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ABSTRACT

The vegetation of Denali National Park and Preserve was sampled to
develop baseline descriptive information on plant communities in the
study area. Vegetation types and environmental relationships were
identified and described objectively using a polythetic devisive cluster
analysis (Twin Indicator Species Analysis) and an indirect ordination
technique (Detrended Correspondence Analysis). The graphing of vegeta-
tion types and baseline environmental information on the X-Y ordination
plane revealed that the composition and structure of the vegetation is
related to a complex topographic exposure gradient. The major vegeta-
tion pattern is related to increasing climatic stress at higher altitudes.

In comparison with other studies in Alaska this study resulted in
a high diversity of community types which was attributed to topographic
heterogeneity, climatic stress and history of a variety of disturbing
factors. The large number of previously undescribed mixtures appears to
be associated with altitudinal limits of species, ecotones and sub-climax

successional types.
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INTRODUCTION

This thesis is part of a study conducted to provide reference in-
formation for a mapping project and to develop baseline descriptive
information on plant communities in Denali National Park and Preserve.
Remote sensing technology was used in the mapping of vegetation types.
Dean (in preparation) and my sample plots provided a basis for the
interpretation, calibration, and extrapolation of the reflectance data.
Vegetation types were identified objectively from my sample plot data
using cluster classification and ordination. The results provide ad-
ditional descriptive information on Alaskan plant communities and were
also compared to other studies in Alaska. The entire effort was closely
correlated with the attempt being made at the time to develop a unified
statewide system of vegetation classification.

Few quantitative analyses of interior Alaskan forests are available.
Foote (1976) classified plant communities following fire in the taiga
of interior Alaska, and Yarie (1980) classified the forest vegetation
in the Porcupine River area of northeastern Alaska. Quantitative infor-
mation on Alaskan alpine plant communities is also scarce. Palmer (1942)
and Viereck (1962a and b; 1963) described alpine plant communities in
the Alaska Range, but I know of no attempts to classify alpine tundra
in interior Alaska using modern quantitative methods.

Since the primary purpose of my sampling was to provide reference
data for interpreting Landsat spectral class information and to assist
in calibrating the resultant mapping, my sample plots were chosen to

represent a broad continuum of conditions from the complex terrain and
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vegetative cover types present on the study area. Both the north and
south sides of the Alaska Range are represented, and cover types range

from alpine skree to taiga.

STUDY AREA

The mapping project was initiated as a preliminary stage of a
study to assess the influence of range-related factors on the decline
of the Denali Caribou herd previously referred to as the McKinley
Caribou herd.

Boertje (1981) has modeled the factors controlling the energetic
and nutritional status of the herd on a year round basis and another
study is focusing on range productivity (Schultz, in preparation).

Dean (in preparation) is providing a map of the plant communities of the
historic and present day Denali Caribou range. My study area was related
to the extent of this map and included most of the area within the bounda-
ries of the old Mount McKinley National Park and a large portion of the
surrounding region (Figure 1). The name of the area was changed by the
Alaska National Interest Lands Conservation Act. The old name Mount

McKinley National Park, will be used interchangeably with the new.

Climate

Denali National Park and Preserve and its surrounding region are
located in two of the major climatic zones of Alaska. The two zones are
separated by the Alaska Range which forms a barrier to the coastal winds

that bring moisture from the Pacific Ocean and Gulf of Alaska. The
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Figure 1.

Topographic map of Denali National Park and Preserve Study area. The thick black
line delimits the study area boundary. The east boundary is the Nenana River; the
north boundary is the 64°N parallel west to Lake Minchumina (152°W); the west
boundary is Lake Minchumina southwest to 154°W meridian, then south to the upper
vegetation line on the north side of the Alaska Range; the south boundary is the
upper vegetation line, then east and northeast to the Parks highway via the upper
vegetation line and West Fork Glacier and River, then northeast along the highway
to the Nenana River crossing.

The thick patterned line delimits Landsat image coverage. The dashed patterned line
delimits edge overlap of two Landsat images flown on the same date. Thin dark
lines (-) illustrate the stratification of the study area on the basis of physio-
graphy. Arrows (—) are the starting points and direction of the random grid tran-

sects used for vegetation sampling in 1977.
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climate north of the range is continental in character, warmer in summer
and colder in winter than the area south of the range which is influenced
by the ocean.

Few weather data exist for the study area. During the years 1925
to 1929 a weather station was maintained at Wonder Lake at an elevation
of 610 m. Weather data have also been kept at Summit, an FAA station
on the Alaska Railroad, on the south side of the Range just below
regional treeline. Records are also available from Lake Minchumina and
Talkeetna. Weather data for the park, reflecting a 30-year average, was
obtained from recording de&ices at Pérk headquarters. The weather sta-
tion at Park headquarters is located in a white spruce forest on a
sheltered southeast exposure at an elevation of 1,000 m. Annual tempera-
ture extremes range from 32°C to -47°C at the Park headquarters' weather
station. The average 24-hour temperature range during June through
August is 22°C. Wider daily swings occur in winter.

Since there are many variables affecting local temperatures, the
only generalization might be that temperature in the study area tends to
decrease with elevation. Summit Station at 732 m has an average annual
temperature of -3.6°C compared with Talkeetna's 1.9°C at 105 m.

Average precipitation at Park headquarters is approximately 381 mm.
Snowfall is 1,923 mm. Winters have less precipitation than summers.
November has the lowest monthly average at 8 mm, March has the winter
high at 32 mm. The monthly averages for the three warm months show
73 mm for June, 96 mm for July and 59 mm for August. Average precipita-

tion during May, June, July, August and September is 17, 49, 66, 71 and
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39 mm, respectively (U.S. Department of Commerce, 1970). Although annual
precipitation is nearly the same at all four stations, there is marked
variation in the number of days on which rain occurs during June, July

and August. Rain occurs on 21 days at McKinley and Lake Minchumina, on

36 days at Talkeetna and on 45 at Summit., In general, the study area

is known for its cool wet summer weather. Summer precipitation generally
comes as frequent light drizzles and showers due to surface heating during
the day and the influence of the montainous terrain.

Snow drifts to 6 m or more at higher levels in the study area, but
at Park headquarters the normal snowpack is 508 mm with a maximum at
1,118 mm. In the winter, storms from the south drop heavy snows on the
main range. Both the Headquarters' weather station and the mountains
just to the north are in a precipitation shadow, but the strong winds
from the south are most prevalent in the main river valleys and at high
elevations, blbwing snow from exposed areas.

A general snow cover usually remains into late May or early June,
and drifts in sheltered areas may last much later. TFreezing temperatures
may be experienced during any month.

Calm days are more characteristic of the summer and turbulence of
the fall and winter. During the summer surface winds resulting from
daily temperature fluctuations are prevalent and range from 8 to 24 km-h_l
(U.S. Department of Commerce, 1970). Cloud cover greater than 70% can

be expected on about 40% of summer days.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Physiography

Denali National Park and Preserve covers in excess of 23,000 km2 of
interior Alaska. Physiographically the study area lies mainly in the
Alaska Range section of the Alaska-Aleutian province of the Pacific
Mountain system. Lowlands north of the Alaska Range lie in the Tanana-
Kuskokwim lowland section of the Western Alaska province. Between these
sections lie the northern foothills of the Alaska Range. The study area
south of the Alaska Range is in the Cook Inlet-Susitna lowland section
of the coastal trough province of the Pacific Mountain system (Wahrhaftig,
1965) .

The Alaska Range consists of two and sometimes three parallel,
rugged, glaciated mountain ridges with an altitude of 1,830 to 6,194 m
in the eastern section of the park. The northern foothills (locally
called the Outer Range) of the Alaska Range consist of a series of sub~
parallel west-trending ridges with altitudes ranging between 610 and
2,400 m. Small glaciers are found in cirques over 1,500 m. Perennial
snowline generally occurs between 2,130 and 2,440 m on the north flank
of the range and is slightly higher on the south flank. The ridges are
separated by long narrow valleys. Northward flowing rivers cut dendritic
patterns roughly perpendicular to the ridges and valleys. West of the
northern foothills lies a broad region of lowlands drained by the Tanana
and Kuskokwim rivers with altitudes of 183 to about 488 m. Lowlands

lie adjacent to the Alaska Range on the south with elevations to 914 m.
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Geology

A detailed comprehensive summary of the geology of the study area
has been made by Gilbert (1979). The Alaska Range is relatively young
which in addition to the severe climate is a factor in the rapid erosion
visible everywhere. Wahrhaftig (1965) described the intermal structure
of the Alaska Range as a synclinal complex with cretaceous rocks in its
center and Paleozoic and Precambrian rocks on the flanks. Longitudinal
faults, Denali being most significant, are approximately parallel to
the range. The McKinley segment of the Denali fault is presently active
and marked by small scarps, sag ponds, offset drainages, glacier-filled
valleys and Holocene glacial deposits (Reed and Lamphere, 1974). Granite
rocks intrude the Paleozoic and Mesozoic rocks of the range. Synclinal
areas of Tertiary rocks lie in lowlands that parallel the range front.

A thick conglomerate cover near the top of the Tertiary rock section

forms ridges where dips are steeper than 20° and broad dissected plateaus
where the conglomerate cover is flatlying. Much of the present topography
is a result of erosion and removal of the weaker Tertiary rocks.

North of existing glaciers of the Alaska Range, morainal and glacial
outwash deposits extend into the northern foothill belt and cover large
areas of bedrock. Except for the widening of some valleys by past ad-
vances of the Alaska Range glaciers, the foothill section was never
glaciated and consists of a series of low, flat-topped, east-trending
ridges composed of crystalline schists and granitic intrusive rocks.
Separating the ridges are rolling lowlands underlain by poorly consoli-

dated Tertiary rocks. Superimposed across this topography are the braided
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glacial streams that arise on the north flank of the Alaska Range. Ter-
races along these streams illustrate the Quarternary uplift of the range.
In the western section of the park, the Tanana-Kuskokwim lowland which
is a broad depression filled by alluvial sediments lies to the north of
the Alaska Range. This area will also be referred to as Tanana lowland
for brevity. The numerous lakes and ponds that mark this landscape

unit are apparently the result of thawing of permafrost.

South of the range, the Cook Inlet-Susitna lowland is characterized
by ground moraine, drumlin fields, eskers and glacial outwash plains.
Nearer to the Alaska Range the valleys are broad and flat-floored with
valley walls illustrating evidence of glacial advances. Bedrock beneath
the Cook Inlet-Susitna lowland is primarily poorly consolidated Tertiary
rocks (coal-bearing) which are flat-lying or only slightly deformed.

