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and 1950s. tre gleared irfornratnn fronr thc tarli studics rn,l. $h.re possible resampled regetation withnr lnd adj.,ir;,s c!
C |osures | ronr l ! ] i ] ; l99 i ] lo i ]escr ibee | . . l so |ungu1at { ' sod i ( ln js t \ ( jg .
m) unsulete rongesr 2l i{ere iocated or rird vall,\ floors in LI!: SiLka Sr,r!.i, or W.srcnr Hrnlock Forest Zores. 2 were on ralle\
$.115 of orlref uplond sires in the tr.estern HeDlock and Siher Fir Zon,s. 2 rL, rc in ( h!r( rlr. Ve prov e eunples irhere ungulate
hrrbiron nrfuenced the

unders ton .  shrubs .  lo re r  t ree .aDof ) !  and ovds tor r  . ! t r , , rJ \ ) .  l , r  conrn ,un i r i c i  in i l ia l l r  domin l red  b l  g rasses  or  g rass l i ke  p lan ts
on rdlev lloors. ercLusior of ungulates resultd irr rlcrrcasrrl r rxcr ol gra"scs ard lorbs (usurl!1. decremed species richress ol
lorb5. lnd somerines nr.rersed height and abundarce ol feros. Shn,l s;z{i an,l (l{ nsirr i,,trQsed lol oning exclusion. paricularlr

is discu:sed n rehti.,n r(, th.i scalc oi othlr prrrr.ssrs.

Introduction
Thc inrportancc of herbivores to ecosystem dy-
narnics has bccn docunrcntcd in studies of natu-
ral grazing svslerns (e.g.. Crawle,-v 1983, Naiman
I9BB. l lc\aughton et al.  19119. Frank and
Slc\aughton 1992). In long-establ ished urrgulatc
svstelns such as the Serengeli .  herbiforcs nol onl,v
delermine substanLial lr  the genetic and spccics
composit ion of grassland vrgetat iorr.  but hcrbivorv
ma,v actuallv increase planl prodrrctivitv bv accclcr-
llting nutient iluxes through the ecosvsLem
(N'lcNaughton I9B5). !orest svsterns:rre iess uel l
underslood. but rroosc (Altes altes) brotsing is
kno$n lo changc thc species composrtron. shuc-
turc" nutr-icnt availabiJitv, nnd long-term d,vnamics
of bor-cal forests (Pastor et al. l9BB. N'lclnnes er
cl. ]992). Thcsc antl other studies sho\r thal mam-
malian hcrbivorcs intcr-act strongly rrith vegetation
and are notjust passi\e tr)mponc'nts ofccological
svstems. Earlv :rttempls Lo evahrate rrngulale-forest
relat ionships on the Olvrnpic PeninsLrla began ovrr
50 veals ago then ungulaLe exclosur-es were con-
structed and periodically maintainecl. Onll prelim-
inan findings from these studies h:rve been
published (Schwartz and Nli tchel l  19,15.).  We ex-
amine infbrmation assenrbled from 25 rrngLrlatc cx-
closures establ ishcd in thc I930's and 1950's in
Olvmpic National Park and Olvrnpic National For-

esL. OLrr goal rvas incrcascd understanding of the
long-term ellects of nalivc ungulatcs in forests in
the Paci l ic Northnesl. This wolk is part of a largcr
effor-t to undclstrnd thc inlluence oi ungulate her'-
bivorr on frrresL dvnarnics (Happc et al.  199O,
Sch re ine r  e t  d l .  subm i t t ed ,  I l appe  1993 .
S'o odr,".ard et al. 1993).

Although exciosures have been wiclel;- rrsecl lo
evaluatc cffccts o{tild and domestic unliulates and
oLher mammals on plant communitics, data derived
Iiom them ma,v be diffir:ult lo interprel. Polcnlial
problems includc small size ancl numbers. subjec-
l ive placemenL of erclosur-es and associatcd sam-
ple plots. and mocli f icat ion of soi l  moisturc and
temperature regirnes b,v Lhe fencres (Darrbenmirc
19.10. Headv 1968. Houston 1982). UngLrlatcs
mav bc attracted to the fences. thus intensif l ing
grazing or trail frrrmation immctliatcl_v outside. The
intensity of herbivorv mav therefore be exaggcr-
ated when grazcd plots alc located loo near the
lence (Headv 1968). Nlorcovcr. i t  is r iskv to ap

n l \  i r l c rp r c l r l i un r  f r , ,m  . r  i  r '  i  \ , l u -L r r c -  l u  e r r l i r c
ungulale ranges because erclosurcs arc small rela
tir.e to ecological ibrces. surfi as firc. that drir.c
vcgddtion dynamics over time (e.g. llueggler and
BarL{)s 1977).

\l'c acknolledge these difliculties and others.
such as lhc lack of stat ist ical design, in the earlv
sl{rdies on thc Ol,vmpic Peninsula. \evertheless.
these exclosurc studics span 55 vears and provide
an oppoftunitv t() evalualc long+crm effects ol
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.\lr|r)\imrre lo.lrions of 25 ursl,lar.. exclosu.,,s. Otvmpi. lljninsut.. Wdstinaron {Sch(arr, l. Ne$r,an

rrngrr lates on the conifcrous "rain" foresr ccosvs-
lern Lrr;que to t lrr  Ul\  mpi, P, nin-ula rFr.rnkl irr  .rnJ
Dvrness t988). Erdosur.es can provide insight into
eco lo r : i , . r l  p ro , , . sc .  i t  r h , . i r r t b rmr r i un  i -  i r r r , . r -
prctcd careful lv (e.g.. l ) l rstor c, dl.  l98B. Mclnnes
et oL. 19921.

