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Abstract
T{o study sites in Southeasl Alasla, one on the mainland and one on Etoli' Island, were conpared for rree, shrub, and herb
vegelation cover in sumne., 1983. For ihe rree stratum, detrended co.respondence anaitsis (DCA) i'dicaled thar soil moistur€
drainage and study sile {ere rhe first t{o factors related to composition differenc€s among samples. DCA indicared rhar, fo.
rhe shrub slrstlrrn, sludy site and soil noisture drainage vere the fiisl two factors. For rhe herb la.rer, the first thr€e facrors
from DCA were inrerpreted as soil noistu.e drainage, elevation, and study sile respecrively. Direct gradient analysis of species
distributions revealed clear patterns for nany species with respect to soil drsinage and elevarion gradien!s. Even rhough DCA
did not identiry elevation as s faclor for the tree and shrub strala, individual species wirhin rh€se sl.ata did show r€sponses
to €levation. Many species abundances wer€ also ciearly differ€nrialed betwe€n study sites.

Introduction correlated with vegetation vaiiation in Southeast

The coastal forests that extend from sourheastern llit^\" ^Q"".t.".t^"-". 
l95B' Neiland 1971, zach

Alaska to northern carirornia are p";;;;;- -lti^? -'^','::.llti91)' 
in British columbia, iden-

niferous forests of pu"iri" uo.tt rn".t Noitt'alli- 
tified moisture' elevation, and humus quality as

ica (waring and Franklin 19?9). c""i,;;; i ;; : l-"_ T.i l l-:."-l.o"-"ntal 
correlates with veseta-

.  I l o n  l a n a l r o n .
c l l m a l e s  l ^  n  w r n l e r  r a l n s  p r e d o m t n a t e  l n  t h e
region. The climate, topography, and vegetation
of Southeast Alaska l imit the frequency and ex-
tent of natural f ires, and extensive areas have
been free from large-scale disturbances for great
periods of time (Harris and Farr 1974). The most
common natural disturbances, windfall (Ruth and
Harris l9?9) and slope failure (Swanston 1969),
occur on a local scale.

Vegetation studies in Southeast Alaska and
the nearby coastal conifer forests of Brit ish Co-
lumbia, Canada, have consisted of broad classi-
f i ca t ions  and descr ip t ionr  o f  ma jor  env i ronmen-
tal gradients. Heusser (1960) and Neiland (1971)
reviewed earlier l i terature. Alaback (1980),
Godman (1952), Palmer (1942), Yiereck and
Dvrness (1980), and Worley (1974, 1975, 1977)
provided various classification schernes for
Southeast Alaska vegetation, Forest understory
associations were described by Neiland (1971),
Schoen el al. (l98l), Rose (1982) and Ver Hoef
(1985) for Southeast Alaska, and Eck (1983) for
Prince Will iam Sound.

Topography, which has a strong influence on
drainage, has been identif ied as a major factor

Although the geographic patterns of forest
types are now well understood, their quantitative
variat ion is not. One approach to this is to com-
pare intensively studied sites. This paper reports
the quanti tat ive dif ferences in the vegetation of
two contrasting environrnents in Southeast
Alaska. The objectives of this study were to: l)
compare quanti tat ively the forest vegetation on
an island, which has a more marit ime cl imate,
with that of a nearby site on the mainland, which
has a more continental cl imate,2) identi fy en-
vironmental gradients underlying vegetation
variat ion within tree, shrub, and herb strata
among al l  stands, and 3) summarize distr ibution
patterns of selected herb, shrub, and tree species
along these major environmental gradients.

Study Area

Tvo study sites were sampled in summer 1983.
The Quiet Harbor site is located on the western
side of Etolin Island, Southeast Alaska (56o10'N,
132o40'W), approximately 40km southwest of the
town of Wrangell (Figure l). The Aaron Creek
study site is located on the mainland of Southeast
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Alaska (56'25'N, l3l"B0'W), approximately 27
km east of the town of Wrangell (Figure l).

