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INTRODUCTORY REMARKS

This report is the first'in a planned series on the ecology of
Whiteface Mountain. = The research included began in 1964 as a summer
program sponsored by the Atmospheric Sciences Research Center. In 1967
further support was provided by the National Science Foundation. :

While some of the papers in this report have been completed or nearly
so for periods of one to three years, it was decided to hold their A
printing until all of the reports were finished. It was hoped that the
result would be a more complete picture of the Whiteface ecology studies.
Certainly, there are desirable features of having these eight related
studies in one report. Unfortunately, this procedure has delayed
publication of the early results. We apologize for the inconvenience to
the many interested persons who have written to us for reports.

The results presented here represent the early phases of a planned

~ long-term study of vegetation-environment relations in the Whiteface

Mountain region. The first four papers deal with the nature of the
vegetation, its variation with topography and comparison with other
regions, The next two deal with special aspects of the vegetation;
one with the alpine tundra and the other with an important species.
The last two papers represent beginning studies of the environment.

The investigators are in accordance with the viewpoint that an
important approach to the study of nature lies in understanding the
ecosystem. The ecosystem, no matter how it is defined, cannot be under-
stood except in an environmental framework. Much of our present and
planned future studies deal with measuring the environment and understanding
its relation to the living component of the ecosystem.

ACKNOWLEDGEMENTS

The co-investigators wish to thank the many persons and organizations
who have contributed to the work leading to this report. Many of these
are acknowledged in the individual papers. We wish to express special
thanks to Vincent Schaefer, Director of the Atmospheric Sciences Research
Center and Raymond Falconer, Director of the ASRC Field Station at
Wilmington, N.Y., whose cooperation has been invaluable. We thank the
Natural Sciences Institute sponsored by the Kettering Foundation for the
help provided by many of its student participants and are grateful to
the Whiteface Mountain Authority and New York State Conservation Department
for cooperation on use of the mountain facilities.

Many persons provided useful advice and discussion on various aspects
of the research. These include in particular Richard Arnold, Earl Stone,
and Lee Miller of Cornell University, Edwin Ketchledge of Syracuse University,
Orie Loucks of the University of Wisconsin, Richard Park of Rensselaer
Polytechnic Institute and Stanley Smith of the New York Museum.

We are especially grateful to the Atmospheric Sciences Research Center
and the National Science Foundation (GB-7020) for support of this research.

i



TABLE OF CONTENTS

Page
INTRODUCTION. ..vvvernnn. coeies Ceteeheeetesaaans eeiveas Ceriinaas R &
ACKNOWLEDGEMENTS........... Cereenan cesees beeeeaas Ceeesreseas ceereseeens ii
TABLE OF CONTENTS.......... Cereereeaas e eereteeeeaaen cevees v iii
Vegetation of the Whiteface Mountain Region of the Adirondacks.
J.G. Holway, J.T. Scott and S. Nicholson......ocvveveeevnns. Cerreceeans 1
Comparison of Topographic and Vegetation Gradients in Forests of
Whiteface Mountain, New York. J.T. Scott and J.G. Holway.............. 44

Multi-dimensional Ordination of Boreal and Hardwood Forests on
Whiteface Mountain. A.R. Breisch, J.T. Scott, R.,A. Park and P.C. Lemon g9

A Floristic Comparison of Undisturbed Spruce-fir Forests of the
Adirondacks with Four Other Regions. S. Nicholson, J.G. Holway and
J.T. Scott...... eraennssenene eereesrecerenna Cerecenane Chretearesaenas 136

Slope-aspect Variation in the Vascular Plant Species Composition in the
Treeless Community Near the Summit of Whiteface Mountain, N.Y. :
S. Nicholson and J.T. Scott.......... Ceeeitsieeecret et acae ceeees 146

Ecological Effectiveness of Yellow Birch in Several Adirondack Forest
Types. R.F. Kujawski and P.C. Lemon........... Ceeseanan feeseacens ceees 161

The Determination of Vertical Micrometeorological Profiles Through a
Forest Canopy with a Single Set of Sensors. J. Droppo and H. Hamilton. 192

The Prevailing Winds on Whiteface Mountain as Indicated by Flag Trees.

E. Holroyd IIl...covivineinninnnnnn Ceteresseeeeonns Ceeereesetiearereaane 220

iii

)



VEGETATION OF THE WHITEFACE MOUNTAIN
REGION OF THE ADIRONDACKS

by

J. Gary Holway, Jon T. Scott,

and Stuart Nicholson



VEGETATION OF THE WHITEFACE MOUNTAIN
REGION OF THE ADIRONDACKS

by J. Gary Holway, Jon T. Scott, and Stuart Nicholson

ABSTRACT

One hundred and eighty-two.forest stands located by both selective and
systematic means were sampled for the standard ecologic parameters of
frequency, density and basal area. Under the systematic stand selection
method altitude and slope aspect were the determining factors in site
selection. Selective stand location was used to increase the sample
size of 'undersampled’ association types.

The tree species presence list for all stands includes 30 species.

At least one or the other of the three leading stand dominant species, red
spruce (Picea rubens) 143 stands, balsam fir (Abies balsamea) 120 stands,
and sugar maple (Acer saccharum) 80 stands, occurs in all but 9 of the
stands and dominates 103 of them.

The altitudinal ranges 1500 ft and under, 1500-2500 ft, and 3000 ft
and over are primarily dominated by species associations representative of
the Appalachian oak and pine, the northern mesic-hardwood and the boreal
floristic provinces, respectively. Less expected than the altitudinal
relationships was the apparent effect of slope aspect on composition.

While north facing slopes are typically envisioned as being more boreal, on
Whiteface the west slope was in all stands except those above 4000 ft.

INTRODUCTION

The forest vegetation of the Adirondack Mountains in northern New York
has received 1little attention from ecologists. This is difficult to under-
stand in view of the floristic diversity of the region and its strategic
location between boreal forests to the north and the Catskill and Appalachian
mountain forests to the south.

This paper is the first in a planned series concerning the relation
between vegetation and environment in the region of Whiteface Mountain in
the northern part of the Adirondacks. It deals primarily with a description
of the study area, its dominant vegetation and how this vegetation is dis-
tributed over the wide range of topographic habitats on Whiteface Mountain..
The present findings are based upon standard ecologic measures from 182
forested stands taken during three summers from 1964-1966. Later papers
will emphasize more detailed statistical treatment of the data including a
comparison of several techniques for obtaining the vegetation gradient (or
ordination) similar to those discussed by Goff and Cottam (1967), methods
of measuring forest environments and techniques of relating vegetation
and environment gradients. '
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THE STUDY AREA
General

Onie of the high peaks within the protective boundaries of the Adirondack
Forest Preserve seemed a reasonable choice as a site representative of forest
vegetation in the Adirondacks. To be compatible with the research aims, the
mountain selected had also to meet the requisites of floristic and physio-
graphic diversity and preferably be readily accessible without being exces-
sively disturbed. Whiteface Mountain, northernmost of the high peaks of
the Adirondacks,more than met these criteria.

Whiteface Mountain (4867 ft) is the fifth highest peak in New York
State. It is located just west of the village of Wilmington, in the Town
of North Elba, Essex County. The base of the mountain, which varies from
about 1008 ft on the east to over 1900 ft on the west, rises quite abruptly
on all sides to a horn-like summit. The east and west sides of the summit
exhibit well developed cirques, with a moderately-developed cirque on
the northern exposure.

The cirques are separated by rather sharp, arete-like ridges which
broaden out or slope up again to form minor peaks at some distance from
the summit (see Figure 1). Compared to the other Adirondack high peaks,
Whiteface is relatively isolated. Except for Mount Esther (4200 ft), and
Lookout Mountain (4000 ft), which are, in effect, sub-peaks, of the Whiteface
massif, the nearest 4000 foot peaks are more than 10 miles to the south.
This isolation allows more critical evaluation of mountain physiographic
effects on microclimate and vegetation distribution because of the reduction
of modifying -influences by nearby peaks. . :

The flora of Whiteface ranges from a sparsely developed alpine tundra
with extraneous elements of arctic tundra present on the surmit, through
dense spruce-fir boreal elements to mixed hardwood and coniferous types
near the base with many species typical of more southerly climates.

In addition, there are abundant oak, pine, and bog (spruce and tamarack)
associations in the vicinity. Indeed, it is not uncommon to find elements
of arctic, boreal forest, and deciduous forest biomes existing within the
same square mile of area.

