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Abstract
The conposition o{ piani connunilies changes afier cataclysrns sucb as volcanic eruptions. These comnunity changes night
be more accuralely forecasl if lhe florislic composition ofcommuniries is known p.ior 10 an e.uption because recovery ofplants
depends upon the mechanisms by which they nornally respond to disturbances. To identify sone o{ these mechanisns and
their consequences for plant community recovery, we followed the recovery of plani connunities after rhe l8 May 1980 lateral
blast of Mount St. Helens and eranined both species rhat survived and those lhat regenerated. Plants with sobterranean dor-
nant buds (geophyte$ and those lhat could regenerate from fregments survived the eruption best. As a result, the proportion
oi geophyte species and relative plant cover of geophyres as significantly highe. than that of orher growth forn types. Initial
recruihent onro the hummocky+urfaced debris slide (i.e., nounded surface) was strongly biased toward geophyres and an-
nuals, possiblr due to extreme enrironmental conditions on this new substrate. In contrast, olher habitats (blowdown, mud
flow and scorched, dead forest) created by the e.uprion have higher vegetation cover and are doninated by planls lhat surviyed
ihe eruption. Because plants ha'e evol'ed in response to frequent disturbances such as fires, snowslides and floods, they are
preadapted to sinilar, bur less frequent, disturbances that are associated wirh volcanic eruplions.

Introduction

After large-scale ecosystem distuibance accurate
assessments of plant regeneration are necessary
for determining resource availability for ter-
restrial and aquatic fauna, estimating the quan-
tity of sediment to be expected downstream, and
assessing the magnitude of competition that com'
mercial plantations may encounter. The effects
o f  vo lcan ic  d is tu rbanccs  on  p lan l  communi l ies
and the importance of growth forms in plant re-
establishrnent have been described (Smathers and
Mueller-Dombois 1974, Man'ko 1974, Criggs
1933, Franklin et al. 1985, Antos and Zobel
l985a,b), The pre-eruptive influence of climate
and recurrent disturbances such as fires, f loods,
and snowslides have been recently considered as
selective agents of adaptations that increase the
probability of surviving eruptions (Adams and
Dale 1987, Antos and Zobel l985a,b). A variety
ofplant responses to burial have been described
by Antos and Zobel (1987) including the forma-
tion of adventit ious roots, upward growth of
rhizomes, and movement of perennating buds.
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Influences of climate, t ime, and substrate
have been formulated in a predictive model for
long-term biomass accumulation on lava sub-
strates by Eggler (19?l). Halpern and Harmon
(1983), based on initial observations of revegeta-
tion of the Lower and Upper Muddy River mud
flow at Mount 5t. Helens, predicted successional
patterns to be variable following this volcanic
disturbance because there is a variety of surface
substrates for colonization, means of reproduc-
tion and distances to seed source. Differential
plant survival within and between disturbance
types has not been statistically tested after past
debris avalanches and associated lateral venting
of stratolayer volcanoes such as those that oc-
curred at Bandai-san, Japan, in IBBB (Sekiya and
Kikuchi lBB9), and at the Russian volcanocs
Bezymianny in 1956 and 1964 (Tokarev l98l).
Criggs (1933) working four years after the l9l2
eruption of Mount Katmai, Alaska, noted both
the importance and difficulty in differentiating
between hold-over plants and new colonizers
following volcanic eruptions.

The eruptions of Mount St. Helens, Wash-
ington (Lipman and Mullineaux l98l, Swanson
et al. 1983, Weaver e, aL 1983, and Waitt el al.
l9B3), provide opportunities to develop methods
for predicting the mechanisms and magnitude of

1 6 0  N o r t h w e " t  S c i e n c e ,  \ o l . 6 l ,  \ o , 3 ,  l 9 B 7



r
I

vegetation recovery fol lowing cataclysmic erup-
tions. Since quantifying differences in plant
g row th  f o rms  rnou ld  a l l ow  us  t o  subs tan t i a tp  o r
refute past obseryations for vegetation following
other volcanic eruptions and provide a rneans for
assessing future successional trends, we decided
to use the Mount St. Helens blast zone to test
for differential survival as a function of growth
form. By looking in the time pe od immediate-
Iy fol lowing the lateral blast, we were easi ly able
to separate hold-over plants from new colonizers.
We believe that the rnethods and results pre-
sented in this paper provide a simple way of us-
ing pre-eruptive plant composition and associated
types of plant regeneration for forecasting poten-
tial plant recovery in the aftermath of a large-
scale natural disaster.

