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Abstract
'lhe 

purpose o{ this srud\ $!s r(, (l).lesoibe reFerationrl msprn*.to \arious lelels o{ conrrolldl r(r'r.aLn'ral trampling anil (2)

explore rariotion in r.sponse hetseen different regehlion 1\txrs and species- Better inforna(ion on the abililt of leget.tion to resjn

and recorer Iron dumas is needed bv park and wil(hrncss n,anagers ro minnnize impacls c{uscd hi .edeationists. Four veseralion

t\pes $ere tfampld !r i,,r,insiri.s rhat ranged {rom 25 ro 700 tiD.s. Responses shortLr dllrr trahtling ard after one lear oi recov

Iri $ere docnmenred. Vcs(rlLiooal r.sfonse laried signiliclnrh hnh $ith trampling intenslw and bet${rJr v(ig.ration t!pes. A sedge

rneador domniaterl br bluck a\,irrc sedge wm about 25 times mon i,sistart to trampLing damugc Lhan a srbalpine {orb nreador.

in *hich Sitka raleriar $a th(i nbst abundanr species. Rc@r.n drrilg the ver that folloqcd tranpliDg $as greatesr in rhe {orb

meador': ir $as h$.st in th(i h$ legelation ir-pes dominakd hi soodv species heather and mourLaiD boxvood. The resistanrr

and resilien<r.oi indiridual species ivas also rlss(sscd. ,srlecies resistturce appelrs ro bc d.r.rmined prinarih bI rhe sratur(i. !.'

rargcncrt. ard roughnessiflexjbilitr ol ar:rial tissues. Resilience appears to bi, d.t(irnired by the location anrl td,shncss ol peren

nating rissues ard b_v the groi{th rakr ,)l (g.n.raling tissues. These rcsulLs harr immediate applicotion lo rui,atio,, maoagefs and

als,, incrcase our b.sic und.Nran{lins of disrurbance ecolo$.

Introduction

The nature of disturbancc in natural commurlnes
has generated considerable intclcst among ecolo-
gists (Souza l9B4). [Iuch basic resealch has bcen
()nd(rcted on vegetational responses to natural dis-
turbance aplcnts such as llre. l,ind. landsliclcs, and
volcanic eruptions (White 1979). Applied ecolo'
gists have complcmcnted this rvork with stuclics of
human-caused disturbances. from relatir,el,v local-
ized disturbancrs such a-s oil spills (Hutchinson and
Freedman l97B) and lhe eonstrudion of n' intcr
scismie trai ls (Fel ir  ancl l laynolds l9{:}9). to more
widespread disturbances such as livestock €irazing
and logging (\ale I9B2).

Orre di-trrh.rrree cF, nt th.rt  has lre, ' ,me irrcre.t-
inglv important in recenl decades is thc rr:crea-
tiollist. Substantial qllantities ofland have been sct
rside as national parLs and t'ilderness for the pur-
pose of ndturc presrrrat ion. Such places arc also
available for recreational usc. horlcver. and recrea-
tional use ofthese lvildlands has increased dramat-
i ca l l y .  Th i s  L l se  common ly  comprom ises
preservation goals. Onc of the rnosl se ous tvpes
of recreational impact is damagc to vegetalion
causecl b-v trampling at campsites and along trails.
ParL and rvildcrncss managers often seek to con-
trol such impacts by restricting amounl of use or

l ' \  c l l rm l l i ng  l o  ch rn r re l  us |  o r r l o  l he  \ cge l . r l i on

types thflt nrc most durable. To do this effcctively,

managers need information about \.eget;:rtion re-
sponse to diffcrcnt lcvels oflrampJing stress, as $cil
as about the relative durabiJity of diffcrent vegeta-
t ion lypes.

The objcctivc of this paper is to dcscribe the
effects of recreational trampJing on \.cgdation in
thc northern Cascade l lountains of S'ashington.
Sp . ,  i f i ,  a l l ! .  i t  r epo r l "  l he  r ' su l l -  u f  c \ pc f imen r -
in which carefully controllcd lcvels oftrampling are
appJied to r.egctation plots. Several experimcntal
trampling studies ha!e alreadv bccn conducted in
the mountains of wcstern S'ashington. Bell ancl
Bl iss (1973) and Schreiner (1974) studicd thc ini-
tial trampling rcsponses oi alpine and subalpine
meadon' communit ies in the Olympic f i lountains.
Singcr (1971) studied the trampling rcsponse of
an alpine cornmunitv on Slt.  Rainicr. This paper
e)itends this rcscarch by describing the results o1
trampling crpcrirnenls in four !egetation l-vpcs from
the northeaslern Cascaclc Xlountains. Compared
r, i th earl ier work. this stud,v cxamined a broader
range o[ vegetation tvpcs, from nontane fbrest to
a$ine meador'. and includcd both initiai damage
and subsequcnl rccoverv.