Q u i e t
H a r b o r
S t u d y
A  r e a

Research  s ta  nd

Southeast Alaska has a cool maritime climate
(Table l) with high rainfall. The town of Wrangell
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Figure L M6p of study sites and stand locations near Vrangell, Alaska.
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TABLE 1. Temperalure (oC) characterislics for rhe Wransell
(nainland) group and Lincoln Rock group from
mullivariate anahsis of {earher stations of coasral
Alaska. Gource: Fan and Hard 1984). Sunmer:
June, July,  Augusr.  Winr€r:  Dec. ,  Jan. ,  Feb.

on the surface. Water drainage is often impeded
by the organic matter, and the most productive
soils in the study areas were those that were well-
drained. Both study sites contained the same soil
types and were mapped under the same classifica-
tion system by the USDA Forest Service, al-
though the relative amounts of soil types prob-
ably varied between sites.

Vegetation within the two study sites included
old-growth forests in a mosaic with bogs, and less
ex lens ive  a lp ine .  b "ach and meadorn  r "ommuni -
ties. Old-growth forests are defined as those
greater than 300 years of age and with uireven
canopy coverage due to old tree mortality.0ld-
growth forests within the study area ranged from
open stands with approximately 35 percent cover
of predorninantly AIasla c"dar. Chamaeeyparis
noothatensis and western hemlock, Isaga
heterophylla, on poor sites, to stands with about
80 percent cover of primarily western hemlock
and Sitka spruce, Plcea sitchensis, on ruore pr{r-
ductive sites. (Nomenclature follows Viereck and
Litlle 1972, for trees and shrubs, and Hult6n
1968, for herbaceous species. Voucher specimens
are filed at the Wrangell Ranger District of the
USDA Tongass National Forest, and at the her-
barium of the University of Alaska, Fairbanks.)
The study sites extended from 0 to 600 m in
elevation, slopes faced in all directions, and
ranged from flat to extremely steep.

Methods

Aaron Creek and Quiet Harbor were sampled
from the middle of June unti l the middle of
August, 1983. Most plants were near or had
reached full size. A stand is defined as an area
of relatively homogeneous coverage by the domi-
nant tree spectes.

Stands  wer"  se lec ted  fo r  sampl ing  us ing  a
combination of topographic maps and aerial
photos prepared bv L SDA Forest Service pprson.
nel according to soil drainage types. Only forest
stands belor.v subalpine soils were included. From
these maps, three environmental gradients irere
recognized prior to fieldwork: l) soil drainage,
2) elevation, and 3) aspect. Each environmental
gradient was stratified into four classes in order
to get even sampling among these gradients. The
soil classes were based on USDA Forest Seryice
(1982) mapping units: Fl were deep (>50 cm),
well-drained soils; F2 were shallow ((50 cm),
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Wrangel l
group

L inco ln

Roc l  Group

Maxinun Sumner Temp.
Mininum Summer Temp.
Mean Sunner Dai ly  Fluctuat ion
Maximum Winter  Temp.
Minirnum Winter  Temp.
Mean Winter Daily Fluctuation

Summer
Winter
Mean Yea.ly Fluctuation

t6.9
8.3
8.6

-0 .1
-5 .8

5 .?

12.7
-2 .9
15 .6

t5.2
9.8
5.4
3.9
0.3

\2.6
1 .8

10.8

had the nearest weather station to the Aaron
Creek study site. From 1953 ro 1967, climatic
data were collected at Lincoln Rock, approx-
imately 3 km offshore from the Quiet Harbor
study site. Both daily and seasonal ternperature
fluctuations were gteater at the Wrangell station,
nearest the mainland site of Aaron Creek, than
at the Lincoln Rock station, nearest the island
site of Quiet Harbor. Daily and seasonal highs
are higher, and lows are lower, on the mainland
(Table l). Both sites had almost identical pre-
cipitation patterns, averaging approxirnately 200
cm per year (Farr and Hard 1984).

The Aaron Creek site soil parent material is
composed primarily of crystall ine metamorphic
rocks .  whereas  the  E lo l in  l s land s i te  i s  p r imar -
ily underlain by Mesozoic sediments and volcanic
rocks (Buddington and Chapin 1929). However,
most mineral soils were formed from deep abla-
tion ti l l  deposited by receding glaciers. Because
of this overburden, bedrock has had litt le to do
with soil development (Harris et al. 1974).