Study Area
Exclosrrrcs uere cstabl ishcd on loq, elevation
(<350 m) ungulate ranges on rhc t 'estern haH oI
Olvmpic National P:uk, Washington (Figurc l). Tht:
area h s a marilime climatc t'ith relatirerv ury sum-
In ,  r -  J I d  \ 1 ,1  r r i n te r s .  { nnua l  l , r ,  e i p i r a r i , , n  r . r nge -
hom 150 h 400 cm (\t)AA 1978) rvith I irr ter
precipitation falling mosrlv i$ rain. NlcaD annual
lcmperalurr at l 'orks is 10oC. rt i th Jantrar as the
eo l , l . - t  mo r r t l r  r 4oCr  and  l uh  { r rF r r : t  t he  r r l rm , - r
(16"t1) (Phi l l ips and Donaldson 1972).

9tt \{  oodl,ard. Schreincr, Housron, and Nloorhead

' i n ,nsu l . -  wd+, inFon {Sch(ar t ,  l .  Ne$r ,an  a .  aDd t tSFS t r ) .

'f\'\'enty-one 
exclosures n,erc located on river

lallcv floors in the Sitka spmce (Picea sitclrcnsis)
or Wcstern Hemlock (?lsugo hetentphtlla) Zoncs
(.sensu Franklin and Dvrncss l9BB) r'here plant
communities occur on river terraces oI succcssivelv
i r . a t c r  r ge  tF , r r r r L  l q7  l r .  \ . r l l c r  f l " , , r  i , , r " . r -  I ' r r ,
bccn describcd as a scrc from pioncer red alder
(Almts ru.bra)on activc f loodplains, through black
q)ltonwood (Popu,lus trichocarpa)/Sitku sprucc on
voungor terraces. to stands ofwcstem hcmlock and
Sitka spruce on older terraces (Fonda 1974). How-
e re r .  t h ,  - n  -u r  cc " . i r , nJ  pc t t - r n .  r r n  amung  r i t r r
r 'al leys depending on disturbance history (McKce
et ol. 1982). Three extlosures l'ere located on r.aL,
lc_v t'alls in the $estern hemlock or Pacific silver
ft \Abies amabilis) zones; one i!'as in an old ficld.

l l lk shot two l i [e histor-v parrerns in thc studv
a r i  J :  I  l )  \ c r r - r uu rd  r - s i , l ,  r r c "  anJ  i 2 )  . , r sunJ l



migrations to high elevation summcr raD€ies
(Jenkins and Starkr:v 1982, Schroer 1987. Schroer
et al.199.1). Elk densit ics on rvinter ralges in thc
park are approximatelv 6-7 elk/km': (Houston et
al.  1987, t98B). Elk ut i l ize cerle;n !cgerarrox
types ancl landltrrrns disproportionatelv. This
produces a marked gradicnt in herbl,ory: usc rs
concentrated on voungcr r iver terraces and f loocl-
plains, i t  is loler on older-tcrraces. and least on
the val lev walls (Je jns and SLarkev 1982. 19tt4).
tslack'tailed cleer lod,ocoilcrLs hemiont.r) occur
throughout the area. but gcnclal lv at lor, ier-densi-
t ies. Thc cik:deer biomass rat io is cst imated to be
abouL 100:? on vest sidc r ivcr drainages (Lesl ie

19{33). [ .ngulate pledators int ludc cougar'  (- l i :1lr
coru:olol anLl black bear \Ut;us arneicanu^;).

Methods

Tvcnty three erdosurcs lere est:rblished in Olvm-
pic National Park rJuring tt 'o periods when thcrc
\\ 'as concern about clk-vcgetation relat ionships:
19321-1936 (18 e-,rclosrr lcs) and 1952-195{3 (5).

J. E. Scht 'artz constructed 12 pcrrnanenth cbsed
exclosur-es ancl tr,o series of three "lakc-dovn" ex-
closures which <rruld bc left  open for prcdcter
mined amounts of t ime. Thcsc exclosures r, ,ere
artLral ly establ ishetl  on 0lrrnJric National Forest
lands that bccame (Jlvmpic National Park in 19138.
'l'he 

secnncl pulse ofe\closLrre constmction lras bv
C. C. Newman. \rho also repaired and mcasured
some of the Schr,artz crclosures. In addit ion, trvcr
erclosurcs t 'ere establ ishcd in 195i in Olvmpit:
\ational Forest. Although our u,ork focuscd on the
park. erclosures in thc national ibrest Jrrovidecl an
opportunity ltt u)mparc the ellects of ungulatc her
bir.ory in managed forcsts. l'rom -t987 to 1990
wc glcaned infbrmation from the earlv srudirs and.
wherever possible, resampled vcgctation tithin anrl
adjoining exclosurcs. ' fhe names and nurnbers
uscd to identi fy exdosures changed orer t ime
*lr ich rcsultccl in considerablc confusion. Ex-
closrrres arc numbered from norlh to south ior our
presenlat ion (1'abie l .  Figure 1).