Methods

Sampling within Disturbance Habitats

The post-eruptive habitats selected to examine
differences among growth forms were: 1) blow-
down; 2) standing scorched (seared), dead forest;
3) mud flow; and 4) debris avalanche (Figure l).
Ocular estimates of percent cover by species (ob-
tained by dividing the plots into quarters and
summing to give a total estimate for each plot),
the number of species above the ash, phenological
stages (seedling, emerging, immature plant,
f lowering, setting seed or dead) represented by
each species, ash depth and distance from the
crater were recorded for 25 m' circular plots from
late June to August of 1980 in blowdown and
scorched, dead forests, and mud flow habitats.
Because plant cover was markedly lover on the
debris slide relative to the other three habitats
considered in this research, we predicted that
plant establishment onto the debris would be
related for the most part to survival of seedlings.
This would allow a contrast of growth forms in
a habitat recolonized by seeds with habitats in
which a greater proportion of the flora survived.
Therefore, we considered annual and seasonal
variability in growth forms on the debris slide
by sampling over a three year period (15, 83 and
103 250 m'? permanent circular plots during
August of 1980, l98l, and 1982, respectively) and
for three time intervals during the summer of
1982 (June, July and August). In addition to the
information collected for the plots in the other
three habitats, for the debris slide plots we

recorded the number of stems/species at the soil
surface.

GroMh Form Classification and Spectra

Plants were classified by the location of dormant
meristematic tissue relative to the ground sur,
face (Raunkiaer 1934, Mueller-Dombois and
Ellenberg 1974). Crowth form spectra were con-
structed for species classified as annuals (A),
plants with buds below ground (G or geophytes),
plants with buds at the ground surface (H or
hemicryptophytes), plants with buds 2.5 to 50 cm
above the surface (C or chamaephytes), tall
shrubs (S), deciduous trees (D) and evergreen
trees (E). The percent of species for pre-1980 data
(256 spp.) was constructed using the data of St.
John (1976). The growth form spectra of percent
species for the four disturbance habitats were
determined using species lists constructed on
forays through the habitats and from established
plots. The percent cover of growth form types
averaged for the total area was determined by
summing the average cover of each growth form
within a given habitat and then dividing this sum
by the total number of habitats. The cumulative
mean number of individuals per plot was cal-
culated by dividing the total nurnber of in-
dividuals of each growth form by the number of
plots and summing the growth forms for each
sampling period.

Analysls of Types of Plant Flegenerat on

Three types of regeneration were considered in
our field work: 1) regeneration from newly
deposited seeds (recruitment or establishment of
nen gpnets ) :2 )  reg"nera l iUn f rom in  s i /a  surv iv -
ing plants; and, 3) regeneration from plant
fragments transported by the energ] forces
associated with the eruption (e.g., the blast,
avalanche and mud flows). The presence of seeds
was documented vith seed traps (0.25 m') (Adams
and Adams 1982, Adams and Dale 1987). Seed-
lings were distinguished from emergent residual
plants by the presence of cotyledons and the
absence o f  "uLr tp r ranpan l i ssup f rum prer ious
years' growth. Plants were unearthed to deter-
mine if regeneration was occurring from frag-
ments or from ln sirz rootstocks sprouting in
mineral soil. To ascertain the potential of sub-
alpine lupine (Lupinus latifulius) to regenerate
vegetatively, a single lupine rootstock was placed
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Figure t. Map of study area relarive to rhe confluence of tbe Cowlitz and Toutle Rivers and the Mount St. Helens crater. The

location of25 m'circular piots and transects in 4 disturbance habitats are shown. The bold letiers indicaie the dislur-

bance type and the associated nunbers denole ihe nunber ofplols at each locarion. Disturbance types are blordown
(B), standing scorched, dead forests (S), nud flowslM) and debris slide (D). The set ofplots designated M9 represents

