Of all the understory species. only
cheatgrass averaged >507. cover on at least some
locations in the study area. In each association.
rnore than halfthe species prcsent averaged <5qc
cover.

Western Con fer Forest Association

The western coniltr forcsts cxtended fiom the
western  end o f the  CRG at  122 '  l5 ' to  121 ' .10 '
longitude (Figure 3). Coniferous trecs in these
fbrests were twice lrs dense as broadleaf trccs.
Macroplots in this association were dominated
by Douglas fir'. which was uniformly dorninant
\'"'ith high density and basal alea over all slope
aspects (Table 3). with 1(D% fiequency. Eight other
tree spccies were present in this association. of
which bigleaf maple (Acer nacroplllLlum) ?,nd
red a lJer  r  4 l r r r r  r i rb r ' , r ruere  the  most  p romi r rcn t .
Together these two subordinate species had about
halfthe density ofDouglas-fir, but much less basal
area. Douglas-1ir, bigleafmaple. and red aldcr were
the only trce species on southwest slopes in the
wcstcrn conifer tbrests. whereas all tree species
except Oregon ash (Frtt.xitus latifuLia) antl sott-
leaved willow (Salix ses.tilitolia) grew on south
east slopes (Table 3). Westcrn hemlock (Zsrg..r
heterophylla) and grand fir (Abies grzirrll-s) were
largely unimportant.

The understory ol the western conifer forests
u'as Iush. No species accounted for >407. cover
frequency col1rmonly was 30-60% tbr dominant
species, and individuai values for cover varied
by slope aspecl, yct the many species present in
the lbrest contributed to the unifom structurc of
the understory. Sword fern, vine maple (Ater
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T,A.BLE l. Mean dcnsi!,"- (D: rrccs/ha) and basal arca (BAr m:/ha) tor lrcc spccics in thc four a\sociations. by bpographic posi
lion, Calculations to dcri!c associalion mcans did noi usc ralinc dala,

D B A

Southwest
slope

D B A

South
slope

D B A

Soulheast
s lope

D B A
Ravine

D B A

\rlestern conif cr Ibrcst

Douglas-fir

Bigleaf m.rple

Red alder

Grand fir

Garry oak

Black cot ion$ood

Oregon ash

Solt lealed $illo\r

Carry oak

Douglas-fir

Big lcafmaple

Red alder

Black co||0n!vood

Lodgepole pine

Grand fir

Sofilea\ed $illo$

Oregon ash

C;arrt oak

Bigleaf maple

Sol l  lca\cd $i l low

Black cottonwood

Biglcai naplc

oafft oak

Black cot to.wood

36i 13..1
11 t  1 . . 1
,t6 0.5
33 , l . l

2 t  2 .3
13  0 .2
7 0.8

I I 0.,t
l 0  0 . 1

115  36 . I
115  . 1 .1

65 0.7

362 '15.0

10.1 2.9
28 0.2
60 9.5
50  5 .6
20 0.5
8  0 .1

1 6  1 . 1
2 <0.1

1 8 0  2 1 . 1
114  5 .7
16 1.1
l,l ,t.6

l , l  0.1
6  r . 0

28  0 .8
t4  0 .2
l. l  0. I
.1 <0.1

120  r . 9
80  1u .3

180  0 .2
30  0 .1

r0  0 .2
20 0.1
60 0.'1

100  3 .  I
30 2.,1

1 7 0  l 2 . l

338
1 1 8
56
l 8

l 0
l 0

11.1
3 .5
0.7
0.3

0 .1
1 . 8

r-).1

C€ntrxl mixed fbrest

264
1 5 6
120
3 8
l 8
28
) 1

l 0 . l
t . l . 6
6.5

0.3
0.2
0.7

205
)22
l l 0
33
53
33
30

l 5 .  l
18 .7
6.3

0.6

t . l

120 6.9
1 0 0  I 1 . 0
l l 0  3 3

7  <0 .1
20  0 .1
30  0 .1
10 0.2

60 l .E
190  16 .6
r50  0 .8
l0  0 .1

<u . l It)