Accessability was another of the strong attributes of Whiteface. It
is 150 miles from the State University Center at Albany and 35 miles from
additional facilities at State University College at Plattsburgh, New York.
Whiteface Memorial Highway allows ready access to the summit, and the
Whiteface ski area facilities provide similar ease of access to the east and
southeast sub-prominences. In addition, there are hiking trails, and roads
of one form or another (county highways or closed fire-access roads) virtu-
ally encircle the basal perimeter of the mountain. A1l of these have con-
tributed to the ease of obtaining the vegetation data.

Another attribute of Whiteface that might seem contradictory to the
accessibility of the area is the relative freedom from modern disturbance.
While the summit and roadway show marked effects of heavy tourist impact,
and the ski site development has created severe localized disturbance, the
greater portion of the mountain has been free of significant human distur-
bance since the passing of the "Forever Wild" legislation in 1896.

A final factor which strongly influenced the selection of Whiteface
was an invitation extended by the Atmospheric Sciences Research Center of
the State University of New York to base operations at their Marble Mountain
Field Station located at 1980 feet on the east slope of the Whiteface complex.



Figure 1: Map of Whiteface Mouhtain study area. The area

shown contains 132 of the 182 stands sampled.
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Géology

The Adirondacks are one of the oldest mountain ranges on earth.
Metamorphic rock beds form the bulk of Whiteface and were intruded into
sedimentary rocks of the Grenville series, about 1.1 billion years ago
(Bird 1963). The mountain consists primarily of Whiteface anorthosite.

Only the lower western portion of the mountain .is granitic. Erosion since
early Cenozonic has completely removed deposits formed during the Paleozoic
submergences (Miller 1918). The major features evident today are the

result of Pleistocene glaciation which culminated in the Wisconsin age about
10,000 years ago generally, but ended much more recently at the higher ele-
vations. Cirques, U-shaped valleys, and the many lakes and ponds, all bear
testimony to this glacial impress. Glacial moraines are also well dispersed
over the Whiteface terrain. Isachsen (1964), reports that striations on
the highest Adirondack peaks imply a minimum ice thickness of 5000 ft.

Craft (per. comm.), who has been studying the Pleistocene geology of the
Adirondacks, with particular interest centered on Whiteface and the high
peaks area, can present data to support a lower thickness for the continental
ice sheet during the last glacial advance in the Adirondacks. He has
found no evidence of continental glaciation above approximately 4200 ft,
although there is considerable evidence below this elevation throughout

the high peaks area. Craft hypothesizes that near the end of the Wisconsin
stage the peaks above 4200 ft appeared as nunataks sticking up out of the
continental sheet and that the till and debris from earlier advances became
eroded from these peaks. This would help to account for the. very shallow
mineral soils to be found on the summits of the higher Adirondack peaks.

Adirondack Forest Soils

There have been few studies of the forest soils in the Adirondacks to
date. Heimburger (1934), emphasized that drainage conditions and the geo- -
logical origin of the soil are of primary importance in the distribution
of vegetation in the Adirondacks. In this report he also superficially -
describes a number of Adirondack forest associations in relation to soil
types, .

Donahue (1940) reported on a forest-site quality investigation, and
McFee and Stone (1965) made a quantitative analysis of the physical and
chemical nature of an Adirondack forest podzol near Paul Smith's, approxi-
mately 20 miles west of Whiteface. .

Reilly, (1964), has described broad soil features encountered in a )
study of the mosses of Whiteface, but these are primarily qualitative
observations, . -

Our observations show that there is considerable variation in the charac-
teristics of the soil under the various forest associations, Near the summit
the forest is rooted in many cases in thick peaty mats overlying virtually
structureless and poorly differentiated mineral soil horizons containing
many boulders. Conversely, the deciduous forest associations have the
typical brown podzol characteristics with shallow organic layers, well
developed A,, and well defined structures and mineral horizons. The soils
are primari?y acidic even though most are derived from the underlying
anorthosite which is basic.
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An intensive study of the soils in the Whiteface region was made by
Witty (1968). His main emphasis was to establish a set of criteria for
classification of the Adirondack forested soils. He identified and
described 18 subgroups including 12 histosols and 6 spodosols for the
Whiteface area. Witty's extensive quantitative data will form the basis
of our-own evaluation of forest soil environment in later studies.

Climate

The Adirondacks are a region of cold snowy winters and cool wet summers.
Under the Koppen-Geiger system the typical lowland Adirondack climate fits a
Dfb, or very nearly a Dfc, the cold-summer, humid continental type. Near
the summits of the higher mountains the climateis colder, more windy and
more moist with a high frequency of cloud caps. Rime icing may occur in
any month of the year. :

The Adirondacks receive from 37 to 53 in. of precipitation annually
with an excess precipitation over evapotranspiration of from 25 to 40 in.
The region is the source of the Hudson and other rivers.

The growing season in the Whiteface region is about 80 to 105 days
in the lowlands with much shorter geriods near mountain sumits. The
cumulative monthly degrees over 40°F is below 100 in the lowlands. Mean
monthly temperatures near the summit of Whiteface are from 100F to 150f
lower than at Lake Placid with summer monthly means of 50°F to 580F.

Yegetation History

Historical records, filed evidence, and interviews with long-time
residents, indicate some marked differences between many of the original
forests and present cover. Damage to vegetation by Indians and transient
visitors appears to have been negligible prior to permanent settlement in
the 1800's. Wood was cut only for local use until cutting of hardwoods for
charcoal production began east of Lake Placid in 1815, and near Wilmington
in 1832. Charcoal cutting continued in the lowlands until the Tate 1800's.
These clear-cutting operations were frequently followed by fires of varying
intensities. A severe fire on the sumit in 1867 (Watson, 1869) is the
only other known disturbance of major proportions before pulp logging began
in 1892, As late as the 1860's, much of the total forest area on Whiteface
Mountain was apparently untouched.

Virtually all of the spruce-fir was first-growth when pulping began.
Street (1869) emphasized the "gloom of the terrific forests" on the east .
side of Whiteface, and Stoddard (1879) pictured the coniferous forests on
the north as "dark and thick." v

Pulp cutting began on the east side of Whiteface and ceased before 1900,
but not before much of these first growth forests had been completely
decimated. Marketable size spruce and balsam (6" basal diameter) were cut
wherever they grew in profitable numbers. The last trees were taken from
the west side of the mountain which was least accessible and now shows the
least disruption. These despoiling practices and the prevalence of fires
throughout the Adirondacke prompted protective forest legislation im 1896.
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In 1909 a fire tower was built on the summit of Whiteface. Nonetheless,
reports of fire and disturbance during the last 60 years are fragmentary
and somewhat contradictory. W. C. Petty, District Conservation Officer, .
states that there has been no appreciable fire damage since 1909, but
France and Lemon (1963) mention an extensive fire on the mountain in 1915,
Mr. Rogers, son of the mill owner in charge of the logging recalled that
Whitebrook Valley was burned about that time, and 0'Kane (1928) confirms
this. Other long time residents, however, recalled no major fires after 1900.
Aerial photographs and field studies confirm a large burned area of uncertain
age at 2000 to 3000 ft on the northwest side, a large burn over much of the-
east side from about 1500 to 3000, and several other smaller burned areas.

COLLECTION OF FIELD DATA
Stand Selection

The selection of stands was primarily based upon a systematic procedure.
It was arbitrarily decided to sample at500 foot altitude intervals over a
range of slope aspects and magnitudes. To reduce the field time promising
sites were “preselected" by examining aerial photographs and topographic
maps with the criterion that the photograph revealed that the site was not
markedly disturbed. If upon reaching the predetermined sites they were
Jjudged to be recently disturbed by conditions such as logging, fire, wind
damage, etc., then the nearest "undisturbed" site was sought and sampled.

If none could be found in the immediate vicinity, the preselected location
was left unsampled.

Preliminary analysis of the first 2 years of stand data showed that
only small samples of certain species which are relatively common in the
study area, particu1?r1y at lower elevations, were included. Because white
pine (Pinus strobus)' and hemlock (Tsuga canadensis) were undersampled, these
species could not be well located on an ordination using the methods of
Curtis and McIntosh (1951). No systematic stand selection method easily
resolved this problem. Therefore, -stands which contained these species were
sought and sampled. Consequently, our selection procedure was not entirely
systematic. Rather, because of the physiographic characteristics of the
study area, a combination of systematic and selective stand location was
employed.

Vegetation Data

Stands were sampled for density, basal area and frequency at points
20 paces apart. Normally, 10 to 40 points were used depending upon the
vegetation type. For example, it was not deemed worthwhile to obtain a
large number of points in stands containing a few species while larger
samples (30 to 40 points) were used in diverse vegetation.

