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National Forest

Abstract
A lloral surlcy in thc Ollmpic National Forcsr and it\ surroundi.gs rerrcalcd that a con\iderablc nunrbcr of inrroduccd rudcral
phnl spcclc\ hr\c madc dccp inroad\ inlo lhc \iand! ol nalivc ilora. Sonrc of lirc r, $hjch arc ainl) of Flurcpcan and Asian
origir ha!e been pltrnlcd dclibcrrtcl) to srrbilizc rhc soil along roadsidcs und iilcr clcirr cutling and buning. Houc!cr. they have
| l re l ld}est lb1ished|eploduct i \econmuni t iesthalarc lpab]eolSpre.rd i Igrplywi thoUt.rddi l iona]huln.rn l1elP.ast l1eyh\e
. l l re. ld}doneh. l1nost . l l1 |e!bnsof feea[h\ubject toatenpe|atecl inate 'Plo l1 ingd1eda1ai iomtheGeog|apl1 ical I I fbr lnat i ( rn
S!stem. it $ as shown that l:7 of an rfea totaLmg 3sil km:.locrted nrinly in the Oll npic N|tionr Forest. \!rLs occupied t(nall)
or in large pan b) this nainl) ruderal llorr, wlich rrccourred lor ar lersr 50.z and usual\ neurly 100.z ol rll plants $irhin rhe area
on vrlich the,,- occu[ed. Tlis reprcsents u .ior qu.r]ilati\ c und qu,rnlilali!c biogcographicrl xllcrrtiN in lhc rcgioml llora of .r
nurionrl lbrcn gcncnll,,- considcrcd 1|) bc onl) !lightly alltc(cd b.- |uman icri\i1).

Introduction

A phytogeographical process init iated by the
*anderings of human beings hus been changing
the world's flora throughout recofded history, but
ti)r the prst century. this process has been acccl-
erated at an alarming rate. It has resulted jn the
tirrmation of new f' loral aggregations. recruited
mainly from Europc and Asia and transported to
hiotic comrnunitie. locat<d on rl l contin(nt\ er
cept Antarctica (Hitchcock & Cronquist 1973;
Weihe 1972). ln many places. these species have
been intentionally planted, whereas in others. thcy
arrived as contaminants of seed. Once established
on a continent. they often spread rapidly because
oftheir great polential fol massive seed dispersal
(Baker 197,1). The result has been the tbrmation
of ruderal communities throughout the temper-
atc zoncs ofthc world lrom subtropical and Medi
terranean to sub-arctic regions. The lbrmatlon ot
these comnunities has been facilitated by anthro
pogenic alterations ol the vegetation, panicularly
thosc rclatcd to housirlg, road building. trnd lei-
sure activit ies. These erotic species have been
augmenting and even displacing endemic tloral
aggrcgations on an cvcr growing area ofthe earth's
surface (Wilger and Richardson 1985: Kou'afik,
1995). As pointed out by De Ferad and Naiman
( 1994), even the widespread interest in this phe-
nomcnon has rcsultcd in rclatively lew studies
on a landscape scale. Horvever, the problem of
exotic plants in the State ofWhshington has been
drau'in-u a considcrablc amount of public attcn-
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t ion. A l ist ofthe introduced species first reported
in the state fronr 1950 to 1996 and a discussion
ofthe role some ofthenr have assumed has been
provided by Toney ct al. (1998).

The purpose of this studl' wils to dctcnnine
the structure of the biotic commulities in which
the introduced species develop, estimate their
present quantitative impact in the coastal lbrest
on the Olympic Peninsula of Washington. and
provide a synopsis of the history of its develop
ment and spread. It rnust be emphasized that these
communitics arc fundamcntally dif lcrent from
those which were fomerly encountered in the local
ruderal habitats. It is an aggregation of intema
tional oigin rather than native. The spread ofthe
species is progressing at an extremely mpid pace.
especially in the Pacitlc Northwest of No h
Americr. For example, only 40 species of non
nativc plants had bcen iclcntif icd on the Olyrnpic
Peninsulaprior to 1900. and 143 betbre 1936 (Jones
l936). By 1995, 333 non-rative species, accounting
lbr 257c of the flora, were lbund on the Olympic
Peninsula (Buckingham et al. 1995). However.
many of the sarne exotic ruderal species, mainly
tiom Europe. ar€ presently encountered in such
places as Japan (Kitamurret rl. 1 9tl7). Australia.
New Zealand, and South Africa (Weihe 1972),
as well as in NorthAmerica. Previous ecological
studies that have provided infbrmation on the exotic
tlora of the Olympic Peninsula have lbcused on
the fbrest succession (Fonda 197.1) and those spe-
cies penetri it ing the tbrest along the courses of
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the Dungeness and Hoh Rivers (De Fenari and
Naiman 1994). There hilve also been studies thirt
concentrated mainly on conmunities of native
plants in thc Olympic Mountains (Fonda and Bliss
1969; Henderson et al. 1989), as well as the gen
eral t ' lora of the region, cited above. This stutly,
conducled mainly in thc Sol Duc Rivcr Vallcy.
focuses on the importance of roads. pafticularly
the many unpaved logging roads, ls avenues of
invasior. It is the tlrst attenpt to evaluate the
quantitative impact of the present management
pnctices conducive to the introduction aDd spread
ol the tbreign ruderrl species on the landscape.

