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TRANSVERSE PATTERN OF VEGETATION ON AVALANCHE PATHS 
IN THE NORTHERN ROCKY MOUNTAINS, MONTANA ' 

P. iVlahmstm' .md David H. Bliller' 
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Avalanche paths cut vertical swaths 
through the mature subal.pine forests of the 
western United States. The paths harbor sin­
gu1alI' assemblages of plant species that are 
not found elsewhere in the region. Avalanche 
paths present a variety of ecological prob­
lems: they are isolates; they are frequently 
disturbed; and they contain special features 
of the physical enviJrOnment. In this paper we 

observations of vegetative patterns 
on avalanche paths. These observations mus­
hate that disturbance and stress (sensu Grime 
1979) define portions of a continuum of envi­
romnentaI events" 

The vegetation on avalanche paths has 
been discussed in terms of the frequency and 
magnitude of avalanche events. Ives et a1. 
(1976) described a transverse pattern of tree 
species on avalanche paths in Colorado. They 
reported an Iinner zone of alpine plants or as­
pen (Populus tremuloides) and w:illow (Salix 
spp.), which they associated willi small, fre­
quentavalanches. This mnner zone is bounded 
by a zone of destroyed mature trees with 
seedlings or saplings of coniters and aspen 
where avalanches are larger and less fre­
quent. Carrara (1979), also working in Colo­
rado, attributed a similar vegetative pattern 
1:0 the timing of large and small avalanche 
eVents .. He distinguished between wider and 

\ 

higher dry snow avalanches and more 1'0· 

stdcted wet snow slides. 
In Washington Smith (H)74) olUributcd 111,1) 

rustribtltion of species on avalanche 10 
:it combination of avalanche events mols" 
ture gradients. She desctribed III detailed Irnn~· 
verse pattern of shrub species. Shecollcludcd 
that the pattern was related 'to 11 fnoisture 
gradient, which in tnrn WiJlS detemdned by 
the frequency of iJlvalanches, Cnshnum (HI1(:l) 
used multivadate analysis to. study llV'iitlaneho 
paths in Washington. She found thaI ilIVI1-

lanche frequency could be associated with 
shrub and tree communities, hut was not wen 
associated with herb/shrub communities. She 
hypothesized that herbaceous species were 
distributed in response to s.oil condition~ re­
lated to sno.w cover on the paths, 

Buder (19,79), examining a longitudinal 
pattern on avalanche paths in Montana, 
found that flexible-stemmed deciclwms trees 
were more common higher on the paths, and 
conifers became more common on the!ess 
frequently iimpacted runou! z.one. He at­
tributed the difference in shrub and her­
baceous composition between sites of diff,er­
ent aspect (NW /SE) to moisture a~ailability. 

On numerous avalanche paths m Montana 
we have observed that up to three distinct 
zones occur between the trim lines of the 

-;O:;;;;;~;;:;-;o;rfGGeo;;;g;rap.hy. Oklahoma Stale Uni.ersily, Sliliwater, Oklahoma 74078. 
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mature forest. Such paths experience a return 
interval of 3-5 yr (Schaerer 1972, Buder 
HJ79, Butler and MaIanson 1984a). An inner 
zone is dominated by herbs and suffrlJ­
tescent shrubs. The inner zone is usually con­
fined to .a ravine containing an intermittent 
stream. On smaner paths the inner zone may 
be absent. Flanking the inner zone on either 
side are band~ of smaIl deciduous trees and 
shrubs with flexible stems. The density of 
shrubs is high in this flanking zone and de­
creases into the third alrud outer zone of the 
path. The outer zone is characterized by a 
community simi.llar to that of the flankirug 
zone, but at lower density. 