The sampling points were paced along the slope. No change in course
was made because of the type of vegetation present. However, if the direc-
tion of the slope changed 45 degrees or more from the original point, the

1 - Classification is according to Fernald (1950).
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course was altered, The sampling then proceded 2 points (40 paces) down-
hill and then in the reverse direction to the original course. The same
procedure was used when an area of disturbed vegetation, usually wind-throw,
was encountered. The stand definition was therefore based primarily upon
the topographic features of altitude and slope aspect rather than on
composition. :

Measures of the density, frequency and basal area were obtained for
forested stands at elevations from just below 500 ft to above 4500 ft.

In 1964 the quarter method (Cottam & Curtis, 1956) was used. In 1965 and
1966, the quarter method was used for frequency, while Bitterlich prisms
(Grosenbaugh, 1952) were used to calculate basal areas and to establish
circular radius plots for density determinations. The efficiency of this
combination of methods has been cited by Lindsey et. al. (1958). _

To ascertain a suitable radius to use for the circular plots, a test
plot was established in a beech-maple stand. There was a complete counting
of all trees and saplings within the test plot. The plot was then sampled
by a quarter method and also by the combination quarter and Bitterlich prism
method using 1/40 and 1/80 hectare plots. The 5, 10, 20, 30, and 50 factor
prisms were compared. Statistical comparisons of the results of these
sampling methods to the actual data for the test plot showed that the most
efficient method was the 1/80 hectare radius plot with the 30 factor prism
for density and basal area combined with the quarter method for determination
of frequency. o

Values of sapling density and frequency were obtained by the quarter
method in all stands. Saplings in this study were considered to be any stems
greater than 1 inch but less than 4 in dbh.

The frequency, density and basal area (dominance) values were relativ-
ized for both trees and saplings in order to determine the relative importance
value in percent for ease of dinterpretation and interstand comparison.

Ground flora was sampled by 1 square meter quadrats placed at each
quarter point within a stand. Frequency of herbaceous species and tree
seedlings was recorded. , ‘

In addition to the collection of quantitative data at each stand
Tocation, the general features of the vegetation were described. Average
height of the canopy, degree of cover, uniformity, or heterogeneity or age
were estimated. Evidences of disturbance such as cut stumps, charcoal,
wind throw, and insect damage were also noted. Any unusual or distinguishing
characteristics of individual tree species were likewise noted.

Supplemental Data

Preliminary measurements of variables pertaining to the substrate
included observations of slope magnitude and direction, and distance to
the nearest ridge and drainage channel. Also measured were depth of litter,
fermentation and humus layers in the organic matter zone and of leached and
accumulation layers in the mineral zone when they could be readily
distinguished. Qualitative observations of soil texture and general descrip-
tion of the overall physiography of the site were made. Any unusual or
distinguishing site characteristics such as the presence of charcoal,
buried horizons, erratics, mounds, and troughs were noted.
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The summit of Whiteface Mountain was used as a Weather Bureau
auxiliary station for a total of 8 years beginning in 1937. The
standard meteorologic variables have been measured year-round by the
ASRC staff at Marble Lodge Station and during the summer months at the
summit and various other locations on or near Whiteface. Since 1964,
net-radiation and solar radiation have been recorded year-round at
Marble Lodge and during the summers at the summit.

Topographic Properties of the Sample

Because of the non-random stand selection procedure there was no
guarantee that a representative sample of the vegetation was obtained.
Because some regions on Whiteface Mountain were more disturbed than
others, certain slope aspects and altitudes may have been undersampled.

A check on the representativeness of the sample was made by
comparing its topographic properties (altitude, slope-aspect and slope
magnitude) against those of a random selection of points on a map of
the study area. Because the area containing the entire sample was
rather large and not well defined only the stands on or in the close
proximity of Whiteface were used for the comparison. Random points
were then plotted on this same area and the topographic properties
determined for these points which did not fall on lakes or roads.

This comparison is given in Table 1 where percentages of the respective
samples are given for the three topographic properties. Data for the
total sample (182 stands), which includes much of the low-lying region
surrounding Whiteface Mountain, are also included in Table 1. The
‘vegetation sample of Whiteface-proximity area (156 stands) was over
represented by stands at high altitudes and under represented by sites
in the altitude ranges centered on 1500, 2000, and 2500 feet. The
total sample was probably more representative of the region but over-
sampled at the range centered on 1500 feet. The mean altitude of the
stands near Whiteface (2710 ft.) was higher than that of the total
sample (2310 ft.) and of the random points (2200 ft.).

The vegetation samples compared more favorably with the random
points in the slope-aspect property (Table 1) but north facing and
level sites were oversampled. Northeast and northwest sites were under-
sampled. Comparing the slopes of the sample with the random sites shows
an oversampling of steep slopes and undersampling of sTopes in the
1 to 15 degree range.

TEST FOR HOMOGENEITY

The primary emphasis in this study was to describe the vegetation
of a mountain with a wide range of environments caused by topographic
variation. The selection of a stand was based upon topography and not
upon the species or groups of species contained within an area. No
effort was made to obtain homogeneous stands, but a test of homogeneity
was desired for later analyses of the data. Therefore, a chi-square
test was applied to all 182 stands. The test was the same as used by
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Table 1: Percent of stands in various topographic groups for different
cases., Data in the first column are for the total sample of 182 stands,
in the second column for only those stands on or in the close proximity
to Whiteface Mountain (156 stands), and the third column for random
points on the map of the region in close proximity to Whiteface.

Altitude Total Whiteface Random
_Range Sample Proximity Points
500 1.6 0.0 -
1000 6.5 0.0 5.6
1500 28.4 19.2 14.2
2000 19.7 19.2 38.6
2500 13.0 18.4 22.3
3000 8.7 12.0 9.6
3500 8.7 12.8 6.2
4000 9.8 13.6 3.5
4500 3.3 4.8 0.0
100.0 100.0 100.0
Mean altitude 2310 2710 2200
STope-
aspect
Range
N 12.6 16.0 13.0
NE 8.2 7.2 16.1
E 7.1 8.0 9.9
SE 19.2 17.6 14.1
S 11.0 8.8 7.3
SW 6.0 11.2 8.3
W 12.6 11.2 10.4
NW 12.6 12.0 19.3
Level _10.4 8.0 1.6
100.0 100.0 100.0
Slope
Level 9.3 8.0 5.6
1-5 13.2 5.6 1.7
- 6-10 19.6 11.2 24 .4
11-15 11.5 12.0 23.8
16-20 12.6 15.2 15.2
21-25 16.5 22.4 13.7
26-30 11.0 16.8 2.0
31-35 2.8 4.0 3.6
35 + 3.3 4.8 -

s
j=)
[
—
[
(=)
[
e

o

O
[em)



-12-

Curtis and Mc Intosh (1951) and Buell et. al. (1966). - This is essentially
a test for heterogeneity. A stand was considered "homogeneous" if it did -
not pass the chi-square test at the 5% confidence level. The results
showed that 42 stands were "non homogeneous". Inspection of the original
data usually showed that this heterogeneity was caused by clumping of

the major species in the stand although in some cases it was caused by

a change in composition along the transect. :

COMPOSITION OF THE VEGETATION SAMPLE

Table 2 1ists the 30 species reaching tree size diameters (4"dbh)
in forest stands sampled in this study. Mountain ash (Pyrus decora),
cherry (Prunus pensylvanica), mountain maple (Acer spicatum), striped.
maple (A. pensylvanicum), and ironwood (Ostrya virginiana) are included
in the Tist but seldom reach diameters o in. or more in the study
area and more frequently are less than 4 in. dbh at maturity. Consequently,
if included in discussions of forest dynamics, the high proportion of
"saplings" to "trees" might seem to indicate an increasing importance
of these species. Because field observation does not appear to support
this contention, these 5 species are considered as components of the
understory. , ;

The remaining 25 species on the 1ist more typically form trees with
diameters usually exceeding 10-12 in. at maturity. Twenty-two of these
occur 10 or more times in the forest sample, but only 14 of them are
stand dominants. '

Three of the stand dominants, big-toothed aspen (Populus grandidentata),
basswood (Tilia americana), and red maple (Acer rubrum) are dominants
only once.” The first two of these are not widely distributed in the
area and are found in only 17 and 27 stands, respectively, with mean
RIVs (Relative Importance Values) of 6% and 7% in those stands of occurrence.
Red maple is more widely distributed, being present in 70 stands, but
with a mean RIV of only 6% it is not of great importance in the sample.
Basswood and red maple are frequent associates of many of the mature
vegetative groupings in the area, while big-toothed aspen is indicative
of disturbance conditions in its sites of occurrence. The lack of recent
disturbance of stands in the sample is indicated by the presence of the
latter species in only 5 stands as a sapling with a mean RIV of 3% per
stand of occurrence.