Soils in Southeast Alaska are predominantly
spodosols, being relatively young, shallow, and
poorly developed (Heilman and Gass 1974).
Topography, slope angle and elevation combine
to alter water drainage, temperature, and erosion,
and have had a significant effect on the develop-
ment of the soils (USDA Forest Service l9B2).
Moisture saturation and cool temperatures result
in low rates of organic decomposition and slow
soil development. This in turn allows significant
accumulations of organic matter in the soil and

Vegetation



well-drained soi ls; F4 were deep, poorly-drained

soils; F5 were deep, very poorly-drained soi ls.
Elevation classes were 0'60 m; 6l-150 m; l5l-300
m; and 300+ m above sea level. Aspect classes

were: l-90 compass degrees; 9l- lB0 degrees;
l8I-270 degrees; and 27I-360 degrees.

A 4 X 4 Latin square experimental design was

used as a sampling scheme at each site. This
allowed four stands to be sampled from each class
of each gradient. A 4 X 4 Latin square was chosen
randoml l .  and  t he  [ ou r  so i l  c l a . ses  we re  g i v "n

row cells and the four elevation classes were given

column cel ls. Aspect varied within each Latin

square. AII stands within each study site that f i t
into a Latin square cel l  were identi f ied from

aerial photos and topographic maps. From those
stands, one stand was chosen at random for each
cell  in the Latin square, result ing in 32 stands,
16 from each study site. AII stands were "old-

growth" and, fol lowing Neiland (1971), had no

disturbance larger than that of a single, large,
fal len tree. Stands ranged in size from approx-
i m a t e l y l t o 3 h e c t a r e s .

Da ta  we re  co l l ee ted  f r om th ree  rege ta t i on

layers. Trees were defined as woody stems greater

than 5 cm diameter at breast height (dbh). Shrub
layer species, including juveni le trees, were de-

f ined as woody stems less than 5 crn dbh, but
greater than 40 cm tall. Herbaceous layer species
included *oody stems less than 40 cm tal l  and
all  herbaceous stems.

Three 20 m long, repl icate random transects
were run across the slope ( i .e. paral lel  to the con-

tour) in each stand, Absolute tree and shrub
canopv cover was measured by l ine intercept
(Canfield l94l).  Ten 20 X 50 cm quadrats per

transect were placed every 2 m and herbaceous
cover was estimated using the fol lowing cover
classes: 0-l  %, 2-5%, 6-20%, 2l-40%, 41'60%,

8l-100%. The adequacy of 30 herb plots per

stand was determined by running mean (Kershaw

and Looney l9B5), and tras subjectively assessed
as being adeguate for the more abundant species

but inadequate for the less abundant ones. This
was accepted as a compromise that would st i l l
al low suff icient numbers of stands to be sampled
over the course of the summer.

The midpoints of the cover classes for herbs,

and species totals of l ine intercepts $ere used to
de te rm ine  mpan  cove r  va lues  o f  a l l  spec ies  pe r

stand. Mean species cover values for al l  vegeta.

t ion strata were subjected to detrended corres'
pondence analysis (DCA) using the DECORANA
program (Hil l  1979). DCA was used because i t
has been judged to have superior ordination per-

formance (Hil l  and Gauch 1980, Cauch 1982,
Pielou 1984, Kershaw and Loone1 l9B5).

For direct gradient analysis, average cover
values for the most common species from each
vegetation layer are presented in discrete classes
along the soi l  and elevation gradients as well  as
by study site. Since ecological data are often
stat ist ical ly "noisy" (Gauch l9B2), the array of

mean. of discrele clasqes along gradienls is a con-
venient way to summarize species distr ibutions
(Curtis and Mclntosh 1951, Gauch l9B2). No con-
f idence intervals are presented. Stands were
weighted equally for calculat ing mean values
even though stand size may have varied. Also,
sampling was uniform for the gradient classes in

order to get enough stands from each class for
DCA correlat ions, even though there may have

been proportionally more stands in one class than
another. In other words, the mean abundances
are relat ive values for a part icular combination
of environmental factors. A corelat ion factor
would require a weighting of the mean in the pro-
port ion to the total aerial extent of al l  stands
within the gradient classes and such data are

unavailable. In addit ion, the stand values them-
selves are estimates and subject to sampling er-
ror. The values displayed, then, are not true
means for the categories. However, the values
presented should reasonably ref lect trends along
the major gradients.