9 plols locared west of tbe map approximately I kn east of the confluence of the Cowlitz and Tourle Rivers. The
250 n'zpernanent circular plots on ihe debris siide used in I980 ran soutb to north fron Casde Lake to Coldvater

Lake and 3 plots were located on porlion of the debris slide that splashed across Spirit Lake and was deposited just

north of Spirit kke. In l98I and 1982 the plots ran from 5 km east of the rerminus of the debris slide to Castle

and Coldrater Lakes. Plots are spaced at 50 m intervals along line iransects in all habitats.
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in six clay pots fi l led with debris substrate and
the rootstocks were watered daily at the Univer-
sity of Washington greenhouse. Methods used to
determine substrate physical and chemical prop-
erties, and moisture stress troughs used in
documenting regeneration from transpoded frag-
ments are described in Adams and Dale (1987).

Statlstical Analyses

To test the significance of distance relative to
ash depth in residual plant recovery, a multiple
regression was run uti l izing number of species
as the dependent variable versus ash depth and
distance as the independent variables. To deter-
mine the significance of differences in abundance
of growth form types, a two-way ANOVA with
unequal frequencies was performed on the log
transform [Y + 0.0005) of percent cover with
growth form and disturbance type as factors. For
the debris slide data collected in permanent 250
m2 circular plots during August of 1980, 1981,
and 1982, a two-way ANOVA with unequal fre-
quencies was performed on the log transform of
number of individuals with growth form and year
as factors. Significant differences between growth
form types were determined by computation of
Scheffe's pair-wise contrast tests (Winer 1971).

Results

Similarities and Contrasts in GroMh Form
Spectra of the Four Habltats

Disturbance types had different growth form
spectra (Figure 2) and different types of plant
regeneration. Annuals were poorly represented
in the pre-eruption flora and were absent from
all four habitats in the summer subsequent to the
eruption of Mount St. Helens (Figure 2A). All six
other growth form types were represented bv
residual or surviving species, The relative pro-
portion of geophytes was higher for the total area
than existed in the pre-1980 flora, whereas hemi-
cryptophytes and chamaephytes are notably less.
No major changes in the relative proportions of
species of tall shrubs, deciduous or evergreen
trees were noted when the spectrum for the
pre-1980 flora is compared with the cumulative
percent of species for the total.

Growth form spectra of cumulative percent
of species were similar for blowdown and
scorched, dead forests, but these two spectra dif-
fered from those that occurred on lahars (mud

flows and the debris slide) (Figure 2A). Since
species compositions were identical for blowdown
and dead, scorched forests (100 spp.), these spec-
tra are presented as a single spectrum in Figure
2A. In the blowdown and scorched, dead forests,
above-ground plant tissue was removed by the
lateral blast. Here most plants regenerated in.
sita. Over 70 percent of these species and 89 per-
cent of the relative cover consisted of plants vith
perennating buds below the ground. The mud
flow (22 spp.) and debris slide (20 spp.) habitats
differed from the blowdown and scorched, dead
forests by the occurrence of relatively fewer
geophytes. The mud flow differed from the debris
slide spectra by having a higher proportion of
species that have buds projecting above the
mud's surface (shrubs )50 cm, deciduous and
evergreen trees) and fewer species with buds
below the surface.

The barplots of each separate habitat repre-
sent the cumulative sum of the means of each
growth form type (Figure 2B). Total mean per-
cent cover was low in all four habitats ( < 25 %),
but nevertheless higher than we had expected.
Plants with buds below the surface represented
the highest percent cover/plot, followed by
deciduous and then evergreen trees. A two-way
ANOVA rnilizing percent cover with growth form
and disturbance type as factors, showed that the
gror.r th form-disturbance tlpe interaction was
significant (p < 0.001, F,s, 's = 8.02). Computa-
tion of pair-wise contrast tests indicated that the
rnain differences were associated with the relative
importance of conifers and deciduous trees on
the mud flow and geophytes in other disturbance
types .  Tn  1980.  pFr l ' cn t  corer  fo r  hemi i " r lp to -
phytes and trees was lowl nevertheless, cover was
16 times higher for plants with buds at the sur-
face and twice as high for trees in the scorched,
dead forests than in the blowdown.