These observations indicalte that the tmns­
verse patterns of vegetation are more com­
plex than can he accounted for by a magni­
lmle/frequellcy hypothesis. The foHowing 
Nectiol1 presents field data descrihing the 
transverse pattern of one avalanche path, 
fTom which we argue that a hypothesis stat­
ing that magnitude and frequency of events 
directly control the transverse pattern of veg­
etation on avallanche paths should be 
rejlected. 

OnSEHVATIONS 

SrrE.- We chose a single path that has 
three 2:0fN'lS. The path, located on the south­
ern boundary of Claciel' National Park, was 
chosen prior to our perception of the nature 
of the transverse pattem of the vegetation. It 
bas two source areas at an elevation of about 
J800 Ill. The I'U.l1out zone, which crosses Shed 
7 of the Burlingtoll Northern railroad. is at 
1250 m. Tree-ring analYSis of conifers dam­
aged by aV~lllanching indicates that major 
avahmches occurred on this pat]) in 1982, 
1979, 1974, 1972, 1970?, 1963, 1957, 1954, 
1950'?, !lnd 1948 (Butler and Maianson 
1984a). 

SAMPLE.-\Vnh a different purpose ill 
mind, we s<lmpled the vegetation on the path 
using !l forest fire fuel inventory method 
(Brown et at 1982). We ran fOUl" transects 
across the path. each 50 nn apart. VIle located 
a sample plot next to the central strearn 
chal1nel all each transect and at 25 and 50 m 
away from the stream on both sides .. The lo­
cations of the snmple plots are shown in Fig­
lire L The topography and the vegetation 

are asvmmetrical. Four three on 
the eastem;ide of the path, are in the outer 
zone .. The four central.1y located are in 
the inner zone. The remaining 12 repre-
sent the flanking zone. 

The fuel inventory for each plot included a 
count of the deciduous tree or shrub stems in 
two 1.01 m Z circular plots. The stems were 
counted by diameter classes of 0- .. 5, 
LO-1.5, 1.5-2.0, 2-3, 3-5, and >5 em. The 
percent foliar cover of trees and shrubs in 
each plot was estimated by two 
from whose observations a .mean was com­
puted. Shrubs and trees were identified 
species. 

Herbs were sampled by weight only. Four 
O. E 794 m 2 rectanguMar plots were arranged at 
comers of a 2-m square. The plot with the 
most abundant herb component was ~t:'·t:q.;l"'U, 
and the abundance of the herbs in the other 
three plots was estimated,. by two workers, as 
a percentage of the first plot. The above­
ground herbs from the first plot were then 
clipped, taken from the field, dried, and 
weighed. The herbs were not identified 
spedes in these samples, but the presence 
dominant herbs was noted. 

HESULTS 

In the inner zone the plant community is 
characterized by suffmt,escent shrubs and 
herbs (Table 1). Hemcleurn lunatum is the 
dominant herb; others include Veratrum 01-
ride and UTtica dioica. The shrub 
and stem. coverage is less than that in the 
other zones (Table 2). Rubus pamifoUus is 
the domin::mt shrub, although Comus stololll:­

fem and Populus irenHJloides saplings domi­
nate one inner zone plot .. The commtmity of 
the inner zone occupies a topographic ravine 
along the stream. At the edge of the ravine 
the break in slope coincides with a sharp veg­
etative boundary. 

In the flanking zone, shrub ami tree 
dominate. Populus trelnuloides, Acer 
bruin, Alnus slnuata, and Amelanchier a 
folil1 are most abundant (Table 2). Shrub di-

is highest in the flanking zone, \.vith 
richness ranging from 4 to 9. Herb biomass is 
high, but relatively less important than in the 
inner zeUle. 0111 some plots at the left si.de of 
the path the herb biomass is 
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Fig. L Map of the vegetative patterns and sample 
transects on the avalanche path above Shed 7. 

where the flanking zone is close to the forest 
margin (Table 1 and Fig. 1). 