Central broadleaf forest

210
55
l 5
l 5

12.2
1.2
0.,1
t).1

330 l '1.6
t60  I  t . 5
60  1 .6
60 0.1

195  I  1 .8
30 0.7

1 . 0

Eastern sieppe
70 i  7.8
l0 6.2
t 0  4 . 1

c:i ninanni1, redbilbelty (Vact inium pan-ifoIiunt),
and dull Oregongrape accounted for most of the
cover (Table ,1). Atl were contagiously distrib-
utcd (Whittakcr 1975), with -40-707o liequency,
and they had ablrndant cover on all slopes. The
remaining species were minor. Cover tbr any of
them was ( I 3 6/o, tiequency generally was 10-307o.
and individual values varied by topogmphic po
sition. As with the trees. southwest slopes sup-
pofted the lewest undersbry spccics. and south-
east slopes suppofled fie most (Table,l).

Central lvl ixed Forest Assoc ation

The central CRG ( I 21',+0' to I 21' 25' longirudc;
Figure 3) suppoted a mixed tbrest u'ith approxi-
mately equal densities of conifer and broadleaf
trces. but dramatically lower overall basal area
compared to the western coniler lbrest (Table 3).
Basal area for broadleaf trees was only 3,+6/c of
the conifers. Mean densities for Douglas-fir and
ponderosapine were slightly higher than for Garn'
oak. Douglas-fir and ponderosa pine wcrc more
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TABI-8.1. N{ean pefcemt cover lrnd liequcnc,v for shrub. forb. and grass species. and total species. in ihe four associations. 1br
sDecies $irh >5* co\er in thc association undef consider:rlion. S\\. S. SE. R = southwest. south, southeasl..rnd

Co\cr FrequE!!f
s w s s E RSW SE R

S$ofd fem

Red bilberv
Dul lOrcgongrape

Hinala)ar blackbcn,v
Thimblcbcnt'
Sno\rbcny
Poisor oak
Brackcn
Sprlngberut!
Salal
Eas|em rcd cldcrberry

Poison oak
Snoxbenl
Ch.a!grass
1)ul lOregongrape
S$'ord fern
Pacilic blrclbcrr)
Tdl Or.gongrapc
Bluebunch $'heatgfass
w]eth s lupine
N{aidenhair lenl
' Ih imbleberrv

Co$'pafsnip

Clbcalgrass

\\'estern ser!iceberv
Sundb.rg 's b lucgrass
Squa\\ cur nl
Sn0wbcrr\
Oceanspla!
Ano$leaf bal\anrroot
Bristl,v manzanita
\Vyeth s lupinc
N,lockorangc
Spoued knapr\ eed
CIay s lomat ium

Chcatgras!
Northern buck\rheat
Gfa) fabbitbrush
Big sagebruslr
Vockorange
\v)'eih s lupine
Srndberg's bluegrass
Bluebunch \\heatgrass
l-arge-fl o$ered co1l()mia

.t6
36
1 9
l1
!

9
)

1

2 1

6
lt
1 3

'I

1 l

I
I
I

2 /
20
28
8
2
1
.l
It

28
32
20

21
t l
l : l
1,.1
21
1 9

I

5l

21
2
21
9
20

55
33
3 l
3 l

1 1
2 l
1 8
l 3
2
,:

lu
:lL)

l8

l l
21
l 2
t 1
l l

2',7

t 0

l 5

1',l

1 2

32
l8

t 2
32
8

16

+

1 5  6
l l  , 1
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important on southeast and south slopes. and this
association supported the highest nean dcnsity
ofponderosa pine. In contrast. GanJ'oak was morc
prominent on southwest slopcs. ofien as dense
stands of dwart-ed trees, but was absent on south-
east slopcs (Table 3). The seven other trcc spe-
cies in this association werc minor, except bigleaf
naple on southeast slopes.