Methods

Study S tes

The four study sites wcrc located on the Okanogan
National lorest. along the crest and east slopc
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of thc Cascadc Nlountains. Onc sitc (dcnotcd b,l

lhe generic narne oI lhe most abundant undcrstorv
plant. Pachistinnj $as located at an ele\.ation of
ahrut 760 m along the upper l \{ethow River. I t  vas

charactcrizcd b_v a modcratcl,v dcnsc trcc canopy
(50-75olr cover) entirel,v of Douglas-f ir  (Aeulot-

srrga menziesii). t'ith a relativelv sparse undenton

entirely of Douglas-fir. Associated groundcor.cr
plants were only moderalelv dense and consist
primuiiy of shrubs. parlicularlv mountain boxnood
(Pachistinto nrrsiniLcsJ (Table l). Nomenr:lature

ftr l lots Hitchcock and Cronquist (1973).

Ti'o of the olher vegetation tvpes occurred in-

tcrmixccl rdth cach othcr in a mosaic of subalpinc
lbrest and meadow mear Harts Pass; eleration was

about 1750 m. Both htd an or.crstorr' ofsubalpinc

$r (Abies ktsiocarya), r'ith a smaller number ol
large Engelmann spruce (Piceo engelmonnii\. The
groundcover of one tvpe (.|'hllktdocel

nated bv a dense cover of low shrubs. part icularlv
hcathcr ( Ptqllodoce enpetnlomnr) and hucklebern'
(Vaccirtium Drcmbranaceum). The other type
(Volenaaa) was charactcrizcd b]' d dcnsc covcr o{
tal l  broad-leaved herbs. ofthich valerian (Uoleri-

ono sirclre rir) r'as most abundant. These ground-
covers occLrrred both rrnder and alvay from thc
forcst canopv. \lost of thc cxpcrimcntal units vere
in small openings. but adjacent to fbrest.

The final type (Care.r) tas a sedge meadot', lo-
cated on the slopes o{ Slate Peak at an elevation
olabout 2000 m. Thc sitcs vcrc loc{tcd in svales
where snoif lnelt  is unusuallv Jatc; the dominant
spccics n'as black alpine sedge (Carer nigricans).
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Fie d lvethods

Four replicate sets ofexperimental trampling lanes
were esLablished in each regetation type. Each set
consisted of f ivc lancs. cach 0.5 m widc and I.5
m long. V hcrc thc lanes occu ed on a slope. the,v
rlere oriented parallel to contours. Treatrnents were
randomly assi€ined to lanes. One lane ir'as a con
Lrol and receivcd no trampling. The other lanes
re r .e i r eJ  e i r he r  2 - .  i j .  2 { l { , .  o r  i { ) l t l ' a - -e -  i n  t h ree
of the four vegdation typcs. Tn thc founh tvpc
(Carer), t'hich rvas highly resistant to impact, treat
ments tere 75, 200. 5(X). and 700 passes. A pass
\,ras a onc-\\'av l,;alk, at a natural gait, along thc
lane. The teight oi the tramplefs was about 70
kg and tramplers r,".ore lug-soled boots.

Sleasurernents n'ere taken on each lane in tt'o
adjacent 30 X 50-cm subplots. In each subplot.
thc cor.cr of cach \.rscular plant spccics. and of
lichens and mosses. ilas estimated. TrampJing
lrcatmenls r lere adninistered in July l9BB. lni-
tial measurements $,ere taken immediately beibre
trampling. Followup mcasuremcnts rcrc takcn
about t$,o weeLs afteI trampling occurrerl and again
onc vcar aftcr trampling.