The 7 most common trees in the area are red spruce (Picea rubens),
143 stands; balsam fir (Abies balsamea), 120 stands; yellow birch
(Betula allegheniensis), 86 stands; sugar maple (Acer saccharum), 80
stands; paper birch (Betula papyriferag, 75 stands; American beech
(Fagus grandifolia), 72 stands; and cordate-leaved birch (Betula
papyrifera var. cordifolia), 63 stands. A1l but one of these, paper
birch, occurs as a stand dominant 4 or more times. .

Paper birch is a common species in the Adirondacks and is dominant
over several tracts within the study area. However, this dominance
occurs in stands of obvious disturbance. These were not sampled because
of the disturbance. 1In the sites which have been long undisturbed, this
species plays only a minor role. Paper birch occurs 75 times in stands




Table 2: Number of stands of occurrence, occurrence as leading dominant, mean RIV (mean relative importance
value) for the total sample and for stands of occurrence for’ tree species in the 182 stand sample. Numbers
are rounded to the nearest whole unit of percent. T stands for "trace" or less than 0.57 mean RIV.

Tree Species Species No. Stands No. Stands Mean RIV  Mean RIV
Abbre- of Occur. as Domin. Tot.Samp. Std. Occ.
viation Tree/Sap. Tree/Sap. Tree/Sap. Tree/Sap.

Picea rubens Sarg. .....c.ciiiiicieraciatenaaanon Pr 143/127 30/19 16/11 20/15
Abies balsamea (L.) Mill. .. .iiiiieeininannnnnnn Ab 120/115 45/71 21/30 31/47
Betula alleghaniesis B & B Small................ Ba 86/51 10/0 6/2 13/7
Acer saccharum Marsh. .......ceeeeeeceecnncancnn As 80/80 28/37 11/2 26/87
Betula papyrifera Marsh., ........c.iiiiiienn, Bp 75741 0/1 3/2 7/8
Fagus grandifolia Ehrh. ........ciiviiiiiiacnas. Fg 72/75 10/15 5/8 14/18
Acer rubrum L. ..o.ieeenieerneeceacecnenannnananns Ar 70/56 174 2/2 6/8
Betula papyrifera var. cordifolia (Regel) Fern.. Bpc 63/47 4/1 6/3 17/12
Tsuga canadensis (L.) Carr. .....cciiiiieiennen. Tc 49/37 16/12 6/4 23/19
Fraxinus americana L. ....cciereconernneccscncnns Fa 39/19 0/0 1/1 7/6
Pinus strobus L. . .iveiniiiiiiiiiiiieneencnnans Ps 36/22 10/0 5/1 26/9°
Acer pensylvanicum L. .....eiviinrinieeneonanns Apen *37/81 0/0 1/7 4/16
Ostrya virginiana (Mi11) K. Koch......ocvinnttn Ov *32/34 0/0 1/3 5/17
Pinus resinosa Ait. ... et ieionceannnnns Pres 30/22 15/6 7/2 38/18
Thuja occidentalis L. .ccveieiinenrinnenanannens To 28/15 5/3 271 15/17
Pyrus decora (Sarg) Hyland..........c.cviiennnnes Pd *29/30 0/0 1/1 4/6
Quercus rubra var. borealis (Michx. f) Farw..... Qr 27/20 6/3 3/1 17710
Tilia americana L. ...ccuiiiircoeerrencconocannns Ta 27/15 1/2 /1 6/6
Prunus serotina Ehrh., ... ieiiiinieiininneacenns Pser 20/12 0/0 T/7 1/3
Populus grandidentata Mich. .............coueete , Pgr 17/6 1/G 1/0 6/3
Acer spicatum Lam. .....c.cveeenceecaecccscoaans Aspic *16/52 0/0 1/3 3/10
Populus tremuloides Michx. .......cccieeniennsnen Pt 15/4 0/0 /7 3/3
Ulmus americana L. ...ccieennerrnnrertececoononnse Ua 6/1 0/0 0/60 1/3
Populus balsamifera L. ....ccovniiiineiaaanenns Pb 4/0 0/0 0/0 2/0
Fraxinis nigra Marsh. .....cocieiviieinannenanns Fn 3/2 0/0 0/0 2/3
Juniperus virginiana L. ... coiieiiiiiieiianan, Jv 2/2 0/0 0/0 3/2
- Quercus bicolor Willd. ......c.iiiciaats v eeeeeens b 2/2 6/0 /7 8/6
UTMUS PUBT@. e i i ieeeeeneieecacancncasnasssnncsns Ur 1/0 0/0 0/0 1/0
Larix laricina (DuRoi) K. Koch.e..eoeeerienennnns L? 1/2 0/0 0/0 1/3
Prunus pensylvanica L. ...c.eeuenrineaiennoncnns Pp *1/3 0/0 0/T . T/4

*Typically understory species only occasionally reaching tree diameter (4"dbh) or greater, so not considered
to be leading sapling even if leading in RIV.

_S l_
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as a tree, but in only 45 as a sapling with RIVs of 7.1% and 7.5%,
respectively, These data support the pioneering nature of the species.
Cordate-leaved birch is a high altitude variety of paper birch.

It dominates: only 4 stands in the sample, yet it covers large tracts

of area on the mountain. This area was not sampled because of
disturbance due to such factors as fire, logging and wind throw. In
these areas there is every indication that cordate-leaved birch is :
being replaced by spruce and fir. The four stands in which the species
did dominate did not show these obvious signs of disturbance. Even
here, however, in all four stands balsam fir is the leading sapling and
the birch has a relatively low sapling RIV. Nevertheless, the cordate-
leaved birch does appear to be a permanent minor associate of certain
high altitude sites within the boreal complex. This is perhaps because
the severity of the climate in these sites maintains disturbance-like
conditions which typically favor the species.

Yellow birch shows a marked decline in sapling presence from 86
stands as a tree to 51 as a sapling. Unlike the other birches, it is
a climax species in certain of the mature vegetation associations of
the Whiteface area. As a tree it is extremely tolerant and survives
easily in the deep shade of the mature hardwood forests. Its poor
representation as a sapling is perhaps best explained by its substrate
specific germination requirements. Kujawski and Lemon (1969) found
that seedlings become established only on exposed mineral soil or
mixed humus-mineral soil. Roots of seedling birch do not penetrate
the leaf 1itter of the hardwood stands. Seeds typically find few
such places suitable for germination in the vigorous, pre-degenerate
forest stands of the area, so saplings are limited even though several
mature, prolific seed-producing trees may be found in the stand.

The data for American beech give the impression that this species
is increasing in its importance. It occurs in 72 stands as a tree and
in 75 stands as a sapling with mean RIVs of 14% and 18%, respectively,
per stand of occurrence. These data may be mis1ead1ng because beech -
reproduces abundantly from root suckers which give the impression of
vigorous regeneration. However, many of these suffer a high mortality
rate in the "sapling" and young tree stages. Field observations indicate
that beech may be1n fact decreasing in importance as a tree in the
majority of stands in which it is found.

Balsam fir, red spruce, and sugar maple are the most important
species in the "undlsturbed“ sites of the study area. One of these 3
species occurs in all but 9 of the 182 stands sampled and as a dominant
in 103 stands. Balsam fir is first in dominance with 45 stands, red
spruce is second with 30, and sugar maple, which occurs in 65 1ess
stands than red spruce, is third with 28.

Balsam fir is most common at the higher elevations, sometimes
occurring in pure stands, but more frequently in assoc1at1on with red
spruce. Red spruce assumes its greatest dominance at altitudes
_interm1ttant to those dominated by balsam fir and by sugar maple and
is frequently associated with both of these species. Sugar maple
reaches its highest importance in the 1500-2500 foot elevation range.

Figure 2 shows the relationship of these 3 species in stands
dominated by any 1 of the 3 species. Only 8 of the 103 stands contain
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Table 3: Numbers of stands of occurrence and stands as a dominant for
the three leading stand dominants by altitude intervals.

Elevational Number of Abfes balsamea Picea rubens

Acer saccharum

Range Stands Occurs  Dom Occurs  Dom Occurs ~ Dom
250-749 3 0 0 0 0 0 0
750-1249 11 2 -0 3 0 3 0

1250-1749 52 30 3 38 6 38 13
1750-2249 36 16 1 31 5 26 8
2250-2749 24 14 2 22 8 11 7
2750-3249 16 16 3 16 8 2 0
3250-3749 16 17 12 15 3 0 0
3750-4249 18 18 18 14 0 0 0
4250-4749 6 6 6 4 0 0 0
4750-4868 0 0 0 0 0 0 0
Totals 182 120 45 143 30 80 28
Table 4: Number of occurrences of the various species in groups of
stands of leading RIV. Arrangement of species is according to the
mean altitude of stand dominants (Fiqure 4).

