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Vegetational Heterogeneity along Elevational Gradients

Abstract
Hox lcgcirlion rcco!crs lilrm disrurbance is a centr.rl ecological que\tion. \\t tesied dre h)porhcsis rhar plant spatial hetemge-
n cit! dcclinc s wi(h incre asirg lirrctional vegetrtion age. As pioneeN e{pand and morc spccics in! itdc. r c erpec t heterogeneit) to
dcclin.. Biom.rss rcculnulatim.rnd seedling recruitment both drive luccessiol] and procccd morc \lLr*l) at highef elelation.
Th€relore. $e predicted thrLt higher ele\'.rtion sites would be more heterogcncou! rhan lo$cr sires. \Ve sampled \egetrtion in fi\'e
habitals on Mount St. Helens to stud] recolefy l7 yeafs rfter it\ most recent eruplion. Ttlo lrhars \aerc undergomg pfimar!
succc\sio. .]nd |)lrc idge iras reco\ering fioln nearly tdal de\truction. A second ridgc had bccn grcrtl] impacted b) the blasr,
\\hile a fifih sirc \\'a\ h(rlc danagcd. Phnr coler w.rs anallzed using percentrge ,iimilaflty (PS) alrd dctrcndcd conespondence
anal)sis (l)CA). PS dccrca\cd $ ith clcvrlion on lahals rlnd on the de\ast.rted ridge, but no clear lrend !l a! iound on lcss inpacted
siies. fhc varialion in DCA scoijs of samples at a site suggested incfersing hetefogeneit) rith clcration on ol1c lahar rnd ihe
nrongh disturbcd sccondary site. The other tran\ects did nor sho$ ihis pattern. 'l'hese pallcms support the hlpothesi\ that
hctcrogeneitr'declines $ith nrcre sing successional rge. Implicit in the h,vpothc\js j\ thal stochinic iirctors are impofiant to the
cnrblishnent ol legetatnrn. High \.riability among srmplei ofslable vegcrarion at lo\!cr clcvalion sites suggests thar the efltcts
ol slochastic estrblishment can persist.

lntroduction

Species assembly during early primary succes
sion is nol wcll unclersttxrd. Here we conpare
.Pat is l  h ( te rogene i l )  o I rcget r t r , - rn  a t  r i lu .  rce( l r -
ering tiom voJcanic impacts on Mount St. Helens.
Studies of this volcano suggcstcd that stochastic
dispcrsal (clel Moral et al. 1995, del Moral 1998,
1999. Tu et al. l998.) and few safe sites (Tsuyuzaki
ct al. 1997. del Moral and Grishin 1999) produce
initially heterogeneous vcgctation. We used a
variant of a space fol time substitution approach
1, ,  I c \ l  lhe  hr  n , ' the . is  lh ! r l  \p ! r t i r l  h ( t ( rog(ne i l )
declines over time.

The J980 eruption of Mount St. Helens dra-
natically ahered thc surrounding landscape to
create a mosaic of irnpacts (Halpern et al. 1990).
A nrap of implct types appears in del Moral and
Bliss (1993). This study describes successron on
lahars (mud tlows ) and lecovery on ridges allected
to varying dcgrees. We investigated the hypoth
esis that vegetation hetelogeneity increases with
elevation. We assume that an clevation gradient
can simulate a temporal gradient. This assump-
t i0n  i :  b l r .  r - l  , rn  Ihc  l ' r ( r  Ihur  h igh-e le rur ion  . i tes
have an effectively shorter history than those at
lr rw er eler ation. hecau5e .honcr gfou in!r :eir\on.

and slowed physical anelioration (del Moral and
Wood J993) reduce plant grorvth and seedling
recruitmenL (Titus and del Moral 1998). Thele
tbre, if stochastic factors dominate early vegeta-
r i , ' n  e \ l i rh l i \hment .  th rn  recore l inE l  r rg r t r t i , ' n
should be morc variable at higher sites than at
lon'er ones.