The sparse understoly in thc central mixedforest
was dominated by poison oak. Exccpt for
cheatgrass on southF,est slopes, ho$'ever. no spc-
cies reached 30% cover (Tablc,1). Poison oak and
snowberry were dist butcd across all slope as
pects. otien contagiouslv with 30-507r frequency.
Che tgrass was prcminenton southwest and soLrth
slopes. $ ith 2657r frequency. but absent fion
soulhcast slopes. Prominent species fronr the
western conil'er lorcst had dramatically different
cover and liequency in the ccntral mixed lbrest.
For instance. in the central mixed lorest, nraxi-
mum mean cover for sword ttm (2,1%) was lower
than ovcr all mean cover (367c) in the westcnl forest.
Dull Oregongrape nean cover was '75% less on
south\\'esl slopcs (Table 4). Mne maple and red
bilberry were abscnt. Conversely. bluebunch
whcatgrass (Ago1t|ron spiLatLun\ and Wyeth's
lupine(Lupittus wretltil), abundant in thc Colurnbia
Basin. wcrc sparse in central mixed forests. In
gcncral, the low liequencies indicate that under-
story specics \r,ere distributed more irregularly
in the central mixed tbrest than in the vestcrn
coniler fbrest.

Centra Broadleaf F-orest Assoc ation

The central broadlcaf fbrests extended lrom l2l '
2-5' to l2l '  10' longitude (Figure 3). These srands,
strongly influenccd by the drier climate in the
eastern CRG (Tablc 2). supported low tree densi-
tics. Garry oak dominated. but all other species
a\ eragcd well below 100 trees/ha on evcrv slope
aspect in this region (Table 3). Southeast slopes
supported only Garr), oak in the canopy. Pondc-
rosa plne was thc only prominent conifer, espe-
cially on southwest slopes that supported somc
sizeable trees (Table 4). Thc other three species
uere minoL. and this region was beyond the tol
erance range ot Douglas-fir. The character of the
forest was set morc by broadleaf trees than bl
conifers.

The undcrstorv ofthe central broadleaf lbrest
was a mixture of spccies fiorn the central mixed

forest and eastern shrub steppe. but total cover
hele was sparscr than in the two forest trssocili-
t ions to the west. Chcatgrilss cJearly dominatcd
across ail slope aspects. with mcan cover >3061,
and high frcquencl (Table 4). Poison oak was an
lmpofiant associatc on southwest atd south slopes,
and westcrn serviceberry ( Ante Lunt hie r al n i liLl id 1
was subordinalc on a1l slope aspects (Tablc:l).
Both specics were clunped in the chcatgrass
matrix. Sandberg's bluegrass (Poa sarrdlcrgii) had
relatively high frequency. bul this lo$-statured
plant contdbuled little overall cover (Tablc rl).
Othelwise no othcr species was consistently dis-
tributed throughout the region. Covel of these
subordinate spccies rvrs 310%, and frcquency
seldorn exceeded 307r.

Eastern Steppe Associatlon

This drv. treeless association extetded east ol
Horsethieflake at 121' 10' longitude (Figures I .
3). Structurally. the stands in this region of the
CRG were similar to $c Columbia Basin shrub-
grass steppe (Daubennire 1970), characterized
by broacl expanses of grasslands through which
contagiously groupcd perennials were scaltcred.
The eastem steppe is distinguished by hot sum-
rncrs ;lnd cold winters (Table 1). and jt has the
lowest precipitation of anv association in the CRG
(Tablc 2). No southeast slopes in this portion of
the CRC tnet our sampling criteria. Southwest
and soulh slopes $'ere dominated by cheltgrass,
with mixtures of other steppe species. none of
which reached 156/c cover (Table 4). Cheatgrass
was unifbrmly distributed with high cover in the
eastern slcppe. Notable subordinales were north
ent buckwheat (Erio gtntmt conpo.situm) on sonth
west slopes and Wyeth's lupine on south slopes.
Gray rabbitbrush (Clr n soth otnnlls nduse os us ). 6rg
sagebrush (Arernlsia //.lderla/r4, and mockorangc
(Philadelphus leu'isii) provided spane shmb cover
(Table 4). None of these woody spccics exceeded
167c frequency.

Rav nes

Spce i r ' s i  n rpo . i t ion  andconrmun i t l  \ t ruL tu lc  in
the ravincs in the western conifer lorests were
similar to the southeast slopes. but less sinilar to
south and southwest slopcs (Tables 3. : l). Bigleal
maplc density in the ruvines equalcd or exceeded
density on the slopes. Douglas-fir density;rnd basal
area wcre,10-50'/c conpared to Lhc slopes. Eight
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othcr species on southeast slopes were present as
subordinates in the ruvines. although densities
vried slightly. Oregon ash was prcsent in the CRG
only in ravines in the western and central forests
(Table 3).