[,4echan sms of Regeneration

In 1980 survival of seedlings was found to be vir-
tually nonexistent in all four habitats (Adams and
Adams 1982). In 1980 regeneration in the blow-
down and scorched, dead forests lvas almost en-
tirely from in situ plant parts sprouting from
mineral soil. No regeneration from transported
plant fragments was found in these two habitats.
The number of species regenerating seemed to
be related to erosion in that the greatest number
of species were found on moderately steep slopes

Plant Sunival, Crowth Form and Regeneration 163



A

PRE-  TOT^L  SCORCH*  XUO-  OEERIS

Bts f

H :
iico

;P
;(n

; =
f , ,
-c]

t ao
ao
6 0

gt  20

r * :  l J
* ;

) =
=l{ "
: d -

0-

tr

::tQ eo

z 2 6 A
f,=-tZ qs

;:  _^

1,. r. /

> ; i

1E
= t
1 , ,
- o

4@

2 6

o

t @ o
a@

60

4 0
2 @

o

1980  t ^REA BL0 l {00 rN  FLoY  SL I0E
FLoR^ k-  SUMMER, 1980 - - j

r- !t

0(*

MAY l99S
tuoFL0fs

NIRCH l9A2
NUOFLOTS

figure 2. Crowth forn specira are reported for species classified m annuals (A), planrs {iih buds belofi ground (C), planrs
{ith buds at the ground surface (H), plantF vith buds 2.5 to 50 cn abov€ the surface (C), rall shrubs (S), deciduous
rrees (D) and evergreen trees (f,). (Ai The percent of species for pr€-1980 daia (2s6 spp.) (Sr. John 19?6) and for
4 disturbance habitats sampled fron June to July, I980. {B) The percent cover of gro{ih form types av€raged for
the total area (sun o{average cover ofeach habitat divid€d by the total nunber ofhabitats) and for rhe 4 disrurbance
typ€s for 25m'lcircular plots sampled during July and Augnsi of 1980. (C and Dl Growth forn spectra for 250m'
plots located on the debris slide. (C) Cunulative percent of species in debris avalanch€ plois. (Dl Cunulative rnean
number of individuals per plor calcujated by diridins the totsl nunber of individuals of each growrh forn by rhe
number of plots and sunning the growth fonns for each year. 0n 19 March 1982 an explosive eruplion gene.at€d
a lahar that covered a large portion ofrh€ debris slid€ as far as 8lm fton rh€ crarer {q/aitt e, dt 1983). This second-
ary disturbance is noied on Fis. 2C-D.
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with gullies that penetrated through the ash to
the surface of the pre-eruptive mineral soil. Multi-
ple regression of data from blowdown and
scorched, dead forests shows number of species
(N)25 m'? plot surviving and emerging above rhe
ash in July l9B0 to be related to depth of ash
(D in cm), and not to distance from the moun-
tain (N = 5.75 - 0.22D,p = 0.002, I = 0.40,
n = 50 plots); [addition of distance increases I
by 0.005 and the coefficient is not significantly
different from 0 (p = 0.620)1. Regeneration from
iz sltu geophytes and hemicryptophytes was rare
on both the mud flow and debris slide. Regenera-
tion from transported fragments occurred
throughout the North Fork Toutle mud flow sites.
On the debris slide vegetative regeneration was
mostly in rributary backfills and the outer
margins of lateral terraces (Voight et al- l98l)
associated with rootwads, clumps of mineral soil
and distal clumps of forest fragments deposited
at the western terminus of the slide.