Ab Bpc Pr Ba As Fg To Tc Pres Ta Pgr Ar Qr Ps Total
Ab 45 4 28 9 7 4 5 9 6 - = 1 - 2 120
Bpe 37 4 16 2 1 =~ 2 1 - - - - - - 63
Pr 38 3 30 10 16 9 5 16 11 - - - - 4 143
Ba 7 1 T6 10 20 10 3 15 - 1 - 1T - - 86
As - - 8 7 28 10 - 13 2 1T 1 1 5 3 80
Fg - - 5 7 28 10 - 15 - 1 1 1 4 - 72
To 1 - 8 2 - 1 5 6 3 - - - - 2 28
Tc 1 - 10 3 7 3 216 5 - - - - 2 49
Pres - - 3 - - - - T 15 - - - 1 10 30 -
Ta - - - - 13 2 - 4 T 1 - - 5 1 27
Pgr - - 3 - 5 - - 2 - 1 1 4 1 17
Ar 6 - 12 4 11 4 4 712 8 - T 13 4 70
Qr - - - - 8 2 - 1 6 - 1 - 6 3 27
Ps 1 - 9 - 1 - 1 2 N - - - T 10 36




Figure 2:

Figure 3:

Figure 4:
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Association relationships of the three leading

stand dominants (Abbr. explained in Table 2) (page 17).
Numbers of species, stand dominants and stand by

500 foot intervals of altitude (page 18).

Mean altitude df the 14 1eading stand dominants

(page 19).
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all 3 species. The most frequent associatjon, as expected, was between
balsam fir and red spruce, Red spruce was an associate in 38 of the 45
balsam fir dominated stands, and balsam fir was associated with 28 of
the 30 red spruce stands. Red spruce was found in 16 of the 28 sugar
maple dominated stands, but sugar maple was only found in 8 of the 30
red spruce stands. The spruce-maple relationship is not surprising
because red spruce ranges well above the elevational limits of sugar
‘maple, but is not restricted to higher altitudes. The altitudinal range
of red spruce in the sample is from 4500 feet at the upper limits in

a balsam fir stand to 980 feet at the lower level in a white pine

(P. strobus) stand (Table 3). The maximum altitude at which sugar maple
was found was 3100 feet in an east facing yellow birch stand.

The lowest degree of association of the 3 major species was between
balsam fir and sugar maple. None of the balsam fir stands contained
maple while 8 sugar maple stands contained balsam fir.

: The tree to sapling ratios of balsam fir and sugar maple in Table 2
suggests that they both will increase. The ratio of occurrences for
fir is 120/115 but the ratio of mean RIVs is 30/47%. The same ratios
for sugar maple are 80/80 by occurrence and 12/27% by mean RIV. The
increase of dominance of fir with increase in altitude is evident from
Table 3. Field evidence of low mortality for sugar maple saplings
indicates that it is strengthening its position as a dominant in middle
and low altitude forests.

Red spruce occurrences are 143/127, with mean RIVs of 20% and 15%.
Both these data and the field observations seem to indicate that balsam

fir is a better competitor on most sites of mutual occurrence. For
example, balsam fir is the leading sapling in 15 of the 30 red spruce
dominated stands, while red spruce has gained leading sapling status
in only 3 yellow birch and 2 red pine (P. resinosa) stands. This would
indicate that while red spruce may remain an important associate, it
may decrease as a dominant in the study area. On the other hand, field
evidence shows that balsam fir has a high mortality rate as a young
tree and is especially subject to wind and icing damage, while spruce
 tends to resist destruction and lives longer than fir. Thus, the
relative dominance of these two species may not be changing as much as
data in Table 2 indicate.

The 5 remaining stand dominants in the sample are hemlock (Tsuga
canadensis) in 16 stands, red pine in 15 stands, white pine in 10
stands, northern red oak (Quercus rubra) in 6 stands, and eastern white
cedar (Thuja occidentalis) in b stands. The lower number of stands
dominated by these species compared to balsam fir, red spruce, and
sugar maple is probably attributable to the lack of special sites which -
these species occupy or to past disturbance. For example, there is a
suggestion from the early literature and from discussion with the older
Tocal residents that hemlock was once much more prevalent than now.
Apparently, clearing of the land for agriculture and lumbering caused
extensive reduction of hemlock in the more accessible sites. Possibly
as a result of disturbance hemlock seems to be split into two major
habitat sites. One is the low level wetlands and stream beds where it
mixes abundantly with red spruce and balsam fir. The more common case
seems to be lowland sites on small rounded drumlins or eskers with sandy
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or gravelly well-drained soils. On the latter sites hemlock often forms
extensive nearly pure stands with abundant regeneration under trees of
all ages and sizes. Hemlock is also a common minor associate in hemlock-
yellow birch-sugar maple-beech stands of mesic sites.

White pine is predominantely a species of the low elevations of
the area. It is generally found in nearly pure stands or associated
with red pine on level or gently sloping sites with sandy soils. These
" soils often have a hardpan and are apt to be quite wet in the early
growing season but very dry during the rest of the season. Lowland sites
of this type are not common in the area. Again, logging and land clearing
have probably greatly reduced its abundance compared to former times.

Red pine is found repeatedly on windswept, poorly drained ridges
with shallow soils at the mid-elevations, and on sandy well-drained soils
both on the Tevel and on steep ridges at the lower elevations. It is
without doubt the most drought tolerant of the dominant tree species
of the area.

Northern red oak is also a Tower elevation species associated with
gentle to moderate slopes, usually on east facing sites. The soils
in the oak stands are more mesic than those in the pine stands but too
dry or rocky to support the sugar maple, American beech, and yellow
birch forests.

Eastern white cedar has a distribution which is difficult to
interpret. It is found in level wet areas as a dominant, but also appears
on ridge tops up to 2500 feet or more in red pine or red spruce stands
where soils are quite shallow and apparently quite dry. Habeck (1958)
has studied this species in transplant gardens in Wisconsin and concludes
there are two distinct ecotypes based on similar site preferences,

THE RELATION OF FOREST COMPOSITION TO TOPOGRAPHY
Altitqde Variation

In an area of physiographic diversity such as the Whiteface Mountain
it is expected that the severity of climatic and edaphic parameters would
be greatest at the extremes of elevational range, and hence, the numbers
of species able to occupy the habitat sites at these extremes would be
reduced. Figure 3 shows this relationship of species by altitude groups
as they occur on Whiteface Mountain and in its vicinity. The 1500 foot
level is the area of maximum diversity for both numbers of species and
numbers of stand types. It is also the altitude of highest sampling
frequency. Much of the basal portion of Whiteface is between 1200 and
2000 feet. The small amount of area partly accounts for the reduction
in number of species and stand dominants at the 500 and 4500 foot ranges,
but the more severe habitat variables to be found at these elevations
must also be considered. .

Figure 4 shows the mean altitude of the species occurring as leading
stand dominants. Casual observation of this figure seems to imply a
fairly smooth transition from species to species through the elevational
range of Whiteface Mountain with the hint of a possible natural clumping



Figure 5:

Figure 6:
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Association relationships of stand ddminants
representing boreal (a), mesic-hardwood (b), and
lowland oak and pine (c) associations (page 23).
Association relationships of coniferous stand

dominants (page 24).
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Figure 7: Association relationships of selected coniferous
and hardwood stand dominants (page 26).

Figure 8: Association relationships of a boreal (ye11ow birch),
a mesic-hardwood (sugar maple) and a lowland hard-

wood (northern red oak) hardwood stand dominant (page 27).
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of species groups. Only red pine seems to be out of place. This is
due to its occupation of the dry, windswept ridges in the 1500-2500
foot range on the south side of eastward pointing ridges of the mountain.

Table 4, which has the species ordered primarily by their RIVs by
altitude, shows the constancy of association of stand dominants with
one another. The data in this table seem to further support this idea
of natural clumping of the species into altitude related groups. The
strong positive associative values of balsam fir, red spruce, cordate-
leaved birch, and, perhaps, yellow birch suggests a boreal element,

The association between sugar maple, American beech, yellow birch, and
perhaps hemlock indicates a mesic hardwood element. This scheme places
yellow birch in a dual role, but field observation does indicate that
the species is a frequent associate with both groups although its
affinity appears to be somewhat stronger towards the mesic hardwoods.
The red spruce shows a strong affinity to dominants of the mesic-
hardwood range. It occurs in 16 of the 28 sugar maple stands, in 9

of the 10 American beech stands, and in all 16 of the hemlock stands.
The remaining stand dominants are northern red oak and the white pine
and red pine stand types found typically in the lower elevations of

the area. These constitute the dry oak hardwoods and the pine associations
representative of more southerly latitudes.