Materials and Methods

Mount St. Helens (46. l2' N, 1 12' I l '  W) erupted
on May l13, 1980. The heat ofthe eruption mcltcd
snow on thc cone's east, south. and west sides to
spawn lahars that filled vallevs and scoured ridges
(Foxworthy and Hil l 1982). In 1996, l7 growing
seasons after the emption. we sanplcd vegeta-
tior) on l) lrhJr: Ihrl rre unr-lerpoinp primarl suc
cession, 2) a scoured ridge and a blasted ridge
that are experiencing secondary succession (at'-
ter a panial loss of species). and 3) sites that have
tully recovered from minor impacts (cf.. Grishin
e l  l l .  lqq6r .  These s i tes  oHered an  oppor r t rn i r l
to explore hou' heterogeneity changes during suc-
cession.

We studied fivc transects: Fire Creek, Muddy
River. Pine Creek Ridge, Toutlc Ridge and Butte
Camp. The Fire Creek (900 to I I l5 m) and Muddy
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River (790 to I140 m) transects sampled lahars
on the east flank of the cone. Both are primary
substrates with little organic matter. Sudace het-
erogeneity at each site was similar. and there werc
no discemible differences in the type or frequency
ofmicrosites. The Fire Creektnursect was down-
wind fi-om and near intact vegetation, while the
Muddy River transect was upwind and more dis
tant from vegetation (Halpern and Harrnon 19133,
del Moral 1993). The Pine Creek Ridge ( 13,+0 to
16l5 m) transect was along a ridge that had been
scoured by lahars. Most soil had been removed,
but some plants survived (del Moral i981, 1983;
del Moral and Wood 19118). Permanent plots
documented that recovery has been gradual and
related to elevation. Each sample was on sloping
terrain that lacked significant major microsite
features. Surface heterogeneity was similar
throughout the transect, though the lower clus-
ters had suffered less erosion. Toutle Ridge ( 1370
to 1615 m) is on the west side ofthc cone on the
edge ofthc latcral blast. Although trees were killed
and some soil was removed. there was substan-
tial survival (dcl Moral and Wood 1988). High
elevation sites werc rnore intensely impacted than
l , rucr  c lc \ : I ion  onc . .  bu t  .u r fac(  he tc rogene i ty
was similar throughout the transect. Butte Canrp
( | 385 to 1720 n) includcd three transects on the
sr ru thucr l . rdc  o l - lhe  ro lcano.  The5e. i tese \pe-
rienced only a modest deposit of sandy pumice.

This study was designed k) determine the hi-
crarchical natrue of spatial hetefogeneity. The
basic sarnpling unit was a 1rD2 quadftrt wlthir,
which percent cover was estimated to the nearest
l7r. Ten quadrats sampled r circularp/or with a
10 m radius (31,1 m:). Species not sampled, but
present. were given covel values of0.057o. Spe-
cies within l0 rn of the plot. but not in the plot,
were given a value of 0.0057c. Five plots de-
scribed a clasler and scvcral clusters constiluted
atftt sect. A transect was started at the center of
a plot in representative vegetation rvhile avoid-
ing secondary disturbances such as drainages. The
l0 l-mr quadrats were placed at 2 and 5 m lion
the center 0n the cardinal directions and at 2 m
on two additional radii. The four additional plots
of a cluster were located l0 to 30 m (randonly
determined) in each ofthe cardinal direcbons trorn
the center plot.

Heterogeneity was qurntif ied using percent-
age similarity of cover data (PS) among each
sample pair at each level in the hierarchy (among

quadrats, among plots and among clusters).
was calculated using MVSP (Kovach 1993):

PS

where k = the total number of species, X,*, and
X r = the coverofspecies f; in each of two samples,
i and j. and uriq is the minimum value. Faith et
al. ( 1987) suggested that percentage similarity was
a useful measure of species composition. High
similarity implies homogeneous samples, while
low similarity implies heterogeneity. Spearman
ranL order corelations fr 

') 
rnd l inerr regr(.\ ion\

(r,) between elevation and sirnilarit ies were cal-
culated (Analytical Software l99,1).

Detrended correspondence analysis (DCA; Hill
and Gauch 1980; McCune andMefibrd 1997) was
used to provide a description ofthe transects and
to  r :ses .  u i th in -e lu \ le r  \a r i r l ion .  R l rc  .pcc ie .
(frcqucncy < 20% of the most conmon frequency)
were reduced in importance in proportion to their
tiequency (downweighting). Species that occured
only once were omitted. The arch common to
other eigen analysr:s was climinated by dividing
the first axis into 26 segnents and setting the av-
erlge score on the second axis to zcro within cach
segment. The dispersion ofplots within a cluster
was determined by the standard deviation of the
first DCA axis score along each transcct. Each
anr l l . i s  p ror ided an  e igenvr lu< .  percent  r r r in
tion on each axis and gradicnt lengths for com-
parlson.