Data Ana ysis

The prirnary response lariable [or eadr r 'egetat ion
tvpe 1las relntive ve€ietation covel. a measure of
the proporl ion of original vcgctat ion lhal survrvcs
trampling. adjusted for changes on conlrols. It was
calculaled b,v (1) summing thc covcrs of al l  in-
dividual spccies to obtain total cover and then (2)
r:alculating relatire !egelation co!er as:

r r r r r i n r  , . r . r  , , n  L  r m r l , , l  . u L u l . , r .'  
. . 1 r 1 0 0 , .

niitial corer on ranpled snbplots

of trampling and vith vcgetation tvpe (analysis ol
variance, p < 0.001). fhe interaction betrveen
thesc two main cffccts r,as also significant. but the
magniLude of this interaction effecr was negligiblc
compared t'ith the main effects.

Th ,  r , l . r t i un .h ip  b '  t u '  r ' n  r c l . r t i r e  \ c3 r ' l . r l i on
covcr and amount of trampling for the four vege-
tation tvpcs is illustratcd in Figure 1. Nlean rela-
l i \  F  \ rB - l r l i , , n  ,  u r , . r  r nJ  s t rnJ . r r r l  i  r r u r -  J r c  g i \ cn
lor measuremenLs after t fampling and aftcr onc

)c . r r  o l  r eco \e r \ .  S  i t h  on l r  " r r "  c \ cp f l i on .  \ esc -
tation cor.cr dcclincd with cach suc,ccssl'e ucre:rse
in nLrmbcr of passes. In thc C'arer typc. no r.cgcta-
Lion co,rer $as lost unti l  lhe lrampling intensit l '
reached 200 passes. W;th the erception of thc
Valeiono tvpe, the relat ionship between relat ivc
cover and amount of lramplinei lras generally Jin-
car. ln the Valeiona rype. substantial vegetation
was l{)sL al low levels ol ' trarnpl ing. bul add;t ional
increments of trampling caused successivelv less
damage. This r:urvilinear relationship is more srmF
lar to that reported elser{here (Cole 1985).

The mosl resistant legetat ion lype was clcar' ly
the Carex type. Seventv-live passes resulted in n.)
covcr loss and. cr.cn on lbc 200-pass lanc, only
a trained observer vould have noticed the tram-
pJing impact. Relat i \ .e cover was st i l l  62 percent
after 500 passes. 

'Ibe 
I'at:histima type was also

quite resistant. Cover loss occurred more rapicllv
than in the Caret type, although the dillerence be-
twccn thc tvpcs was not statistically signilicant.
RelaLive cover on Lhis t lpe was 8l perccnt aftcr
75 passes ancl 55 percent after 500 passes. Ol
rnore imporlance. ho*,erer, was the facl thal dan-
age was much more apparent in the Par:histimo
t,vpe. Broken branches and stlipped leaves on
shrubs rccrc apparent aftcr just 75 passcs, and a
path rvas leadi lr  apparenL aftef 200 passes.

'l'hc 
othcr tilo ve€tetation types were signifi'

cantlv less resisLanL. The Pbllot lot:e tvpc hacl a
relative co\.er of 67 percent after 75 passes and
only 6 percent alier 500 passes. An obvior.rs path
had dcvcloptd aftcr onl.v 75 passcs. The Valen
a.rDd Lrpe was signif icantlv more fragi le than even
the lth,tllodoce type. llelative cover \{as reduced
b1- more than 50 percent af lcr jusl 25 passcs; 500
passes eliminated all but a 1et'plants (20lo relative
covcr). An obvious path had clcvclopccl aftcr just

2i> passes and. alter 75 passes. al l  upright sterns
had been eliminated.

initial .o!er on connrl subplots

srn  iy ing  (o ! . r , ,n  (on l ro l  $ ,h t , lo ts

Relative ve€ietation cover after trampling and af-
ter ()ne vear of rccovcrv was calculalcr l  f tr l -cach
trampirng trcdtmcnt.

For thc most rvidcsprcacl incliviclual spcc,ics it
was also possible Lo calculaLe relat ire cover. For
most species. however, it $'as onl,v possible to dis-
cuss their response in qLral i lal ive terms.

Results and Discussion

Response of Vegetat on Types

The immecliate response of vegetation cover l .)
trampling dif{ered significantly both t'ith amount

Vegetation Rcsponsc to Rccrr:at ional I) isturbancc 231
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Diffcrcnces bet1\een ,'egetation tvpes and lram-
pling tfcatmcnts cleclined somewhat in thc vear 1b1-
loxing trampling; holever. bc,th main cf lccts,
vegetation typc and amount of trampling-t 'ere
highlv signif icant (p < 0.(X)l).  Thc rnteractron
bclwccn the two r\,as noL.