Schwartz Permanent Exclosures (Nos. 3 6,
1 4  1 6 ,  1 9  2 3 )

J. l- .  SchrrarLz constmcted l2 pernancnt ex-
closures l iom 193'1 l t l  19:16 in the Hoh. Sorrrh
! ork Hoh, Quccts and Quinarrl t  r ivcr val levs. Two
har.e never been rclocated or sampled (\os. 6. 20).
Thc lcmaining I0 wcrc cither 0.09 ha (n = 6) or

0.19 ha (n=,1) and were constructed oispl i t  rai ls
and barbed uirc (n=B) or woverr $irc hr=2).
Schrvartz rqas concernecl alrout thc level oi brou,s-
ing on three species he consiclered "ke;- brrrlsc
species," salmonbcrn (liubrr^r rpertnDilir). vine ma
ple lAcer r:ircinatunt). and hucklcbern (Var:r:itium
pan:iJb[i,utrt- tnd 14 alasAenre) (Scht'artz 19139.
Schnartz and Mitt lhel l  1945. Schtartz pcrs.
comrn .  1990 ) .

sc l r s r r t z  d . -  r i L , ' l  \ pFc t . r t i un  h \  e - t im r t i ng
"densitv of ground cover" on a scalc of I-10 in
{tre (somdimes h\,(t 9.3 m2 plots inside exclosures.
Estimates incluclcd onlv herbaceous spccies and
ornit tcd mosses. On dif fcrcnt 9.3 m' plots hc
r:harted aerial cover ol shrubs and also estimated
percent cover ol "grass" ( including sedgcs)" and
"r'eeds" (i.e., forbs including lerns). flnfortunarelv
, , nh  p r ,  l im in rn  d . r t a  [ 1 , rn  s , \ ,  n  c \ . l o -u r - -  r . r r r a i n
(Scht 'artz and Nlirchel l  19.15).

Schwartz Takedown Exclosures (Nos. 7-12)

Schtartz constrrrctecl si.i ''takedown" cxclosures in
1936 in addit ion to lhc permanent ext losurcs.
' lhese 

were dcsigned to measure thc ef iects oI
regulatcd bror,".sing on vine maplc (\os. 7-9) and
huc,klcberrv (Nos. 10-12.|.  The three cxclosurcs
lbrming each scrics rrere less lhan 50 mcters trom
onc another. The original objectir 'e was lo al lol
nintering clk to blowse shrubs to predeter-mincd
l '  r e l .  ( 2J .  i 0 -  750^  u l i l i , / l r t i on  n ia r r r r r r u l  p ru , l ue -
t ion). closc thc c: iclosure-q and monitor shruh re-
sponsc (Schwartz 1939). Al l  erclosur-cs lrcrc
opened in spring I937 and closed perrnancntlv bv
19i18 (Schrvartz 1990 pers. comm.). Al l  data have
been lost.

C. C. Newrnan (1953) repaired six of the
Schwanz crclosures ancl sarnplccl r.egetation insidc
dnd outside lour in ]952 and 1951;. Irerccnt cover
\\ ,as esl imatcd as ( l0/o or as midpoints in l0 sub-
sequent classes at lOol) incrcmcnts. Shrub sterns
$crc counte.l  on 2.3 m'zcircular plots.

Newman Exclosures (Nos.  1,  2 ,  13,  17,  1B)

Ne$man constructed five varioLrslv sized exclosures
o1$or.en r,r ire lron 1953 to l95B (Table I ) .  Three
n'cre in Sitka sJ:rrucc stands in difl'erent rir.er val-
levs (Bogachicl,  No. 2: Hoh. No. l3; Queets. No.
I B). onc in a red alder stand (Eltha, No. l)  and
one along an old-lield/vine maplc ccotone (Queets,
No. l7). Three erclosures were establ ished al
parLicularly heavi lv grazcd sites (Nos. I .  l : i .  l7).
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T\ l l .F l  L ( ldr t inued.

Apparentl--v" No. 17 t 'as lo elalu:rte thc abi l i tv ol

vine mrple to recolonize an:rbandoned havl ield

in thr: absence of brorsing. \o. I 3 l as built mainlv

to delerminc i f  vine maplc antl  biglear mapre' re-

cluirc mineral soil to rcpro.luce liom se'ed: one h:rll

oi  thc r:xclosure and a ( orlesponding outside plot

rrclc spaded in 1 953.

l)crcenl cover b,v specie-r rras cslimated on ciShl
(foLrr inside. four outsicle) 2.3 m2 circular plots-

Plots rrerc cslabl i-shed svstcmalical lv. onc in ear'h

qualtcr r)f  the erclosure with a sinri lal  pattern
(usLral l l )outsiclc. DaLa t 'erc col lected by park Per-
sonnel reftr laf l !  through l965 ancl again in l9[t2.

although mcthods and scasons val ied.

Olymp c National Forest Exclosures (Nos.
24,25)

Tr ' o  0 .8  h . r  ' \ i  l n .  r f c .  r n , , l -  ,  l  " o r "n  r ' i r '  " - " "

cstabl ished in 1957 on clcarcul \ ' !estern hcm-

Iocl/ l 'acif ic sih'er l i r  stanrls logged in 1955; both

$'erc cssential lv i l l t i lct  in 1990. Logging slash rta-.

lcft  unburnecl at \o. 24 ancl brrrned at \o. 25.

One-hal l  ofcach erclosurc u'as planted t i lh 2-vear

old f)ouglas fir l.PrculoLsuEl nrr:rr:ierli) secdlings

and the othcr hal lrvns i l l lol led to rcgcncfale natu-

ral lv. l \ Iortal i tv an{l  gfo\{th rales werc mcasured

lnrrn 1957 to 1962 on 100 plantcd Dorrgl:rs i i r

seedlings inside ancl oulside each c\closufe (Hitr-

r ison 1963). -Qpccies r:omposil ion and covcr of

shrLrbs. grasscs anrl lbrbs lcle rneasurcrl  inside

\o .24  r JL r r i ng  1957  (B ren t  195 i ) .