Results

Sixty-seven species, including conit 'ers, shrubs.
forbs, graminoids and mosses. werc encountered.
There were nearly equal numbers of species at
each site: Muddy River, 38 species; Fire Creek,
40 species; Pinc Crcck, 35 species;Toutle Ridgc,
37 species; and Butte Camp,38 species. Twelve
species occrmed at every site. Table I shows overall
cover changes at each sitc.

The vegetation ofthc two lahars difttrcd con-
siderably, though both were dominated by rock
rl'toss (Racomitriutn canescens). There were no
consistent vegetation patterns at Fire Creek.
Cardwclf 

's penstemon (.Penstemo cardwelli i)
doninated the middle of the transect, but other
species were sporadic. On the Muddy River. domi-
nance shifted tnnn prairielupine (.Lupinus lepidus)

200 2rnin (X,r, X,,)

E^(X,..*Xrr)
P S =
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TABLE l. \,le:n tolal colcr pcrccnt of clusters along each

uanscct. F-le!ations are |elati\'e to each lransect.
stafting poinr rdiusted lbr srItrling clc!alion.

Elc\,riion

Tra scci
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rats of a plot declined with increasing elevation
t i r , rn  h  Lx  to  J  |  .8 i .  The l iner r  re6r ress ion  w l .  r
= -0.97 (P < 0.001), while the Spearman rank
corelation (r,) was 1.00 (P < 0.03; Figure l).
The mean sjmilarit ies ol plots within a cluster
were highcr, but also declined with elevation from
8,1 .5% ro  63 .5% ( r1= 0 .62 'P<0,001; r ,= -0 .83
(P < 0.06). The overall mean similarity ofthe six
clusters was low 36.5 (8 to 78%), indicating that
there was significant variation along this shon
coenoclinc.

The Fire Creek transect spanned 210 m (900
to I I l0 m). The mean PS of quadrats within a
plot declined with incrcasing clevation from 78.6
1o.1 ,1 .8% ( r r  =  0 .81 .  P  <  0 .001;  r ,  =  -1 .00 ,  P  <
0.09; Figure 2). Cluster mean PS declined with
increasing elevation fron 83.3 to 58.87r, (r, =
0 .80 .  P  <  0 .001:  r ,=  -1 . (X) ,  P< 0 .09) .  Thcmcrn
similarity between clusters was 56. I ( 18 to 867c ),
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at lower elevations to Cardrvell's pcnstemon and
pearly everlrsting (Anaphalis ntorgoritocea) at
higher clcvations. Cascade lupine (1. /rrrrlrllrr)
and subalpine tir (Abies la.siocarpa) wcre domi
nant at the highest sitc.

Plant cover at Pine Creek Ridge declined with
elevation. Thin bentgftrss (Agf.r.sli.\ tliegoensi s)
dominated throughout, though its cover was rc-
duced at higher elevations. At lower elevations,
several species, including prairie lupine, Cascade
lupinc, Parry's rush (Jairrrs;rarn l). Cascade as-
tet (Ast(r le .loph.\'llus) and rock moss. were com
nurn. Covcr of alpine buckwheat (Eriogttnunt
pt rol ifll iton) and Cardn'ell's pcnstemon peaked
at mid-elevation.

Toutlc Ridge was well vegetated, though covcr
decreased with elevation. Low clcvation plots
were dominated by thin bentgrass. Cascade lu-
pine, Cardwell 's penstemon. yarrov (,, lchi1len
millelbliwn). and rock moss. A1 mid andupper-
clcvations, prairie lupine replacecl Cascadc lupine.
Marti ndale's lonratium (Lorr.l l lrrn n ortitdtl e i)
wcrc comnon while mosses declined.

Cover clcclined slighdy with elevation at the
Butte Camp sites. Grasses declined substantially,
but conrmon spccics such as fleeceflower
(.Pol gonunt nev,berr)i), alpine buckrvheat. and
Car-dwell 's penstcnlon olf-set t l is reduction \\"ith
large iDcleases.