Wahrhaftig (1958) has recognized 4 periods of glaciation in the
eastern section of McKinley Park. Glacier ice apparently did not extend
far from the range, although along the Nenana and McKinley Rivers the
extent was greater.

Periglacial features such as discontinuous permafrost, thermokarst,
solifluction lobes, and patterned ground are common within the park.
Solifluction features and patterned ground are most conspicuous at higher

elevations.

Soils

An exploratory soil survey has recently been completed in Alaska

(USDA 1979) based on the taxonomic soil classification system used by
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the U.S. Soil Conservation Service (USDA 1975). This survey classified
and mapped Alaskan soils according to order, suborder, and subgroup,
with none being classified below the subgroup level. The soils in the
study area have not been described in greater detail except for Viereck's
(1962b) study on the glacial outwash of the Muldrow.

Two general soil toposequences can be recognized in the study area,
one corresponding to flood plain microrelief and successional development,
the other related to elevation on the slopes. On the Tanana-Kuskokwim
lowland, the floodplain substrate ranges from well-drained, fresh alluvium
(Cryofluvents) along the river to Pergelic Cryaquepts on stream terraces
and Histic Pergelic Cryaquepts in depressions. The present river channels
are in places bordered by poorly drained soils which were previously
separated from the rivers by natural levees. Because the rivers have
shifted their channels in the floodplain some well-drained levees are
not adjacent to the streams and in some places are miles away.

Pergelic Cryaquepts are shallow soils of moderate to poor drainage
with a relatively thin organic layer. These soils developed in silty
material of variable thickness over very gravelly glacial drift. Most
of the soils have a shallow permafrost table, but in some of the very
gravelly well-drained soils permafrost is deep or absent. These soils
may be saturated early in the season, but generally drain somewhat by
midsummer. The wettest soils are the Histic Pergelic Cryaquepts of
floodplain depressions. These are typical bog soils characterized by a
thick accumulation of organic matter and a shallow active layer, although

the actual soil depth (largely organic) may be several meters. Histic
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Pergelic Cryaquepts generally develop in very gravelly glacial drift and

colluvial material, although the depth of thaw may not reach the mineral

horizon. Ice lenses and other surface irregularities such as mounds and

cracks occur in the soils as a result of frost action. Such soils remain
saturated and in some cases inundated throughout the growing season.

The elevational soil sequence is influenced considerably by slope
and aspect with Pergelic Cryaquepts extending to higher elevations on
north slopes than on south slopes and grading upward into Spodosols
(Pergelic Cryorthods) and ultimately into shallow, stony soils or rocky
barrens with little or no vegetation (rough mountainous land). Pergelic
Cryorthods are characterized by shallow soil depth (less than 50 cm) and
having a thin albic horizon over a reddish brown spodic horizon. The
soils are very well-drained and do not retain enough moisture to develop
perennial frost. Patterned ground due to frost action is common, partic-
ularly sorted features such as stripes or rings (USDA, 1979). The down-
slope movement due to frost creep and solifluction disrupts and obscures
soil morphology and the profile tends to be irregular and discontinuous.

Viereck (1962) described the soil toposequence and successional
development on progressively older terraces of the McKinley River. He
found no significant differences in the clay fraction in the successional
sequence, but an increase in the silt fraction and a corresponding
decrease in the sand fraction as the soil develops. Viereck suggested
the increase of the two organic layers in the soil profile to be the most
important aspect of soil formation in the chronosequence. He found a

decrease in pH from 8.2 in the unaltered outwash to 4.4 at a depth of
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5 cm in the climax tundra stand. An organic soil develops in the climax
stand due to the slow decay resulting from the cold, waterlogged and acid
conditions.

It is evident that soil frost phenomena have a significant effect on
both soils and vegetation in the study area, which lies in a zone of
discontinuous permafrost (Ferriams, 1965). Ridgecrests, hilltops, south-
facing slopes, stream banks and freshly deposited alluvium are generally
permafrost-free or with a deep active layer. North-facing slopes and
lowlands are usually underlain by permafrost and have a shallow active
layer.

The interactions of vegetation and permafrost are complex and gen-
eralizations difficult to make. A bibliographic collection of documents
relating to the interrelationships between vegetation and permafrost has
been compiled by Roberts-Pichette (1972). Viereck (1975) discusses the
relationship of forest succession to soil development and the interaction
of permafrost development on the Tanana River.

Viereck (1973b) discussed the effects of fire and flooding on perma-
frost levels in the Fairbanks area. Lakes resulting from the melting
of perennially frozen ground (thaw lakes) are thought to be important
sites for bog formation (Drury, 1956). The thawing of the ground ice can
result from a disturbance of the insulative moss mat caused by fire,
water action, a wind-felled tree, etc.

Polygonal ground, a surficial expression of permafrost presence and
activity, was prevalent in the study area especially in the Tanana-

Kuskokwim lowland and Cook Inlet-Susitna lowland regions.
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Seasonal cycles of uneven freezing and thawing in frozen and unfrozen
ground is manifested by a wide array of soil and vegetation features.
These include patterned ground phenomena such as polygons, circles,
nets, steps, and stripes which result from cracking, heaving and sorting
of soil material (Washburn, 1973). These frost features are widespread
in the study area at high elevations. On lower slopes and valley bottom
sites, frost action is more likely to be in the form of frost wedging.
Viereck (1965) discusses perenially frozen mounds (permafrost lenses)
beneath individual white spruce trees growing in silty clay on a terrace
of the McKinley River in the study area. The mound is created through
expansion of the silty clay caused by the incorporation of water into
the lens as thin layers of clear ice. Frequently the cyclic development
and degeneration of soil frost features result in similar cycles of vege-
tation disturbance and succession (Hopkins and Sigafoos, 1950; Drury,
1956), often at a very small scale.

The upland soils of the study area exhibit various forms of mass
wasting, such as frost creep and solifluction. Frost creep is the down-
slope movement of material through heaving and settling (Washburn, 1973),
while solifluction is the term generally applied to the movement of
saturated soil with or without the presence of frozen ground. Both pro-
cesses (particularly solifluction) are most evident on south slopes,
where temperature extremes contribute to their intensity. Well-developed

solifluction lobes and fans are characteristic resultant landforms.
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Hydrology

The glaciers produce braided streams with milky waters from glacial
silt in suspension. Twenty or more intermingling channels may flow in
river beds, some over 3 km wide below various glaciers. The most impor-
tant glacial rivers in the study area include the Tonzona, Swift Fork,
Herron, Foraker, McKinley, Toklat, Teklanika, and West Fork of the
Chulitna. Clear streams fed primarily from snowmelt occur sporadically
throughout the area. Because of glacial gouging and moraine formation
many ponds and small lakes occur in the study area. Wonder Lake is the
largest glacially-carved and moraine-~dammed lake and is nearly 4.8 km
long.

On terraces created by outwash streams and receding glaciers, ver-
tical distance to the water table could be an important factor in the
development of vegetation. When the surfaces of the terrace are first
abandoned by the river, vertical distance to the water table may be only
1 or 2 m. Continued down-cutting of the river increases this depth within
a few years. The water table therefore apparently drops below effective
use by the plants before the vegetation has developed to any degree on
the terrace surface.

The ground water regime is complicated by the presence of permafrost
in the study area. Circulation of groundwater occurs below the permafrost,
through unfrozen channels within the permafrost, and above the permafrost
in regions where the water table overlies the upper surface (Hopkins et

al., 1955) of the permafrost.
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The numerous lakes and bogs which occur throughout the study area,
due to permafrost, are reservoirs for precipitation and snowmelt. The
function of these lakes and bogs as discharge areas for ground water has

recently been substantiated by Kane and Slaughter (1973).

Other Environmental Factors

Several studies of the vegetation in McKinley Park in relation to
environmental factors have been published. Viereck's (1962b, 1966) ex-
ceptional studies near the terminal moraine of the Muldrow Glacier offer
information concerning plant succession and soil development on glacial
outwash. Drury (1956) detailed physiographic processes and active flood-
plain bog succession in the Tanana-Kuskokwim lowland north of the study
area. Stelmock and Dean (1979) in a study of the effects of trampling,
provided data on community composition and structure in shrub tundra
vegetation near the East Fork of Toklat. Hansen (1951) reported on a
few stands in the park in a general vegetation survey of western Alaska.

Shelton (1962) studied the vegetational zonation on Igloo and
Cathedral Mountains in the eastern portion of Mt. McKinley Park. A
survey of the major vegetational zonation in the eastern portion of
McKinley Park is included in Glaser's Ph.D. thesis (1978). Glaser (1978)

reported the vegetation of McKinley Park has a

general altitudinal zonation. The five major
vegetation zones and their approximate alti-
tudinal limits are boreal forest (490 to

950 m), shrub tundra (600 to 1,100 m), Dryas
heath (1,040 to 1,430 m), Dryas fell-field
(1,430 to 1,520 m), and fell-field (1,520 to
1,980 m). Individual plants are rarely found
at higher altitude. In the overlap between

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

these types a complex mosaic is formed as a
result of local variation in wind exposure,
snow cover, permafrost, and fire history.
Fire and permafrost exert a strong influence
on vegetational pattern at lower altitudes
whereas wind exposure and snow cover become
paramount in importance at higher eleva-
tions.

From the Alaska Range east of the study area there is evidence that
the glacier activities are similar to the rest of the world with a
series of advances since 1600 followed by a rapid recession., Péwé (1951)
used tree cores to date the recent moraines on the Black Rapids Glacier
at 200 to 300 years old. Wahrhaftig (1958b) postulated from information
on a recent advance of the Yanert Glacier that a "cold period reached
its climax between 1820 and 1920 and is apparently now on the wane".
Viereck (1962) estimated the oldest glacial outwash terrace from the
Muldrow Glacier to be between 200 and 300 years old. A white spruce
tree dated by me at the moraine terminus of the Herron Glacier was 151
years old, and a tree on the moraine of the Herromn was dated at 123 years
which correlated well with Péwé's (1951) and Viereck's (1962) estimates,
allowing some time for the establishment of the spruce.