Ravines in the central mixed forest associa-
tion had a strong broadleaf oharactcr Compared
to ncarby slopes, red alder density incrcased dra-
matically; Garry oak. ponderosa pine. and lodge-
pole pine (P,rris t on1.r,"Li) were absent (Table 3).
Biglcaf maple. Oregon ash, and sofi leavcd wil-
Iorv u'ere imponant subordinates. Black cotton-
wood (.PoltuLus triclzotarpa) density was greater
than in western ravines. Ravines in the central
CRG supported fewertrees/ha than ravines in the
n'estern CRG. This trend toward broadleafdomi-
nan(c  cunt inucd er \ t$  a rd .  PonJero . r  p ine  uas
minor in ravines in the central broadleaf for-
ests, and no conifers grew in the ravines in the
eastern stcppe (Table 3). Bigleaf maple was the
dominant  c lnop l  .pe !  ie \  rn  Ihe  eaqtern  ra \  ine . .
with a fen Garry oaks and black cottonwoods
(Table 3).

Compaled to the canopy layer, understory
difhrenccs in the ravines were Iess distinct than
on thc slopes. In the western conifer forests.
srl,ord tern, vine maple, and red bilberry clearly
dominated ravine understories, as on the slopes
(Table.l). The only species absent from the westem
ravines was salal (Guultheria shallon).The ahen
Himalayan blackbeny was abundant in the west-
ern conifer ravines, but mjnimal on thc slopes, in
contrast to the native Pacific blackberry (R&brs
ll/.r1,?ll.r). In the central mixed fbrcst, only six spe-
cies had )57r mcan cover! and no species had
>35% fiequency (Table.1). In thc central broad-
leaf forests and eastern steppe, cheatgrass domi
nance on the slopes \\,as maintained in the ravines.
Few species grew in ravines in the eastem po[-
tions of the CRG. but the alien spottcd knapweed
(.Centaurea muctrlos..r) was tavored by ravines in
the central broadleaf forest association. Knap-
weed ranked second in cover, and frequency
was >507o (Table,l). Few forbs were present
in CRG ravines. The most important forbs were
western spdngbeauty (.M ont ia s ibirica\ it w est
ern ravines. walf lett\tce (lactucd muralis)',cow-
pusnip (Herocleum lanqtun), and Gray's
lornatiu'i'r (Lontttium grayi) rn central ravines,
rnd l.rrge-flou cred collotn.a (Collonia gron-
difbrT) it easterc steppe ravines.

Tree spec es

Douglas-fir was the dominant tree species in the
westem and centml CRG. where maximum den-
sity excceded 300 stems/ha (Figure 4). It was
excluded from only the wettest sites in the west
em ravines. Douglas-fir was present in the east
em forests, but was limited to south aspects, where
density was <50 trees/ha (Table 3. Figurc 4).

Western redcedar (Thuja plicata) achicved
maximum density in the western conifer tbrest
on southeast slopes and in ravines (Figure 4). This
:.pecies wa: narou l) confined to the mo.l me\i! '
sites in the CRG, and it did not grow east of
l 2  l .  5  5 ' .

Geographically, the most widely distributed tree
species in the CRG was bigleaf maplc, which
extended from the wcslem tbrests at 122. 15'to
the ravines of the eastem steppe at 120" 55'. lt
reached maximum distribution in ravines of the
westem coniferforest, with density of-200 trees/
ha (Figrue ,1). ln the eastern CRG, bigleaf maple
grcw on mcsic sites. with density of -100 trees,4ra.

Black cottonwood was distributed almost as
wide ly  a .  b ig lea t  mup le .  bu t  den. i t l  u  rs  con. i . -
tently lower (Table 3, Figure 4). The centcr ()1
cottonwood distribution was in the central CRG.
where it was found on southwest and south slopes,
and in rar ines. Mar,imum den'it). hou er Cr- u a' in
the ravines of the central mixed forest (Table 3).