One vear-afLer lrampling. cl isturbance rvas dif-
f icult  to detecL on al l  bLrt thc most heavi lv tram-

1 '1 ,  J  1 . r r r , .  i l  bo th  t l r e  Ca , " ,  t nJ  l a l c i a t t o  t t t e - .
Both ofthcse types recorere.l substantially duing
thc vear aliel trampling was curtailed. In the Ca-
ren tvpe. relat j \e covrr $as 62 percent aftef 500
tlampling fasses; onc vcar later. relative cover had
incretrsed to 95 pcrccnt. ln the case of the VaLeri-
ana tvpe. lhe amount of rccoverv that ocourred
ovcr the vear lras even morc dramatic. Relat i , 'e
covcr increased from tro percrnt allcr 500 p:r.sses.
lo 66 percent one lear iater. Thcse two types.
wh i ch  d i f f e red  mosL  i n  t he i r  i n i t i a l

response to trampling, were not significantly rliffer-
enl alter onc vear of recovery,

The Phllodoce and Paclrritirna types remained
signif icantlv more damagcd than the other tvpes
aftcl the vear of recovelv. In each of these typcs.
thc 75-pass lane remaincd obviorrsly darnagcd
cven alier a vear irithout disturbance- The rcla-
tivc cover of these l!v{) tvp(:s rlas not significantly
diffcrcnt. but their resJronse ovcr the vear of recrrv-
erv nas diflerent. The Phlllodoce rtpe. thich had
bccn more substantial lv damaged init ial lv, rc-
mained relativelv unchanged over the vcar ol
recovery. Only lhc lane trampled 500 t imcs ex
perienced an incrcasc in cover of rnorc than f i le
percenl. On this t ,vpc i t  Ias prirnari ly irrbs that
rccovered nol PhlLotloce empetiformi;, C,cxer on
lhc PacAiistirna type actrall-v dcclined. XIanl' shrub
br-anches surr.ived trampling dnmage lbr a short
timc, but died during the follot'inp1 winter. Relativc

400

100

NUMBER OF PASSES

Figure l. lh. rlltionshif |el$een legetatirn d,vtr und unount o{ trarrplilg ir tl\: (i) Pachiltind, tBt Cnre\ rc) Ph.rttodoc..
and (l)) l,i"l{,aono legetation nprs. Bars arr one stardard enor.
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co!er afler 500 passes i{a-s 550i, but after one veru
o1 "recovery." cor.er had declinecl to just 3690.

The durabiJitv o[ any vegetdtion tvpe is a reflec-
tion ol both its abiJity to resist being disturbcd bv
trampling and its ability to reco\.er fiom trampling
clisturbance. The terrninologv uscd lvhen desc b-
inli thcse t\'\'o propefiies is <onfusing. We follow
Cole ( l9BB). Kel ly and Halrvel l  ( i  990). and Sun
a n d  T . i , l , l l ,  r l 9 9 l r i n  u - i n g  t l r e  t c r m  r p . i r / d n ,  p

$hen refe|ring to the abilitv oi an ecosystem to rc-
sist change l,hen subjettcd to disturbance. This
pr-opcrtv has also been called inertia b,v Orians
(1975). Cairns and f) ickson (1977), Westman
(1978) and Crime (1979). Rcsistance to trampling
rvas assessed wilh data on immediate responses to
trampling. tr e lollorv Westman (1978.). Crime
(1979). Cole (1988), and Kcl ly and Hanr,el l
(1990) in using the term rcrilien.re whcn rcfcrin€i
to the ability of an ecosystem to recover rapidly
follor,".ing disturbance. Resiliencc was assessed bv
, . , - p r r i ng  re l J l i r c  r cSp la l i on  n , r . r  imm,  J i : r t e l i
a i r . r  r r ump l i ng  r '  i t h  co re r  a  l t e r  n r ' .  , . a ,  o l  r , . , r ' -
erv. This property is similar to that definecl as
elastici ly by Orians (1975) and Westman (1978)
and as recoven, b,-v Sun and Liddle (199I).