Recent Samp es

Sthuartz Pennanent Extlosures. fiic cxaminecl
" i gh r  ,  r ,  l , ^ ' r r " .  l f L ,m  l r - , , 1h -  l q r r0  r r , ' r r e  s . r .  i n -

lacl.  Tree cornposit ion l las srmpled in six er-

c l osu le - "  (Nos .  3 .  11 .  19 .  21 .  22 .23 )  t r s i ng  one

ol two 100-,tr00 mz plots insicle ancl outside (the

t r ' u  r ,  n r r i r r i r r e  - i l . -  h r , l  l ' - e n  J l l ,  r , , l  l , !  F \ l P r ' - i \ ,

trccfal l  and r,;elc nr)L samplecl).  Core| oi lalgc or-

ganic dcbris (LOD)tlr l ;  csl imaLed and trcc uge \\as

obtaincd irrl all indivicluals in e:rch plot. either fiorn

incrrrncnt cores takcrl  close io thc ground or basal

sectjons of sapl ings I -4 crn in diamdr:r.  Overstorr

corcr \ \ 'as estim[lcd oreral l  and for ear:h spccics

to the nearcst l0 percent. lnsicle ancl outsidr: plrts

r lere comparable wilh rcsl)ed to olcNlor! coln

posit ion and covcr of LOD. l ' lots insir le e-tclosurts

\!ere placcd a minirnum of 2 nl fr-om icnccl ines.

rhi le outsidc ploLs $,ere al lcasL l0 m rnd LrsLral lr

rnuch i ir thcr lrom l i :nccl incs. Quinault Rire l  er

r: losurcs (Nos. l9-23) lc 're sarnplet l  bv l ' f ister and

l ' i istcr ( l9tt9) undcr orrr cl i lect ion. Sarnpl ing fo-

ursed on r inc rnaple age and rnorlrhologt in No.

4 (see tukcrJown e\closLrrcs).

Sthu:ortz 
'l'akedoun 

Ext:ktnLres. \\'c relot ated

thc sir takedoln c\( losures i l  1990. Whil t 'cx-

amining Lhe vine rnaple series. wc nol i(  ed tht l l  rp-

ical ly dorninant slem-r ot i€(indlcd either dircct[ '

f lom the grouncl or I iom branches oi oldtr slcns.

oncl slem oienti l l ion r:rr ied l iorn \ert ic lo

horizontal.  Therefole. 1\ ' t  mci isured agc, slern

icn$h (raLher than hcight alnve grountJ). nurnber.

diamctcr'. ancl morphology (oligintting lrlm branch

or ground rootcd) of stem-r > I cm- Sarnples $cr-rr

Lalen insidc \os. 7 and 9; lc also includcd \o.
: l  (pcrrr lanent) btcatrse r i tre Inapl l '  densitv tas

rrrrnparablc. Takedown \o. 8 $as not snmplcrJ be-

causc r ine rnaplc uas -sparse. l) iol  sizes r 'anged

from 9.5 r l4. i l  rn to 20 x 20 m lbl a total l fea

of 675 m'? insicle ancl 850 m'? outsidc. Rccri tr tse ex-

closures were placecl speci i ical l l  arourld clurnPs

of r ine rnaplc. ue clel iheratcl--v cstabl ished outsir lc

Ungulatc- t i r  rest Rclut ionships in 01vnr1ri t 'National l 'ark 10-t



pIrLs in stands har.ing comparable composition and
stem densrtv,

[ 'e measurrd dimensions of huckleberrl
c l . rmps  r - l e rn -  J r i - i np  f r om I  eo rnmon  ruu r  " r . r , n j
in 8.5 x l4 m plols inside and outside Nos. 1I
and 12. Erclosurc l0 was omitted because nucx-
lcberrv was urcomrnon. Outsicle plots rvere cho,
ser vhich had hucklebcrn-dominated shrub
layers. and olerslorv tvpes. slopes. aspccis and
geornorphic srrrfirces sirnilar to the cxdosures. S.c
counted the number ofstcms and mcasured height
ofthe tallcst stem. lcngth ancl wiclth ofeach clump.
(lanopv area was computed as an el l ipse' lrom rhc
length and 1r'idth. Scr.eral of thc largesl stcms at
each si le werc cut lcr l  clctermining age.

Neuntan Etclosures. We craminecl ali five Nerv-
man sites from l9B7-1990: two crclosures wcre
intact (Nos. I ancl 2). We measurcd cover ofshr-ubs
(1 r 4 m plots) and herbaccous specics (1 x I  m
plots) in t lasscs of < I " 1-5. 6-25, 26 50, 5t -75,
76-95. and 96-1000/0. Fourleen subplots tere
placed in a single 8 r 20 m macro plot insidc ex-
r'losures ancl distributed scven each in two B x 20
m macro plots outsiclc. As with the Schlartz ex-
closrrrcs. cover of LOD uas measured, and ages
of all trees ) I cm in diameter at the base rvcre
determined from trrrcs or basal disrs.

Ohmpic: \ational firrest lirlosares. We sam-
pJed sprcics conposition. age and grorvth (i.c.. dbh
and height) of trees on tt 'o (brrrnccl.  No. 25) or
threc (unburned. No. 24) 225 m'zplors inside and
oLrt ofeach exclosure. Wc sampled thc unplanted
site at No. 25 ancl thc planted sitc at No. 2,1. We
c rn i , l . r l  <nm l , l i no  , , t he r  . i r . s  bc . . r r - r  \ ,  e . t c t i nn
hcterogeneitv prerenlcd us f iom locating paired
plots in and out of exclosurcs.