Frequent associations are interesting and descriptive of vegetative
composition. Equally interesting, however, are cases of vegetative dis-
association. For instance, data in Table 4 show that neither American
beech nor yellow birch were ever found to associate with red pine or
white pine in any of the 45 stands that one or the other of these 4
species dominated. In fact, there is a very weak relationship of the
pines to all hardwoods in the study area. More than elevational gradient
is involved here, because several of the red pine stands are at altitudes
well within the major dominance range of American beech and its common

associate yellow birch. Variations in moisture may be responsible.

* A final point of interest from Table 4 is the wide amplitudes of -
some of these species, Red maple and sugar maple, for example, occur
with 11 of the other 13 stand dominant species, balsam fir occurs in
10 of the 13, and red spruce and yellow birch in 9 of the 13. Three
of these are the leading stand dominants. One of these, red maple, is
only a stand dominant once and is of relatively minor importance in all
associations in which it occurs, yet it is a very wide ranging species.
This would suggest that something more than site tolerance is involved
in determining the abundance and dominance potential of a species.

Figure 5 shows the association relationships of the major species
of the vegetative groupings identified above as boreal, mesic-hardwood 4
and the oak and pine associations. Within the boreal element (Figure 5a)
the weakest association is between cordate-leaved birch and spruce in
spruce stands. This is best explained by the occurrence of several red
spruce stands at altitudes below the lower limits of the birch. The
constancy is 100% in the other direction indicating probable succession
of the birch stands toward a balsam fir-red spruce climax. _

A1l 3 of the species representing the mesic-hardwood grouping (Fig. 5b)
show high degree of association with one another, for example, between '
sugar maple and yellow birch in American beech stands. There is 100%
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association of these 2 species in the beech dominated stands. Associations

in the other directions are nearly as strong. '
From Figure 5¢c it can be.seen that the northern red oak stands are

primarily independent of white pine and red pine. The only northern red

oak stand which contained the two pines was a gentle east-facing slope

at 1180 feet. Oak, on the other hand, appears in about one third of

the pine dominated stands showing a somewhat closer affinity to red pine..

'This agrees favorably with the site differences of the two pines. Red

pine often is the dominant on the ridges capping the lower east facing
slopes where northern red oak commonly occurs.

Figure 6 shows some of the association relationships of the various
conifers. Using red spruce as the indicator it appears as though the
boreal conifers associate commonly with the other 4 conifers of the area,
while the pines show little affinity to hemlock and eastern white cedar.
The relationship of hemlock to cedar is stronger than that of either
species to the pines and about equal in both directions.

Figure 7 shows some hardwood-conifer association values. Some associa-
tions are high, yellow birch and sugar maple to hemlock; and some are low,
sugar maple and yellow birch to white pine. The degree of relationship
of hardwood to conifer is likely most closely tied to the soil moisture
requirements of the species. Hemlock does well in the mesic environments
of sugar maple and yellow birch, while these latter species do poorly
in the dry soils on which white pine typically occurs. Balsam fir and
red spruce are seen as very common associates in yellow birch stands,
even when these occur at relatively low elevations.

Figure 8 is a comparison of the associative values of a somewhat
boreal hardwood (yellow birch), a mesic-hardwood (sugar maple), and a
lowland hardwood (northern red oak). There is no association between
yellow birch and northern red ocak in any of the 16 stands dominated by
them. The association of sugar maple to both yellow birch and northern
red oak is a strong one, as is the association of yellow birch in sugar
maple stands. Affinity of northern red oak in sugar maple stands is -
much weaker. A1l 3 species only occurred together in 4 of the 44 stands
dominated by any one of them. In all cases these were sugar maple
dominated stands.

A closer evaluation of this relationship of the stand dominants
to the altitudinal gradient is afforded by looking at the mean RIVs of
the altitude groups. In Table 5, 10 altitude groups based on a 500
foot interval have been established and the mean RIVs of the 14 stand
dominants for each of the altitude groups is presented, both for trees
and for saplings.

" This information reveals the characteristics of the distribution
of the major tree species of the area. Balsam fir is the most important
species of the higher elevations, but also has a considerable range of
importance, and if the sapling data are reliable indicators, is likely
to become even more important in the mid-range elevations. Sugar maple
is the dominant tree of the mid-range elevations and, likewise, by sapling
data seems to be increasing its importance and range.

Red pine appears to be about holding its position, but northern
red oak and white pine seem to be decreasing in importance. In general,
the trends of the rest of the species are evident from Table 5.



Tabie 5:

Trees
Altitude
250-749
750-1249
1250-1749
1750-2249
2250-2749
2750-3249
3250-3749

3750-4249 .

4250-4749
4750-4868

Mean all stands

Saplings*
Altitude
250-749
750-1249
1250-1749
1750-2249
2250-2749
2750-3249
3250-3749
3750-4249
4250-4749
4750-4368

Ab Pr

52(3) 42(6)
52(1) 48(5)
43(2) 56(8)
45(3) 51(8)
57(12) 52(3)
81(18)
88(6) --

70(45) 50(30)

Ab Pr
58(2) --

42(12) 50(4)
54(3) 38(7)
44(6) 39(5)
57{(11) 58(2)
72(14) 43(1)
90(17)
91{6) --

Mean all stands 66(71) 43(19)

34(1)

Ba As Fg

38(2) 42(13) 39(4)
11(4) 46(8) 34(s)
35(2) 61(7) -

37(10) 48(28) 36(10)

Ba As Fg
- 23(2) --
-= 46(14) 51(10)
-- 52(12) 37(5)

1
i
[y
()]
o~
~J
el
|

—-(0) 48(37) 46(15)

43011) 33(2)
40(1) -

43(12) 50(3)

40(6)

Mean RIV of leading étand dominants (and number of stands) by altitude groups.

24(3)

20(2)

36(4)

61(10)

—-(0)

*Values will tend to be low because of inclusion of Acer spicatum, A. pensylvanicum, Pyrus decora, Ostrya virginiana,

and Prunus pensylvanicum as saplings in sample.
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Slope-aspect Variation

The change to a more boreal vegetation with increase in altitude
is a well-known feature of mountain vegetation, but the slope and
slope-aspect variations are less obvious. To study the variation in
vegetation composition with slope-aspect, only data from the stands on
or near Whiteface Mountain are used and those below 1250 ft. are omitted.
This sample contains 121 stands. This screening out of stands which
are quite far from the Whiteface complex and those below 1250 ft. is

or hemlock). The selection procedure for stands on or near Whiteface

conforms to a systematic procedure with rare exception (see METHODS section).
Mean RIVs of several key species is given in Table 6a for the four

major s]ape~aspec§ ranges. The averages were obtained by equally weighting

altitude ranges from 1250 to 4749 ft. centered at (1250 to 1749 ft., etc.).
This procedure of normalizing by altitude is necessary because of the
high degree of compositional variation with altitude and because the
number of stands in each of the seven altitude-aspect ranges is not
constant. Weighting by the actual number of stands in the slope-aspect
range overweights for species of high importance in altitude ranges with
large numbers of stands. .

Usually the most boreal composition is associated with north facing
slopes, but this does not appear to be strictly the case on Whiteface
Mountain. Inspection of the data in Table 6 shows that the east facing

the west as well as the north facing slopes have high RIVs for the boreal
species. Sugar maple, for example, is much more important on east slopes
with a mean RIV of 16.0% than on west slopes with a mean RIV of only 5.2%.
Yellow birch, an intermediate between the boreal and northern hardwood
forests is highest on north facing sites and lowest on east. The most
boreal of the species in the sample, balsam fir, is highest on north
sites followed by west and lTowest on east slopes. Red spruce, also a
boreal species, is very high in RIV on west slopes but low on north
facing sites.

A summary of the mean importance of single species may lead to some
inconsistencies due to some peculiar nature of a given species or because
the sample size is too small. For this reason, the data are also summarized
as "species groups" in Table 6b. The boreal group consists of balsam fir,
red spruce, cordate-leaved birch, and mountain ash. The hemlock-northern
hardwoods group consists of hemlock, sugar maple, American beech, and
yellow birch. The dry hardwoods group contains northern red oak, basswood,
and white ash, while the pines are red pine and white pine. .