Alaskan bog successional schemes as presented by Drury (1956) sug-
gest that changes in floodplain vegetation were not unidirectional but
cyclic. Drury maintained that under the appropriate physiographic con-
ditions any of the major floodplain communities (e.g., black spruce
muskeg, floodplain white spruce mixed forest) could eventually become

bogs.
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The interior of Alaska, with its low precipitation and warm summer
temperatures is one of the most fire-susceptible regions of the state.
Most of the interior has been burned over within the past 200-250 years
(Barney, 1971). Fire is one of the most important factors affecting
taiga ecosystems. Between 1940 and 1969, the average annual burned-over
area in Alaska was approximately 400,000 hectares. Conifer (primarily
black spruce) vegetated 367% of the area burned; mixed conifer-broad-leafed
forests, 14%; broad-leafed forests (aspen, birch, cottonwood), 2%; tree-
less (tundra, bogs and grassland), 43%; and other, 5% (Viereck, 1975).
Viereck (1975) states, "Fire may be a more important factor in the
structure of some of our tundra and bog types than has been previously
acknowledged".

Buskirk (1976) compiled information on 68 fires which burned a total
of 100,000 acres within the boundaries of the study area from 1924 to
1976. Buskirk found fire occurrence in the study area had peaks in 1958-
59 and 1968-69 which parallel statewide trends. Lightning was responsible
for both the greatest number (63%) of fires and the largest area burned
(74%) in the years from 1924 to 1976. Most lightning fires were located
in the Tanana lowland at elevations below 610 m. Ninety-five percent
of the total area burned and 827 of the total number of fires in the study
area between 1924-1976 were at elevations of less than 610 m (Buskirk,
1976).

Hardy and Franks (1963), Barney (1969, 1971b) found for the period
1940-1969 the average annual burn for Alaska is approximately 400,000

hectares, Thirty percent of these fires were caused by lightning which
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was responsible for 787 of the acreage burned. The study area statistics
on area burned by lightning-caused fires parallel Alaskan trends.

Lutz (1956) and Viereck (1973a) provide excellent reviews of the
effects of fire on vegetation, soil, hydrology, and wildlife in the
interior. Foote (1976) provided a monumental quantitative and qualitative
study on plant communities following fire in the taiga of the interior.
Viereck (1973b) and Brown et al., (1969) present discussions of data
concerning permafrost conditions after fire. A recent symposium edited
by Slaughter et al. (1971) summarizes the status of fire research and

management in Alaska and northern Canada.

Previous Botanical Investigations

Many botanists have collected vascular plants in McKinley Park (orig-
inal boundaries before d(2) addition) but only a few have published lists
of their collections (Mexia, 1929; Nelson, 1939; Scamman, 1940; Briggs,
1953; Gjaerevoll, 1958, 1963, 1967; Viereck, 1967). Persson and Weber
(1958), Ando, Persson and Sherrard (1957), Persson and Gjaerevoll (1957),
Persson and Weber (1958), Persson and Gjaerevoll (1961) and Shacklette
(reported by Persson, 1963) have reported on their bryophyte collections
in the park. Weber and Viereck (1967), Krog (1962) and Howard (1963)
published lists on lichen collections.

An up-to-date flora for the park is currently unavailable, and many
of the herbarium specimens are widely scattered over North America and

Europe.
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The western portion of the study area which was recently added to
McKinley Park to become Denali Park and Preserve has never been visited
by botanists who have reported their investigations. The Kantishna
Mining District is the farthest west botanists have reported collecting.

Due to the lack of uniformity in approaches to naming vegetation
units and describing vegetation in Alaska, correlation of information be-
tween different areas and workers was difficult. Viereck and Dyrness (1980)
in response, have proposcd a unified statewide system for classifying
vegetation. It is a hierarchial system with five levels of resolution.
At the most general level the system contains five formations: forest,
tundra, shrubland, herbaceous vegetation and aquatic vegetation. Based
on IBP recommendations (Fosberg, 1967), the classification is devised to
be a "pure classification system", i.e., it is based as much as possible
on the characteristics of the vegetation itself (Viereck and Dyrness,
1980).

Viereck and Dyrness also state that

because only vegetation is classified, a
logically consistent hierarchial system
can be developed. Such a system should
be as objective as possible. Our clas-
sification has been developed by aggrega-
tion, with (existing) plant communities
as the basic elements. We started with
known communities, grouping them into
broader classes based on similarity of
composition by species.

Viereck and Dyrness (1980) present an excellent discussion and bibli~
ography of vegetation scientists who contributed to the classification

of Alaskan vegetation.
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Little information, few quantitative analyses and very few attempts
to classify communities are available for the taiga vegetation and
alpine plant communities of Alaska.

Hettinger and Janz (1974) developed a classification for the taiga
of northeastern Alaska and Hanson (1953) classified taiga communities in
northwestern Alaska. Palmer (1942) and Viereck (1962a, 1962b, 1963)
described alpine plant communities in the Alaska Range. Anderson (1972)

described alpine tundra at Eagle Summit in the Tanana Yukon upland.

METHODS

Two summers of field work (1976 and 1977) were spent sampling the
study area. The total study area which includes most of the present
park and muck of the d(2) proposal was divided into (a) an area that
could be sampled intensively on the ground and which was relatively ac-
cessible from the road and (b) the larger and more remote remaining
area which would receive much less intensive sampling.

A total of 241 site points was studied during the summer of 1976
in the former area using the methods described below. At a majority of
these site points two random 5-m radius plots were evaluated for a total
of 391 plots analyzed in 1976. Two hundred twenty-five of these site
points were located within 11.2 km of the Park road. Sixteen were
located north of the Park boundary in the west end of the Park within
6.4 km of Moose Creek.

Two hundred fifty-one plots were studied the summer of 1977 in the

latter more remote remaining area. Eleven plots were located north of
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the Stampede Trail along the Teklanika River. Forty-nine plots were
located in a 3.2 km zone along the McKinley River. Thirty plots were
located in a 3.2 km zone along the Muddy River (flowing from Lake Min-
chumina to the Kantishna River). Ninety-one plots were evaluated in a
3.2 km zone along the Foraker River, Forty~three plots were evaluated
in the foothills west of the Park boundary and east of the Swift Fork
River. Twenty=-seven plots were evaluated in the Broad Pass area south
of the Alaska Range.

The plots along the McKinley River, Muddy River and Foraker River
were reached in the course of float trips down these rivers in July and
August. During six days that the Alaska Department of Natural Resources
was using a helicopter in the foothills west of the Park boundary and the
Swift Fork River, that agency generously provided limited use of the
aircraft. All other plots were reached on foot.

I collected all unknown vascular and nonvascular plant specimens
from the plots and also a sample of known species to serve as vouchers.
Dr. David Murray verified many of the vascular identifications. Mrs.
Barbara Murray helped with the identification of the nonvascular species
and verified many of the identifications. Some of the better specimens
are on file at the University of Alaska Herbarium. The other specimens
are located in the Alaska Cooperative Park Studies Unit storeroom until

catalogued and filed.

Plot Selection Design
My sampling design was geared toward the mapping project, and a

primary consideration in my sampling was to collect unbiased data in as
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many different terrain and vegetative cover types as accurately as
possible within very tight logistic constraints. Therefore, my sample
plots were to be selected from a broad continuum of complex terrain and
vegetative cover types. Because of the great size of the study area,
the diversity of vegetation and the range of vegetation from alpine
skree to Interior Alaskan taiga and bog stands, a method of vegetation
analysis was used that would allow fairly rapid survey and also permit
the results from the different vegetation types to be comparable and
statistically analyzable.

A basic objective in the mapping project and in my thesis is the
delineation of community units to be understood in terms of the spatial
and ecological relationships of plots and species to one another. This
objective requires that sampling be done in a manner unprejudiced by
assumptions about community units. The two methods of sampling used
were site points (summer 1976) taken at random within an accessible area
through the whole vegetation pattern and site points located systemat-
ically along grid transects (summer 1977) that had been randomized along
environmental gradients. Random selection allows the extraction of
vegetational information from the area as statistically as possible while
grid sampling allows the vegetational information to be examined in a
spatial context. I used both methods of sampling in an attempt to com-
bine the practical properties of each. The randomized site points method
was a more effective means of sampling the complex terrain accessible

from the Park road area. The grid transects with systematic point
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locations were more effective in sampling the more remote remainder which
was relatively inaccessible without prominent topographical features.

The sampling unit, a circular plot with 5 m radius was chosen as it
was easier for one person to measure. Dividing the circle also made
frequency/cover easier to estimate.

Site points for analysis during the summer of 1976 were selected
as a stratified random sample taken without replacement in an arbitrarily
defined "accessible" distance from the Park road. Site points were
selected and plotted, using a coordinate system superimposed on U.S.G.S.
topographical maps and a pair of random numbers generated by the computer.
To ensure representative sampling of the accessible area, the area was
stratified on the basis of physiography (Figure 1). The number of site
points located within physiographic strata was proportional to the
stratum area (number of square kilometers represented on the map).

Random points that fell within lakes, streams, or marshes were included
in the population of points; and no stand selection criteria were ob-

served.

Field Methods - 1976

Field methods for the summer of 1976 involved locating these random
site points on the ground by compass triangulation and topographical
features. At each site point the vegetation type was characterized and
two plots with radii of 5 m were randomly located within this type. 1In
huge areas of uniform vegetation a 100 m square was visualized surround-

ing the site point; and the two plots, each 78.5 m2, were randomly located
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within this square. Two coordinates were visualized through the sample
area, and a pair of random numbers was obtained from a random number
table to relegate the position of each 5-m~radius plot with respect to
this grid. Positions of plots were located by pacing, the random number
coordinates becoming the center of the plot, from which a tape measure
was used to delimit the boundary. Photographs were taken of all plots.
A total of 241 site points were visited with 391 plots located and

analyzed in 1976.