Results and Discussion

Ord nation of Vegetat on Samples

DCA stand scores for combinations of axes for
each vegetation layer are plotted in Figure 2.
Each stand is represented by a combination of
letters for study site or elcvation ancl/or a
numeral for soi l  class. (Since DCA stand scores
a r "  r ' e i gh ted  ave rages  o I  spec ies  " co res .  i l  i s
possible for stand scores for axis one to cover
a smaller range than axis two, even though DCA

species scores had a wider range for axis one than
axis two. This is the case in Figures 2a and 2b.)

The f irst DCA axis for trees (Figure 2a) rep-

resents a soi l  drainage gradient, with the well-
drained stands loading in the left portion and the
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poorly-drained stands loading in the right por-
tion of the figure, with only a few exceptions. The
mean DCA score on axis one is 28 for Fl stands,
?2 for F2 stands,93 for F4 stands, and 160 for
F5 stands. The eigenvalue for the first axis is
0.455. The second DCA axis places the Aaron
Creek stands toward the bottom of the figure and
the Quiet Harbor stands toward the top (Figure
2a). The mean DCA score on axis two for Aaron
Creek stands is 78 and for Quiet Harbor stands
is 150, The eigenvalue for the second axis is
0.248, summarizing considerably less variation
than the first axis. Thus, differences between the
two study sites appear to affect tree species com-
position Iess than differences between soil
drainage classes. Eigenvalues for the third and
subsequent axes drop to 0.062 and lower.

For the shrub layer (Figure 2b), the first DCA
axis separates Quiet Harbor stands on the right
from Aaron Creek stands on the left. On axis one,
the average DCA score is 57 for Aaron Creek
stands and 140 for Quiet Harbor stands. The
eigenvalue for the first axis is 0.31l. The second
axis represents stand variation along the soil
drainage gradient, with well-drained stands
toward the bottom and poorly-drained stands
toward the top. The mean DCA score on axis two
is 86 for Fl stands,88 for F2 stands, 138 for F4
stands, and 170 for F5 stands. The eigenvalue
for the second axis is 0.232. In contrast to the
t ree  spe. ips .  there fore .  "h ruh  compo. i t ion  er -
hibits greater site differences than soil class dif '
ferences. Again, eigenvalues for the third and
subseguent axes are low.

The first DCA axis for the herb layer (Figure
2c) represents the soil drainage gradient, with
well-drained stands on the left and poorly-drained
stands on the right. The mean DCA score on the
first axis is 93 for Fl stands, 108 for F2 stands,
196 for F4 stands and 258 for F5 stands. The
eigenvalue for the first axis is 0.488. The second
axis represents herb vegetation response to eleva-
tion, Low elevation stands are located in the lower
portion and high elevation stands are located in
the upper portion of Figure 2c. The mean second
axis DCA score is 59 for low elevation stands,86
for moderately low stands, 96 for high stands and
132 for very high stands. The eigenvalue for the
second axis is 0.246. The third axis for herbs
(Figure 2d) separates Quiet Harbor stands in the
lower portion of the figure, with an average DCA
score of 64, from Aaron Creek stands, in the

upper port ion, which have an average score of
128. The eigenvalue for the third axis is 0.143.
For herbs, si te dif ferences do not appear unti l
local environmental factors of soi l  drainage and
elevation dif ferences are accounted for. The re'
maining eigenvalues are 0.049 and lower.

Each vegetation layer appears to respond dif-
ferently to environmental factors. Study site
separation, soil drainage, and elevation correlate
well  with vegetation variat ion at these sites, but
their order of irnportance varies among strata.
Within the geographic l imits of the analysis,
aspect never appeared to be impodant in stand
ordinations.