Photographs. In addition ro sumpling vcgeta-
t ion. r le erarninecl historic photographs. We 1o-
cated 4fl photos of Scbt'ar-tz exclosures frorn
construrt ion through 1980. 3,19 photos or sl ides
olNcrrman e:tclosures. and 2 phoLos ofthe Forest
Sen'ice cxclosures.

An;: vsis. interprelal ion. and prcsentation of
data from all lour groups of exclosures posed cer-
tain dif l icult ics. Althorrgh the total number of ex-
closures is large. onlv four vegetation tvpcs were
repl irrtcd (see Tablc l) .  Wirhin these groups, sorle
e:tclosures werc not found. or appearcd to be atyp-
ical fbr- r-casons other-than herbivol, .  or included
too fet ' individuals (rart icularly- trccs) to provide
meaningful condusions. Thcrefore, our plesenta-

lion is mostl,v narrative and focuses on replicaled
comparisons; statisticai tleatmenls are limitcd to ro-
hJ - t  t . r t s  t { i t h  r h ,  i e r , e - r  r r nJ ,  r h i r r ; l  J - -um l t i . r r - .
Perccntage data rras transformed bv thc arcsine ol
the square root before analvsis. Intcrpretations from
rneirsLrrcments werc a]'so compired to the photos.

Results

Wc believe that all exclosures nere initially eflcc,
t ive in excluding elk and deer. Fcnces,"c'c gerer-
al ly at least 2.5 m high with consrruction which
appcared to prcclude Lrngulates. but not smallcr
herbivorcs such as snowshoe harcs \Lepu amei-
cozrer) and roclents. Wc do not know horv long
some cxclosures ver.e effectir.e (Tablc 1). Sevcral
ofthe Schlvartz exclosurcs were in clisrepair bv the
early 1950's (\orman 1953), bur some rverc
enough intatl that Neivman considcred repairs
worthwhile.

Herbaceous Understory

Results from the Schvarlz exclosure-q showed that
understorv vc€ietation r-esponded c1uicki1,, and
changes pcrsisted ftrr at least 21 vears (Table 2).
Specif ical lv, grass co!er decreased and ferns
tended to increase. Similarlyj  grass covcr
decreascd vith timc inside lour of five Ncrlnan
exclosures while forbs and ferns gcnerally shorved
paral lcl  changes in and our (1able 3).

Data from Ncr.man exclosures wcre recordcd
by species. providing informarion abour changes
in specics richness ofibrbs. During rhe first three
years ofmeasurcments at No. I  on thc Eltha, f ive
to eight spccies rerc cncounter-cd inside and fi\'e
to seven outside. Aftcr 31 years, youth-on-a€{e
\'Iblniea menziesii) completcly dominatcd the hcr-
baceous lavcr inside. r'hile eight species of ftrr.bs
occun-cd in outside plots. At the other four sites.
data col lected unti t  1965 shon,ed that coler ol
clover (7hlol iuzr spp.) (Nos. 2, 13. 17), l ivcrlrorrs
(\o. 2), buttercup (RanunculrLt repelt) (Nos. 2. | 7)
and dandclion (Toraxacurn ot'ftcinaLe andlor per-
haps Hlpoclmeis radicata) (No. l7) declined in-
side extlosures but persisted outside. Orcgon oxalis
loxali^t oreganal (No. 1B), dock (Rumer spp.) (\o.
13), and chickteed (.SteLlaria spp.l (No. 1) had
similar cover in ancl out of exclosures. Thus. spe-
r: ies r ichness of forbs outside ercL,sures las

€ireater thnn or equal to richncss inside and total
cover of forbs tended to be grcatcr outsidc ex-
closurcs bv 1987.
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Photographs Eicnclallv corrobofaled nleasure-
mcnts. Thc mosL str- iking changes in ve€ietat ion oc-
curred ibl lol ing Lrngulatc cxchrsion frorn planL
communit ies !,rhere Llnderstories rrere dominated
initialll- b1 grasses or grass-likc plants, as opposed
to rnoss ancl s$'ofdfefn dominaLed sites (compare

Figures 2 ancl li). These relationships held in both
coniler l ;rests and alder,. tands. reprcscntcd irr
both Schlartz and \c1rm1rn cxclosLu, 's.

Shrubs

Shruh species. particularlv salmonbcnv and huck-
lebcrrr.  incrcascd inside both the Schwartz antl
Ncwrnan cxclosures (Tables 2 and 3). This oc-
currecl in all lorest lvpes and 1\as supportccl bv tht:
photographs.

Our mcasulonenls focused on huclleberr,v at
\o-..  1I and 12. Hucklcbcrl ics produce mult iple
slems from a single root mass. and each clump
seemed to leprescnt an incl ividual plant. Fi i tv- l 'our
r , . r r -  p u - t - - . t r L 1 i . l r r n - n t . ,  l . r m l ,  d e n . i t r  s r .  - i m i -

lal inside and out. however crmopv dimcnsions and
numbcrs o[ irrr l i r idrra] stem-. \ ' !ere ! leater inside
(Table 4). Canop,v arca in,.idc $as gfeaLef llv a fac-
tor of rrearlv nr 'o. Eflects pe$isted evcn aftcr lhc
cxclosurcs had collapsed because ungulates rarelv
consLlmed thick, $oodv stems. Thc largcsl sLem
n'c found had :tr crn basal diameter and t'as 32
vears old.