Location

Thc sprcad of thc intcrnational rudcral vcgcta-
tion was analyzed in and at the edges of the Olym
pic National Forest in u,estem Washington. U.S.A.
The quantitative spread of these ruderal species
was dctcrmincd in thc northcrn pan olthe tinest,
which is drained nainly by the Sol Duc Riler
(Figure l). Although such a study could have been
nrrde almost anywhere in the temperrte zones.

the location along the Pacitic Coastin nofthwestem
North America is of special interest becausc the
native flora is typically donrinated by coniters,
1'erns, mosses, I ichens. and other vascular plants
that are especially adapted to the conditions in
coolraintbrests or noist coastal forests. Very fcw
of the native species show the adaptations sini-
lar 10 lhosc of thc cxotic ruderal plants. as dis
cussed belor', and only a few of the ruderal spe-
cies are likcly to havc rcached the Pacitlc Northwest
without human assistance. Clear l ines of demar-
cation between the invading and natural flora u,ere
obsened at the stafi of the study, and thesc arc
described in detail below (Structure of the Rud-
eral Aggregalions).

Material and Methods

The canography ofthe ve-qetation was conrpleted
using lecelt aerial photos of the Sol Duc River
Valley and parallel ridges in or adjacent to the
Olympic National Forest. The regional vegeta
tion was obsen'ed on the ground, and thc structurg
ofthe various plant communities *as detemrined.

Washington

ii=

rl.h

Figue L lhe location ofthe site surve)ed (hlick rectangle) on lhc L)l) pic Pcnir\ula in lhc Stxtc oi \Jaslingkm.
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The species prcscnt along transects at least l0 m
rvide through the lbrest and along various roads
and streams were dctcrminecl. The locations of
thc species rggregations on the areas covered by
the maps were then plottcd according to the tind-
ings nrade during the lield survey. Care was taken
ro visil all of the distinct zones observable in the
photos, including nrature tbrest. replllnted lbrests
in various stages of development, clearcuLs. lands
used for agriculturc or animll husbandry. road
sides, the riparian zone along streams. and thc
\,icinity ofbuildings. Survcys rvere also made along
logging roads rcachilg to the top of $c ridges
locatcd rvithin the area suneved. Only gardens
around private houscs wcrc onritted litrm the sur'
ve_.,-. becluse the amount of the irca covcred b)'
such gardens rvas insignificantly small, and many
of the plants growing in then are not viablc in
natuml communities Thc prcsence of the ruderal
vegetation either alone or interspersed with other
planl aggrcgations on cleared areas was thenplotted
on the nap. and the number of square meters it
covered rvas calculated on the horizontal plane
of the nraps. By this nrethod, some underestima
tion of the arer it covered is possible becausc ar-
eas on hil lsides are actually grerter than they ap-
pciu on the maps. The ;Lrea of all unpaved roads
rvith a strip I m wide along each side as well as a
5 m area on each side of Highway 101, which
transects the area surveyed, \\,'as added to the to-
t l l .  lhe  p l rc , l  r r r ' . r  , ' l ' Ihe  h ighr r r l  u r .  no t  in
cluded in the total area inhabited by ruderal vcg-
etation. This nlay also rcsult in rn underestimation
of thc area occupied bl mderal plants because
they usually covcr much nrore th n 5 m ol each
side ofthe main roads and morc than 1 m along
nrinor logging roads. The area of unpavcd roacls
thenselves was included in the total because the
ruderrl plants often gro\\" in the middlc ol them.

A rotal of 3litl.2 kmr was surveled using aerial
photos that had been taken in 199,1 and digit ized
as datt in a Geographic Infbnnation System (GIS1.
The approximatc percentage coverofthe total arca
largely dominated by hcrbaccous plants predomi
nantl) belonging to the exotic ruderal conmu-
nity was calculated using thc program ArcVeu'r\r
by marking all bare areas and cut woodlands in
ear-ly stages of regeneration togcthcr with the
marginal strips along rlJ roads. Field surveys were
conducted by walking the transects dudng the
spring and summer of 1998. noting the species
prcscnt 5 m on each side of the way, and photo-
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graphing thc ve-qetation to confirn the prescnce
of the ruderal species on thcsc areas.

lt was f'unher determined that only a fcw ad-
ditional forested areas had bcen cleared of trees
sincc the GIS data were obtained in 1994. and
these were still onl)' panially colonized by plants,
with many areas still barc of nearly all vegeta
tion. The chafis prepared were compared with those
produced to map the seral stages of the native
vegetation during previous years and stored in
the GIS in order to provide an additional check
of the rccurrcy of the mapping. The data used
for comparison wcre obtained tiom an unpublished
tbrest service reporl on the Sd Duc Pilot Water
shed Analysis by Mr. David Peter Thc progrrm
ARC/INFOt\1 was used to calculate the area of
the region surveyed on which thc ruderal tlotl
occurred at the line thc acrial photos were taken.