In the outer zone on the eastern side of the 
path shrub diversity, cover and stem density 
and size are low (TabIe 2). The biomass of 
herbs is also relatively low. This zone is com­
paratively depauperate in both biomass and 
species richness. It is generally farther from 
the stream and is open and exposed. 

D'ISCUSSWN 

TIle pattern of vegetation we observed 
could not have resulted from differences in 
disturbance alone. 1'le vegetation of the in­
ner ZOne could be damaged by avalanches 
more frequently than vegetation in the flank­
ing and outer zones; however, the vegetation 
in these exterior zones is well able to survive 
avalanche impact and burial. Further, little 
difference exists in shrub species compositiDn 

1:1) the ye~u, 
The outer ZOU{>' ~"Iould 

'LUH£ I Biomass am] ifolia,' em'N of h"rb~ ;lIld sllruh, 
on the in the inner (f), IliHnking (Fl, and olltm' (0) 
zones, 

Plot Zone lIerb, Shruh, Ilerhs Shmbs 
~ -.-,--,--~ .. - .~------ -----,-"".- _._-----'-

I 0 0.0250 0.54'18 1-1 JiG 
2 F' 0.()77:3 H.4272 5(1 7H 
:3 I O.04G,1 L542 1 Ii'l 

" 17 O.f)477 R.4414 40 Illi 
5 0 0.IOB5 0.8052 70 ,50 
(1 F 0.0.58'1 12.419fl l:l RH 
7 F 0 .. 0.'522 1O.I:JW 32 (jI) 

8 I O'(l820 4Ji12(i 40 7fl 
9 F OJHJ4 .... Ul45.5 ];3 Illl 

10 F U3729 O.B4(1/3 BO 50 
1.1 F 0.107] /3 A fJ8H 22 !50 

lZ F O.Hl2:3 O .. 1l2,5Ci 50 00 
J::3 I (J.()923 U341 42 (JO 

]4 F l.fX)80 7.,:]1l70 R"I [~'I 

1.5 F 0.316.3 2,j(i,37 3Z 71) 

Hl 0 0.0777 0,11.371 /3 ·10 
17 0 0.1384 0.7979 (10 22 
18 I 0.1260 OAIJ60 !J<l .~() 

HJ F 0.4817 1.278:3 74 (iI) 

20 F (UJijS7 D,/j440 J6 i() 

"---- ---- _, __ w~ __ ~ ____ ~-~ ___ ---
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TAIlJ.1l 2,. Shrub stem area, stem and basal areas 01 the 

~"---."---~.,.--.~ .. ~-- - ... -~---.----------.. ,------.-----.. -'------.~.~--".'.-~--' ... -'-._"----­

Piot 

.2 

:3 

4 

5 

6 

1 

ilme/(Jllchiel' 
Be rher/.I' re pen s 
,"\mel£mdlier aln/folia 
Berberis rellens 
PO/lillI/.\' lremulo/des 
Prllfi!13 v":gi 11 icm 11 

llo:w,pp. 
llulntS Id(Jetis 
Vaccil1iw11 scoparilnn 
/\/1111" simwta 
Cornu'! M,,/nl1,ifi'rt, 

Ribe,~ lacus/Te 
fio,wl spp. 
l~!lbus paroiflorus 
\luetinillm -Icoparillm 
/I,mellillchier (l/nifolill 
POp!1h,,~ Iremlliolcie,\' 

Prmllls virgin/ana 
lilumuws olnifoUa 
liasa spp, 
Ill/1m S pll rv ipam .\. 
So1'ims ScoplJUna 
Vllccinill'll1 ,~copariUJ:II 
/\melrmchier Ilillifolia 

Berberis repeils 
i'rmHl's drglnl(1lw 
J-lI.l<IIlHlIIS lIinl{o/ia 
RO,lill ~pp. 

Hllims Idmms 
Vacdniwn scolloriw;:1 
Arc/odClpliylos IIv/HlrS! 