Lower Tree Canopy

Nearl_v :r11r.ine maplc inclivirluals cstaLlishecl both
in and ouL olexclosures sirce construction in I936
(Figure .1). Hot 'evcr. modc of cst lbl ishmenl and
morpholog-"- lras affected br Lrngulates. Cround-
rooted individuals (establishccl lrom scccl or lateral
root buds) plcdorrinatccl inside erclosures. thi le
br-anches that nchieved apical dominancc aftcr the
mai Lrunl hacl lal len t,ere the source of nc$ in-
t l jv icluals outsidc (Figure ztr).

Agc and strnr Jength oItohorts lere compared
in-" icle and out of exclosules (Figurc 5). Thr
majori tv of voung sLems oulside tended to be
shorter than 2 m. r 'hi le lnanv stcrns insidc u'ere
longer than 2 rrr (Figure 5a). Stem lcngth ol 15
to 29-ycarl ld trccs shored similal bel l--shaped dis-
tr ibutions both insidc and oLrt (Figurc 5b). Final lr .
cohorts oldcf lhan 29 rears outside fel l
predorninantl l  into t \{o stcm clusscs anrl $ere
rarelv longcl th.rn 8 m (Figurc 5<).

Overstory

Sre sarr relativelv felr' consistcnl cffccts of hcr-
bivorv on or 'er-" lorv composit ion in Schlartz and
Nclman crclrsures. Ther lere simplv loo small
to contain enoupih indivicluals to gire conclusirc
rcsults. The onl l  repl icaLed results carne l iom \o-".
3 and lB l i th hemlock oversto cs and signif icant
LOD irrsitlc (221'/o. 38tlol and out ( 1 60i. il8olr).
\ ' f trre rester-n hemlocl establ ishcd insidc Nos. 3

i22 str:rrs) and l{ j  (19 stems) compared with out-
s i de  ( \ o .3 .  1 .1  s t cms ;  \ o .  IB ,  z l  s t r :ms )  f o l l r r i ng
e\closure construction. ln contrast, morc Sitka
spmcc cslabl ishcd outsicle (No. 3. I5 slernsl No.
1 8 . 5  s t e m s )  t h a n  i n  ( \ o . 3 . 2  s t e m s ;  N o .  1 8 , 0
stems).

Rcsults f i-om thc Olympic \at ional Forest e\ '
clo-sules showetl that totd dcnsitv (li\.ing and deadj
and clensity of stems living alier 33 ,venrs t'ere

€ircatcl insidc crcbsures for Pacif ic si lrer f i r  and
\resLern red cedar ( lable 5). Densitv of l iv ing
f)ouglas-l ir  dicl  not dif lcr in ancl oLrt oi \o. 24. brrt
lhcre were more dead stems outside. We dit l  not
sample the planted polt ion of No. 25.

Discussion

Ut ity of Exc osure Stud es

Although thcsr car\ crclosurcs provirJe insight inLo
the clfects of herbivorl ' .  suhsequent ungulate
biologists rvouicl likcly considcr lhem to be t(x) small
(c.g..  Headv 196[J). becruse l inces of small  ex-
closurcs rnav altcr microrl imaLe and grazing inten-
sitv. Ve do not knolr thr pr-orinri tv of frnccs to
mosl plols lLsed to sample ve€ietat ion in thc origi-
nal studies. Hot'ever, scvcral surr i \ ing sanrplc
points outside Nos. l .  3, and 22 were rr i thin :r le$
nlelers of the 1ence. possiblv cxaggcrrting lcvcls
of hcrbivorl  sampled b1 Scfi larLz and \ewrnan.
The rugged construction of crclosurcs ma,v hale
interfeled with normal air cu ents and plovidcd
additional shade: lher ma,' har'e harborecl a Lrrger
Lhan normal snowshoe hare popul.rt ion (Sharpc

I956). Tal lcr plants sccn alorg fencrel ines todav
rnu lre explained bv greater ]ieiht interceptron
and/or by rccluccd conrpcti t ion lrom grazed plants
oLrLsicle fencel ines. Also, vegetation contrasts mrv
halc bccn exaggerated in the Schwartz exclosures
because thcv ncrc locatcd on heavi l ,v grazecl siLes.

Thcsc cavcals granted. re bel iere the pl imat,v
inflLrence on regetation changc r,".as thc cxclusion
of ungulate,..  Our rcsul ls mav fcl lecL r lngulate

10,1 Woodvalt l .  Schlcincr. Houston. and Nloorhead



1958

1962

F i g r r r r l 2 ' I l s i r l c \ o ' l 8 r l o n g L l r . Q u e e | s
chtngc in composirirn or sundirg dop has orturred in rhc moss (Ht1..dntr1m.rpleadensl and o\alis dominaL.d plant

comn, , ,n i t l  on  lh is  u t te f  l r r ra r . i
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Fi l lu re  3 .  Nunrber  13  on  r i ,  l l oh  Bncr  a t  2  re ! rs .  6  !cer ! .  an , l  l2  i , .a rs
lr)st eslablishlrenL. \ore i,rjfe6ed stundirg ijrop ofgflsses ini
rilllr. $hr.li aere disr)hce.l b! silnontretr. A sr$sntomniar,!J
cor'r'unil\ with scark.ql ferrrs persisLs outsid.. Note rhc rlecon-
pos i tn ,n  o f rhe  k rg  a t  le l t  b lc tgn , , rDd ar ( l  the  gro$ th  ra l { ,  , ) t  the