Results

S-rLc tu ' t r  o l  ' re  rLoe a  aggregc i t io ls

While walking along the transects. it became ap-
parent that the exotic ruderal spccies generally
fonn aggregations that exclude native herbaceous
species along roadsides and similar disturbed ar
eas (Table 1). In undisturbed fofests dominatecl
by the species l isted in Table 2. it *as usually
fbund that no exotic species wcrc present. From
thesc observations and from photographs nrade
in the region, it became evidcnt that the majoritv
of the area has cither 100% or 07o coverage by
exotrc spectes.

Mi r lu re .  o l  c ro t i c  and n l r \c  .pe .  ie r  a re  e l
countcred a10ng a narrow ecotone betwccn rud-
eral roadside corrmunities and undisturbed for-
est. These charactelistically apperr as grasses
invading sLands of forest floor vegetation. Olher
r r r i r lu re '  , ' l  n i l l i \e  anJ  in t roducc , - l  , l c !  ies  ! l le
present ol'l clearcut areas. It was observed thal
alter the trees are removed, most of the lhade
adaptcd plants ofthe lbrest floor quickly succurnb
to dryness and strong illumination. However, ftick
s t rn r ls  o f  the  . \  o rd  fu rn  lP , ' l t ' t t ,  hun t  mtn i t r tn
(Kaulf.) Prcsl.l, are rble to persist for long pcri-
ods of t ime among the encroaching exotic herbs.
which are usually intentionally seeded on the
clgarcuts to preyent erosion. Thcsc rcmain as the
only rcpresentatives of the native herbaccous tlora.
but they also -qradually disappear with time. On
the Olynpic Peninsula, thc w(x)dy plants that



TABLE 1. S pecies ol the rudeftl ! egetation th.rt colon ize .Lre.L\ of the O lr- mpic Pen insula disturbcd b,"- n.rn .rnd rhe geograph ical
origi n s o l t|c co rponcn l spccic!. Thc dis tlib ution ol the indn idu.rl spec ie\ in rudefal hrb itats is inllucnccd locllly bv
such frctofs as the rmounl of nroistrre present .lnd rhc anounl ol lh.rding by trdj|cent firests. Ho$e!er. deliberare
seediDgoftheroudsidesr iDdclear insscut inthefofe\r isst i l lapr imart factordclcrnin ingwhcrcrhespecies\ ! i11be
cncounlcrcd.  Nlosl  idcnl i l icr l ion!  \crc nade usins Hi tchcock & Cronquist  (1973),  br t  the nomc.cla(urc was ul )
dr tedtofol lo\ ldratofBuckinghameri l . (1995).Thcsupcf tcr ip(al icr thenameretehtothef i f \ t repof to l thespccjcs
on the Ol l lnpic Peninsula.  according kr  Jorcs (  1936) and Buckinghan et  a l .  (  I995).

Specle\ P r , , b . , b l ( ,  r i e i l

Pteridoph]ta
Equi \ ! tum u^rnse 1, .

Dicotyledonae
At h i l  I  u t i t  i l  I  c to l  i  wn L. '
Airuphuli\ nkntatita& a (L. ) Bcnlhan & Hookerr
adlrd,?tr  r ( / , r . r  (N{ i l l . l  A\chcrso.r
adlrdr"d f !/.(drir Itober! Urolllrr

C.rA tl](i.r r?pirrl (L.) Robeft Bro\{n'
( upsellu hursu pttsror (l-.) Niedicusl
Chr\ \anthetnutn 1 tu th? t |  tL. :
Cr:'n r dfr??rd (L.) Scopolil
Cfirnrlr drlrL, \-urt.rll
atrnrrr rrls.rr.. (SLr\i) TeDorc'
Digitutli]. rurp rcLt L.:
E p i L0hiun ungt \ tiJo I i ut, 1,.
Erodia cicItariu 1\L.) l'H:ririe!
C tLphal i  tnul is i  t )s  t t i  L. '
Ht \k l.u"t IMrtLrI Michau\
Hi !nk iLon uutunt ik  un 1. . '
Hrperr unt ytt!ntunt 1,.'
Hrpothutrlt nufuutu L.l
a./.lr../ rrrl1rilr (L. ) Ffesenius'
Lt t )st1 l t l  totntn n is L. '
L( th\  nL\  l ( l t i to l iu\  1. .
l r r r  r . l ! r .&L/ , \  Cavani l les '
L|si klthio pL]tLttlta L.'
L\rht nL sIliuti0 L.'
i tlicaro hqitutld L.'
,r'lr/ildn .)li( iturir' (L.) Lan)arck'
t / r ,v t i !  dn.?rr l !  ( l - . )  t  I i l l '
l'lanrugo kur eolutu L.:
PIdIttdso Intiiot L.
Pol\gotiun tLt\pklunrn Sicbold & Zuccairi'
lb l rsoaan va la lnrei r i r  Schmidt-
I'nLntllu t ulgt i: L. t.\r. rnlgutisl
Ra ul rk lus d.r isL. l
Rdht lct lus rcF]r  L.
Ruttttr uc,:tostlld L .