Environmental Data

The significant environmental data collected for each plot was
(1) elevation (from the U.S.G.S. topographic map); (2) aspect, using a
compass; (3) slope gradient, using a clinometer; (4) exposure using the
scale (refer to (a) in Table 1); (5) drainage characteristics, using
the scale (b) in Table 1; (6) ground surface pattern characteristics,
using the scale (c) in Table 1; (7) ground cover description; (8) soil
description; (9) geological type coded using the scale (d) in Table 1;
and (10) surficial geology coded using the scale (e) in Table 1. Un-—
vegetated ground cover was described by percent of ground surface covered
by humus, mineral soil, decaying wood, rock, water and charred litter.
A soil core or small soil pit was excavated at the center of each plot
and soil samples were taken when convenient. Samples from 38 plots were
dried and weighed and bulk density calculated. The soll profile was
described as depth in centimeters of the following: 1litter, partially
decomposed organic, amorphous organic, organic mixed with mineral, mineral

and roots.
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Table 1. Scales used to describe environmental data in plot analysis.

a) 1 = ridgetop, 2 = upper half; 3 = mid-slope; 4 = lower half; 5 =
valley.

b) 1

well-drained; 2 = poorly drained wet; 3 = standing pools of water;

4 = yrunning water through plot. Percent of plot covered with water
and distance in meters to a standing body of water over 1 acre was

noted.

c) 1 = stream valley; 2 = solifluction lakes; 3 = gravel bar; 4 = vege~

frost boils/pits;'6 = hummocky; 7 = irregular

tated glacial til; 5
surface topography and moisture; 8 = alternate high moisture runoff
or dry stream beds; 9 = basin; 10 = snow accumulation. Community
well-protected from wind and shaded from sun.

d) Geological type coded as follows: 1 = sedimentary; 2 = metasedimentary;

3 = volcanic; 4 = metavolcanic; 5 = basalt/gabbroic; 6 = granitic;

7

metamorphic; 8 = schist/gneiss; 9 = glacial ice/snow; 0 = unknown.

e) Surficial geology coded as follows: 1 = glacial moraines; 2 = recent
moraines; 3 = older moraines; 4 = glacial/fluvial (undifferentiated);
5 = glacial outwash; 6 = fluvial outwash; 7 = alluvial/colluvial
(undiff.); 8 = alluvial; 9 = colluvial; 10 = lacustrine deposits, 1l =
eolian deposits; 12 = bedrock; 00 = unknown. (These types were
abstracted by me with help from S. W. Hackett from the following
reports: Gilbert, 1977; Gilbert and Redman, 1975; Gilbert et al.,
1976; Hickman and Craddock, 1976; Reed and Nelson, 1977; Reed, 1961).

See appendix for detailed definitionms.
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Natural and man-induced disturbances were noted. Percentage of
fire-charred biomass within each vegetation stratum was listed. Type,

evidence and percentage level of wildlife use was also noted.

Vegetation Data

The vegetation type for the plot was described using types developed
for the study area by me within the basic structure of early drafts of
the Interagency Vegetation Inventory and Classification for Alaska
(Viereck and Dyrness, 1980). Vegetational stratification was delineated
as follows:

1. Trees were divided into three height classes (Al, A2, A3).
2. Shrub and herbaceous species were arbitrarily divided into

tall and low growing (shrub: Bl, B2; herb: Cl, C2).

3. Nonvascular species were listed as those occurring on soil or
humus, on decaying wood and on rocks (Dh, de, Dr)'
4, Epiphytes were listed as those occurring on trees, shrubs

and herbs (EA, EB’ EC)'

Total stratum cover and total cover by layer within strata was re-
corded. Cover was estimated as the percent of projected ground cover
occupied within the 5-m-radius plot. Vascular and nonvascular species
were recorded and unknown species collected. For each species recorded,
the following data were listed:

1. The strata in which the species occurred.
2. The cover abundance of the species based on the following modifica-

tions of the Domin-Krajina Scale (Benninghoff, 1966).
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CODE DESCRIPTION COVER %
10 any number, with approximately complete cover 95-100

9 any number, with more than 3/4 but less than

complete cover 75-95
8 any number, with 1/2-3/4 cover 50~75
7 any number, with 1/3-1/2 cover 33-50
6 very often, with 1/4-1/3 cover 25-33
5 common, with 1/10-1/4 cover 10-25
4  abundant, with 1/20-1/10 cover 5-10
3 scattered, with cover up to 1/20 1-5

2 very scattered with small cover and erratic
occurrence <1

1 solitary with insignificant cover

3. The sociability or degree to which individuals of a species were
clumped within the quadrat.

4. The mean height of the species in meters.
5. Other notes about the condition, vigor or growth form of the species.
6. Percent of species browsed by vertebrates or invertebrates.

The diameter of all trees in the plot was measured and increment
cores taken in 113 treed plots. The diameter was measured at chest
height and increment boring was done as close to the base of the tree as
the borer and presence of solid wood would allow. The cores were placed
in straws, and rings on the cores were counted in the laboratory with
the use of a dissecting microscope. Seedlings of each tree species were

counted and/or ground cover was estimated. The height and diameter of
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standing dead trees was recorded and down dead perentage cover estimated.
These procedures are only semiquantitative but have sufficient accuracy

and greater efficiency compared to more detailed measurements.

Methods - 1977 Field Season

Field efforts during the summer of 1977 were directed toward sampling
the more remote remainder of the study area with priority given to
accessible areas covered by available good quality infrared photography
and LANDSAT images. I mapped and visually interpreted the infrared
photo coverage and LANDSAT images for field use. Grid transects were
transferred from inch to mile U.S.G.S. maps to photos and images to aid
in locating transects in the field. To optimize accuracy, efficiency
and accessibility in the remote areas visited, two rivers were selected
for floating, and cross country transects originating near access points
such as airstrips were chosen in foothill terrain suitable for hiking.
Starting points for cross country transects and river system transects
were randomly located and plotted using a coordinate system superimposed
on inch to mile topogfaphical maps, the particular points resulting from
a pair of random numbers generated by the computer. To ensure representa-
tive sampling, the accessible area was stratified on the basis of physio-
graphy. The number of starting points located within the stratified areas
was proportional to the number of square kilometers represented on the
map. Transects were plotted using these starting points, with plots
located every 800 m. Transects were plotted on compass bearings approxi-

mately perpendicular and/or parallel to environmental gradients. River
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system grid transects were plotted as follows: a transect was drawn on

a compass bearing perpendicular to the river for 3.2 km; 3.2 km from the
river (and the random starting point) a 90° turn was plotted and 1.6 km
long transect drawn approximately parallel to the river; another 90° turn
was plotted and a transect drawn back to the river parallel to the pre-
vious 3.2 km transect. Plots were located every 800 m the entire length
of the grid transect,

Transect starting points were located in the field using compass
triangulation and available topographical features. The initial plot
was located by referring to a random number table and taking the random
number of paces along the transect line. Subsequent plots were located
every 800 m by counting paces. Available topographical features were
referred to for verifying locations of plots.

Plot data were recorded as in summer 1976 but in only one 5-m-radius
plot at each site point. Along the transect vegetation type changes
were noted with locations of type changes recorded. Dominant vascular
and nonvascular species were listed for each vegetation type with their
associated percentage cover. Qualitative observations on ground surface
pattern and other items of interest were also noted.

Therefore in addition to the semi-quantitative plot data analyzable
with the 1976 data, boundaries between vegetation types can be located
along the transect with qualitative observations concerning variability

within these types.
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DATA ANALYSIS

In addition to the statistical dilemmas involved in quantitative
vegetation analysis, it was a challenge to discover efficient programs
capable of performing the desired analysis and also implementable on the
Honeywell computer at the University of Alaska that would accomplish
the desired analysis of my entire huge data matrix. After much literature
research on the statistical analyses currently in use in vegetation/
ecology, I discovered that Gauch (1979) of Cornell University had a

package of programs that met my requirements.

Type and Quality of Available Data

The within- and between-plot variation is not addressed statistically
because the actual number of variables equals the number of species.
Problems arise in assessing statistically this variation even with a
multivariate analysis of variance due to the large number of variables
and the presence of many zeroes in the data matrix. I have addressed
qualitatively the following data set properties which can have an important
effect on cluster analysis and ordination: (1) relative discontinuity;
(2) presence of outliers; (3) noise level and redundance, and (4) rela-
tionships.

Relative discontinuity refers to the extent which sample points
form natural clusters or groups. An outlier is a sample of odd composi-
tion as compared to all other samples. Outliers in my data set are of

two types:
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1) plots in vegetation types of rare occurrence;
2) plots in disturbed areas.

As discussed in the Field Methods section the study area was randomly
sampled within an accessible subarea as dictated by logistics and time.
Within this accessible subarea, the area was stratified on the basis of
physiography. The number of site points located within physiographic
strata was proportional to the stratum area. Therefore vegetation types
of rare occurrence have few plots. Due to the random sample design
there was no objective stand selection nor homogeneous requirement.

Plots were included from disturbed or unique areas as marshes, rocky
crags, unstable slopes with isolated plants, and gravel bars with low
vegetative cover.

Noise level refers to the magnitude of sample differences below
which difference is considered uninteresting or undefined. Field data
from 1976 included two replicate plots for many sites. The similarity
of replicate samples is affected by the number of species, size of samples,
accuracy of measurement (estimation of species abundance) and degree of
patchiness in the distribution of species (with respect to the size
scale of the samples). Usually replicate samples are 60% to 90% similar
rather than 100% similar (Bray and Curtis, 1957; Moore, 1972; Janssen,

1975). This phenomena is referred to as noise.
Data Transformations and Distance Measures

The effect of data transformations on ordination results has been

discussed by Noy-Meir et al. (1975) and Noy-Meir and Whittaker (1977,
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1978), and these effects apply also to cluster analysis. Different trans-
formations emphasize different aspects of the data so choices of trans-
formation and distance measures can affect results as can choices between
clustering methods. Standardizations and transformations of the data
matrix have major effects upon similarity. Sample relativization (giving
each species a maximum abundance of 100) or any other standardizing ad-
justment based on rows or columns of the data matrix alters many numbers
in the data matrix when a single number is changed.

Different strategies of transformation, standardization and choice
of distance measures were applied to the initial clustering effort. The
strategies of transformation and standardization were: no transformation,
square root, logarithm (of value plus 1, using base 10), octave scale,
presence/absence and relativization of sample totals to 100 (see Gauch,
1979, for explanation). Sequential transformation combinations were
applied as follows: relativization of sample totals to 100 followed by
logarithm; relativization of sample totals to 100 followed by conversion
to octave scale; relativization of sample totals to 100 followed by square
root.

It is advantageous to cluster several times using differing trans-
formations, standardizations and distance measures. Analyses done using
different strategies are influenced to varying degrees by the dominant
species, total abundance and number of species.

The dominant species have the greatest influence in analyses on
quantitative data without transformation as their abundances are the

largest numbers in the data matrix. The dominant and rare species have

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

equal influence when the presence/absence transformation is used. This
transformation gives the same value to all species present regardless
of abundance.

The following sequence of transformations is arranged with respect
to the degree of influence of dominant species (i.e., greatest influence
of dominant species to equal influence by dominant and rare species
respectfully): no transformation, square root, logarithm, octave scale,
presence/absence.

If samples vary in their total abundance, samples with low species
abundances may be clustered together regardless of different species
composition. The standardization, relativization of sample total abun-
dance to 100, would allow the samples with low and high species abundances
to be more comparable.