We also fincl it useful to characterize the abil-
ity of a vegetation typc to both resist and recover
frtrm trampling-a property lhal \\ic Iarm toleratuce.
T . , l . r . r n , ,  \ J s  assp - .ed  h !  c ' , r n t , . r r i ng  r ,  g ,  t c t i on
cover alicr one year ol recovery from tramplinpl
wilh cor.er p or. to the trampling lreatmcnts. A
measure of tolcrance provides a single overal l  in-
dication of durability, but it docs not indicate, for
example" rvhcther a high level of toleranct rcsults

liom an abilitv lo resist dnmage. an ability to rc-
cover from darnagc, or both.

The four vegetatioD tJ'pes varv grcatlv in all
three of these properlics. At one exlreme is thc
Carer type, r'hich is highly resistant. resilient, and
Inlerant. Thr l1;/nnano npe erhihits lor r ' .- i - trn, e
but high resilience; conscquently. tolerance is also
relatively high. Thc Pachi^ttima ancl PhyLlotloce
tvpes are moderatel]. rcsistant, but not at all resil-
icnt; consequently. their hlcrance is lolr..

Response of nd vidual Spec es

It t'as possible 1o cal<rrlatc relative cover for nine
vascular species and for mosscs. as a group. The
othcr species ilere too spar-se or irregularlv dis-
tributcd to provide meaningful results. 

'fhe

responses of indir.idual species to trampling are
more  d i r e r - .  t han  t hc  r cspon "e  o l  cn t i rF  r . s i  m -
blagcs of species (Table 2). A plot of initial re-
- l 'on:c lu l ighl lrrmpling r25 lra--e: l  Un un| r ' , i"
and response to hca\T trampling (500 passcs) on
the other axis rcvcals three general types of rc-
sponse (Figule 2). Corex ni6yicans and Pochistinu
mlzsiniles are gener-ally rcsistant to trampling. Four
specics- Irollires lnxu;, Vo.Leiona sitt:hen$k. Poten-
tilkt fo.bellifilia, and Mitella brea^eri-arr yLtt,.t-
ally susceptible to tlampling disturbance. The
othcrs-Sene.io tianguktris, Voccintunt mem-
branaceum, Phyllodor:e empetri,fttrmis, and
mosses-rcsist light trampling but arc susceptible
to heavy trampling.

Tn a similar plot ofcoler afLer thc vcar ofreco!-
ely (FigLrre 3). groupin€is are less discrete. At onc

T|BLE 2. Relative .,)!.f1 of abun,lant species after ranryhig and afLcr one rear recorerl

Alier lfanipling

\udbcr  o l  p r rsscs

Alier one lear rc.olrrr

7 5

95 r 0 0
96

:17 1.13

106

t:16

10,1

1 3 5

t 0,t
r 08
22

7
10
60
7.)
65
73
;0

95i8 ;3
1 2 -

Parhistimd dTsinites nq 71 68 62 - 68 6il lil
I'hrllodote empetnfonnn 9q 90 54 ll - 90 71 2(t
Iu.&Liun. n?rrhrdndceun 93 54 6 0 69 46 11
Ilitclld brcwti r,7 50 20 I |6 | 3 99
Potentilld Jldbell;rhlilt 5il :11 15 I i5 86 86 75
Senecio tnat lgulans 86 36 I  0 -  l l9  l l5  59
Tnnht Luu: '13 37 11 5 it 69 55
ValernLrLtt sid hen.si: 511 26 5 2 702 t'7 ()9

rRclalire corer is the proportjon of,,ri!:in{l corer lhar sunires trarnlt;ig. !.ljusr& Iof chdr8es on coDtrols.
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erilreme are the highl), toleranl mosscs and Cdr"e,t
nigicans. !'ollowing one vear of recoveryi relative
corcr cxcccds J00 pcrccnt, rcgardlcss of hol
heavi ly they rvere trampled. AL the oLher extfenle
are tbe three shrub spccics. lhich havc rclat ive
cover values ol less than 1(X) percent at al l  levels
of trarnpJing. and cover ralrres of , trO l)er(.ent or
less on the lancs tramplccl 500 t irncs.

In an ei lort to assess the resislanr:e and toler-
ancc of less common species. 1r,e plepaled tables

ofmean cover before trarnpling. irnmecliatclv aftcr
trampling, and one vear alter trampling. ftrr cach
Jcr.el of trampling intensity. From these tables it
was possiblc to idcnti{y the trampJing levels that
clearly caused substantial cover loss. Wc used
these datt to dcr.clop a simple classification of the
re - i s l an ,  r  an , l  t , , 1 ,  r r n r ' ,  u l i e - -  eummun  - f e r " i e - .