Sdqi t tut  t ) td unl ,  n\  L. '
S.tt.cio tacohaca L.
Solidaso nadttl\is L.
Sor](hut  o l (ntr | \  1. . '
7ttu.\trun o|Jit i'tLlI l-.rJ'cbcr cr Wiggcrl
'n 

tIll iunt hthrilun 1..'

North Alneficr, Europe

Noft  h Americ. r .  Europe., \s ia
Norfi America. Europe. r\sia
['rrcpe
lurope.,A.\iLr
I-luropc
Europe
Europe. Asi.i
Nonh ADrcricr. Iurope.,{siLr

Eumpe
Euft)pe.  A\ ia
\orrh America. Eufope. Asia
Europc. A\ia
Europe. Asia
\of thAmcric. r .  Sibef ia
trurope
Europ.. Asiu. N0rlh AtiicrL
Europc

Europe., \s ia
Eur0pe
Eurasia. A Jiicn- ,\u strrlia
Eur 'ote,  Asia
Eurlrfe
Euftrpe, Asi.r. North Afdcr
Euft)pe, Asi.r
Europe, Asi.r. Nonh Aliica
ELrroPc

Jap n

F-uropc
F-uropc

Europe
Eur)pe.  A, t ia
Europe

ELrrcpe. A\ia
E'rope. A\i
Lurcpe

Trble I continued. next page
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Spccic\ Pmb.rble ofigin

Tt ilolulti pr.nctt s( 1..
'Itiftniutn 

rcr \L.

l\lonocot]ledonae
A! to s ti s c dp il ]d ri s L.'
A r  rc \  t  i  \  s to I  jn i |  ? fd L. '

Bft,nus h.nkd.eus L.'
Dt(t\ lus ghrn.rdkl L.
tArr l l r -  B/ . rx. r1 Bucklc)
ll ,r'r , d.h r .dri rr (Link) Could'

J&,r.x-r b.r//idi! willdcno$'
.tu .u\ bLlohius L.l

Lolu! ,1 pqt t t 'k  1. . :
Phleutn t)ftt.ns( L.'

l i r lp tu,^rrr r r  ( l - . )  C.C. Crrel i l ] r
IuUid otb|lora\\nltel

Europe. r \ \ ia
Europc.  Asia.  \o(h, \ i i ica
Europe. Asi . r .  \0nh Al l ica

trurope. Asia. North Affictl
Europe
Europe. Asix. Nofih Aliica

Lufope.,A.\iu

Europe. A\i.r. No h AliicrL
Europc
\orh Aneric.r. Eun)pc
Norlh Ancrjca. Finopc. Asjil
N0fih Alneric.r. Eur0pc
Eunrpe

Luropc, Asir. No(h Alric,r
Eurcpe

A prcbrble nr tne \pecies (Joncs.  l916).
r lnt roduced pr ior  Io 1900,
'\or rcportcd bclbrc 1 900 b!t k.(r!\ n to ha\'e been inrf oduced pf ior to 1 9-16,
' \ot  kno$n to htr \e bcer i r l roduccd unl i l  a l icr  1916.

dcvclop on clearecl areas are genemlly native, but
the spread of exotic woody plants, such as Scots
broirm, [Crtl.sri. i  . ico2oriu.t (L.) Linkl. can be ex
pccrcd in the near future.

To i l lu . t r l t<  lh (  \ l ruc t r r re  L r l  rhe  \e !e l . r l i  n
typically cncountered while walking through ar
eas subjected to human intluence. a transect t ionr
the middle top to middlc bolbm ol Figure 2 can
bc taken. Beginning at the bottom, a roadside
aggregatioD is eDcountered in which nearly 1007r
of the herbaceous plants arc cxotic, bul surviv
ing sword fern tufts ale occasionally scattered
among thc rudcral !cgctation.

ln conlnst to the herbaceous plants, the woody
\  egc l  ion  con\ is l \  o l  l00 / ,  n i r t i r  e  .peL ie . ,  r t  m,  ̂ t
locations. Surviving r'lne naplcs. Acer cin inatun.
and spccics of RuDrrs irre particularly character
istic of the region. Near the edge of the deciclu-
ous trees at thc botton of thc piclure. a narrorv
ecotonc  i r  <ncountereJ ,  i r r  uh i .h  rhere  i '  i r  In i \ -
turc of native and erotic herbaceous plants. Be
ne i l lh  l l l e  t r (c .  them.e l r  c . .  the  r ru r i r  e  r leq  ies  ! . r in
the upper hand and lccount for rvcll ovcr 507r of
tlre spccics prcscnl. Moving out of the trees onto
thc clcarcul at midlevel in the photo. another

ecotone is encountered, follorved by an area on
r r  h i .  h  u lmo ' t  I00 ' ,  u l  theherhuLeuu\ \p i ( ie .J r (
exotic. Ralely, isolated edible thistles (Clrl l l lrt
ed!/e) occul among the exotic species in the
clcarcuts. but non-nalive lhistles e more abun-
dant. ln the clealcut shown. there is a seasonal
succession involving exotic grrsses, the common
fbxglove (Dlgllali.i tr)r4rr,"4). scrttered compos-
ites. clovers (Tdlbl|ulrl spp.). lncl ckrcks (Rrinre,r
spp.). In addition to the exotic herbaceous spe-
cies. a tew native woody species ancl small na-
tivc conittrs can also bc founcl.