Study site dif ferences occur over a relat ively
.hort geographical range. The si les conla in essen.
t ial ly the same species, and the species with the
gteatest cover 1{ere common to both aleas.
Nevertheless, the quanti tat ive abundances of
species wil l  structure communit ies dif ferently
enough to al low separate recognizable patlerns
for the study sites. This result is most l ikely due
lo  E to l i n ' s  more  r -ons tan t ,  ma r i l ime  env i ronmen l

and Aaron Creek's more variable, continental
cl imate (Table l) .

The vegetation responses to soi l  drainage
compare well with findings in nearby areas. Zach
(1950), Lawrence (1958), and Neiland (1971) iden-
t i f ied drainage patterns as a major gradient in
explaining vegetation variation from forest to bog
communit ies in Southeast Alaska. They argued
that slope angle ( i .e. topography) and proximity

to r ivers or oceans are the primarv inf luences on
drainage patterns. Orloci (1964) identi f ied soi l
moisture, elevation, and humus quali ty as the
first three ordination axes for the wet hemlock
subzone in southern Brit ish Columbia. However,
his moisture gradient ran from ample moisture
to moisture-stressed, with the highest productiv-
i ty on the ample moisture end of the gradient.
There were several species that were common to
both this our study and to Orloci 's (1964) study;
they were found at the well-drained end of our
gradient but at the ample moisture end of his
gradient. Combined, our results and those of
Orloci (1964) can be viewed as a verv long mois-
ture gradient of geographic extent, with stands
ranging from moisture stressed in Brit ish Co-
lumbia to excessive moisture in Southeast Alaska.

Tree productivity is directly related to the soil
drainage gradient in this study. The highest tree
productivi ty is on Fl soi ls and the lowest
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productivity is on F5 soils (USDA Forest Service
l9B2). This relationship resembles that noted by
Neiland (1970), who performed polar ordinations
(Bray and Curtis 1957) of stands throughout
Southcast Ala"ka and found that the primary axis
r n a s  c o r r e l a l e d  w i l h  m i n i m u m  l o  m a r i m u m  l r e e
productivity, among other factors.

Prior to our results, elevation has not been
identif ied as a factor conlributing to forest
vegetation variation in Southeast Alaska. This is
l ikely due to the fact that previous investigators
combined all strata for a stand, and scores would
be largely dominated by tree species, which did
not show elevation trends in this study eirher.
0rloci (1964), in Brit ish Columbia, and others in
mountainous terrain (e.g. Whittaker 1956, 1960;
Beals 1969) have also found elevation trends.

q ^ A . i a c  n  e t r i h ' , l i ^ n e  ^ n

Environmental Gradients

Six tree species occurred in the two study areas.
Several of these species show clear patterns along
the environmental gradients (Figure 3), Western
hemlock and Sitka spruce decrease toward poor
soil drainage, while other species increase. Alaska
cedar and mountain hemlock, Tsuga merten-
sidn@, show increased abundance with elevation,
western red cedar, Thuja plicata, and lodgepole
pine, Pinus contorta, decrease, and the others ap-
pear independent of elevation. Western hemlock
and rnountain hemlock species are more abun-
dant at Aaron Creek, western red cedar and
lodgepole pine occur only at Quiet Harbor, and
the others are probably independent of site.

Most species show a unique distributron {hen
considering these three environmental factors.
For instance, Alaska cedar and western red cedar
separate more with respect to elevation lhan to
soil drainage. The two hemlocks differ in re-
sponse to soil drainage and probably to eleva-
tion, but they both are more abundant at Aaron
Creek than Quiet Harbor. Western hemlock and
Sitka spruce, however, exhibit rather similar
trends. Western hemlock is very shade tolerant
throughout its life, lvhile Sitka spruce is only
moderately shade tolerant (Harlow and Harrar
1969). Shading from the forest overstory often
inhibits development of juvenile Sitka spruce.
However, Sitka spruce grows vigorously in
moderate to high l ight, is often the first succes-
sional tree species, and is longJived. When a gap
opens in the overstory, Sitka spruce is able to

overtop its competitors (Harlow and Harrar
1969), thus maintaining its population in old-
growth stands.