Species rvere considered rcsistant if more than 50
percent coler surr ived after 75 passcs. Species
vere considered loleranl i f  cover ercccdcd about
75 percent oi oripjnal cover one vear after tr-am-

1 ' l i ng  , ' n  1 . r r r ,  s  l r rmp le ' l  : r t  l eJs t  200  t ime . .

Four groups of species can bc idcntfiecl. Spe
cies that $,ere boLh resistant and tolerant includcd
AntenntLtin lutctta, Corex nigriuns, Corex spec-
tabilk, Hieracium pgLciLe, Junr:us drumrutndii, Lep-
tanhena pyolifolia, Luzula hitr:hrtLckii, Vemnica
uuichii, Viola orbiall(rta. and mosses. These are
all low growing plants that halc cithcr a tufted
gror.th lbrm or leales in basal whorls that grorv flat
against thc ground. All of the graminoids species
fall into this catcgory. A smnller group of species
rlefe resislanl buf intolerant: Pachistintt mVsinites,
Ph t l l o , l " .  c t n  1o t  t  i f , r  n i , .  Vu , , i n i um tne tn -
branaceun, ar:,d VacciLiunl s(:opadizm. Thcsc four
n'oodv slrrub species lack resilience, so they are un-
able to tolerate cvcn modcratc levels of trtmpling.

Th "  L , rg "s t  g r , , up , ' f sp , .  i ,  .  r r ,  r ,  n , , n r , . i - l r n t
but tolerant: ,4r7r;.o /no is, Equisenrn pulutre^ IIer-
acleutn lanatum, LipjLst[cum gra,ti. [,upinu;
latifoliL\, Mitelkr breueri, Sat(rago arguta, Sene-
cio tianppkLis, Thalit:trum octidentole,'l'rolLius
laxts, Valeiona lifcli.enrir, and Veratrum xiide.
These lere all broadJeaved herbaceous plants with
upright stems. l his growth lbrm has little capar:it,-
t , ,  r . s i - t  t r am l , l i n ;  J . r ' n rp '  .  I ' u t  t h r - -  - 1 ' ec ie .  c re
able to fegenerate rapidlr' hlm subsur{ace adven-
t i t ious bucls that escape damage.

Thr final group arc spccics that are both non-
resistanL and intolerant: ADier /ruiorrarpo sccdiings.
CtLLtha bicoLor, GentiantL tnbtnsa, O.';norhizo pur-
pureo, Pamansia, f,m briata, Pedicu laris bructeostL,
ancl Vioh ghheLh, The tree scrdlings vcrc some-
t'hat resistant to lo$, levels of trampling. Once thcv
t'ere damaged. horvever. thev usualll, cliecl and
their loss t'as not ollset bv establishment of nerv
sccdl ings. ' fhe other species-al l  broad-leaved
her-bs-arc al l  rclat ivcl-v uncommon species that
vere highly fiagile. Their aerial parts rvere gcncr-
al1,v cntirclv climinated after as fen'as 25 passes.
Apparently lheir regenerativc t issucs were
darnaged as well. making rccovcr,v h-om ddmage
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Three broacl-lcar.ed hcrbaceous species were
unique in that their response varicd betw'een vege-
tal i , , l l  l \nF:. Ast"r olpi€tenu. Liget, ' t t  1'etegriruL'.
antl PotentillaJla,beLli/olia are all scnsitivc to tram-
pling disturbance in the gcncrall-v sensitive l/alen-
and vegetati{)n typc. ln the more resrstant
Phlllodoce and Carer tvpes. howcvcr, thev are all
resistant. Apparcntl ,v resistant associates protcct
these species to some cxtcnt. so that hiplher levels
of trampling ale required to el iminate thcm. AII
. pec ie -  i bu r rd  i r r  mn re  t h : rn  un ,  \ .Ec t r t i on  t \ f e .
'i!'ere tnore resislant in the tvpe that $,as generallv
more rcsistant, although onlv these three ltcrc c,las-
sfied dilierently.

