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ABSTRACT

Vegetation development on Surtsaiyd Mount St. Helenbas been influenced by remarkably similar processes.
Both are isolatedso colonizers are filteredIn each case,pgcies accumulation and vegetatiorvalepmentwere
initiated by a few species, Wita lag phase before biomass accumulated rapi@ly. both establishmentvas first
concentrated ifavorable micrsites andacilitatedby nutrientinputs Established planteften fosteed other species
in both cases That suchcontrastingsystemsexhibit similar mechanisms of community assembffers important

restoratiorlessons

INTRODUCTION

Surtsey is a unigyenew volcanic island. Mount
St. Helensvolcano (Washington Stte eruptedvio-
lently in 1980 Eachprovides a matchlessopportu
nity to explorehow ecosygemsdevelop(Walker &
del Moral 2003) Here | summarizeplant primary

successioimmechanismdound onMount St. Helens

and compare them to thosgeterminingsucceasion
on Surtsey.

STUDY AREA

declined Cover developed slowly inpper plots.

Despite pulses of.. lepidus (1999, 2004,2007),

cover was 50% of thdéower plots The rate of
development on the Ridge was related to elevation
(del Moral 2007) Lupinus cover explodedn the
lowest plots(1989, 19941999, thendeclined. By
2008, therewas a steadylecline of cover with ele

vation.

Dispersal

Primary successiorrequirescolonization estab
lishment, development and biotic intetiaos. In

terrestrial systems;olonizationis significantly less

The 18 May 1980eruptiors of Mount St. Helens of a problem than on islands, hilispersaremains a
formed acomplexpatternof new and denuded landignificant constraint (del Moral & Eckert 2005).
(Dale et al. 2009. This extraodinary landscape Seeds dispersed by animadse poorly adapted for
beckonedrresistibly to ecobgists tostudyreassem establisiment in stressfusites (Wood & del Moral
bly (Fig. 1) This reportdrawson studies conductedl987). Wind dispersed specie®ntinueto dominate

by myself andcolleaguessince 1980 Methodsare
in the references. Vegetation structure wasionk

the flora, but shifts in the dispersal spectrum
occurred Wind dispersed speci@sclude Parachute

toredin transects of permanent plof€ on Pumice (€.g Hieracium Chameion), Parasail (e.gAbies

(from 1989, 10 on a lower Ridge (from 1984 and
10 from upper sites on thigdge (from 1989 del
Moral 2007).

RESULTS
Species richnesand cover

Species assembiyas slow Pumice richesssta
bilized by1998,and after2003it declineddue toan
explosion ofLupinus lepius (del Moral & Rozzell
2005). Ridge ricmess deahed after 1998 (Fig.2).

Carex, Tumbler (e.g. several grassdsjogonum
Polygonun or spore bearing (fernsnosses). The
Other categorygonsistsprimarily of Lupinus(explo-
sive dehiscencandants) but includes a feanimat
dispersed species (e.grctostaphylosFragaria).

| summarizedhe transectiataby the first and last
four yeargo characterize the changing spect&pe
cies were grouped by disrsal types and thepectra
compared (Fig.4). Pioneerswere dominated by
paachute speciedut mosses and fermgere sparse;
these spaes need facilitation to establish Over

In eachcase there was a core of species (stable) aiitie, dominance byessnimble speciedgncreasedas
severalspecies with sporadic occurrenceSporadic they invaded, persisted and expand&tie temporal

speciesabsentfor at leastthe lastthree yearsare
deemed
athigher elevabns where covewas lower

After a lag cover on Pumice began #&xcrue

(Fig. 3). Cover inlower plots peaked in 200€hen

patternis also revealedn spatial patterns The dis

fiTabiet 1). nviore 8pecies persidt persalspectrumchanged over short distancetso-

lated siteswere initially dominated by parachutists,
while sites neardonors were dominated by other
types(del Moral & Ellis 2004)


mailto:moral@u.washington.edu

Establishment examples emphasize the importance of isolation in

- - . driving succession. They suggest that restoration
(dérl&zzlrglsglb\}{/s&rge%%?s fgg'gg?itﬁg %éaﬁg projects canot depend on spontaneous establish

ntto provide desirable vegetation and that rein
strongly favored by surface cracks, large rocks : - 2 .
erosion features. As conidins generally improved?gﬂ?dua:Ion of desirable species Is often required.
seedling establishent became dispersed, and estabafesites

lishment of most species was no longer cadirto

special habitats. Safe sites were crucial to early development on

o Mount St. Helens. On old lava sites, plants estab
Facilitation lished in crevices, while on new surfaces, erosion
Facilitation, processes that improve etitib created favorable microsites and larger rocks offered

ment, occurred in two ways. Nutrient inputs in t otGe;:rtlso?o. h ac\)/g Egéfeig'cf;éﬁgdmcﬂgr}%ago
form of pollen, seeds and spores, insects, spid fle the coarse surfaces on the beach offeréd }efu e
feces from birds (and later elk) and rainfall produc seeds washed ashore. That such differelta 9
physical ameobration. Once plants established, th ff imil lusions about establishment
produce more organic matter. Thus, developm sho er S'rt?]' E}[rrggtr(])(;ation lans stiqdy heed to
was initially slow, but accelerated with the esta ee%li?}SIZeesstabﬁlshment condirt)ions y

lishment of nurse plants, notablypinus Young 9 '

Lupinus colonies promoted grasses compared Racilitation

adacent sites withsparse lupines (del Moral & . N
Rozzell 2005) while oldLupinuscolonies promoted Without facilitation, both Surtseyand Mount St.

mosses Helens would havescarcelydevebped Seabirds
' deposit nutrients irand around the colonies(Fig.
Inhibition 6). Wind carriesin organic matter to Mount St.