Percentage S imi  a r i t y  (PS)

Thc Muddy River transect spanned 340 nr (800
rrr to I1.10 m). The mean PS among the l0 quad

Elevation (m)

Figufe 1. Nlean perccnr similarilr- ol quadrats $illrin plols

and plots l r ' i th in c lusters on the Vudd) Rivef
trrnsect The Spearmrn s r.rnk odcr tcst (r,) of
quadruts i r  p lots \s.  c lc ladon was P < 0.0Jr r .  of
p lors in c lustcIs \ \as s igni f icanr (P < 0.06).

Plots uithi^ Clltrerc
. ,-  i ,"=-o.as)

Qundmh bithin Plort

ts= t.|o)

QutdrLh bithin Plot'

950 _.

Figure l. Ivlcan pcrccnt simjlarity of quadrats $ithin plots

lnd plots \\iihin clusters on the Fife Creek transecl

Thc Spcannan \ rank order te\i (f,) of quadmts in
plots vs.  e levat ion was P < 0.091 r ,  ofp lo ls in c lus '
t e r \ w a s P < 0 . 0 9 ) .
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reflecting grcater dominance by mosses and prox
imity to intact vegetation.

The Pine Creek transect spanned 280 m (13,10
and 1620 rn). The mean PS of quadrats within a
plot declined with elevation fiorn 67.2 to 33.1c/c

G, = -0.67, P < 0.001 ; r. = -Q.71. P < 0.08; Figure
3). Cluster mean PS declined with tncteasing
elevation from 79.4 to,18.97c (r, = -0.79 (P <
0.001;r, = -0.78 (P < 0.06). The nean between
cluster similarity was 35.8% (l to 82%) rcflecl-
ing the steep coenocline and isolation of each
cluster.

TheToutle Ridge fansect spanned 2:[5 m ( 1370
to 161-5 m). The mean PS of quadrats rvithin a
plot varied frorn 38.6 to 5.1.87c (Figure 4). with
no signil icant trend (rr = -0.I 2. n.s.; r, = -0.3, P <
0.5.1). The similarity between plots of a cluster
ranged fron 51.9 to 73.7o/t. with no significant
elevational trcnd (r/ = +0.0:1, r.s.; r, = 0.40, P <

0.42). The PS between clustcrs was 38.3 (16 to
59%) indicating that therc was signiticant veg-
etation change along the coenocline, buf that it
uas  no t  nec<.s l r i l )  core la teJ  1 , ,  e le \ i r l i , ' n .

The three Butte Camp transects ranged over
200 m (1520k) 1720m). Mean PS between quad
rrts of a plot varied from 39.7 to 58.6tl., with no
signihcant corelations with elev tion. Variation
in mean similarity ofpkrts within a cluster varied
from 36.2tlc to 67.67o. with no significant corre-
lations. Mcan siniladty between clusters was
33.67c (l8 to 577r), comparable to other sites. If
data from the thrcc transects were combined, there
was a si-tnificant linear correlation between el
evation and within-cluster similarity (r, = -9.69,
P < 0.05). There was no within plot vadation
trend with elevatior in the combined data at Butte
Camp.

Dt r l 'enoeo Co"esporoet  ce  Ara ly )  o
(DCA)

DCA provided an altemative way to assess within-
cluster variation. Each transect was analyzcd in-
dcpendently to determine any significant di1ler-
ences  in  Ihe  s r ru i ru rc  , ' f thc  d l t r  lT rb le  2 ) .  I  h r l c
were no stdking structural difterences, but iner-
tia (varianca) increased with succcssional age.
Primary surlhces and Pine Creek had low inertia
due to strong dominance and low q'ithin cluster
diversity. The Toutle Ridgc and Buttc Camp
transccts had high inertia due to reduced domi-
nance and high within clustcr richness. The gra-
dient lengths reflected these differences. The fiac-
tion ofthe explained variancc on Axis I was lower
ti)r Buttc Camp than the pdnafy sudaces because
there was greater species dchness and equitability
at Butte Camp.

TABLE 2. Eigensrruclurc lir cach rrans!'cl a.aly7!'d sepa
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e PLots titin ct'zt rB
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quodrats bit hia P tot...