The influence of dominant species is also affected by the choice of
distance measure in the analysis. The two distance measures used were
Euclidean Distance and Percentage Distance. The calculation of Percentage
Distance begins with computation of percentage similarity. This similar-~
ity is subtracted from the similarity among replicate samples (internal
association assumed to be the value 100 which is the similarity between
the most similar samples) to convert it to a distance measure. Euclidean
Distance involves squaring numbers and therefore weights dominants more
heavily than Percentage Distance. The equations for distance measures

between samples j and k are:
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I

Euclidean Distance EDjk =i£1 (Dij—Dik)Z
Percentage Distance PDjk = Intergal Association-Percentage Similarity
_ 200°Z min (Dij, Dik)
Percentage Similarity stk = - i=1
X

(D,, + D)
4o 137 ik

where the summations are over all species (I), Dij and Dik are the
abundances of species i in samples j and k, Internal Association is the
value 100 as explained above.

The objectives of my strategy of data analysis were to: (1) clas-
sify and characterize core groups of species and samples; (2) define and
describe relationships between these core groups of samples and species

and (3) define and describe relationships between gradients of plant

community composition and environmental gradients.

Cluster Analysis and the Delineation of Core Groups of Samples and Species

Two different methods were used to classify and characterize core
groups of samples and species: a rapid initial composite clustering and
a polythetic divisive classification. These methods are briefly described
below.

Clear introductions to the techniques of cluster analysis may be
found in the works of Peilou (1977), Williams and Lance (1977), Sneath
and Sokal (1973) and others. Whittaker (1962), Orloeci (1978) and
Goodall (1978) review clustering in phytosociological applications.

In the present study, rapid initial composite clustering (CC) was

performed with CompClus; program CEP-30 of the Second Edition of the
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Cornell Ecology Program Series (Gauch, 1979). In CC the species by samples
data matrix is conceived as a multidimensional space in which samples are
points and species abundances are axes. The user selects the number of
sample points to be chosen at random as center points. Samples are clus-
tered within a user-specified radius of these center points. Samples can
be reassigned from small clusters (defined by having fewer than a user-
specified number of members) into the nearest large cluster, provided
that sample is within a user-specified radius. Composite clustering is
similar to classification around variable centers, the clustering method
in TABORD (Maarel et al., 1978) and the method in Janssen (1975). The
objective of CC and similar methods is within-cluster homogeneity.

Separate clustering efforts using CC were undertaken for each of
the nine tactics of transformation and standardization combined with each
of the two distance measures.

The second method used to classify and characterize core groups was
a polythetic divisive clustering namely two-way indicator species analysis
(TWISA). Two-way indicator species analysis was performed by TwInSpAn
program CEP-41 of the Second Edition of the Cornell Ecology Program Series
(Gauch, 1979).

The method of polythetic division used in TWISA is the repeated
dichotomization of a primary ordination of the samples. The samples are
ordinated by reciprocal averaging (Hill, 1973) on the basis of a weighted
average of the abundances of species which occur in the samples. Species
are classified ﬁy TWISA in the same way as the samples except the species

classification is made on the basis of fidelity to core groups of samples
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and not on the basis of the raw abundance data as in the sample classifica-

tion. The fidelity of species J to class IC is defined by the ratio:

mean occurrence of J in class IC
mean occurrence of J in individuals not in IC

RAT (IC, J) =

The fidelity ratio is used to define the species' attributes. Species J
has attribute F(IC,K) if RAT(IC,J) is greater than or equal to a defined
limit.

In the species classification, both the species and their attributes
are given differing weights, as follows:

1) extra weight for high fidelity

2) extra weight for commoner species

3) extra weight for membership in larger groups and in the higher
levels of the hierarchy in the sample classification.

Dichotomies do not arise naturally, and species indifference and
preferentiality are a matter of degree with a sharp natural distinction
between the two often not found.

The steps of making a dichotomy used in TWISA may be summarized
as follows:

1) Identify a direction of variation in the data by ordinating the

samples by the method of reciprocal averaging (Hill, 1973).

2) Divide the ordination at its center of gravity to get a "first
draft" dichotomy of the samples.
3) Identify differential species that are preferential to one side or

the other of the first draft dichotomy.
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4) Construct a refined ordination of samples using the differential
species and their frequencies of attributes on the positive and
negative sides of the dichotomy.

5) Divide the refined ordination of the samples at its center of

gravity.

Definition and Description of Relationships Between the Core Groups of
Samples and Species

There are both direct and indirect approaches to gradient analysis.
Direct gradient analysis is a subjective technique by which samples are
arranged and studied according to their position along some predetermined
environmental gradient. The indirect techniques are more objective as
samples are compared and arranged solely on the basis of differences in
species composition (floristics). Any correspondence between this
arrangement and actual environmental gradients is inferred and less
susceptible to investigator bias,

Weighted averaging is a direct ordination technique since it relies
on subjectively assigned species weights., Weighted averaging is also
related to indirect techniques since the resulting sample ordination is
based on species composition. This method was developed independently
by Curtis and McIntosh (1951) and Whittaker (1956). The values assigned
to the species reflect their assumed positions on a known environmental
gradient., These values or weights, when combined with species abundance
values determine the position of a sample along the ordination axis.

Principal components analysis (Goodall, 1954; Orloci, 1966) is a

purely objective mathematical technique for transforming one set of
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variates (the original data and correlation matrices of species abundance)
into a set of component variates which are orthogonal, linear functions
of the original variates and whose total variation is equal to that of
the original variates. Although principal components analysis has been
shown to be mathematically superior to many other multivariate techniques
(Orloci, 1966), its appropriateness to ecological studies has been ques-
tioned (Beals, 1973; Gauch et al., 1977). Principal components analysis
assumes that relationships between species and environmental factors are
linear and monotonic. In reality most communities contain species which
are responding in a curvilinear fashion. The bell-shaped or Gaussian
form of species distributions along envirommental gradients and the
non-linear decrease of sample similarity with increasing sample separa-
tion contribute to this curvilinearity. Ordination techniques which
assume nonlinearity are weighted averages, reciprocal averaging, de-
trended correspondence analysis, gaussian ordination, parametric mapping
and multidimensional scaling (Austin, 1976).

Reciprocal averaging was developed by Hill (1973), who demonstrated
its relationship to both the direct technique of weighted averaging as
well as to principal components analysis. Reciprocal averaging is a
weighted average ordination derived from species weights assigned accord-
ing to a rough initial gradient. This is followed by successive approxi-
mations (recalibrations of sample scores based on species scores and
vice versa) leading to a final, stable ordination of samples. Reciprocal
averaging has also been shown to be an eigenvector technique which is

computationally related to principal components analysis but better suited
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to dealing with nonmonotonic species response (Gauch et al., 1977). It
should also be emphasized that with reciprocal averaging of species and
stand scores the final scores arrived at do not depend on the initial
scores assigned. The initial scores affect only the number of approxi-
mations needed to arrive at the solution. The reciprocal averaging is
a "dual ordination of species and samples, with neither paramount and
with the ordination expressing an optimal correspondence of species and
sample scores" (Gauch et al., 1977). Gauch, Whittaker and Wentworth
(1979) tested reciprocal averaging using simulated community gradients
and varied data set properties. The data set properties varied were
beta diversity (floristic heterogeneity), sample errors or noise,
number and importance of gradients, relative discontinuity, presence of
outliers, variability in sample equitability and species amplitude.
Reciprocal averaging produced results more consistent with field obser-—
vations than principal components analysis. Gauch et al. (1977) point
out that with reciprocal averaging the second axis and sometimes higher
axes tend to be dependent on the first axis (known as the arch effect).
This also occurs with principal components analysis and non-metric multi-
dimensional scaling.

Detrended correspondence analysis (DCA) is an improved version of
reciprocal averaging that demands there be no systematic relationship
between the higher axes and the first. This reduces the distortion of
the higher axes. Detrended correspondence analysis also shows improve-
ment in dealing with outliers in the data set (Hill, 1979). Like

reciprocal averaging DCA is a weighted average ordination affected by
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successive approximations (sample scores are a weighted average of the
scores of the species which occur in it and vice versa). Detrended cor-
respondence analysis differs from reciprocal averaging by breaking the
ordination axis into a series of strips, then ordinating within each
strip. This tends to equalize the species' variance along each axis.
Axis length is expressed as standard deviations of species response. A
sample ordination of four standard deviations means that species occur-
ring at one end of the gradient are almost completely absent at the other
end and vice versa. Technical details are given by Hill (1979).

Gauch (1979) has tested DCA on numerous sets of ecological and
simulated community data in which he varied a number of data set charac-
teristics. Detrended correspondence analysis produced more ecologically
interpretable ordination axes when compared to reciprocal averaging,
multidimensional scaling and principal components analysis.

Gauch et al. (1981) applied several nonmetric multidimensional scal-
ing programs to simulated and real plant community data to test their
effectiveness in comparison to reciprocal averaging and detrended corre-
spondence analysis. Detrended correspondence analysis gave more realistic
results than reciprocal averaging and nonmetric ordination and requires
little computer time and storage. Variation of the sample set (beta)
diversity, noise and dimensionality of data set did not alter the superi-
ority of the results of detrended correspondence analysis.

Two-way indicator species amnalysis was used to exhibit the relation-
ship between the species and samples. The TWISA classification was

useful in providing a logical framework with which to describe variation

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



40

in floristic composition. Since the basic strategy in TWISA is the
division of the first axis of a reciprocal averaging ordination the
structure of the classification will exhibit ecologically meaningful
relationships between the core groups.

The ordination technique used to suggest relationships between
sample core groups and species core groups was detrended correspondence
analysis (DeCorAna; program CEP-40 of the Second Edition of the Cornell

Ecology Program Series; Gauch, 1979).

RESULTS AND DISCUSSION

Qualitative Assessment of Data Set Characteristics and Classification
Results

The program CompClus was used for the initial clustering of data
including all plots and species. Tree and shrub species were treated
uniquely by strata if individuals of the same species were present in
different strata (i.e., Picea glauca in Al strata with associated cover/
abundance value was treated uniquely as opposed to additively with Picea
glauca in A2 strata). There was marginal consistency, thus low utility
in composition of clusters when applying the following strategies with
CC:
1. The same data transformation/standardization and distance measure,

with varied random number initialization.
2. The same data transformation/standardization and distance measure,

with different cluster radius.
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Different combinations of data transformations/standardizations
and distance measures.