The highest density of Garry oak (>475 trees/
ha) occured in the central mixed tbrest and ccn-
tral broadleaf forest (Figure ,1). The high densi-
tics lor Ganl oak were observed in several iso-
latgd stands, either in a savanna sfu'ucture or n
dwart'ed stands.

Ponderosa pine was concentrated in the cen
tral mixed forcst and central broadleaf forest. lt
reached maximum density of >200 trees/ha on
the southwest slopes ofthe central broadleaf for-
est (Figure 4). Southeast slopes in the western
conifer forest were within the tolerance rangc of
ponderosa pine, but it was absent from other sites
(Table 3).

Understory spec es

Deciduous shrubs were indiscriminately distrib-
uted throughout the CRG, on almost all aspects
in each of the lbrest associations (Figure 5). Maxi-
mum cover was reached in tl]e ravines in the west-
em conifer forest for vine maple, red bilberrry.
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Figure .1. Distribution of important tree species on the nofih wall of the CRG. Values are [ees/ha. H indicalcs maxi

mum ccntcrs of distribution. according to actual densiry on the indi!idual nacroplots locatcd on Figure 2.

These diagrams arc ininali! connected to the mean data presented in Table 3. becausc thc) arc bascd on
nrcasurcd lalues in sDecific macroDlois.
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locared ol1 Figurc 2. Tbese diagrams.Ie minirnally connected to the mean dataprcsented in Table.1, because

thel tue b scd on nreasured \.rlues in speciiic macroplol\.
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oceanspray (Holodiscus discolor). thimblebcrry
(Rubtt.s paniflorus1. and eastern red elderbery
(Sambuttts ra(ennse ssp. 2lDcirs). Snowberry.
\r'estem serviceberry, nockorange, and squaw
currant (Ribe.t cereMn ) extended the distribution
of the deciduous shrub growth form eastward as
l'ar as ttle ravines in the eastem stcppe (Tab1e 3.
Figure 5).

Ferns, such as sword fern.b:.acken (pteridium
aquil inum). and nraidenhair lern (Adiantum
pedatum) rcached, highest cover in thc western
conifer forest and in ravincs (Figure 5). They were
indiscrirninatc species, aod occurred at high frc-
quencres on mcsic srtes. Fems extended castward
in the CRG on southeast slopes and ravines of
the central nixed forcst.

Thc distribution of dull Oregongrape (Figure
5) generally enconpasses thc distribution ofother
evergrcen shrubs in the forests. including salal,
tall Oregongrape (Be rberis aquiliJ'oliurn), and.
bristly manzanita ( A roo s ntp ht l o s t ol umbiana).
Dull Oregongrape was a dominant understory
specles in the western coniter forest. reaching
maximum cover on southwest slopes (Table 4).
It was a broadly tolcrant spccies, found on all
aspects cxceptravines, although its coverwas low

Poison oak was a prominent species in the
central mixcd tbrest and the ccntral broadleaf forest
(Figure 5). The tolerance range of this shmb cx-
tended onto south slopcs of the westem conifer
forest. and into the ravines of all threc fbrest as-
sociations (Tablc 3). Poison oak was mosr com-
moniv encountercd in the understory of stands
dominated by Garry oak, but it was not restricted
to these forests.

Graminoids wcre widely disrdbuted through-
out the CRG. extending onto southwcst slopcs
fiom thc westem fbresls to the eastem sreppe
(Figure 5.) The highesr cover 1br graminoids was
encountercd in the eastern steppe and cenfal broa-
dleaf forcst. where thcy averaged -,1-5% covcr.
The vast majority of this cover was supplied by
thc alien chcargrass (Table 4). Native species. such
as bluebunch wheatgrass, Sandberg's bluegrass,
and Idaho fescue (F estuca iduhoensis 1 accotnteo
for little cover.

Low perennials. such as anowleaf balsamroot
( Balsamnrli7tt sugittata). northem buckwheat, utd
Wyeth's lupine. were found prirnarily in the cen-
tr l broadleaf forest and eastem steppe (Figure
-5, Table ,1). Maxintum cover was on south and

southwest aspects, where they combined for 12-
187a covcr.