Moving bcyond thc road in Figure 2. a closcd
section ol forcst is eDcounteled. While about 100%
of the herbaceous plants along the loadside are
erotic, tl]ose under the forest canopy are rearl"v
1007, natir,e. There is a very narow ecotone at
lhe  (d ic  o l  t l r c  lb re . t  i I  u  h  i ch  there  i .  .o rne  In i \
ture of native and exotic species. In summrry.
the transcct through this photograph (Figurc 2.t
nms tluough unshaded areas in *hich nearly I00%
of the herbaceous plants arc exotic, tbrough closed
canopy folest in rvhich little more than 0% ofthe
herbaceous pllrDts arc exotic, and through narrow
ecotoncs and opcn canopy rvoods in $hich thcrc
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TABI-E 2. I he most abundant nrti\e plant species doninating rhc cli a\ slage ioresls in the fegion surve!ed rnd their native

runges. P|cilic NoIlh\\cn rcicrs to drc Pacific waier\hed ofNorh Americr rnd adFcent Rock,,' Nlourtains.

Spccic\ \at i \ 'e  Range

Tr€€s
A..r tndcntblhqi Puri],
.4hrr r-rl),? Bonlrrrd
Pse dots x me\.iclii(Mirbcll Fra.co

^rs.r i..r,/rtrr //.r (ltafin) Sargeni
Thujn pl i run D. DoLt

Woodi vegetation in understory and edges ofcleadngs
n.r f . i r  rLt l r i  Pur\h

Opl4rl,rrr lorr rn (Smith) N{iquel
R,rrirJ /'drrit ,er Nuttall
R!r,\ V)P.rrrill\ Pu|sh
Sa l,utLs rdftt ostl pub.rr (N{ichauri Housc

Herbal und€rstory gro$th

Cldvo]tkl cordifutut (wntson) Prr & Iloll ann
C.rfnrr rft /lr.r.rl.rrrr Lcdcbour
Lincr'0 Ld rin(r Ptp.l
L\\'t)tjliut tkLvrun 1..

O.rzrir org.rr.r \uttal1
Ptu,tilium aqtilulun \L.) Krhn

Ilrlophtles
H\ lo(oniunt \)lutdt n! (Hed$'ig) Bruch.Sclimpcr. & GiirDbcl

Hr '1rrr r r .n.r / r rL,  H0okel
l'.1 rc c i I rt stol otlilt non Brtdcl
Ko dtu r, id o tc gd |d (Solli\ ant) Ochlra
PoI\|rirh Di IutIry(ritiLo, Hedfig
Rhi rrniun slub k ste n t (Kindberg) Koponen
Rh\ I id iutl e I thu\ 1. rc k s \Hedwig) wamstol

Th ki di un rct t) rnitLult l{ed$lg) Lindberg

Pacific \0rrh\!es(
Paciiic N0rlhwcn
\Yestcrn Nor|h,A.ncrica

Pacific Nofihq esr

\orthern North Amefica
\estefn Nofth Americ.r
Prc i l ic  Nofth$est
Nofih Alneficrr

\\'estem \o h Americ.r
Pucilic Nonh$cn
Wcstcm No.lh Anrcrica

CircLrmborcal to tropics

Cosmopol i tan

North Amefica. Europe.
Africa. Ne$ Zerl nd
Prci f ic  Nofth$e\ t
\\re\tern NorthAneica
Pacilic Nol(hwcst
(bsmopolitar

Weslenr \orth Amefica
\olthAmerica. Europe
\o(hcrn l lcmisphere

is some mixture ofrative and exotic specics. Thc
newll Jogged side ofthe hill in thc upper left quafier
of the figure is almost bar-e of vegetation. The
native understuy plants hale died off since the
logging. and the exotic plants have onl-v- reccntly
begun t() mo!e onto thc clcaring.