These strategies illustrated the following data set characteristics

when the complete data set was analyzed with tree and shrub species

treated uniquely by different strata:

1.

The data show a nearly continuous structure with marginal natural
clustering exhibited.

The data set is very noisy (i.e., replicate samples show much less
than 100% similarity).

The data set is very hetereogeneous.

Cluster composition was based on the proportionately higher abun-
dances of herb and nonvascular species as opposed to the abundance
of tree and shrub species. The influence by herb and nonvascular
species also resulted in poor consistency between cluster composi-
tion and the subjective classification of plots. The herb and
nonvascular strata exhibited greater patchiness in the distribution
of species with respect to the size of the samples and distance
between samples than the tree and shrub species. The subjective
classification was based on a more general pattern than the CC clas-
sification (tree and shrub species treated uniquely by different
strata).

The replicate samples showed less similarity as compared to analysis
done with no unique treatment for different strata. Similarity was
assessed by comparing the distances between 100 random pairs of

replicate samples using different techniques in the analysis. This
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was again due to the influence of the higher abundance of herb and

nonvascular species on the analysis. These species exhibited finer

patterns than the tree and shrub species and replicate similarity
was influenced by scale of pattern. In addition, the total number
of tree data units was a small proportion of the whole as compared
to the nontree data., The similarity of replicate samples is also
affected by the number of species (651 with this analysis, 588 with
no unique species treatment for different strata), size of the
samples and accuracy of measurement of species abundance/cover
estimations.

Composite clustering was then applied to the entire data matrix,
but the analysis was done with no unique treatment for individuals of
different strata. Random number initialization, cluster radius,
transformations/standardizations and distance measures were variously
combined as in the previous CC analysis. The most consistent and useful
results were obtained with percentage distance used as the distance
measure (in terms of natural clusters as subjectively classified being
recovered and replicate samples showing greater similarity). These
better results obtained than when using Euclidean distance were con-
sistent when using different transformations/standardizations. Eucli-
dean distance involves squaring the abundance/cover numbers and there-
fore dominant species have a greater influence on the analysis than
with percentage distance. (Whenever dominant species is used in this
thesis, I am referring to the species with the largest Domin-Krajina

abundance/cover value.) With percentage distance used as the distance
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measure the four transformation/standardization tactics yielded con-
sistent and useful results. The tactics listed in decreasing order of
success of recovering natural consistent clusters and of similarity
between replicate samples are: no transformation; relativization of
sample totals to 100 followed by square root transformation; relativiza-
tion of sample totals to 100 followed by octave scale.

Euclidean distance and various transformation/standardization com-
binations produced results differing in utility and interpretability.
The following sequence of transformations/standardizations yielded re-
sults in decreasing order of utility: relativization of sample totals
to 100 followed by log transformation; relativization of sample totals
to 160 followed by square root transformations, relativization of sample
totals to 100 followed by octave scale.

Varying these tactics of distance measure and transformation/
standardization combination in the analysis of the entire data matrix
illustrates the following phenomena:

1. The data set is of intermediate discontinuity, being more continuous
than neatly clustered. With a naturally clustered data set, CC

can give repeatedly the same number of clusters and the same members

in each cluster regardless of the random number used to initialize

its random number generator or the transformation/standardization
and distance measure used. With my data set, changes in the random
number initialization, distance measures and modifications of the

data matrix by different transformations/standardizations resulted
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in changes in the number of clusters formed and in the members of

each cluster.

2, The data set is very heterogeneous (high beta diversity) containing
primarily qualitative information. This statement is justified by
the fact that the results of the analysis are greatly affected when
using different transformations/standardizations. My samples have
highly variable total abundances (black spruce stand as compared
to skree slope) and number of species. Many species are ubiquitous
with wide ecological tolerances.

3. The analysis illustrated that there was a minority of plots which
naturally clustered (as determined by consistency of cluster
membership), but there is no natural number of clusters in the
data set.

Composite clustering was then performed with no unique treatment
for individuals of different strata, but the data matrix was divided
on the basis of presence of a treed strata.

Percentage distance (PD) was the distance measure used because as
explained with previous results PD gave more consistent discrimination.
Based on varying strategies, the following qualitative comparative and
characteristic statements can be made:

1. The treed data set is more neatly clustered, as the clusters had a
smaller mean diameter than the nontreed data set.

2. The nontreed data set has a higher noise level and greater beta
diversity than the treed data set. This is possibly due to the

greater amount of patchiness in the distribution of nontreed species
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(with respect to the size scale of the samples), greater number of
samples of odd composition (outliers) in the nontreed data set and
greater amount of variation in total abundance in the nontreed

samples.

Classification of Core Groups

Initially TWISA was applied to the entire data matrix. Examination
of results from TWISA indicated that outlying sample plots were distort-
ing the polythetic divisive cluster analysis, and the plot groupings
tended to be too broad and general in composition to be meaningful.

DCA was also applied to the entire data matyix to confirm the cluster
analysis results, and to aid in identifying outliers.

Two dimensional graphing of ordination results revealed the presence
of outliers which appeared at the end of the ordination axis with all
the other sample plots compressed at the other end.

Detrended Correspondence Analysis of the entire data matrix resulted
in gradients that were too long and diverse with disjunctions and partial
disjunctions. Detrended Correspondence Analysis and in certain cases
also TWISA perform better on continuous data sets as opposed to disjunct
data sets. Complete disjunction means that a vertical and horizontal
line can be drawn through the data matrix dividing it into four submatrices,
such that two submatrices are entirely zeroes and have no species com-
position in common. Partial disjunction refers to the situation where
a few species are held in common in what would otherwise be entirely

disjunct groups of samples., With partial disjunction the division
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between groups is arbitrary, and any of several possible divisions may
give better ordination results than no division at all. Divisions of
the data into subsets are subjective because outliers come in degrees
and disjunction can be partial yet fairly strong.

The data set was divided to obtain continuous subsets of data with
manageable diversity. Based on results from CC, DCA and TWISA and
subjective plot classification using the Provisional Classification
Framework for Alaskan Vegetation (Viereck and Dyrness, 1978) the data
matrix was divided and outlying plots deleted in stages of "'successive
refinement". Several of the deleted samples were considered to be
representative of either common, but extreme, situations or rare situa-
tions.

Two dangers in the "successive refinement'" method are that (1) the
investigator's interest or prejudice will concentrate the data analysis
in a certain direction and (2) getting lost in details. The success of
results usually cannot be assessed by statistical tests. The test of a
descriptive application of classification and ordination is that it
describes the vegetation effectively and permits its interpretation
(Greig-Smith, 1971). Two-way Indicator Species Analysis and DCA were
applied to the data in four stages of successive refinement as follows:
1. Entire data matrix
2. Two data matrices-divided on the basis of the presence of tree

stratum,

3. Four data matrices-divided on the basis of the Provisional Clas-~

sification Framework for Alaskan Vegetation (Viereck and Dyrness,

1978).
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a., Coniferous forest data

b. Deciduous and mixed deciduous coniferous forest data

c. Low and tall shrub data

d. Dwarf shrub and shrub tundra data
4, Eight data matrices-based on the first major division of the TWISA

of stage 3 groupings

a. Black spruce coniferous forest data

b. White spruce coniferous forest data

c. Balsam poplar mixed forest

d. Paper birch mixed forest

e. Alder/willow mixed shrub

f. Dwarf birch/willow mixed shrub

e Mat and cushion tundra

h. Shrub tundra

These stages resulted from this investigator's objective of correlat-
ing the Denali National Park and preserve community types identified by
cluster analysis with plant communities described by previous studies of
Alaskan vegetation.

The first three stages were arbitrary physiognomic divisions designed
to produce a description of the vegetation comparable to other Alaskan
work. Composite Clustering, TWISA and DCA illustrated gradations between
the groupings. These groups are also not clearly separated in reality.
Dominant understory species in Picea stands have a wide ecological
amplitude and extend onto tundra as well. Picea is of little importance

in determining community structure and composition when compared to
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shrub species. The transition from forested to unforested is more a
question of density rather than canopy coverage, with outlying individual
Picea occurring in a variety of shrub communities. Trees, especially
seedlings, are often present in plots classified as shrubland or tundra.
Stage four was based on the major dichotomy of the TWISA of stage
three, and the groupings are based on floristic characteristics. Mat

and cushion tundra and shrub tundra were distinguished by TWISA on the

basis of floristics even though they are also physiognomic categories.

The distinction between shrubland and shrub tundra is also poorly defined.

Shrub tundra as used here refers to tundra communities dominated by

ericaceous shrubs and polsters of shrubs as Betula nana and various

species of Sqlix. Mat and cushion tundra is that dominated by spreading
prostrate and cushion forms. Mat and cushion tundra may be either

closed or open and in extreme situations plant cover is restricted to

shelter or stable microsites on rock outcrops and talus slopes.

The plot groupings and results of TWISA at stage three were selected
as most effective on the following basis:

1, field experience,

2, subjective grouping by assigned types developed for the study area
by me within the basic structure of the Provisional Classification
Framework for Alaskan Vegetation (PAVC) (Viereck and Dyrness, 1976),

3. ordination results,

4, the degree of correlation of Denali National Park and preserve
community types with plant communities described by other studies

of Alaskan vegetation.
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The dendrograms constructed on the basis of TWISA clustering of the
four data matrices at stage three are presented in Figures 2-5.

Two-way Indicator Species Analysis constructs the classification by
identification of differential species. A small number of the most
strongly differential species are termed indicator species and can be
used as criteria for re-identification of the core groups. These dif-
ferential species have clear ecological preferences so that their presence
could be used to identify particular environmental conditions.

The indicator species which characterize the dichotomies are listed
on the diagram. The indicators are listed in an approximate order of
effectiveness in differentiating between the groups of the dichotomy.
Technically the effectiveness of indicators is measured by the absolute
value of the preference index as defined in the Data Analysis Methods
section, Indicators have associated negative and positive signs depending
on the likelihood of occurrence in the top (-) or bottom (+) of the
dichotomy. The core groups of plots have identifying alphanumeric nota-
tions which will be used throughout the thesis. The listing of plots for
each core group is in Appendix IV. A floristic key for re-identification
of the groups in the classification (and possibly for the classification
of samples not used in the analysis) is realized based on the use of
these indicator species and the use of the dendrogram as a dichotomous
key. Since the initial breakdown was based on physiognomic criteria,
the floristic classification would be within level I of the preliminary
classification system for vegetation of Alaska (Viereck and Dyrness,

1980).
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Figure 2. Dendrogram constructed by TWISA through identification of
differential species that are preferential to the top (-) or
bottom (+) side of the dichotomy of plots. The codes Cl to Cl5
refer to the coniferous forest core groups which are floristi-
cally summarized in Table 2.