On the North Fork Toutle mud flow and
debris slide more than 20 species regenerated
from hagments and from plants lransported on
root wads, stumps and soil torn frorn the valley
walls. Regeneration occurs from tubers lwestern
statflorlet (Trientalis latifu lia)l; corms [trillium-
leaved wood-sorrel (Oxalis trilliifu lia)l; rhizomes

[beargrass (Xerophyllum tena.r)]; and taproots

[pearly everlasting (Caaphalium microcepha-
lzrn)]. In 1980, on the debris slide, fireweed
(Epilobium angustifolizm), Canadian thistle (Cir
sium antense) and lady fern (Athyrium fi,lh-
femina) sprotted from axil lary buds of
transported rhizomes. In mud flow material of
the North Fork Toutle valley located four km
lvest of the debris slide terminus up to five
fragments weie found sprouting within a 25 m2
plot in l9B0 fMertens'sedge (Carex mertensii),
dagger-leaf rush (/uzczs ezsy'olius) and horSetails
(Equisetum spp.) from rhizomes]. Broken
branches of black cottonwood (Populus tricho'
corpo) and willows (So/ir spp.) developed leaves
and stems from preformed primordia embedded
in bark on stem sections on both the mud flow
and debris slide. Nine fragments [soft rush (/aa
cus elfusus), C. mertensii ar'd bentgrass (lglosris
d,iegoensis\f sprouted from mud flow substrate
spread over an area of 13 m'?as part of a
moisture slress trough experiment conducted
within the Universitv of Washinston research

greenhouse (Adams and Adams 1982, Adarns er
al. 1986). Lupinus Latiftlius became established
on the debris slide and set seed in 1981. All six
rootstock sections of this lupine placed in debris
substrate sprouted shoots and roots within two
weeks.

Yearly and Seasonal Trends on the
Debrls Slide

Only geophytes were found in the debris slide
plots in l9B0 and geophytes remained predomi-
nant in August samples during the three year
study period. With the exception of small shrubs,
all growth forms showed relatirc innreases in im-
portance to the total spectra subsequent to 1980.
Yearly changes in cumulative percent of species
in 250 m'? circular plots on the debris slide were
pronounced (Figure 2C). In particular, the pro-
portion of annuals and deciduous trees increased.

Ahhough total plant cover remained less than
one percent on the debris slide through 1982,
there were three orders of magnitude increase
in the number of individuals/2S0 m' plot from
l9B0 to 1982 (Figure 2D). The two-way ANOVA
with unequal frequencies performed on number
of individuals with growth forrn and year as fac-
tors vas significant (p<0.001, F,o,,o3 = 13.21).
The interaction of growth form with year was in-
significant. Contrast tests indicate the main dif-
ference is due to the increase of plants with buds
underground, and to a lesser degree to the
change in annuals, and to an even smaller incre-
ment of increase from deciduous trecs.

In 1982 the total number of plants on the
debris slide increased from June to July and then
decreased from July to August (Figure 2D).
Deciduous trees in 1982 showed an increase
throughout the sampling period but represented
< l0 percent of the total number of individuals.
Annuals and geophytes show the largest increases
from June to July of 1982, whereas annuals
decrease and geophytes remain unchanged from
July to August. As expected, over 99 percent of
the increase in numbers of individuals on the
debris slide was from seed dispersal and seed-
ling survival during l98l-82 as was easily deter-
mined by the presence of cotyledons and lack of
tissue from prcvious years' growlh.
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Discussion and Conclusions

General Features of the GroMh Form Spectra

The structure of flora surrounding Mount St.
Helens both before and after l9B0 is distin-
guished from other vegetation at temperate
latitudes of the nofihern hemisphere as described
by Whittaker (1960), and differs from nearby vol-
canoes such as Mount Rainier, Washington, by
a high proport ion of geophyles relat ive to hemi-
cryptophvtes and chamaephytes. After the crup-
t ion, survival and recruitment of growth form
types varied signif icantly between habitats con-
sidered. The type and magnitude of vascular
plant recovery in the first growing season follow-
ing the eruption of Mount St. Heiens appeared
to depend upon the relat ionship between the
nature of the disturbance which al area ex-
periences, aspect, t ime ofsnowmelt and ongoing
disturbances such as erosion.