,i

I

1955

t959

1965
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T, \B t .F i1 .  Comprr isdr  o f  es fub l i+ lnent  Dd orL iva l  o I  Prc in r  s i l ver  1 l r .  v .sLen red  ccr la .  rn r l  res t . r r r  hcmlock  i r r  anr l  ou t  o l

nro $rtrxrrres esrablnhrd in cle.f.urs. Slash i{!s l!.ntd in one r L,arcut (No. 251 atrd lefr nr rh, oth.r {No. 2'rl. l)(n,glas fif

i fus  sanry le t l  on lv  a r  \o .  2 ,1 .  RorLrs  a re  rhe  nrar r  rJ r i lo  p loc  ( \ , ) .  25)  o r  r l r f t \ ]  p l .ns  (No.  2 l l  io  and ou t  o l  t i r . losu fes .
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Total Stems G rou nd
Rooted

l i gure  1 .  I l s ruh l i shmerr  o lv i , r 'nap le  snr fe  rx , losure  consr .uc

t id r  n r  1936.  \ ( ia r l )  J l l  s rems i r r  a rd  ou t  o fe rchsr r res

hare  e* tab l i shed s ln (  1936 ( le f i ) ,  rh i l r  a  h igher

p.fl.ntage {!l I) : 0.060) ol sl.ms insde excGun s

are  Fu, . ( l -n lned ( r lgh t l .

herbivory at Lhe high cnd r l1 the grazing intensitv

gradient dcscribed e.rr l icr ' .  because a high lelel of

grazing l a-s prcrequisitc l)r sitinp! mdnv exclosures
(Schlarlz 1990 pers. com.). OI 22 erclosures

examined bv us in the park, onlv onc vas on a val_

lev wall .  scven t 'erc on "Llpper lcrraces." tcn $ere

on 'Lrwer" tcrraces and lour $'erf on tal lev f loof

sites vherc lerrace levcl could not be determined.

Effects of Ungulates on Vegetatlon

Lrnlersto4'. The greatcst { hanEics in herbaccous un

derstory t.cgdation resulting from cxtlusion of un-

Elulatcs occurred in cornmunitics initiall-l c|rminatecl

br grasses or grass likc plants. Spccifically, grass

covcr decreased, dbundancc arrd height of lern-"

usualLv incrcased. spccies r ichncss oi lbrbs

dccreased. and folb corer usuall-'_ decrcasecl. Be

cause the dearrease in gra-"s covcr- r'r'as not nc( es-

sarilv linkccl to an incrcasc in forb cover. unguhtcs

r1 ' p . r r . r r t h  d i , l  n , , l  med i r l .  . r  , l i r ' ' r t  eum l ' - t i l i r e

relal ionship benleen grasses and forbs. Forb spe-

cies that clecl incd in the abscnce ol ungulates in

clucled clolcr. buttercup, and dandelion-a

fesponse possibly cxplained b,v trampling tolcrance

and greatcr l ight requircments. ln contrast, voulh-

on-age lhrivcd in the abscnce of grazing at No. I  .

perhaps reflecting shade lolerance. \lorcorer. bc-

caose clor.cr-.  buttercup, and dandelion are in'

troduccd specics. oLlr rcsults suPport thc

h-vpoLhesis thal most introduced plants mav be-

comc lcss abundant in the abscnce of distLlrbancc
(Ha rpe r  l 9?7 ) .

Shrubs. In the absence ofungulates. shrub -" ize

and stem dcnsity incrcased. p{r ' t icularlv salmon'

berry and hucklcbcrr l .  t ' i th possiblc effects on

other la,vers. The conscquent increase in sbade is

an addit ional environmental modif icat ion due to

Unglr late-Forcst Relat ionships in Olvmpic National Park 107



b) 15-29 Ysars

Figu , .  5 .  l l j n f ibur i ( ,n  o l  * rn r  tengrh  I  asses  to r  rh r !  age co-
h o a s o i i i r r . n r p L , r r  \ o s .  j .  i .  a r d  g  t f o h h i n c . l ) .
n rersL , f i i  ;1  r fd rs  t rFr  esra | t i ,h rm, , , , .  ronr |anson
s  nu(1 , .ber \ . .n  s rdrs  i { ro } ing  insn l , .dnd o ! rs i i le

. \ r1 ( , . , ,h .

herbivon crpericnced bv tht,  herbaccous laver.
Competit iorr with shrubs h:rs bccn uscd bv others
lo erplairr rerJuced I)ouglas-l ir  r .egerneraLion insiclc
exclosur-es cornparccl l i th out iHanley and Taber.
1980 ) .

ItnLer Tree C'onop_r. \iine rnaple is c,onsurncd
bv both clk and deer. ( l  ,esl ir :  er al.  J 98,1). Irr spire
ofi ts abi l i tr  to gnrl  beronri the reach or rrnguratr:s.
i ts l i fc '  hi-qLorv docs noL al lorv ir  to avoir l  her.bivon.
{  n r r r r r r ' r r r r .  t r  .  f l ,  r i l , l ,  r r r D l - h e r , , l t , , r l r - g r , , u r , r i
(Anclerson 1969). Ihich rnaLes fol iagc ancl rr, ; igs
avai lable to ungLrlates. tn addit ion. basal sprr,, , is
ar-c br-olsed. Their pcrsistcnce in the preserrcc o1'

Lrngulatcs rnav be al the e\pense ol strnr length
grol lh. Stems rerc longcr and distr ibuted in morc
sLcln length r lasses in the absencc ol ungulatcs.
Tn addit jon. \rc slrspcct that ungrrlates l imited cs
tabl ishment ol vinc maplc l i .orn ,.ceds or.bl latcral
r ' , , , t  b . r d . .  t h u -  ,  r r , . , r r r J g i r r s  . r  , . l . r r n p - , 1  , l i - r r i -
bution.