Elevation {m)

Figure 3. \4exn percent similarit) ol quudr.rls witliin plols

and plots \\illin clustcr! o the Pine Creektmn\ecl.
Thc Spcir an s rank ordef test (f,) of quadruts in
plots vs.  e le! . r t ion was P < 0.08:  r .  o l  p lds i l r  c lu\
t e f s w a s P < 0 . 0 4 r ) .
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Fig re.1.  NIe.Ln pefcent  s imihr i t )  o l  qurdral \  wi(h in p lo l \

. l l l r l  p lots \ r i th in c luslcrs on thc l i ru! le Ridge

tiLrsect. The Spetrman's r.rnk odcr lcst (r.) of

Llu.rdrLrts in plots \s. clclrlion was P < 0.J0: I of
plots in cluslcr\ was P < 0.:12).

[ igcnla luc I

[ ig.n!a]uc l l

Totrl iicrli11

Gradicnr 1-cngth I

Gf.rdienr Leng(h ll

Explxined !'afiance I

Elplajned Varianre II

0.69 0.'18

0 .20  0 .1  I

1.60 1.66

1..t5 L83

1 .03  l . 7 t )

0.55

0.22

t .ltO

1.69

2.08

0.56

0.30

2 . t 1

L l 9

2 . 1 6

25.9

13 .6

0.59

0. r.1

3.62
.1.02

2.66

16.,1

9 .9

30.8 .13.5 2q.2

17.2 11.1 6.1

Vegctational Helerogeneity l 5



200 a P l

A M 5
aF2

a, F3 AM6

aF4
 M 4

ap3
l r l

l15

.P2

lr3
.pr aP4

rr2 ;;; rr4
aFr

AM3

 M2
 M T

aP6

1 5 0

N
a

< 100

5tJ

200

Axis I
figure 5. Delrcndcd corclpondcncc analysis of primar,_ luccessionallahars (M = Muddy Rivcrt F = Firc Crecl) and a scourcd

seclrndi]ry succcssional ridgc (P = Pinc Crcck Ridge) and a blaned secondary successional ridgc (T = Toutlc Ridgc).
Numbcrs indjcctc clu\lcr unber and increase tiom lo\l to high elevation lbr each ransect.
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Mean cover in each plot of the tirur succcs-
sional transccts was analyzed to detemine hansect
vadation (Figure 5). The lahars (FC and MR)
had low Axis I scores. while the sccondary sitcs
(TR and PC) had high Axis I scores. Speaman
rank cofielations (r,) betu'een elevation and axis
scorcs were determined. The elevation ofMuddy
Riverplots increased significantl)' with both Axis
I (r, = 0.89, P < 0.05) and Axis l l (r, = 0.9,1. P <
0.04). The correlation between Fire Creek el-
evation rnd Axis I not signiflcanl (r. = 0.80. P <
0.16) duc to low sample size. The elevation of
Pine Creek Ridge plots decreased along Axis T
(r, = {.61i. P < 0.1) and morc strongly along Axis
It (r, = 0.86. P < 0.04). Toutle Ridge elevation
increascd along Axis I (r, = 0.90. P < 0.08).

A weak pattem of among cluster variation
(neasured by the standard devirtion of Axis I
scores) emerged when each transcct was analyzcd
independently (Table 3). There was no trcnd in
the DCA variation on the Muddy River transect.

TABI-Fl 3. Srardard deviations of first axis DCA \corcs 01
plds within clusleff. Erch nmsect wr\ anallzed
i . lJ(p( | r . 'd , r l \ .  F l<. l r iorF -r (  r< lJr  \ (  r r  r : , I \ r . r .

[ le !a t ion

Vuddy Fire Pine Creek Toutle
Rivcr Crcck Ridgc Ridge

.285

.250

.091

.112

.1.15

.261

.07.1

. l 1 9

.0:10

.18.1

\,lodemte

High

. r 3 0

. 1 5 2

.221

.296

.32:1

.219

. 3 1 8

.-109

.509

.193

.2r1

.1',71

This may bc bccausc this transcct was isolatcd
from donor populations and spans a modelate
elevation. There was a trend ofincreased hetero-
gencity along the elevational gradient on thc Firc
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TABLE.1.  Pefcent  \ in l i lanty r r  rhrcc lcalcs in lour r ransects.  Asrer isks indicde s igni f icant  chuDgcs $i lh c lc la l ion.