Discussion

The ecocline on the nofth wall of the Columbia
River Gorge reflects thc intenction among prc-
cipitation. wind. temperature, soil moisture. and
the individual tolennce rangcs of plant species.
Each association in the CRG suppofied species
distributed individually atong rhe ecocline (Fig-
ures 3, :1. 5). The ccnters of distribution were in
the westem CRG 1br a number ol specics, including
Douglas-fi r, westem redcedar, bigleaf maple, dull
Oregongrape, sword tem. bracken, vine maple.
and rcd bilberry (Figures.1, 5). Thc cenrers of
di.rrihulion for Clrrl oak. lunder.\:r pinc. poi
son oak. and snowbery were in the central CRC
(Figures .1, 5). Thc centers of distriburion for
cheatgrass, northern buckwheat, Wyeth's lupine.
westem scr\'lcebeny. mockorange. md Sandberg's
bluegrass were in the eastern CRG (Figures 4.
s).

Although each specics reached maximurn dis-
tribution in one region of the CRG. few were con-
fined to a specific geogr.aphic locatioll or vegera-
tron association. Douglas-fir grew eastward to 1 21.
20'. whereas cheatgrass was present west$,ard to
122" 05'. Gary oak grew on all aspects from l2l "
45'b 121' 15', and poison oak occuned fiom
I 2l ' 55' to l21' l5'. Bigleaf maple was rhe only
species with high dcnsity throughout the CRG,
and cheatgrass and Wyeth's lupine also were
pre \en l  in  : l l l  l bur  i l \ \oe ia t ion . .  fhe  prorn jnenr
piant spccies in the CRG ranged well bcyond their
ccnters of distdbution.

The ecocline in the CRG is a product ofchanges
ln environmcntal factor complexes, specics dis-
tribution. and physiognonic associatons. This
ecocline is similar to the Santa Catalina Moun-
mins .  A l i zona.  uhere . lone ! l .pe . t  \ r r :  \upe t im-
po 'cd  on  the  ra r iab le  rnounta in  enr i r , rnmen l
(Whittaker and Niering 1965). The CRG is analo-
gous to a nrountain tLrmed on its side, with the
cool, rnoist summit to the west and the wffm,
dry base to thc east. The cooler. moister condi-
tions in the wcstem CRG promote thc dense west
em conifcr tbrest. The westem conifer rorests ln
the CRG ale ertensions of the regional upland for-
csts in southwest Washington and nonhwest Ore
egon. The potential natural vegctation ofthis re-
gion constitutes forests dominated by Douglasjr
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in association with western hemlock. western
redcedeLr, and bigleafmaple. with sword fern, vine
naple. and dull Oregongrape prominent in the
undentorl' (Troll 1955. Habeck 1961, Franklin
1965. Detling 1958, Johannessen et al. 1971,
Flanklin and Dyrness 1988. Schoonmaker and
McKee 1988, Brockway 1 998. Bailey et al. 1998,
Barbour and Billings 2000). The gradation liom
westem conifer to central mixed forest coincided
with the loss of several species adapted to mesic
conditions, such as western redcedar and west-
em hemlock, and the reduction ofsword t-em (Fig-
ures ,1 ,  5 ) .

The central mixed tbrest and central broad-
leaffbrcst marked the transition to a wanner and
drier growing season. These drier lbrests were
doninated by Carry oak, with nixtures of pon-
derosa pinc (Table 3). Floristic patterns in the
central broadleaf forests resembled the cenfal
mixed forests, except tbr the lack ofconifen east-
ward. A similar environmental change involving
pines and oaks was observcd in the Klamath
Mountains eastward trom thc Pacific Ocean
(Whittaker 1961). The centml mixed fbrest is
unique in the Pacific Nofihwest.The nearest similar
combination of species occurs in the Siskiyou
Mountains of southem Oregon, where lower el-
evation forests on xeric slopes are dominated by
rnixcd combinations of sugar pine (.Pinus lam-
Dr:rllana), Douglas-fir canyon live oak (Qaerca,r
clt1solepisl, and California black oak (Q.
ftelloggli), \i,ith poison oak and dull Oregongrape
promincnl in the understory (Whittaker 1960).
Detling (1958) previously noted the strong f1o-
ristic connection between the Rogue River area
and the Columbia River Gorge.