Herbel'is repells 
ill/lms ideall:i 
I{Il/ms 

.1'iYlpari'"lH 
Cellllo/hliS spp, 

lrel'llii/oldes 
I'l'lill/lS IJirgllllanll 
llos/I ~pp. 

!J.c!I·.,fUillill 

Comus 
j,,/.mcE/,era 

Ilemll/o/IieN 
it/n!'lI.! 

nil/illS 
Sali,1' 'pp. 
,4meillllCi!ier 

Cimms 
liu/ms 
SI'II'ims 

ilel'lIeris rep",n.! 
l'nmm nil'ginia/l<(I 
}if/Sf) spp. 
Ilubus 

Mean stem Stems/ Basal areal 
,area Ha Ha 

.22 79,229 17,431 

.14 44.,567 6,175 
,47 128,748 59,95.3 
.05 24,759 1,2:38 

7. SO 14,856 lI., 4.02 
.09 44,5673,8.12 
.05 19',808 913 
.05 34,663 1,702 
.IO 7'1,278 7,l47 
.OS 4,952 243 
.24 44,S67 10,483 
.20 9,904 1,945 
.36 34,663 12,589 
.'14 14,856 G,563 
.. 33 24,759 8,216 
,44 4,952 2,188 

9.62 14,856 142,927 
.. 44 4,952 2,Hl8 
.12 69,326 8,282 
.05 4,952 24.3 
,44 14,856 6,5tl3 

2.90 14,856 43,011 
,15 69,326 1O,OG8 
J)l 19,808 12,047 
.20 ,80,326 1:3,612 
.51 44,.567 2.2,587 
.70 D,904 7,779 
.05 4,952 243 
.0;5 19,808 97:3 
.14 29,711 ,un 
m ~OOI ~ 
,05 4,H52 24:3 
.05 44,567 2,J88 
.05 4,952 2;4,3 
.34 138,651 47,435 
.05 24,759 1,21H 

2.41 4,952 U,!ll J 
38.48 4,952 190,569 

2.0l 24,759 49,7IH 
.44 4,952 2.188 
m ~OOI ~ 

.44 19,808 8,.75! 

.52 39,615 20,4.14 
UlO 19,808 19,864 
2.24 }H,BOB 44,431 

,05 4,H52 24:~ 

.44 34,06:3 1.5,.'314 
1.2:3 9,904. 12,],54 
1.2;), 4,952 fi,Oj7 
1.4:3 24,759 35,440 

.24 24,759 5,88:3 

.88 ~),OO4 8.740 

.2:8 99,037 28,002 

.0.5 9,9041S6 

.05 4,952 24:3 
,]0 24,7.59 2,:382 
.J7 :34,6G:J 5,76] 
.2:3 59,412,2 1:3,.ti{)9 
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w,e detected variation in the 
shapes and . of the patterns. Although 
our data illustrate only one case, the 
ph)' of the paths seem~ 11101:0 import~nt 
avalanche source areas no affectmg the 
patterns. 

Two areas of have been separated 
in the recent literature: stress and distur­
bance (Cairns 1980, Barrett and 
1981). We believe that, altbough some 
tations seem to be selected by either stress or 
disturbance, many environmental events have 
an effed that varies between stress and dis­
turbance. The effect may depend on the in­
tensity of ~he event. Following the definitions 
of str~s~ and disturbance of Grime (1979), an 
event sllch as flooding may stress smne spe­
cies and damage others, Different flood 
events could damage all or only stress 
all species (cf MSllansol1 and Kay 1980, Men­
ges alld Waller 198,3). Avalanche events also 
vary in intensity. 111e avalanches of Gl!licier 
National Park, Montana, and of the '-'OL.,·c,.au""" 

Washington, are more often wet snowslides 
with lower velocities and impact pressures 
than would be found in the dry snow ava­
lanches of Colorado and Utah. This differ­
ence may aeeount for the Simpler pattem de­
seribed by lves el al (1916). Carrara (1979) 
thought 'I:hal the p~1Itel'l1 he observed was due 
to an older dry SIIOW avalal1che affecting the 
entire perth, and a recent wet snow avalanche 

only the inner zone. The difference 
in the ]oeation of wet and elrv slides within a 
path may be 001' hnportallce in Montana also, 
(Buttell' and Mahmson ] 984b) ... ~n ge 
stress and disturbance ill plant ecology can 
and should be integrated ,through an 
of the envimmnental events. 