Helensand now birds and large mammatmtribute
hutrients However,winds reachingSurtseycarry
much lower nutrient loads and Surtsey alaoks
vrascular plants that camxfnitrogen On Mount St.
lens,two Lupinusspecies andlnuscontribute to
roving fertility. Both volcanoes demonstrate the
ortance of soil fertility to the rate of succession.
owever, where nitrgen is concentrated, as in the
gull colonies,dominance by a few nitrophilous spe
cies is promotedMagnusson & Magnusso2008.
Nitrogen levels remaigenerallylow on Mount St.
COMPARISONS WITH SURTSEY Helens so thatntense competitiohas not occurred.
Dispersal Restoration scientists who wish to develop diverse
communities muscontrol fertility.

A grid of 100m? plots was sampled in 2008
Dense coniferRinusandAbieg plots (> 35% cover)
were compared to sparse den plots (< 20%
cover). Denseonifer plots had fewer species, low
ground layer cover and were less diverse (Table;
than plots with sparse conifers. Conifers chan
the under®ry composition and reduced the grou
layer vegetation.

Both volcanoes illustratéhat isolation alonecan
structurevegetation. On Mount St. Helensearly IPalt r?tnst g’ Osnh e F ? te p i nV 0| sC ;gc?
all pioneers weravind digper®d, in contrast to the p ’ 9

surroundings On Surtsey, the sea provided the firﬁStabliShed (Fig7). Erosion acts to facilitate sulc
few colorists, whichstill dominate beaches Once cesi?;gnarc])él rggghv\)’grlg?gfne;\} e dotg r“é'ﬁggfrﬁga?eesens’
sedird colonies became established, species-c&ﬁp : K f d by f d we
mon to | c el anidtduced hater, eoﬁm'c 5 %were ractured Dy frost and water
wind dispersed species became di&théd in several channels were formed to support seedling establish

habitats. The vegetation on Surts@yd on Mount ment. On Surtsey, wind has moved sand over lava,
St. Helensremaings inpoverished elative to their 210WiNg the invasiowf Leymusand other species.

sources. Permanent plots

Species accumulation Longterm studies of suession are fewSva

P varsdottir& Walker 2008. Permanent plot studies
St Tﬂg|gﬁlswelfgtls?nrﬁgrteére]z%ﬂesggtesec%r?tg?dil;?grlfntof succession avoid most problems associated with

ences  Isolation and stress cdined to constrain 1 ¢ N r onosequ eTheyekow sstta ttacke s |
establisment for several years. On Mount St. INtémal dynamics (e.gexpansionof species, local

Helens t took about 10 years to reach 50% the extinction, etc.) and climate etfes. Studies on Suit

current richnessand on Surtsey it tookabout 25 SE€Y, Where human disturbances are regulated, -prom

years to reach this point. Clearly, isolation and iy Ito prov]!dle a clgz_a_tr record Iog_suc%es&%r_\ gse_lerl
late colonizaion by seabirds retarded theplant Sre! Stressiul conditions, including how Dirds irtiu
colonization of Surtsey. Arrival does not guaranteec"'Ce thepattern and whether succession on lava will
persistene. On Surtsey, only 72% of species fourﬁﬁsun_ in significant spees turneer. Because of its
in 2008 have viable populationsOn Mount St. isolation and legal protéion, Surtsey will offer
Helens, about 1/®f the species are sporadithese €C0I0Jists important lessons for decades.
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Table 1. Total number of species, stable spe¢sporadic species
and species not found for at least three years after last occurrence in
each data set. (Plots were 258circles, all species recorded).

Site Total Stable Sporadic A EX 1t i
Pumicé® Low 32 21 11 3
Pumicé High 37 25 12 2
Ridged Low 41 21 20 9
Ridged Mid Low 34 20 14 9
Ridged Mid High 37 26 11 8
Ridged High 34 25 9 6

Note: Pumice plots consist of six plots each, Ridge plots

Table 2. Structural differences betwegiots dominated by conifersgver > 30%pandsparse conifieplots (cover < 20%)
(Dense, n=14; Sparse, n=2&ymparisos significant Wilcoxon rank sum testP << 0.05)

Parameter Conifers Included Conifers Excluded

Parameter Conifers Dense Conifers Sparse ConifersDense Conifers Sparse
Richness 13.8 175 11.8 155

Cover {ndex 51.3 21.5 5.7 9.9

H' 1.059 1.845 1.813 2.186




Fig. 1. Lupine patch facilitates vegetation (2007)
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Fig. 2. Species richness in permanent plots. A.
Pumice; B. Ridge.
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Fig. 3. Percent cover in permanent plots. A.
Pumice; B. Ridge.
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Fig. 4. Dispersal spectra early (first four years) Fig. 6. Gull colony demonstrates the importance
and late (last four years). A. Pumice; B. Ridge. of facilitation.

Fig. 5. Cochlearia officinalis in lava cracks.

Fig. 7 Honckenya peploides acts as nurse plant for
Cakile arctica .