Preadaptation to Fires and Snow

Periodic fires and climate (in particular heara
precipitation, much of it in the form of snow) may
explain, in part, the high proportion of geophytes
in  t he  f l o r i s t i n  , ^ompos i t i on  o f  commun i t i es  su r -
rounding volcanoes of the Cascade Mountains.
Similarly, the relat ively frequeni eruptions of
Mount St. Helens (Mullineaux and Crandell l98l)
mar  ha r ' .  a  5c ie . l i ve  e f f cc l  on  regp ta t i on  . t r uc -
ture that results in a higher proport ion of plants
with dormant primary meristematic tissue under-
ground being found near Mount St. Helens. The
chances for survival were found to be higher for
plants buried by snow at the t ime of the erup-
t ion within the blast zone (Means er ol 1982,
Adams and Adarns l9B2), but the reverse r,as
found to be true in foresls outside the blast zone
where Antos and Zobel (1982) found reduced
cover at si tes rvith tephra on top of snow for
shrubs, tree seedlings and erect evergreen herbs.
Antos and Zobel, in commenting on the scarcity
ol X. tenax in habitats surrounding Mount St.
Helens relat ive to i ts occurrence in similar habi
tats in other parts of the Cascades, note that t im-
ing of volcanic eruptions in relat ion to snow
packs may greatly influence initial damage or sur-
vival of vegetation.

Montane forests and subalpine meadows of
Washington do have recurrent f i res and
snowslides which remove above-ground plant
biomass in a manner similar to that ofthe lB May
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lateral blast of Mount St. Helens. Plants that
regenerated in blowdown and scorched, dead
forest habitats also regenerate after f ires (Miller
and Miller l9?6, Agee and Scott 1983, Hitchcock
and Cronquist l98l) and snowslides (Cushman
1981, Adams and Dale 198?). In the blowdown
and scorched dead forests, most surviving plants
regenerated ftom in situ buds of rhizomes,
tubers, bulbs and corms. Antos and Zobel
(1985a,b) found sinliar results when investigating
understory species covered by tephra from Mount
St. Helens. In addition, these researchers noted
that long-term survival was dependent upon
reestablishment through the production of adven-
tit ious roots within the tephra, as well as surviv-
ing the burial. Species with the ability to
regenerate from meristematic tissue located
several cm below the surface have the greatest
survival rate during fires (Flinn and Wein 1977,
Mclean 1969). Also, in blowdown and seared
fores t  hab i ta ts  some ta l l  shrubs  Ie .g . ,
thimbleberry (Rubus paroiflorus), salnonberry
(R. spectabil isl. and elderberry (sambucu's
racemosa)f which had their above ground parts
destroyed by the blast responded via adventitious
buds forming epicormic shoots as they do follow
ing fires and snowslides. In this sense these
spe i^ ies  ae t  as  fa , .u l ta t i r .  geoph) les .

Production of new foliage by plants with buds
at the surface, small shrubs, and coniferous trees
was restricted to areas protected by snow, north
and northwest facing slopes, or to the scorched,
dead forests in the case of hemicryptophytes and
chamaephytes. Plants of the Pacific Northwest
which possess buds 2.5 to 50 cm above ground
level often have sclerophyllous evergreen leaves.
The total loss of buds and leaves explains the
scarcity of small shrubs in the devastatron zone
during the first growing season following the
sprlng eruption. Both the proportion of chamae-
phyte species and their relative percent cover had
decreased following the lB May eruption. Many
chamaephyte species [e.g., Oregon grape
(Berberis neruosa), salal (Gauhheria shallon) and
twin flower (Linnaea 6oreolis)] are residual com-
ponents of burned areas in the Pacific Northwest
and regenerate vegetatively within a year after
a fire (Miller and Miller 1976). These specres
would be expected to be more abundant after the
eruption. Adventit ious buds can form on roots
(especially injured roots), but this is least likely
to happen during the spring (Hartmann and
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Kester 1975). Dispersal of small  shrubs back into

the devastat ion zone should be relat ively rapid
in the Pacific Northwest becallse birds and mam-
mals are major seed vectors fbr species possess-

ing this growth form type (Best l98l).

Non-vascular plants that respond to fires were

also the taxa that responded to the eruption of

Mount St. Helens. For example, the most com'
mon moss found during our ongoing studies has
been Funaria l4rgrometrica, a circumboreal
species often found after forest fires and in camp-
f ire pits (Laryton l97l).  Similarly, Discomycetes

sporocarps (e.g., Peziza oioLacea ar.r). Pyronema
spp . ) \ l e rp  f ound  l h roughou l  t he  devas la l i on  zone
in 1980. These therrnophilic fungi are often

found after f i res and in pasteurized soi l  used in
greenhouses (Dennis l97B).