The introduced ruderrl plants observed dur
ing the field stud) arc shown iu Table L A num-
ber of additional alien species vere reportcd lor
the Olyrnpic Peninsula by De Fenari and Naiman
(1994) and Buckingham et al. (1995). Thc ma-
jority of the species originated in northern Eu-
rope and have spread throughout nrany parts of
the temperate zones (Weihe 1972). Some ofthem
arc native to eastern Asia. A lerv are thought to
h l rc  becn pre \en t  in  \ r ' f lh  \ l l re r i ( r  s in ic  p rc -

historic t imes. and some ofthese have apparently
beeD introduced to the Pacilic Northwcst liom
olhcr pa s of the continent du ng recert hunan
nngratr on s.

qn.a 14 ^,  - f -6 6.  - t  r -  .  r . . rar-  q-  6. ie5

The field surveys during spring and summer
showcd that the ruderal plants are vifiually the
only vegetation along most roadsides, encroach
extensively inlo the clearcuts in the forest, and
shale the areas with plants of subsequent scral
stages unlil the conifer forests have almost com
pletely regenerated. Along numerous transccts
through the fbrests, nonc of Lhc spccies in Table
I wcrc e\,er encountered oD the floor of intact.
nature lblests or along unmodified streams. but

f r re r , 'u . l r rncn t  o f  t \u t r (  P lJn l \  2b9



Figurc l. Hillsides rellr the siteofthe surr'e! in Clallan Count)- shor.ine tlpical cbscd lorest and cleafcui areas. A rransect
through lhc ccDlcroi dis photo iionl top to bollorn rclcal! the "trll or none" nature olcxolic species aggregarions in lhc
bc.r lherbaceous l lora.  1n conran.  the wood)_ plants belong almost  cxclusively to nxt ive species.  Fordetai ls .  see texr .

the)' persisted on unuscd roads and fbrmer clear-
ings that had been fully overshadowed by young
conifers.

A simplif ied map showing the Sol Duc River
and lhc locations occupied wholly or prcdonri-
nantly by the ruderal communitv, which consists
almost exclusively of species that have become
pan-lcmperate, is provided in Figure 3. A plani-
metric analysis of the map indicates that a total
, ,1  -15  r r  l5  k rn ' i l re  o (cupr< .1  b )  lh r l  r ' i r r rmun i ( ) .
which equals I 1.11% of the total area of the re-
gion covered by the photos. Becausc the region
surveyed lies mainly within a national forest aDd
is uninhabited, this percenlagc of land on u'hich
thc nati\e l lora of herbaceous plants has been
replaced almostentireJy by species introduced from
other continents is considcrable. It should also
be rcmcmbered that this larye area docs not in-
clucle parts of lbrest and woodland in which a
few exotic spccies are encroaching anong thc
native tbrcst floor species. Such encroachnent
can be expected to occur mosl frequcntly alonil
streans and rivers lnd on natural clearings. In
the inhabited parts of thc Olvmpic Peninsula. a
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much greater percentage ofthe f'lora is accounlcd
for by this prn-temperate mderal c(nnmunity be
cause the ruderal community is also promoted by
agdculturc.

The rudcr r l  c t rn rmun i t )  i .  c l (J r i \  r  l r imJr )
seral stage that is gradually displaced as the scre
progresscs. The plants are useful for stabil izing
the soil on cleiucd arels. For this reason. thev are
frequently planted intcntionally, u'hich has con-
tribulcd to their rapid colonization of such large
areas in the region. Thc introductious of plants,
howe\er. has not always had benign results. Much
cffirrt is currently being dcvoted to eradicate the
Scot's broom. which has become a very trouble-
sone weed since its introduction. Scveral intro
duced herbaceous spccies are poisot' lous to do-
nlcstic animals. For examplc. the tansy lagwofl
(Senetio jacobaea) produces alkaloids that are
toric to horses and cattle (Whitson et al. l99l).
and expensive eradication programs to eliminate
il have been proposed. The meadow buttercup
(Ranuntulu.r acrls) is also poisonous to cattle
(Parish et al. 1996). The area already colonized
by the ruderal community is considerable, so
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judging from the fact that these species l]ad not
reached the legion at all uDli l thc latc l9th or early
20 lh  L  c r lu r \ .  thc  p re 'en t  c \  ren  l  o l  lhe i r  co \  e r : l i c
represents a maior floral change in thc Paciflc
N, r r th \  r : \ l  r c3 i l r r , r l  N , ' r th  \ r r re r ic i r .

Discussion

History of  f  lora change

The encroachnelt of the pan tempcriltc rudcral
communily. mainly of European origin, into the
Paciflc Northwest is t1'pical of a process that has
bccn taking place thr-oughout the temperate zones.
mainly durin-u this century. The pan-temperate
ruderal community has spreld rapidly with the
systems of highrvays and loggilg roads and is
presendy altering thc flora ofthc temperate zones
in North and South America. Asia, and Australia.
to various deglees, as denonslratcd by the range
inti)rnrlrt ion on the individual species, provided
h 1  \ \ , . i h , . r l , t - 2 r .  T h c  n r r i r e  p l r l r  r i i r c l a t i o n s
of thc rainfirrest region on the Olympic Penin