The hot, arid, windy envircnmental rcgime in
thc eastem CRG severely limits plant gronth and
diversity, and it excludes trces in favor ofgrasses.
The vegetation of the easten steppe is similar to
the Columbia Basin, where cheatgrass, northem
buckwheal, lupines, big sagebrush. and rab-
bitbrush are prominent (Dauberunire 1910, l9'7 5;
Cline et al. 1977: Sauer and Rickiud 1979;Franklin
and Dyrness 1988). The potential natural veg-
etation of the eastcrn CRG falls within the
bluebunch wheatgrass-Sandberg's bluegrass
zone (Daubenmire 1970), however, it is unlikely
thrt this pattem will everretum to thc CRG given
thc current prominence ofthe alien cheatgrass rn
the eastcm CRG.

The CRG is the only near sea levcl conidor
through the Cascade Range from California to
British Columbia, and plant species have migrated
between the Columbia Basin and the Willamette
Valleyviathe Gorge tbr millennia (Lawrence 1939.
Franklin and Dymess 1988). Movement histod-
cally has been primarily fiom east to west. with
aridly adapted species invadjng new habitats, some-
times as lar west as Capc Hom (Detling 1958),
12 km east of Washougal in the westem conifer
lbrest. The wamer and dder soils caused by greater
insolation on the north wall have allowed steppe
species, such as northem buckwheat. andWyeth's
lupine. to migrate from the Columbia Basin west-
ward along the Columbia River (Lawrence 1939,
Detling 1958). Two species important to this study.
bigleafmaple and Garry oak, have migratcd from
west to east in the CRG (Lawrence l939). They
have been particularly successful inravines (bigleaf
maple) and xeric slopes (Garry oak) ofthe CRG.

In recent decades alien species have begun to
migrate into and through this corrjdor. The most
widespread alien species in the CRG, cheatgrass.
has extended tion the Columbia Basin to plot I ,
at Cape Horn in the westemmost part of our study
area (Figure 3). Cheatgrass occured on 2l plots,
and dominated the low layer of many of the plots
in the eastem CRG. Cheatgrass PV on plot l8
(576). on the southwest slope of Dog Mountrin,
was exceeded only by plot 35 (942) in the easl
ern steppc assoclatlon.

Himalayan blackbeny occurred on 13 plots,
mainly in the western CRG, and extended east as
far as plot 27. Marimum PV fbr Himalayan black-
beny came on plot l7 (202) and plot 3 (179).

The other alien species jn the CRG werc
more narrowly distributed, and were less promi-
nent. Wall lettuce grew on four plots (#1. 8,
l2,24) in the western conifcr forest, and spot
ted knapweed grew on two plots (#26, 30) in
the central portion of the CRG. Scot's broom
(.C yti s us s c op ar ius) never achieved sufficient
cover to be included in Table 3. but it occurred
on three plots (#12, 26,21) in the central por
tion of the CRG. We recorded l0 other alien
species, all with low cover and frequency:hairy
vetch (l4ci.r villosa). Tangier pe,xrne (Lathyrus
/lD!,i/ar1rs), herb Robeft ( Ge ranium ro b e rt idtrum),
lil aree (.E ro diurn c i cutarium), do gta\l (C ! t1o s u rus
echinatus). Viper's b'tgloss (Echium vulgare), lim
Hill mustard (Sls,lnrbrium altissimum), St. John's
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w ort ( H.r'pe ricun pelorutuz), and orchard-grass
( D a c t 1" I i s g I o m e r at a).

The distribution of Garry oak and ponderosa
pine in the CRG il lustmtes the important envi-
ronmental differences between the nofih and south
\\,alls of the Gorge. Ponderosa pine dominates
extensive forests on the east slope ofthe Cascade
Mountains, and it is a dominant species on the
Oregon side of the central and eastem CRG
(Lawrence 1939). Although present in the three
forest associations on the north $all ofthe CRG,
pondcrosa pine at best $,as a strong subordinate
in the central mixed forest. The highest pine den-
sities were on south slopes in the central mixed
forest. and on southwcst slopes in the cantal brca-
dleaf fbrest, yet either Douglas fir or Gany oak
dominatcd the stands (Table 3). No pure oak stands
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