Preadaptation to F oods

At Mount St. Helens, some disturbances were
similar to seasonal floods caused by hearry rains
and snowmelt. 0n lower portions of the Toutle
and Muddy Rivers, and Pine and Swift Creeks
a slurry of mud, water and organic material
washed down from the mountain sweeping away
much of the vegetation. Marks on standing trees
show the water levels were as much as 15 m above
normal stream levei as far as 33 km from the
crater of Mount St. Helens. The largest flows oc-
curred on the North Fork Toutle River where
conifers and broad leaf deciduous trees were left
standing but buried by meters of mud. Often
standing trees had a ring ofbark removed by the
force of the flow leaving the cambial layer
exPosed.

Plant responses after mud flows are similar
to methods of regeneration that these same spe-
cies uti l ize following floods. Observations frorn
the mud flows of Kautz Creek, Mount Rainier,
Washington (Frehner 195?) and Mount Lassen,
California (Beardsley and Cannon 1930) indicate
that many trees died up to three years after be-
ing partially buried probably due to insufficient
oxygen supply to their roots or from cambial
damage. On the Kautz mud flow buried trees set
seed the following spring and fall, and tree
establishment was most abundant whcre snags
provided protection against ertreme tempera-
tures and drought stress.

The difference in the growth form spectrum
of mean percent cover for the mud flow habitat

has broad implications for predicting the poten-
tial for vegetation recovery in this habilat type.
Populus trichocarpa and SaLix spp. partially
covered by mud flows actually produced seed in
l9B0 after the eruption, Other species, including
conifers, seeded in 1981. The short.term survival
of trees on mud flows provided a seed source,
and snags are more favorable habitat for ger-
mination and growth. As such, their short-term
survival has a significant impact on future vegeta-
tion trends. Our results are slightly different than
those of Halpern and Harmon (1983) who
reported results for data collected in l98l for the
Muddy River mud flow which is closer to Mount
St. Helens than our mud flow plots on the North
Fork Toutle, and apparently had much fewer sur-
viving tree snags in l98l than we found in 1980.
Our work is similar to that of Halpern and Har-
mon in thar we too found regeneration from
fragments to be present, and we found microsites
within habitats to be diverse and to explain much
ofthe diversity of the flora. Fragment regenera-
tion appears to be more impo ant on thc North
Fork Toutle mud flow than on the the Muddy
River mud flow.

Potential for Fragment Regeneration as a
Function of Hab tat

Fragments were dispersed by the energy
associated with lahars. Vegetativc regeneration
from transported fragments, such as that which
might occur following a flood, occurs in mud flow

and debris substrate. Regeneration from lrag-
ments has not been documented for volcanic

eruptions. We found that mud f low and debris
sl ide materials possess propenies that enhance

their potential as rooting media (Hartmann and
Kester 1975, Adams and Dale l9B7), such as: l)
neutral pH (6.? t0.2, standard deviat ion);2) low

conductivi ty ( less than two mmhosicm); 3) suff i-
cient aeration due to a predominance of sand;

4) moisture retention provided by si l t  and clay;
5) a small ,  but signif icant quanti ty of nitrogen;

and, 6) emplacement temperature of deposits hot
enough to ki l l  root pathogens [e.g., nematodes
Heterodera) an,J water mo\r1s (Rhizophotinia anc)
Phfthium\\, bnt not too hot to destroy beneficial
bacteria (maxirnum temperature for debris and
mud f low rvas 92'C) (Banks and Hobli t t  l98l).

Plant fragments were also dispersed by the
force of the blast i tself .  The capacity for the
blast to disperse fragments is demonstrated by
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eye$itness accounts of the eruption. For exam-
ple, climbers at 2400 m on Mount Adams
repor led  Iha l  p lan t  f ragments  up  to  a  meler  in
Iength and conifer cones landed around them
shortly after 15:32 U.T. on l8 May 1980 (a
minimum of one fragment/I0m2) (Jack Chris-
tiansen, pers. comm.). Fragments lyere found
dispersed throughout the blowdown and seared
forFsts. yet no fragmenls were found rpgpnerating
here. In this case, fragment regeneration might
haye been prevented by: l) high temperatures
that destroy meristematic tissue and beneficial
symbionts; (blowdown and scorch emplacement
temperarures ranged froIn 100 to 350'C) (Banks
and Hoblitt 1981, Winner and Casadevall 1983);
2) coarser particle sizes that reduce moisture
retentivity; and, 3) an almost impermeable
cementJike layer with low porosity created when
water combines with the fine-grained surface
tephra layer that covers most of the potential
regeneration sites in the blowdown and seared
forests.