Elc !a l ron  Range (n l ) Qurdrats in Plors

NIuddv

Fife Creek

Pine Cfeek

Toutlc

81 .8  ro  l 1 .8 t t .

71 .8  ro  50 .1 ;

67 .1 to  l l . l  "

38.61o 5.1.8

81.51r to 61.5lf"

83.1 to 5E.8

51 .9  t 0  73 .2

1.10
2 r 0

t80

36.5

56 .1

35.E

38 .3

Creek transect. The th ee Iou,er clusters wcrc llear
existing vegctation and had received similar in-
tluxes of vegetation. The upper site was variable
and was the nost isolatecl of thc clusters. The
Pine Creek Ridgc transect showed a trend of in-
crcasing heterogeneity \\"ith elevation. Though
the lowest Pine Creek sites wcre al higher ele\a
tions than the Fire Creek clusters, they were morc
homogeneous, prcsumably because they retained
a significant residual regetation. The within-cluster
DCA rur iu t iun , 'n  T , ' r r t l c  R iJSu r r r .  incon. i ' ten t .
thongh variation was greater than that ofPine Creek
Ridge. Butte Canp variabil ity was high in most
cases. but with no rpparcnt trcnd.

Discussion

Heterogeneity increased with elevation on both
lahars and Pinc Creek Ridge. Silce elevation is
relatcd to effective successional time, this result
suppofis the hypothesis that hetcrogeneity declines
during succession. Mean PS declined with el-
evation among quadrats in a plot ancl among plots
in a cluster. ln contlast, \\"e observed no tlends rt
Toutle Ridge or Butte Camp. At these sites. soil
and a seed bank survived the emption and recov-
cry was dor.r.rinated by residual species that wcrc
aheady $'ell distributed.

A dift-ercnt sirnilarity pattcrn cmcrged for veg
ctation ol1 each tmnsect (Table.l). Within plot
similarity has the grcatesl range on the Muddy
Rivcr transect, the nost isolated transect. Plots
within acluster were relatively honlogeneorls. due
lo$'richness and strong dominance, but cluster-s
ditibrcd sLrongly fronl one another. in part due to
the range of the gradient ancl in paIt due to the
stochastic I,Iature of invasion patte]-ns. The upper
end ofthis transect was in an carly assembly rnode
while the lo*er erd had begun to l i l l  in gaps by
secondary dispersal. Thc rcsull was that the veg
etation of thc lowcr poltion was more homoge-
neous than the upper portion. Lahars on thc south
side of Mount St. Helens havc undergore sinilar

homogenization (del Moral 1998). At Fire Creek,
the small elevational rangc ol thc transect and its
proximity to intact vcgctation l i l l i ted PS changes
and resulted in thc highcst degree of similarity
among the clusters. However, heterogeDeity did
increrse signiticantl)' \\,ith elevation. Pine Creek
is devcloping as if it were a primary successional
site. Only a few individuals survived and devel-
opment has required dispcrsal lrom below. Ob
servations madc sincc 1980 suggest that most
species have advanced gradually uphill by short
distance dispcrsal. Thus, there is a decline in sini
larity with clcvation at both scales, and between
clustcr similaity is the least of the lbur tmnsects.
Toutle Ridge had significant surviving vegetation.
Despite considerable recovcry and colonization
since the cruption, there were no trends in simi
larity ovcr thc elevation range sampled. Simi
larity pattcms were not found at Butte Camp.

A11 alte]-niitive method to invcstigale varialion
produced rmbiguous rcsults. VariaLion in DCA I
scores on the Muddy River was inconsistent. The
low PS at Cluster :1 corresponds to the high DCA
variation at this site, but otherwise thcrc wcrc fcw
points of congruence. In contrast, al Fire Creek
ud Pine Creek. there \ crc c,'n\i. lcrl l  ir lcrcil:c:
in within-cluster variation with clcvation that mir-
rored the patterns exhibitcd by PS data. DCA
also did nol dcnronstrate a trend on Toutle Ridge.
DCA demonstrated progressive changes among
plots on each transect. Such trcnds arc usually
interyreted as the results ol clcvation. Here. we
suggest that dif l 'erent relativc succcssional stages
could contribute to the obscrvcd rcgularit ies in
DCA scores.