Appendix III 1s a list of plots in sequential arrangement by
core groups as diagramed in Figure 2, Indicator species which
characterize the dichotomies are listed in an approximate order
of effectiveness in differentiating between the groups of the
dichotomy. The abbreviations for the species are enumerated in

Appendix IV. The analysis was based on 233 plots and 348 species.
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Figure 2. Continued.
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Figure 3. Dendrogram constructed by TWISA through identification of
differential species that are preferential to the top (~) or
bottom (+) side of the dichotomy of plots. The codes Ml to
M14 refer to the deciduous and mixed deciduous~coniferous
forest core groups which are floristically summarized in
Table 2.

Appendix III is a list of plots in sequential arrangement by
core groups as diagramed in Figure 3. Indicator species which
characterize the dichotomies are listed in an approximate order
of effectiveness in differentiating between the groups of

the dichotomy. The abbreviations for the species are enumerated
in Appendix IV. The analysis was based on 80 plots and 263

species.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Deciduous /Mixed Deciduous & Conifer

M T
M 2 | PELT YVP(Ti_._‘
M3 ~
SALL BAI{-) =
JUND COM(+)
M4 CETR ERI(+)
e eeeed Y10 $PL(-)
NEPH ART(- Rl s —
ALNU CRI(+
M S [ woss see(e OXYT CAM(-
HEDY ALP(+}
et SHEP cmio
SaLl ALAl-)
M 6 MUSH SPP(-
CALA INE(+
HYLO SPL(+)
— Noss St
MOSS spp(-) +
= ——" VACC VIT(+)
ARCT RUB{*
M7 LART LAR(+
FEST ALT(+)
POTE FRU(+) BETU PAP(+)
VACC uu{-‘ PoPU BALE-
e vt Wi
CLAD cu(-’}———_‘ (-
M 8 | CYST MON(+
M9 E
CARE spp(_ H‘lI.O SPL(‘)
M
10 PELT SPP(+)
ALNG CRI(~ =
M = |
PELT SPP(+
! CETR CUC(~) PICE SaR(»
- 4
M2 CALA mz{-) ROSA ACI(- +
ALNY CRI(-
HYLO SPL(-)
ERIO VAG(+
‘ ANDR POL{+
—
MI3 PICE MAR(-) POTA EPI(+)
————————— 0wy seP(-) +
MI4 —

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 4. Dendrogram constructed by TWISA through identification of
differential species that are preferential to the top (-) or
bottom (+) side of the dichotomy of plots. The codes Sl to
S16 refer to the shrubland core groups which are floristi-
cally summarized in Table 2.

Appendix III is a list of plots in sequential arrangement by
core groups as diagramed in Figure 4. Indicator species which
characterize the dichotomies are listed in an approximate order
of effectiveness in differentiating between the groups of

the dichotomy. The abbreviations for the species are enumer-
ated in Appendix IV. The analysis was based on 96 plots and

344 species.
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Figure 5. Dendrogram constructed by TWISA through identification of
differential species that are preferential to the top (-)
or bottom (+) side of the dichotomy of plots. The codes Tl
to Tl4 refer to the Tundra core groups which are floristi-
cally summarized in Table 2.
Appendix III is a list of plots in sequential arrangement by
core groups as diagramed in Figure 5. Indicator species
which characterize the dichotomies are listed in an approxi-
mate order of effectiveness in differentiating between the
groups of the dichotomy. The abbreviations for the species
are enumerated in Appendix IV. The analysis was based on

183 plots and 404 species.
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Figure 5. Continued.
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The classification presented in Table 2 resulted from TWISA. The
groups are defined by dominant or codominant species and species with
high indicator value. Where several species of a particular type occur
together in approximately equal proportion, these are combined as "grass",
"sedge', or "feathermoss', the latter referring to finely branched mosses
such as Hylocomium splendens, Pleurozium scheberi and Rhytidium rugosum.,
The genera are in approximate order of abundance, fidelity and indicator
effectiveness, by strata. The two-way tables ordered and classified by
TWISA are presented in Tables 3-6. The tables result from a classifica-
tion of plots which is then used to classify the species according to
their ecological preferences using the classification of plots as a
basis. The plot and species classifications are then used together to
obtain an ordered table which expresses the species synecological rela-
tions as succintly as possible. The species are ordered by their
preference in terms of abundance to the dichotomy of plots.

The construction of the two-way table is done by identification of
differential species which resembles the "hand" method of classification
outlined by Mueller-Dombois and Ellenberg (1974, Chapter 9). In the
method outlined by Mueller-Dombois and Ellenberg, the species are clas-
sified at the same time as the samples. This is different than the
TWISA classification where the samples are classified first and the
species are classified second, using the classification of the samples
as a basis. The arrangement is approximately on the positive diagonal
with an area in the middle of ubiquitous species and an area at the

ends for anomalous species. The arrangement groups similar species
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Table 2, C(Classification of core groups identified by TWISA. The
alphanumeric codes for the core groups are used throughout
the thesis.

Coniferous Forest

Picea mariana - Larix laricina

Cl ILarix laricina, Picea mariana, Andromeda polifolia, Eriophorum
vaginatum, Sphagnum spp.

C2  Picea mariana - Larixz laricina, Ledum palustre, Empetrum nigrum,
Sphagnum spp.

C3  Picea mariana, Larix laricina, Ledum palustre, Eriophorum
vaginatum, Sphagnum spp.

C4  Picea mariana-Larix laricina, Vaccinium uliginosum, Ledum
palustre, Betula nana, Vacecinium vitis-idaea, Carex bigelowii,
Sphagnum spp.

C5 Picea mariana, larix laricina, Vaccinium uliginosum, Ledum
palustre, Rubus chamaemorus, Hylocomium splendens.

Picea glauca

C6 Picea glauca, Vaccinium vitis-idaea, Betula glandulosa,
Empetrum nigrum, feathermoss.

C7,C11 Picea glauca, Betula nana, Salix planifolia, Carex spp.

C8 Picea glauca, Alnus crispa, Salix glauca, Equisetum arvense,
Rubus arcticus, feathermoss.

C9 Picea glauca, Vaccinium uliginosum, Salix planifolia, Empetrum
nigrum, Hylocomium splendens.

C10 Picea glauca, Alnus crispa, Vaccinium vitis-idaea, Hylocomium

splendens, Stereocaulon spp.
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Table 2. Continued

Cl2 Picea glauca, Salix gZauca,.SaZix reticulata, Arctagrostis
latifolia, feathermoss, Cladonia rangiferina, Cladonia
amaurocrea.

Cl3 Picea glauca, Salix planifolia, Vaceinium uliginosum, Arctosta-
phylos rubra, Hedysarum alpinium, Hylocomium splendens.

Cl4 Picea glauca, Potentilla fruticosa, Salix planifolia, Festuca
altaiea, Bryales, Stereocaulon spp.

Cl5 Picea glauca, Oxytropis campestris, Agropyron violaceum, Dryas
integrifolia, Bryales.

Deciduous and Mixed Deciduous-Coniferous Forest

Populus balsamifera

Ml  Populus balsamifera, Salix alaxensis, Salix planifolia,
Shepherdia canadensis, Arctostaphylos rubra, Senecio lugens,
Hylocomium splendens.

M2  Populus balsamifera-Salix alaxensis, Salix glauca, Shepherdia
canadensis, Senecio lugens.

M3  Populus balsamifera-Alnus crispa, Dryas drummondi, Shepherdia
eanadensis, Agropyron violaceum.

Populus balsamifera - Picea glauca

M4  Populus balsamifera-Picea glauca, Salix glauca, Juniperus
communts, Elymus innovatus, Arctostaphylos uva-ursi, Hylocomium
splendens.

M5 Populus balsamifera, Picea glauca, Salix alaxensis, Alnus

erispa, Calamagrostis inexpansa, Tomenhyprum nitens.
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Table 2. Continued

M6  Populus balsamifera, Picea glauca, Larix laricina, Alnus crispa,
Salix alaxensis, Hedysarum alpinum, Epilobium angustifolium.

M7  Picea glauca, Populus balsamifera, Vaceinium uliginosum, Ledum
palustre, Empetrum nigrum, Pyrola grandiflora, Hylocomium
splendens.

M8  Populus balsamifera, Picea glauca, Salix alaxensis, Alnus crispa,
Saliz planifolia, Empetrum nigrum, Epilobium angustifolium,
Hylocomium splendens.

M9  Populus balsamifera, Picea glauca, Alnus crispa, Rosa acicularis,
Calamagrostis lapponica, Equisetum silvaticum, Polytrichium spp.

Betula papyrifera - Picea glauca

MLO Betula papyrifera, Alnus crispa, Rosa acicularis, Vaccinium
vitis-idaea, Hylocomium splendens.

M1l Picea glauca, Betula papyrifera, Vaceinium uliginosum, Betula
nana, Calamagrostis lapponica, Carex nesophila, Peltigera
aphthosa.

Betula papyrifera - Picea mariana - Larix larieina

M12 Picea mariana, Betula papyrifera, Larix laricina, Ledum palustre,
Vaceinium uliginosium, Vaceinium vitis-idaea, Empetrum nigrum,
feathermoss.

M13 Larix laricina, Betula papyrifera, Picea mariana, Ledum palustre,

Betula nana, Rubus chamaemorus, Eriophorum vaginatum, Oxycoccus

microcarpus, Sphagnum spp.
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Table 2. Continued

Betula papyrifera
Ml4 Betula papyrifera, Salix planifolia, Calamagrostis inexpansa,

Carex aquatilis, Potentilla palustris.

Low and Tall Shrub

Alnus crispa - Salix spp.

S1 Alnus crispa-Salix alaxensis, Calamagrostis inexpansa, Rubus
arceticus, feathermoss.

82 Salix alaxensis, Salix glauca, Petasites hyperboreus,
Calamagrostis inexpansa, Rosa acticularis.

Alnus erispa - Salix spp. - Betula nana

83  Alnus crispa, Salix planifolia, Equisetum arvense, Arctagrostis
latifolia, Carex bigelowiti.

S4 Alnus crispa, Salix planifolia, Lycopodium annontinum,
Calamagrostis inexpansa, Spirea beauverdiana, feathermoss.

S5 Betula nana, Salix barrattiana, Festuca rubra, Potentilla
fruticosa, Hylocomium splendens.