sula ofrrVashington are strikingly dift'erent in struc
trnc and ccolo-rlicll chartctedstics ftom lhosc along
the edges of thc dcciduous tbrests of Elrropc
(Moravec et al. 1982), rvhcrc much of the rud
cral ve-eetation ha! had its oigin. nrble 2 pro-
viclcs a shoft l ist of some ofthe domrnant native
plant species of the lbrests on thc Olympic Pen
insula. which rvere characterized bv Franklin &
Dyrncss (1973) as being nainly old growth ti)r-
esl, dominalcd by Sitkr spruce (Pi.?d .rit. /r.rr.rl.r)
and $'estem henrkrck (Iia,ga heteropbllu) arLd
notable for the dcnsc cpiphltic f lora. In addiLion
to the abundant mosses (Schoiield 1992). which
coat much ofthe tbrest f loor arld thc tree trunks.
the vegetatioD is characlcrizccl by a particularl!
large variety ofl ichcns (McCune & Geiser 1997).
For this reason, thc dcmarcation l ines between
the introduced comrnunit) (Figure .1) and tl ' te na-
tive llora (Figure -5) arc recognizable at a glance.
In easterl North Anrericr. there is less distinclion
h c t u e e n  t h c  I i r l i \ e  . r n J  n r ' n . n J t i \ (  \ e g e l i r l i r ' t l
because nany ofthe introductions occuffed well

F i S u | e  - 1 .  A t ) p i c a l r u d e r a l c o n n n u n i l ) i r t h c l n i d d l e o l a l i t t l e u \ e d d i f i f o a d d n r i n g t h c l a r c \ p n n g . T h e d o n i r a r r s p e c i e s i n t h i s
rgg|egrnon are r ' i t ) / , , r  te(  \  ard B( l l is  r rc is .
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F i g u | e 5 , A n a t i ! e l b I c S t l 1 0 o r c o ] m r n r i t } ' o f | l t e s p | i n g d o D i n a 1 e d b } . n l n u c a b o r u a | i s a n d ( . o n l l 1 ! , . d j d l l . , j i j L e ( l e b . l h a l
oc.upies opcn grculd d lhc edge,i of foads and cle.ifhgs bcibrc il is ovcrgro$n b) the fr\tef-gfo\ring inlroduc.d

over r ccnturl ago. and nany species havc al-
ready integr-ated thenrsehcs rvilh the native flora
(Fcmald 1987). Shary ecological denrarcation lines
iue no longer apparemt between Ncw and Old \l'orld
species. However. thc cncroachment of the rud-
er r l  p l r r r t '  l r . r .  bern  nu  lc . .  d r rn tu t i c .

The tloral changes invoh,ing the ruderal spc-
cies are sti l l  more significant lbr phy-togeogra
phy than for ecoDornics. although this rnay changc
dranatically at any timc. Thc ruderal specles are
considered to lrr\c a positive ellect in holding
thc soil in place wherer,er human activily has
stl ipped arvay the natural vcgcti l l ion. Usuall!,
native vegetation is able to displace the ruderirl
species during the course of thc nalural sele.
H, 'uerc r .  rn t |o . luc l runs  o [  \onr (  p lu r r t  'pe . ie . .
mainly those thrt becomc cslitblished in pastures.
are having some severe ecoronic effects becausc
of thcir toxicitSr to donestic animirls (whitson ct
al. l99l: Paish et al. 19961, as nrcntioned above.
The rapid growth olthe inlroduccd species works

k) the disadvantage of any native ruderal spccics
preseDt in the region. In the Pacific Northwest.
the red$ood sorrcl (O-r.r1i.r oregdaa Nutt.), rl''ild
strawberry (Fragai'la lirgiirirrna Duchesne), sweet-
scented bedstraw (G aliunt triflorum Mrchx.)- liltle
butter-cup (R4r?&r.rlus Lt cinatLls D. Don.). red
columbine (Ar7al1egia./rrnnosa Fisch.). Cooley's
hedgc-nclde (Stat:l]]s cooleyte Hellerl. and the
twinflorver (Litrncteq borealis L.). which is a
circumboreal species (Dempstcr 1993), are fre
qucnlly obsen'ed i[ pafi ially shirdecl ]ocrtions at
the edge of thc forest along loads. Horvever, the
results ofthe obserl ations along the trarsects col]
fimed that these are rrpidly ovcrgro\\ n when
ever the introduced ruderal species. particularly
the grasses, begin to colonizc thc habitat. Figure
2 shows areas being rapidly ovcrgrown by rud
eral plants. and at these sites. no nativc ruderal
specics wcre elel observed. It can be assunred
that prior lo the coming ofthe tirst European set-
tlers. the entire region proricled ttu lrcas for
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colonization by rudcral hcrbs. so the native spe-
cies had litt le chance to develop vaderies well
adapted to this kiDd oI habitat. Onc of the onJy
ruderal species that hrs apparently been estab-
lished on the Olympic Peninsula since prchistoric
times is the tield horsetall. (Equisetunr atense).
u  h ieh  i .  . t i l l  rn  rhunJrn l  ruder l | l  \p ic  i i .  i \  n to i . l
locations (Hrukc 1993). Howcver. it is nearly pan-
temperate in distribution and was apparently al
ready prcscnt on scvcral continents prior to the
Quaternary Period (Hauke 1993), when the re
treat of the glacicrs pcnnitted it to colonize the
region now known as western Washington (Jones
1936) .