Factors That Influence Resistance and
Resi ience

A number ol lactors mav influencc thc durabilitv
ol vegetation lypes. High-clclation ecosvstems. par-
ticularly thosc dbove tree line. are often charac-
terized as being highlv fragilc (c.g., Leonard e, al.
l98l ).  Tt is interesting to note that thesc data do
no l  - u f l i , r l  l h r l  , , , n , l u . i un .  l hc  mo- t  r e . i s t an l
\.cgctntion types $,ere the ones al thc highest and
lowest elevations- Corer and PacAiistima. As has
becn reportcd clseu'here (Oole l9B5). the resis-
tancc of vegetation tvpes tr) damalie is gcncrally
unrelated to ehvation.

It has also bccn suggested, however, that highcr
eler.ation ecosvsterns are likcly to har.e little resil-
ience bccausc their growing seasons arr so short
(Cole l9B7). Again. thc data do not suppofi  this
conclusion. The lcast resilient vegetation lvpe was
the lotcst clevation tvpe (Pacllstimo) and inter-
mi\ed vegetation tlpes. Pl4llod,oce tnd VaLeiana.
varicd grcatlv in their resilience. Perhaps ifthe in-
tensity ofdamage had bccn more severe. the higher
clcvation tvpes $,ould have requircd more lengthv
recovery periods. For cxample. rve suspecl that i f
Carex nisyicans was trampled enough to climinate
all cor.er and lill all roots that rccovcry r'ould hale
occurred onlv ver_r- slowly.

The factors that appear to best explain dura-
bilitv are morphological charactcristics ol r:onstit-
ucnt species. The primary strategics for rcsisting
trampling damage arc to d\.oid being stepped on.
to be cushioned a€iainst impact. or to havc tough

or flexible aerial parts. Tbcrcforc. characteristics
that promote resistance irrclude sholt stature. lar€ie
size (too large to be steppcd on), tufied or bunched
habits oigrolth, stcms that are $'oody or rr'iry and
flexiblc. and leaves that are tough ancl/or growing
in basal rosettes. l!. oreovcr, the resistance of any
species wil l  bc increased b,v growing (1) in prox-
imity to othef plants that are taller and more resrs-
tanl (e.g.. Potentillaflabe[Li,hLia in the Phyllndoce
tvpe) or (2) on a substrate that cushions the im-
pao of tramplinpl le.g.. Veronit:o crr,sic,tii growing
in a Carer turl). Resistant vcgctation tvpes tend k)
be dominatecl by eithcr tall. tough. l,oody shrubs
(c.g., Pachi^stintL n4rsiniLes\ or graminoids that
grorr in bunches or as a turf (e.g.. Caret; nigicans\.
Low, r'oodv species wiLh britde stems (e.g., Pl4l-
krLx:e empeti"fonru) resist lou levels of trampling
bu l  J r c  -e r - i l i ! e  t o  h i gh  l , . r ,  l s .  5cns i t i \ e  r egc la -
tion lypes tend to bc clominated by broadJear.cd
herbaccous species $' i th erect, caulcsccnt stems
(e.g., lcrletiono sirclrensis).

The primary stratepl of resilient specics is the
.rLi l i t r  for raf id r.gror ' lh lrum I 'ererrnJrirg l i --ur-
lhat can sur-vive trampling. The chuactcristics that
promote resilience are pcrcnnatiDg tissues at or be-
lou the ground sudace that are tough enough to
sun'ivc trampJing or are hidden or cushioned liom
trampling impact. Resilicnt vegetation tvpes tend
Lo bc dominated bv iast-growing broad-leaved her-
baceous specics (e.g., VtLleirno siu:heasls) or bv
tuftcd or tu -producing g|aminoid species (e.g..
Crucx nigricans).

Trarnpling bv recreationists can lrc a signilicant
dishrrbance agent. particularly in palks and t.ilder-
t r e \ -  a r c r :  t ! hc rF  nJ t r t r .  p r c -e r \ a t i on  i .  a  p r im . rn
objective. Vegetation tvpes vaIr' lireatlv both in the
ease rvith r,hich thev are damaged and in thcir abil-
itv to recover from damage. Cenerallv the most
dulable t lpes are dominated by graminoids.
Shrubby understories are oftcn rcsistant to dam-
age, but onr'e damagcd, recoverv can orr'ur slowlv.
Broadleavcd herbaceous understories iuc readilv
damag.d. l ,rr t  ,  up.rbl, .  ' i  r .rpid reenrerv. Int l i r iJu.r l
specics r.ithin the same ,regetation tvpe may varv
greatly in durabilitv. Land manager-s necd to keep
thcsc various capaliilities in mind r.her traing tcr
plan for visi tor usc.
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