S6 Alnus crispa, Betula nana, Salix planifolia, Empetrum nigrum,
Vaceinium vitis-idaea, Hylocomium splendens.

S7 Salix glauca, Salix planifolia, Vaccinium uliginosum, Betula
nana, Carex bigelowii, Hylocomium splendens.

88 Salix planifolia, Salix reticulata, Carex podocarpa, Vaccinium
uliginosum, Hylocomium splendens.

S9  Salix alazensis, Salix planifolia, Petasites hyperboreus,

Delphinifolium glaucum, Sanguisorba officinalis.
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Table 2. Continued

S10 Salix barclayi, Equisetum palustre, Carex podocarpa, Hylocomium
splendens.

Salix spp. - Shepherdia canadensis.

S11 Salix alaxensis, Salix barclayti, Epilobium angustifolium,
Shepherdia canadensis.

S12 Salix alaxensis, Salix planifolia, Festuca altaica, Shepherdia
canadensts, Hylocomium splendens.

Salix spp.

S13 Salix alaxensis, Betula nana, Festuca altaica, Salix reticulata,
Dryas integrifolia.

814 Salix barrattiana, Betula nana, Dryas integrifolia, Gentiana
propinqua, Pleurozium scheberi.

815 Salix alaxensis, Shepherdia canadensis, Dryas octopetala,
Arctostaphylos rubra.

S16 Salix alaxensis, Salix arbusculoides, Alnus crispa, Artemesia
tilesii.

Dwarf Shrub and Shrub Tundra

Salix spp. - Shepherdia canadensis

TL Salix glauca, Shepherdia canadensis, Dryas integrifolia,
Artemisia frigida, Festuca rubra.

T2  Salix glauca, Shepherdia canadensis, Vaccinium uliginosium,
Dryas integrifolia, Saxifraga tricuspidata, Polytrichium

commune.
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Table 2. Continued

Salix spp.

T3 Salix glauca, Salix reticulata, Festuca altaica, Dryas octo-
petala.

T4  Salix brachycarpa, Salix reticulata, Dryas octopetala, Cassiope
tetragona, feathermoss.

Dryas oectopetala

T5 Dryas octopetala, Salix arctica, Carex microchaeta, Vaccinium
uliginosium, Hylocomium splendens.

T6 Dryas octopetala, Salix arctica, Oxytropis nigrescens, Carex
microchaeta, Hylocomium splendens.

T7 Salix arctica, Salix reticulata, Dryas octopetala, Poa arctica,
Luzula tundricola, Carex microchaeta, Hylocomium splendens.

T8 Cassiope tetragona, Dryas octopetala, Salix reticulata, Salix
arctica, Hylocomium splendens, Stereocaulon spp.

Carex - Sphagnum

T9 Carex canescens, Carex rhynchophysa, Agropyron violaceum,
Rorippa islandica, Sphagnum spp.

Betula nana - Ericaceous - Salix spp.

T10 Betula nana, Vaceinium uliginisium, Ledum decumbens, Dryas
octopetala, Salix arctica, Salix reticulata, feathermoss.

Betula nana - Salix spp.

T1l Salix planifolia, Betula nana, Spirea beauverdiana, Calamagrostis
lapponica, Petasites hyperboreus, feathermoss.

T12 Salix planifolia, Betula nana, Salix glauca, Vaccinium

uliginosum, Arctagrostis latifolia, feathermoss.
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Table 2. Continued

Salix spp.

T13 Salix reticulata, Eriophorum angustifolium, Dryas integrifolia,
Carex membranacea, Sphagnum spp.

Tl4 Carex microglochin, Hedysarum alpinium, Potentilla fruticosa,

Juncus castaneus, Sphagnum spp.
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Table 3. Two-way table ordered and classified by TWISA of the
coniferous forest data. Abbreviations of species names
are shown at the left with the abbreviations defined
in Appendix IV. Consecutive numbers coding the plots
are along the top divided into their core group type
with the code explained in Appendix III. The values
within the table indicate categories of abundance
with absence of a species represented by the symBol "ty
Vertical lines separate classes of plots at level 4.

The horizontal lines separate classes of species at

level 4.
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Table 3. Continued.
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Table 4. Two-way table ordered and classified by TWISA of the
deciduous and mixed deciduous-coniferous forest data.
Abbreviations of species names are shown at the left
with the abbreviations defined in Appendix IV. Con-
secutive numbers coding the plots are along the top
divided into their core group type with the code
explained in Appendix III.

The values within the table indicate categories of
abundance with absence of a species represented by the
symbol "-", Vertical lines separate classes of plots
at level 4. The horizontal lines separate classes of

species at level 4.
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Table 5. Two-way table ordered and classified by TWISA of the
low and tall shrub data. Abbreviations of species
names are shown at the left with the abbreviations
defined in Appendix IV. Consecutive numbers coding
the plots are along the top divided into their core
group type with the code explained in Appendix III.
The values within the table indicate categories of
abundance with absence of a species represented by
the symbol "-". Vertical lines separate classes of
plots at level 4. The horizontal lines separate

classes of species at level 4.
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Table 6. Two-way table ordered and classified by TWISA of the
dwarf shrub and shrub tundra data, Abbreviations of
species names are shown at the left with the abbrevia-
tions defined in Appendix IV. Consecutive numbers
coding the plots are along the top divided into their
core group type with the code explained in Appendix III.
The values within the table indicate categories of
abundance with absence of a species represented by the
symbol "-". Vertical lines separate classes of plots
at level 4. The horizontal lines separate classes of

species at level 4.
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Table 6. Continued.
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together and similar plots together. The diagnostic species for the
core groups of plots are therefore, approximately in the boxes on the
positive diagonal.

All species were used in the classification analysis but to reduce
the size to a manageable level, only the 100 most common species are
listed in these tables. Therefore, some of the rare indicator species
may not be included in Tables 3-6. These indicators are listed in the
dendrograms (Figs. 2-5).

The sequence of plots and species reflects a moisture gradient.

The groupings show continuities in that many species decline gradually
in abundance and are replaced gradually by others. Other species and
plots show sharp discontinuities.

The DCA results confirm the classification presented. The cluster
core groups appear reasonable and rather homogenous in the two dimen-
sional diagram of sample plot ordination scores derived from the primary
and secondary DCA axes (Figs. 6 and 7). Gradations between major groups
occur. This mosaic effect between groupings is possibly due to two
reasons. First the results of a data reduction technique reflect both
the data and the technique. The nature of the ordination technique used
recognizes the multivariate nonlinear continuous character of vegetation.
Second, the inherent lack of structure in the data may reflect the
following: (a) the species of the study area have a wide ecological
amplitude {i.e., understory species of Picea stands extend onto tundra
as well]; (b) the stratified random sampling technique resulted in the

sampling of ecotones, and the variation is therefore primarily continuous;
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Figure 6. Community positions along the first two axes of variation of
the DCA run on the forested plots (315 plots, 409 species).
The broken lines indicate approximate boundaries between the
major overstory types. The plot positions are indicated by
numbers symbolizing the codes for level II and level III of
the PAVC which are delineated in Appendix II. The PAVC is
the subjective classification developed for the study area by

me within the basic structure of the provisional classifica-

tion framework for Alaskan vegetation (Viereck and Dyrness,

1976).
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Figure 7. Community positions along the first two axes of variation
of the DCA run on the unforested plots (312 plots; 489
species). The broken lines (—-) indicate approximate loca-
tion of the boundaries between the major overstory types.
The plot positions on the ordination axis are represented
by the codes for their core groups as follows: Numbers 1 to
16 represent S1 to S16; Numbers 21 to 35 represent Tl to Tl4
respectively; the § represents outlying plots which were

omitted from the analysis.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



71

(c) the data collection procedures were designed to sample a large land
area to meet the objectives of the study, and therefore the data set is
very heterogeneous with high dimensionality. Stage two and three phases
of analysis led to rearrangements of plots, but the relationships between
the core groups of plots and the gradients reflected are generally
constant.

The degree of change in species composition of communities along a
gradient is beta diversity (Whittaker, 1970). The derived unit of
distance along the DCA ordination gradient may be termed a "standard
deviation'", as the root-mean square standard deviation of the species
abundance profiles is approximately one in a typical sample.

Four standard deviations correspond approximately to the distance
over which a species appears, rises to its mode, and disappears again
(Hill, 1979). For each axis the length of the gradient is the length
of the sample ordination. A sample ordination of length four standard
deviations means that the majority of the species occurring at one end
of the gradient is completely absent at the other end. The variance
on the DCA ordination axis is represented by the eigenvalue derived from
the data. In general, axes with the largest eigenvalues account for the
greatest proportion of the variability and the structure of sample points
is concentrated within this direction. Axes for which the eigenvalue
is much less than the largest eigenvalue are of less significance in
terms of information content. If the variances are nearly equal, the

structure of sample points is concentrated within three or four dimensions.
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Table 7 illustrates the relationship between the four ordination axes
for the data matrices at all stages of the analysis.

When the entire data set was analyzed, all four axes were close in
value which illustrates the many factors influencing the dimensionality
of the data set. At stage 2 the unforested plots ordination resulted
in axes 1 and 2 eigenvalues more similar than the eigenvalues for forested
plots ordination. At stage 3, the shrub data illustrated the greatest
variability as the second axis was closer in value to the first axis
than in the other data sets. This is possibly due to the variability
attributable to the successional state of the shrub data.

Figures 2 through 5, and Table 2 illustrate high variation in all
four major axes which suggests complexity of pattern in the data and a
high dimensionality of underlying environmental relationships. Numerous
complex and interacting environmental factors will produce data in which
the variance will not be concentrated in any single axis of variation.

As a result of the random selection of sample points the core plot
community descriptions are more variable than typical vegetation studies,
e.g., Foote (1976). For this reason it is difficult to precisely define
the underlying environmental relationships.

Reciprocal Averaging and therefore DCA, is most useful in revealing
the primary direction of sample variation in response to environmental
variation (Gauch et al., 1979). Correlation or regressions may be com-
puted between environmental factors and DCA ordination scores (Austin,
1971). These correlations may give ambiguous results because of oblique

or non-linear relationships so typical of vegetation studies. Graphing
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Table 7. The variance and length of sample ordination gradient result-
ing from detrended correspondence analysis.

Length of Gradient

Axis in Standard
Stage 1 Number Variance Deviation Units
Entire Data Set 1 .59327 5.870
627 plots 2 .45725 5.109
3 .35330 7.822
4 .33709 4.980
Stage 2
Unforeste<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>