Only one important species, eastern white cedar, is omitted from
the species groups because when it is found in a stand it is usually
by far the most important species. These "cedar swamps" seem to be a
special type and cannot be Togically lumped into one of the four groups
even though they have more boreal associates than others. Minor species
containing less than 1% mean relative importance of the tota) sample
are also omitted from the species in Table 6b.
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Table 6: Mean RIV of eight major species (a) and groups of species (b)
for the altitude range 1250 to 4749 feet for the four major quadrants
of slope-aspect. Data are means of seven 500 foot ranges in altitude
with each range weighted equally (see text).

East South Nest North
(a) Species 45°.134° 135°-224° 225°-314° 315°-44°
Abies balsamea 26.1 35.0 38.3 41.5
Picea rubens 17.2 17.3 23.8 14.6
‘Betula alleghaniensis 3.3 4.4 6.1 9.2
Acer saccharum : 16.0 13.9° 5.2 9.4
Tsuga canadensis 2.3 0.6 3.8 2.7
Fagus -grandifolia 6.9 2.7 4.7 5.8
Quercus rubra 4,2 0.2 - -
Pinus resinosa - 3.5 0.5 1.1
Number of stands 25 26 26 33
(b) Species Group
Boreal 56.1  63.0 69.0 65.0
Hemlock-Northern Hardwoods 28.5 - 21.6 19.8 271
Dry Hardwoods 6.4 1.1 0.3 1.7
Pines - 4.2 0.8 1.1

Table 7: Mean RIV of eight major species (a) and groups of species (b)

for altitudes 1250 to 4749 feet grouped by 180 degree ranges in slope aspect.
Data are means of seven 500 foot altitude ranges with each range weighted
equally (see text). ,

Relative Importance of 180° Slope-Aspect Groupings

Fast vs., West North vs. South
(a) Species 1°-180° 181°-360° 271°-90° 91°-270°
Abies balsamea 26.8 40.4 34.6 32.6
Picea rubens 13.8 19.8 14.2 19.4
Betula alleghaniensis 6.7 6.9 7.4 6.2 .
Acer saccharum 18.1 4.0 12.5 9.6
Tsuga canadensis 2.9 2.2 3.0 2.1
Fagus grandifolia 6.5 6.2 6.3 6.4
Quercus rubra 2.3 -~ 1.0 1.3
Pinus resinosa 1.0 4.2 2.2 3.0
Number of stands 54 58 54 58
(b) Species Group
Boreal (WBC) , 53.9 68.7 58.4 64,2
Hemlock-Northern Hardwoods 34.2 19.3 29.2 24.3
Dry Hardwoods ' 4.0 0.3 2.1 2.2
Pines 1.0 4.6 2.2 4
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Table 8: Mean RIV of eight major species (a) and groups of species (b)
for the altitude range 1250 to 2749 feet grouped by four quadrants of
slope aspect plus level stands. Data are means of three 500 foot
altitude ranges with each range weighted equally.

~ EAST SOUTH . WEST NORTH LEVEL
(a) Species 45°-134° 135°-224° 225°-314° 315°-44°
Abies balsamea 0.3 2.8 3.3 8.1 13.0
Picea rubens 2.6  12.6 24.1 13.6 15.1
Betula alleghaniensis 4.4 8.4 13.7 7.8 9.9
Acer saccharum 37.4 32.5 12.2 21.9 22.1
Fagus grandifolia 16.1 6.3 1.1 13.5 4.6
Tsuga canadensis 5.4 1.5 9.0 6.4 1.8
Thuja occidentalis - 0.7 0.4 6.6  36.7
Pinus resinosa - 8.2 1.2 2.6 0.1

| Number of stands 11 16 | 17 14 1

(b) Species Group
Boreal (WBC) 2,9 15.8 27.4 23.5 28.1
Hemlock-Northern
hardwoods 63.3 48.7 46.0 - 59.6 22.7
Dry hardwoods 15.0 2.9 0.6 4.0 1.0

Pines - 9.8 1.9 2.6 0.8
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The reason for the difference between presenting the data for 900
slope-aspect ranges versus 180° ranges for sugar maple and red spruce
is clarified by looking at Table 10, Here the same data for 4 species
are divided into 90° slope-aspect ranges centered on NE, SE, NW, and
gw. zugar maple is high only on NE and SE slopes and red spruce only

an .

Plotted data for species groups in Figure 10 again shows that the
east slopes contain species which indicate a relatively mild environment
compared to the west slopes. The contrast between north and south siopes
is not nearly so great in these lower altitude northern hardwood forests.

Table 8 also indicates data for the level sites. Poorly-drained
level sites contain spruce-fir and cedar stands and well-drained sites
contain sugar maple and other hardwoods. The high relative importance
of boreal species and eastern white cedar may be due to an oversampling
of level wet sites which have not been logged compared to well-drained
level sites which may have been logged for hardwood timber and thus not
sampled when visited. ‘

The forests on the lower slopes of Whiteface contain pines on south
and southwest sites, but not on east facing sites (Tables 8-10). On
the latter there are dry hardwoods including several stands of northern
red oak (Figure 10). The dry hardwoods are not typically found on west-
facing slopes. ‘

Stands above 2750 feet rarely contain species which were not in
the boreal group. Several stands between 2750 and 3500 feet contain
significant amounts of yellow birch and small amounts of mountain maple
and striped maple. One northeast facing site at 3100 feet contains
29% importance of sugar maple which is the highest altitude at which
this species was found. An east facing stand at 3350 feet was dominated
by large trees of yellow birch which occurred in scattered amounts up
to about 3450 feet. ' ' '

Figure 11 is a bar graph of the mean RIVs of boreal species for
4 quadrants and 2 altitude groups. The upper altitude (3750 to 4749 ft.)
shown in Figure 11a contained mostly balsam fir. This species was highest
on north sites followed by west and lowest on east slopes. Red spruce,
cordate-leaved birch, and species listed as "others", including mostly
yellow birch and mountain ash, were least important on west slopes again
indicating the most severe environment is on west slopes.

In summarizing the slope-aspect compositional variation, a significant
feature is that except in the very high altitude range the western slopes
were the most boreal of all aspects indicating the most rigorous environ-
ment. The contrast between east and west sites was much larger than
between north and south. The east facing slopes contained species which
indicate that the mildest environment occurs on those slopes. South and .
southwest sites contained relatively high composition of "dry" indicating
species while "mesic" hemlock-northern hardwoods were highest on east
and north facing sites.
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Table 9: Mean RIV of seven “indicator" species (a) and groups of
species (b) for the altitude range 1250 to 2749 feet grouped by
180° ranges in slope aspect. Data are means of three 500 foot
altitude ranges with each range weighted equally.

EAST vs. WEST NORTH vs. SOUTH
(a) Species 1°-180° 181°-360° 271°-90°  91°-270°
Abies balsamea 2.9 6.2 6.1 3.0
Picea rubens 6.3 21.2 ' 11.5 16.0
Betula alleghaniensis 101 14.4 12.5 12.0
Acer saccharum 36.7 9.3 23.6 22.4
Tsuga canadensis 6.4 5.3 6.6 5.1
Fagus grandifolia 141 14.5 13.6 15.0
Pinus resinosa 2.4 9.9 5.2 7.1
Number of stands 27 31 26 32
(b) Species Groups
Boreal (WBC) 9.3 - 31.2 20.4 20.1
Hemlock-Northern
Hardwoods 67.3 43.3 56.3 54.3
Dry hardwoods 8.8 0.9 4.3 5.4

Pines 2.5 1.1 5.5 8.1
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Table 10: Mean RIV of four major species for the altitude range 1250 to .
2749 feet grouped by four quadrants of slope aspect. Data are means of T
three. 500 foot altitude ranges with each range weighted equally.

NORTH-- SOUTH- SOUTH~- NORTH-

- EAST EAST WEST WEST
Species 1°-90° 91°-180° 181°-270° 271°-360°
Abies balsamea 4.1 1.8 4.3 8.2
Picea rubens 5.4 7.2 24.7 17.7
Acer saccharum 36.9 36.5 8.4 10.3
Fagus grandifolia 16.6 11.6 . 18.4 10.6
Number of stands 1 16 17 14

Table 11: Mean RIV of several species (a) and groups of species (b) for
all altitudes grouped according to steepness of slope. Data are means
of stands occurring in slope range regardless of altitude.