The large between clustcr hctcrogcncity on the
Toutlc transccl and at Butte Camp suggests that
slochastic factors may not dominate only early
in pdnary succession and then disappear due to
determilistic lactors such as competitien. Chance
lnay contlol patterns al0ng a continuous gradient
that parallel patterns caused by disturbancc.
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Stochastic t'actors appear to be a strong force in
primarv successional sitcs, but those factors are
maskecl when species survivc in more moderatcly
lnpacled sites. ELenents of stochastic init iation
ol vegctation may lever bc obliterated and must
bc  t , 'n . idered  in  th<  l r r . r l l . i r  o l  \epe lc r i . ' n  p r r -
tern (Lavorel and Lebreton 1992. del Moral et al.
1995). Though certaiD life-history tlaits may bc
far,ored on parlicular subslrates (Tsuyuzaki and
del Moral I 995). species contposition is affected
b,v landscape flctors that produce initially het-
erogencous vegetation.

h this study we demonstrated that less ma
tule vegctation was more vadable than more maturc
vegctation. We used elevation as a surrogatc tirr
rclative successional t ime. As habitat variabil ity

Literature Cited
Anal)  t ical  Sof t \ l  afe.  I991.  Stat is t i r '1 .1 User 's  Nianunl .Ana-

l ) t ical  Sol i \aarc.  Tul lahas\ee.  1- l - . .  l l - l  p.
del  \ {oral .  R.  1981. L i le returns to N, iounl  Sr.  Helens.  Nalu

ral  Hisror)  90(5):  1619.
. I983.Iniri. fecolery ofsubalpire vegetation on N{ounr
Sr.  Helens.  $ ' rshingto. .  Ancr Nl id l .  r "atur .  109i72
50.
.  1q93. I lech.rn is 'n\  of  p imury succession on \o lca
Doe\: a vler\ iion Nlourt St. Helens. /n J. lvlilcs and
D. H. Walon (cds.) ,  Pf imaf]  succci \ ior  on hnd.
Black$cll Scientific Publications. Lond()r. Pp.79 100.

.  1998. Er l )  succession on lahah sp \ ined by Niount
St .  Helens.  Amer. l .  Uol .85:  iJ2( l l i28

. 1999 Plant ,iucces\ion on punice at Nlounr 51. HclcDS.
\ \h\h ington.  AJner l \4 id l .  Nrtur .  i .11:  l0 l  11,1.

dd N1orul. R. d L. al. Blis\. 199-l l{ecbrnisms ofprinrur,"-
succes\ i ( )n:  insrghl \  rcsuhing l iom the crupt i l ln  of
N{ount St .  t {c lcni .  Ad\ .  Ecol .  Res.  2: l :  |  66

delNlofr l .  R. .andS.Ytr .cr ishin.  I999.Thccorsequencesof
\dc.rn ic efutr ims.  Chaplcr  5 i r r  L.  R.  \ \a lker (cd.) .
[cos]srem,i of Di\turbcd croundt Ecos,vstcms o1 rhe
\\i)rld Series (ll. $'. cood|ll(Editff in Chicl).Else\ief
Sr ience.  Ainstcrdam. ( In pfessl .

dcl N,lord. R.. J.H. l itLrs. and A. \I. Cook. 1995. Early pn-
lnaN Nccession on NIount St .  Helens.  Wa\hington.
USA. .1.  Vcg.  Sci .  6:  107-110.

del  Moral .  R. .  rnd D. N{.  \ l i rod.  1988. D,"-mlnic\  of  herba
ccous \ egetatlon fecolerr on Nlount St. Helen s. \!h\h
irgtor. USA. aftcr a lol!.rnic eruftlon. Vegcralio 7.1:1 I,
2 1 .

. 1993. Earl) p.jmar) succession on rhe !olcano \{ount.
St .  Helen! .  J .  \ ts .  Sci .  , t :223-11.1.

Fr i th.  D.  P.  P I i .  \4 incl in.  ard L.  Belbin.  1987. Composi-
t ion.r ld is! imi lar i l , , -  a\  t r  robust  measurc ol  ccoiogical
distancc Vtgct|lio (r9: 57-68.