;r l l .f f

, l r r_ I

Figure 3. Direct gradient response of six tree layer species
to soil type, elevation, and srudy site. Soils:
Il =deep, well drained, F2=shallow, velldrained,
f4=deep, poor ly-drained,  F5=deep, very poor ly '
dta ined.  Elerat ions:  LL=0-60 m, ML=61-150 n,
MH= 151 300 m, HH=300+ n.  Si les:  AC=Aaron
Creek, QH = Quier Harbor.

Shrub species also show a response to the
three environmental factors (Figure 4), the com-
posite ofwhich gives most of them a unique dis-
tribution. Early blueberry, I/accinium oualifo-
lium, and Alaska blueberry, Vaccinium alaskense,
are closely related taxa, but appear to separate
based on the soil drainage gradient. As in the
tree layer, rnany shrub species show a response
to elevation, even though no elevation axis from
stand ordinations was found.

Distributions of western hemlock and moun-
tain hemlock are presented for the shrub layer
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Figure 4. Direct gradient response ofsix shrub la]er specie!
to soi l !vpe,  e leyat ion,  and srudy s i ie.  Symbols a.e
the sane as for Fig. 3.

as well as the tree layer. The distribution of
juvenile mountain hemlocks closely resembles
that of mature mountain hemlocks. However,
mature western hemlock and juvenile western
hemlock show an inverse relationship betlreen
sites and perhaps along the soil drarnage gra-
dient. Although the exact factors controll ing
juvenile establishment and mature tree success
are unknown, there have been similar f indings
in other areas (W alker et aL, 1972\.

There are clear distribution patterns for six
common herbaceous species along the en-
vironmental gradients (Figure 5). Again, most
show a unique distribution. Rose (1982) and
Schoen er aL (l98l) did an agglomerative cluster-
ing of understory species in Sitka black-railed
deet (Odocoileus hemionus sitltensis) habitat in
Southeast Alaska. Their results suggest that f ive-
leaf bramble, /iubas pedatus, Canadian oogwooo,

iil-

: ; i l l r'iill-{t

: ]

; l

Figure 5.  Dire. t  gradienr response ofs ix herb layer species
to soi l  type,  e leval ion,  and study s i rc.  Synbols are
the sane as fo. Fig. 3.

Cornus canadensis, and fernleaf goldthread, Cop-
tis aspleniifulia, are part of an association which
grows on productive sites, while Devil 's club,
Oplopanax horridum, and skunk cabbage,
Lysirhiton amerieonum. are lart of an associa-
tion of poorly-drained areas and less productive
sites.Our results indicate that, over the whole
range of forest conditions, Canadian dogwood
and lernleaf goldthread are not good indicators
of welfdrained sites (Figure 5), while Devil's club
grows most abundantly on the well-drained soils
(Figure 4). The most l ikely explanation for this
discrepancy is that Schoen et al (l98l) and Rose
(1982) sampled only on Fl and F2 soils, which
support the only suitable forests as winter deer
habitat, since forests on F4 and F5 soils do not
have anough canopy coverage. Also, they
clustered samples of 1.0,m'quadrats. Thus their
results are more indicative of microsite factors
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within well-drained stands than factors operating
among stands over the range of forest conditions.

The combination of indirect and direct gra-
dient analysis revealed that these forests vary
continuously along the drainage gradient, with
open stands (approximately 35% cover) of pre.
dominantly Alaska cedar, red cedar, mountain
hemlock, lodgepole pine, early blueberry, rusty
menziesia (Menziesia ferruginea), Canadian
dogwood, fernleaf goldthread, deer fern and
skunk cabbage on verv deep, very poorly-drained
soils; to closed stands (approximately 85 % cover)
of predominantly western hemlock, Sitka spruce,
Devi l 's club, Alaska blueberry, wood fern (Dry
opteris di latata), and f iveleaf bramble on deep,
well-drained soi ls.

An important conclusion from the compari-
son of direct and indirect ordination methods
concerns the nature of vegetation response ver,
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