Vegetat on Trends on the Debris Slide

The debris slide underwent a significant change
in growth forrn spectra from 1980 to 1982 and
showed seasonal variation in 1982. Although the
proportion of annuals increases in temperate
zones of the northern henisphere following dis-
turbances (Whittaker 1975), 60 percent for the
July l9B2 debris slide data is high. The reason
for the abundance of annuals is believed to be
due to the hot, dry conditions that exist on the
suface of the debris slide. Other habitats in the
northwest (e.g., serpentine outcrops and arid
regions east of the Cascade Mountains) that sup-
port high proportions of annuals also have high
temperature and low available water supplies.
Alpine lupine (Zapizus lepidus val. lobbifi,yellow
monkey-flower (Mimulus guttatus) and miner's
letnce (Montia sibirico) which are often peren-
nial, acted similar to many arid region species
on rhe debris slide in that some individuals
flowered and set seed the first year and then died,
thus beconing annual. Temporary strearns and
pools common on the debris slide provide
ephemeral resources similar to desert habitats.
Annuals are able to exploit these temporary
resources and then spend the rnore slressful
periods as dormant seeds.

Overall, vegetation trends in our plots were
not set back by the 19 March l9B2 mud flow
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(Figure 2C-D). Nevertheless, this disturbance did
vary in the magnitude of its impact on the debris
slide, depositing more than I m of mud and
pyroclastic material in some spots to lightly man-
tling other areas (W aitt et aL. l9B3\.lf localized
disturbances such as this have high rates of oc-
currences on the debris slide, annuals such as
wood groundsel (Senecio syhtaticus) and annual
halrgrass (Deschampsia d,anthonioides) and
geophytes adapted to chronic disturbances may
remain dominant here. With more moderate
disturbance rates, deciduous trees may become
established and survive by producing adven-
titious roots, regenerating from fragments, and
dispersing copious amounts of seeds.

The distance of seed sources from distur-
bance sites is critical to future vegetation trends,
and is already a major factor in the Mount St.
Helens area, For example,red alder (Alnus rubra)
(a major component of f lood plains of western
Washington) did not survive in the blast zone.
Alnus rubra performs well when started from
seed on both mud and debris substrate (Adams
er oL 1986), and this deciduous tree already has
become dominant on lower reaches of the l9B0
and l9B2 mud flow deposits in the North Fork
Toutle floodplain where seed sources are near-
by. This same species is rare on the debds slide
where seeds are less common. The rate at which
l. rubra establishes may influence long-term suc-
cessional trends. For instance, if the disturbances
occur at even lower frequencies, then a mixed
coniferous forest may have a chance to become
established provided that l. rubra saplings do
not become rapidly established and shade out
conifer seedlings.

In our studies at Mount St. Helens we have
been able to establish that plant growth form is
important not only to init ial recruitment onto
newly deposited substrates of this stratolayer
volcano, but in addition, is a significant factor
in the composition and quantity of residual, sur-
viving plant populations. Geophytes are not only
the predominant survivors, but in addition, they
are important in initial seedling recruitment from
the blowdown above the Toutle River onto the
debris slide.

Groups of species possess common adapta-
t ions  (c .g . .  the  pos i t ion  o f  dormant  mpr is lemat ic
tissue) that influence sunival. Initial prognosis
of the Mount St, Helens impact areas under-
estimated the regenerative potential of the



vegetation and overestimated the success of
aerial seeding with non-native grasses (Brown
1981, Carlson et aL 1982). If mechanisms of sur-
yival are understood and the composition of the
preexisting flora is knovn, then more accurate
predictions of species response and magnitude
of vegetation recovery may be possible.
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