As the sere progresses, these tirst stage spe
cics, somc ofwhich lue encountered in sunny places
on the tbrest tloor. have been overglowl by na
tive species ofthe ncxl scral stagc, mrinly woody
shrubs. such as the salmonberr), (RrlDi6 sp.rcl4biliJ)
and thimblcbcrry (Rubu.s p an,iflo r us). How et er,
the native species of the second seral stage are
being ilcreasingly displaced by another European
introduction. the Scot's broom. This displacement
tlxeatens to have economic consequences because
simplc cftirrts to eradicate the rapidly spreading
inpofi are pfoviDg unsuccessful, and more elabo
ratc mcthods wil l probably be enrployed. which
u'i l l  be expensire but probably wil l not be eft 'ec-
tive. either. Unlike the ruderal herbs, the Scot's
broom is thought to be capable of stopping the
growth of young conilcrs.

The final seral stages are still dominatcd by
nativc spccies. u'hich eventually overshadow the
sun lor,ing ruderal species and elininate them lrom
the area. However. Figures 2 and 3 sho$'that with
increasin-e human activity in the tbrest, the stands
ofnative climax vegetation arc incrcasingly frr-q-
mented into isolated stands sunounded by intro
duced species. Thc roads arc particularly cf'fbc-
tive at dissectingthe natiYe lbrests, and they provide
avenucs of pcnctration that takc the ruderal f']0-
ral aggregations new to the region deep into the
1orest.

At the present time. the area occupied by the
rudcral conrmunity. I I .lj37r of the total area sur'-
veyed. is enough to cause concern. This is par
ticularly truc becausc dlc advancc of thcse spe-
cies along the mrny srnall roadways in the lbrest
pcrmits this exotic vegetation to dissect the na-
tive lbrests into disjunct islands of conit 'ers and
their natural understoq' plants. This is a remark
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rble tloral chalge colsidering that during the lirst
hall of thc 19th century. the Olympic Peninsula
was settled only by native Americans, whose
hunting and lishing socictics caused only mini-
nral change to the fbrest. Settlement of the rc-
gion by persons of European descent began only
dudng the second half of thc l9th century and
progressed slowly. The floral changes in the re-
gion apparcntly began to rccelerate considerably
during the first half of the 20th century. and the
advancc ofthc ruderal community with the roads
did not take place rvith any great speed until the
second half of the century. As already discussed.
Jones (1936) found that there had been a consid
erable augmentation of the non-nativc flora be-
tween 1900 and 1936. Since that t ime, the intro-
duction of exotic species has intensifled
considcrably (Buckingham et al. 1995). Judging
fiom the trends that have taken place during this
ccntury and the time required tbr introduced spe-
cies to becone invasive (Kowarik 1995), non-
native species can be expected to bring about tun-
damental changes in the l lora of the Olynpic
Peninsula during the nc)(t fcw decades.

Along the Dungeness and Hoh Rivcrs to the
south, Dc Farrari and Naiman ( 1994) reported that
28c/c and,24al , respectively, of thc plant species
present were erotics. They discussed the rolc of
thcse rivers as invasion routes lbr the intloduced
plants, confining theirdiscussion mainly to natural
dispersion and accidental transport ol seed. ln the
Sol Duc Valley. howcvcr. the rords seem to be
the main avenues oftranspofi. anddeliberate seed-
irg of roadsides and clearcuts makes discussion
of other dispersal mechanisms moot.

Outlook

Although there are prcscntly few obvious dan-
-qcrs to the nrtive tlora due to invasive spreading
of the introduced species. problenrs rre sure to
arise in the luture. Kowarik (1995) was ablc to
tracc thc de\elopment of introduced species in
Brandenburg for a period of more than two cen
turies. In the case of woody plants. he notcd thrt
an avcragc of l:17 vears elapsed bet$'een the in
troduction of species and the time thcy becrnre
invasive. He further lbund that it is not possible
to predict which species will become troublesomc
for thc native vegetation. Even if we assune that
invasileness rvil l  manifcst itself among herba
ceous plants mole rapidly than among woody



species, decades may elapse betbre onc of the
newconrers begins to develop inlo a dangerous
conpetitor of the nalive species. Sevcral of the
specics in Table I seem to have the potential to
become invasivc. For example. Edwards et al.
(1995) noted that the purple loosestrife (Ztl ltrt irr
.saliuria) has a tendency to spread rapidly and
form monospecific slands ir other parts ofNofih
America. This sl]ows that considerable trouble
with the species alrcady introduced can be ex
pec te . l  . lu r ing  iominp, le r r rJc ' .  rnJ  neu er , ' t ie
species are still being brought to the Pacific Notth
$'est fi)r landscaping purposes by both the tim-
ber industry and private groups ostensibly attempt-
ing to manage thc cnvironment. At thc present
time. a clear scparation of communities of exotic
species and those of native species is maintained
because the exotic species arc adapted to strong
il lunination, *hilc the native plants are over
whelmingly adapted to the shade on the torest
floor. The development of shade-tolerant popu-
lations of invrsive cxotic species is all thal is nec
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