Or:errnrrr.  ' l 'he 
abi l iLv ol ungulates to irr l luenlc

lhc evcntual composit ion ol thc orer.stor.y (b,r.
diilercntiallv alli'cr ing spccies rccr.uiLment) coulil
n(rt  br del.nnined. ITrrgulates soemcd to inl luencc
rccrultmcDt Lrnder ccrtain circurnstanct,s, In t .al-
lel  f loor si tcs thcre largc organic dcbri-s (LOD|
$as prescnt and lr,eslcrn hcmlock clominatecl tht:
orerstolv. clk mav have irnpaircd establ i-sl trnent ol
hcmlrx:k irr  far.or ol Sitka sprucc. [ ,ngulates in
hibitccl establ ishmcnt of r lestern redccdar and pa-
ci l ic si lrer l i r  in Olyrnpic Narional For.esL clciut.rr l , .
sulrouncied bv maLurc lbrests dLrr ing rhc 1950.s.
L)ur rcsul ls shoning greatcr nonali tv oi pJanted
Douglas-f ir  ourside \o. 24 contr.asrs rvith those o1
Hanlcv and labcr (19130) showing grearer rnor--
Lal i tv of planted DoLrgla-s-f ir .  insidc erclosures.

1lre efli'ct of ungLrlate herbir.orv in thesc lbresrs
is compLer and thc intensitv of herbi, ,on, r. :rr ies
consir lcrablv in t irnc:rnd space. Oulr,aried rr:sulLs.
parl;culaf lv r{ i th rel ircnce to r, ;eslern henrlock cs_
tabl ishmcnt. i l lusrrarc rhesc points. Addit ional lv.
results frorn sanrpl ing lree agc disrr ibutions (Har-
rnon and FranLlin 191J3) did nor supp{rrr the
hvpothesis thal \rcstern henrlock sapl ing,. on rhc
South Folk I loh Rir,cr became establ ishcd rvhcn
clk dcnsi l ies tere Jol (rJue to {}ver hLrnting at the
lufn oi thc cenLrrr\ . . i .  Hcxtever. rnorc recent obser.-
vahons ol tr ,{) intact 0.5-ha cxclosures t:stabl ishccl
in l9BO on the South Fork IIoh Rir.er snon.rrrur
clk do hindcr hernlock cstabl ishrnent (Hermon

lers. comm.. Schreirrcr..  pers. obs.).  
' l 'hr:se 

con-
lfasling rcsulls su€lgest thal ungulatc effcct-e (rn tree
cstabl ishment varv temporal lv and spatial lv.

'l 
hesr: cxclosures gcnerallv r.eprcserrr cxanrplcs

, , l  l . r i r h  i n re r r -  he rL i r o r r ,  L l k  - ubp , , t , . r l . r r i , , r r -  n r , n
r r r \ '  . t  - l  l , i t - - c , l  t h f , , . l € . h  J I  e I r r p t i r , , , r e r - l r L ru l
( Jcnk ins  19 [ ] l  ) l hen  t he  f i r s t  e r c l osu rcs  l e r c  es -
talr l ished in the l93O's (\ \oodlarr l  et al.  I9L)iJl .
Thus. lcr.els of herbivorv rne:rsrrred irr i t ial lr  mav
ha\e bcen more intense than subsequenL Jcvels.
Br thc laLc 1950's. \olman (1 95f] l  consir ler.cci
that elk and r,egctat ion harl reachcd rccepraDte
eqrri l ibl ia in the park. the cLrrrent vie* as tel l
(Jcnl ins I 9111 . Schreiner er a1. submitterl) .  Wc be-
l ievc these cxclosures i l lush.aLr: the gcneral natur.t :

c) 30-54 Y€ars

. e . l o . l l . l , . 1 3 a

S!.m L.n$h Ctd. (n)

. s . e . l a l l . 1 , . -
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o{ ungulate hcrbirolv in $,esLern (Jlvnpic Penin-

suh lorcsts. although lhe intensih ol eflitts t}:rnge

}ith ungulatc clensity.

Ungu ates and Forest Dynamics

Fotest processes opcrate at a varieiv of scales.

sornc $hich can be inl lucnced bv ungulale her-

birorv and some which cannot. Formation of

canopr'  r) lenings ( i .e..  gaps; see Platt and Strong

1989) is an irnpoltrnl process inf lLLencing l i r lesL

conposit ion at lar ious t ime interlds and :rt  both

l inc- and coarsc-glained spatial scalcs Fine

gfained gaps are creatcd by insect. rool pathogcn.

ancl $ind induccd rnor-tal i tv of one to a lc$ trees

(Spies and Frankl in 1989). These small  gaps arc

produccd so Irecpcntlr that dif fcrential cstabl ish-

ment ol vari{rLrs tree spccies in them rnav changc

thc cornpo-sit ion of Lhe canop,v oler t inrc. The er-

closurc stlldies rcflccL lhe elftcts of herbilorv at

lhcse fine-grainecl. reldtivcl] short duralion scales

,\t such scales. ungulates seem capable of in(lLrenc-

i r r g  t l r  d i r ec t i un  . r r r d  r . r t ,  , ' f  l , l r n l  - r r , , . - ' i nn

I lo*ever. chronic disturbances opcraLing at

small spatial scales ovcr shorl tilnc li-ames arc over-

r idden bv larger. lanclscape-scale distLrrbances.
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