Re<:eived l2 Der:enrber 1997
Att:eptetl.for PubLi<:ation II.ld u.tn l99I

clid not changc perceptiblv along any transcct, we
a-rc i,,I l l( lenl lh:lt f i l(r i,r\ relal(d lu cle\rl ion. not
habitat heterogcneity. are responsible 1br the ob-
selr,ed vcgetation responses. Similar trends of
declining heterogcneity should be cxpected in long-
lclm chr. 'nu\equ<r)cc .tutl ie. utd in thc i, 'rnpri.on
of sites at which other factors contdbule to a gm
dient of differcnt eftective dcvelopmental a-qe.

Acknowledgements

Financial assistance was provided by Nationrl
Science Foundation Grant No. DEB 94-06987 and
by a N.S.F. REU grant. We thank S. Bard tbr her.
tine field assistance and N. Wolf for editorial corn-
mcnts. Mount St. Hclens National Volcanic Monu-
ment grantcd perrnission lirr this study.

Fox\aorth) .  B.  L. ,  and \1.  Hi l l .  1982. Volcanic erutr ion!  o l
1980 ar l l lounl  St .  Helen\ :  rhc l i^ t  100 dr f \ .  U.  S.
Geological  SLrr \e)  Pfofessional  P.rper 12.19.  L.  S.
Go\ernrncnlPrinting Ot_fice. \'rshington D.C.

Crishin. S. Yu.. R. dcl N{oml. P Krcsto!. md V P lerkiotat.
1996. Succcssion litlowing thc catastrophic e.uprion
of KsLrdach \,olcrno (K.rmcharka. 1907). Vegeulio
1 2 7 : 1 2 9 -  1 5 1 .

Halpcrn.  C.  B.  and M. h.  l lar lnon.  1981. Ear l )  p lant  succes
sion on the Nluddy Ri!.rnudflo$. Niounl Sl. Helen!,
$raslingtm. Anrer Midl. Narur I l0i 97 1{16.

Halpcm. C. 8.. P Nl. Ficnzcr. J. E. N{eans. and J F Ffankli .
199{1. Planrsucccssion in rrers ofscoiJhed and blorn
down forest  at lcr  rhe 1980 eruplbn of  Vounr Sl .
Heiens.  Wishington.  J.  Veg. Sci .  l :  lEt  19,1.

Hill. M. O.. aDd H G. Cauch. Jr. 1980. Dctrcnded corfe
spondcnceanalysis: animprovedofdinarionlcchnique.
Vegelario,l2:.17-58

Kov.rch. W. L 1993. NIultilariatc \tatistical tackagcs. Plu\
2.1.  Users Manual . , l  l  p

Laro.c l .  S.  and J.  D.  Lebrclon.  1992. Evidenlc ror  rof terv
rccruihent in \'{editcnaDean old field\. J. Veg. Sci.
I  i91 100.

Ntccune. 8.. and \f. J. N4efibrd. 1997 PC-ORD: Nlulri!.lri-
.re anal\'si\ ofecological data. !cAior 3.0. \,lj Ni Soli
wafe Design. Geneden Beach. Orcgm. USA.

Ti tus.  J.  H. ,  and R. dcl  Nlof . r l .  199E. Sccdl ing establ ish rcnl
in differcnt micro\ites on Mount St. Helens. Wrsh
ington.  USA. Phnt Ecology l l . l :  l3-16.

T\u)uzaki .  S. .  & del  N, lofa l .  R.  1995 Specie\  af t r jbutes in
ear l )  pr inar," -  succes\ ion.  J.  Vcg.  Sci .6:  517 5l l .

Tsuyuz.rk i .  S. .  J .  T.  Ti tus. .Lnd l t .  del  Nloral .  1997. Sccdl ing
establ ishmen! palGrns on the Punice Plain,  MorLnt
St .  Helens,  \ \hshingt | )n U. S.  A. .  J .  \ tg.  Sci .  8:  ?21
131.

' fu.  
\ { . .  J .  T.  Ti tus.  R.  dcl  Nloral . . rnd S.  Tsuyuz.rk i .  1998.

Composition and d,,-naDrics ofthc \cll.rDd \eed ba.k
on Nfount St .  Helens.  Washington.  USA. FoLiu
Geobotanica l l :  3 16.

l8 Dlugosch and del Moral