VVe wish to thank Susan .lPandera lmd Ker­
I)! BillinglTm ~'or field work The personnel of 
Glacier National )"'al'k pmvided permits and 
access to the sHe. This study was funded 
grants frmn the I3l1djng~oll .Nol'thern Fmmda-

tion and the Association of American 

LrrERA TURE CITED 

BA!lRf.Tf, C. W., ,,"iii) R, ROSE"I!lER<G, eck 198L Stress ",f. 
fed on natural ecosystems. Chichester. 

BHUWN, K., R. D. OBE'IUlEV, AND M. 
HallClbook for 

and biomass in the interior west. 
Gen. Tech. INT-JZO. 

BV'fLEf<, D. It 1979'. avahmehe path terrain al1(l 
vegetation, Glacier N,llional Park, Montana. 
;\ret Res. 11: 17-.32. 

. HUH. and geomorphic on snh-
snow avaianehe paths, Glacier National 

l'ark,. Montana, US/\. Submitled to Earth Surf~!(>e 
1'meesse:; &: Landforms. 

BUTLEH, D. H., AND G. P. MAI-AO\I50."" 1[98411. /\ 
sn.ow II valanches, southern 

del' Natiollal Pau-k, /vlontana, US/\.. il.1ountain 
Hes, &: Dcv, In press. 
HJ84b. A reconstruction of snow avalanche char­
'leteristics in l\,'lontana, USA, using vegetaUve 
dical.ors, Submilled to r \.,/i1CltJIU1L:Y 

CAm~'s, J., cd . .1980, The 

Ci\llIli,HA. Ii'. 1979, The determination of snow ava-
Janelle fn'qneney through tree· ring lUld 
hbtmieal rN:onls at .ophir, Colorado.. GeO.lo,gl(lal 

of /\merka Bullelin 90:773-780, 
CUSHMAN, J. Ul7Ci Vegetation compositioll a.s a 

dietor .of majO!" avalanche North 
\Nashingtol), Unpublished Uni\!. of ',Vash-
ingloll. SealHe. 

CBl~m, J p, 197~J. Planl strategies and vegetation pro-
ee,;ses. Chiehester. 

IVEs, J. D., A .. L MEAns,. P. E. CARRJlJ\A, ANI) M. 
\976. Natural hazards in moumtain 
/!.Im. ;\ssoe. I\mer. 66,129-144. 

j\,1;UX'lSON, C. P., AND J, KAY. 19800. Flood 
and the of dispersal 

Zion 
Creat B"sin Nat. ,'{001.365-371. 

;\h"",CES, E. S., M''W P. M. WALLEII. 1983. Plant 
in I'elahon :lOo elevation and light in 
herbs .. Ame!', Nat. 122:454-473. 

SC1HEElEIl. P. ,\. l!)72. Terrain and 
avalanche 5i tes al Hogers Pass, 

215-222 in O. 
eels., Mountain ""(li"'·"-" 

talus. Vancouver. 
SMITH, L. Hl74. Indie"tion of mow aVillanche 

interpretation of vegetation 
Cawadcs, 

tbesk Univ. of 

H. J. 
Tan-


	1-1-1984
	Transverse pattern of vegetation on avalanche paths in the northern Rocky Mountains, Montana.
	George P. Malanson
	D. R. Butler

	Transverse pattern of vegetation on avalanche paths in the northern Rocky Mountains, Montana.