Slope Aspect Range in Degrees

(a) Species Less than 1 1 to 10 11 to 20 20 to 30 30+

Abies balsamea 17.4 20.2 16.8 35.8° 61.7
- Picea rubens 16.3 10.6 - 17.0 23.6 23.1
Betula alleghaniensis 6.3 14.5 8.0 5.3 %
Fagus grandifolia 7.8 11.0 8.1 2.3 -
Tsuga canadensis 0.3 9.9 3.2 0.8 -*
Acer saccharum 11.7 19.5 19.0 6.1 -
Quercus rubra - 0.1 3.6 - -
Pinus resinosa 0.1 3.2 2.9 4.9 -*

Number of stands

—
o
N
(8]
w
w
KN
(84 ]
—
()

Boreal 33.7 31.3 34.6 60.6
Hemlock-Nerthern

hardwoods 26.1 54.9 38.3 12.5 -
Dry hardwoods 2.1 0.9 6.9 0.9 -
Pines 0.8 3.2 3.3 5.7 -

*occurred in this range
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Data from Table 6b are also plotted as bar graphs in Figure 9a.

West slopes tend to be the most boreal followed by north aspects while
east slopes have the highest importance values for the northern hardwood
species indicating a relatively mild environment on the east aspects.
Pines are most abundant on south facing slopes although they are of
relatively low total importance in this sample because stands below
1250 ft. are omitted, Dry hardwoods are most important on east aspects.

Because of the interesting result that the west to east contrast
appears to be more pronounced than the north to south one, the data are
examined in a different way in Table 7 and Figure 9b. In this case,
the sample of stands on or near Whiteface proper is divided first into
east and west aspects only and then into north and south only. Comparing
the aspects in this way shows a greater contrast between east and west,
but north slopes do not appear to be more boreal than south slopes.

South slopes contain more red spruce but only slightly less balsam fir
(Table 8a§. North slopes have more hemlock-northern hardwoods species
than the south, but Tower amounts of pines. ,

The contrast between east and west facing slopes is shown by much
higher importance of sugar maple and lower importance of balsam fir
and red spruce on the east sites. Dry hardwoods are important on the
east and pines on the west slopes. The high contrast between east and
west and lower contrast between north and south sites is not easily
explained. Subjective inspection of stand data shows that there are
not only many protected northeast facing stands of sugar maple and
American beech on Whiteface Mountain but also many stands (even at lower
altitudes) on south-west sites with high amounts of red spruce and
balsam fir.

Casual inspection of the stand data at high altitudes indicates
that the high contrast between east and west sites may be due to
variations at lower elevations. The sample of stands between 1250
and 2749 feet consisting mainly of hemlock-northern hardwood forests
is treated in the same manner as in the previous section. Table 8
presents mean importance values for 7 major species and the 4 species
groups for 4 90° slope-aspect groups plus level stands. Table 9 presents
similar data, but they are divided into 180° groups to compare north
versus south and east versus west. Figure 10 is a plot of the data for
the species groups from Tables 8b and 9b,

The mean RIV of red spruce in Table 8 is much higher for the west
slopes (24%) compared to the east (3%) while it is nearly the same on
north and south slopes. However, in Table 9 when 180 degree slope-
aspect ranges are examined instead. of quadrants the south stands have
higher mean RIVs for red spruce than north sites (16% vs 12%). The high
difference between east and west is still evident (6% vs 21%) with west
facing sites apparently more boreal.

The data for sugar maple in Table 8 shows the reverse effect. When
the summary is by quadrants, the mean RIV of sugar maple is 33% for
south slopes compared to 22% for north slopes, but in Table 9 (summarized
by 180° ranges), they are nearly the same. Similarly for sugar maple the
high variation between east and west was evident in both Tables 8 and 9
with eastern sites having much higher values for this hardwood species.
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Figure 9: Mean RIVs of four specfes groups for (a) four 90°

slope-aspect quadrants (a) and 180° slope-aspect

for the altitude range (b) from 1250 to 4749 feet (page 39).
Figure 10: Mean RIVs of four species groups for four 90° slope-

aspect quadrants (a) and 180° ranges of s1opé-aspect

(b) for the altitude range from 1250 to 2749 feet (page 40),
Figure 11: Mean RIVs of tree species forvfour quadrants of

slope-aspect for altitude ranges of 3750-4749 feet

(a) and 2750-3749 feet (b) (page 41).
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Variation with Degree of Slope

The variation in composition with degree of slope for the entire
sample is shown in Table 11. These data were not normalized by altitude
and, therefore, the boreal species show high amounts for steep slopes
because the upper altitudes are the most steeply sloping.

Species with maximum RIVs on "moderate" slopes (1 to 10°) are those
in the hemlock-northern hardwoods group including sugar maple, American
beech, and hemlock. Sugar maple occurs in relatively high importance
on higher sloping terrain (1 to 20°), while hemlock is not found either
on slopes greater than 10° or on level sites. Moderate slopes in the
1°-10° range are most favorable for hemlock.

The dry-hardwoods group including northern red oak obtains highest
importance on relatively high slopes (11 to 20°). Red pine reaches
maximum importance on steep slopes (above 20°), but also occurs on less
steeply sloping sites.

ACKNOWLEDGEMENTS

We express our special thanks to the numerous individuals who have
contributed to this study. No attempt is made to mention them all by
name, but our thanks to those not identified are no less sincere. .

Especial thanks go to Paul Lemon who initiated ecological interest
in the study area and who contributed many valuable suggestions to the
current program, to Stuart Nicholson who did much research on the early
history of the area and has added much to our understanding of the
upper elevation spruce-fir element, to Jesse Craft who has been kind
enough to share with us his findings related to the glacial history of
the Whiteface area, and to John Witty for his contribution to our
knowledge of the soils underlying the various forest associations to
be found on Whiteface Mountain. . e
' We also express special thanks to Harry Hamilton, Desmond Bailéy,
Jim Droppo, and Ron Kujawski, State University of New York at Albafly,
and to Richard Arnold, Lee Miller, and Earl Stone, Cornell University
for their continued interest and contributions to the total study.

Finally we express our deep gratitude to the Atmospheric Sciences
Research Center of the State Universtiy of New York whose genérous support
allowed the initiation and completion of the early phases of this study,
and to the National Science Foundation for continued support of the
basic program under grant number GB-7020. ‘

REFERENCES

Bird, J.M. 1963. Reconnaisance geologic study of the Whiteface Mountain
area. Publ. No. 15. Atmosph. Sci. Res. Center, State Univ. of N.Y.,
Albany. '

Buell, M.F., A.N. Langford, D.W. Davidson, and L.F. Ohmann. 1966. The
upland forest continuum in northern New Jersey. Ecology 47:416-452.

JooDS




~43-

Cottam, G., and J.T. Curtis. 1956, The use of distance measures in

phytosociological sampling. Ecology 37:451-460.

Curtis, J.T., and R.P, McIntosh. 1951. An upland forest continuum in the

prairie-forest border region of Wisconsin. Ecol. 32:476-496, .
Donahue, R.L. 1940. Forest-site quality studies in the Adirondacks: I. Tree

growth as related to soil morphology. Cornell Univ. Agr. Exp. Sta.

Memoir 229. Ithaca. - :
Fernald, M.L. 1950. Gray's Manual of Botany, 8th ed. American Book Co.,

N.Y. 1632 pp.

Goff, F.G., and G. Cottam., 1967. Gradient analysis: the use of species and

synthetic indices. Ecology 48:793-806.

Grosenbaugh, L.R. 1952, Plotless timber estimates - new, fast, easy.

J. For. 50:32-37. _ :
Habeck, J.R. 1958. White cedar ecotypes in Wisconsin., Ecol. 39:457-463.
Heimburger, C.C. 1934, Forest-type studies in the Adirondack region.

Cornell Univ. Agr. Exp. Sta. Memoir 165. Ithaca.

Isachsen, Y.W. 1964. The geology of the Adirondacks. Public Lecture,

Atmospheric Sciences Research Center Lecture Series, Wilmington.
Kujawski, R.F., and P, Lemon. 1969. Ecological effectiveness of yellow

birch in several Adirondack forest types. Publ. No. 92. Atmosph. Sci.

Res. Center, State Univ. of N.Y., Albany.

France, 0., and P. Lemon 1963. Preliminary observations on forest tree
ecology of the Whiteface Mountain area. Publ. No. 15. Atmosph. Sci.

Res. Center, State Univ. of N.Y., Albany.

Lindsey, A.A., J.D. Barton, and S.R. Miles. 1958. Field efficiencies of

forest sampling methods. Ecology 39:428-444,

McFee, W.W., and E.L. Stone. 1965. Quantity, distribution, and variability
of organic matter and nutrients in a forest podzol in New York. Soil

Sci. Soc. of Amer. Proc. 29:432-436.

Miller, W.J. 1918. Geology of the Lake Placid Quadrangle. N.Y. Museum .

Publ. Nos. 211, 212. Univ. of the State of New York, Albahy. 106 pg;
0'Kéne, W. 1928. Trails and summits of the Adirondacks. Riverside, New York:
Reilly, R.W. 1964. A general ecological study 6f the moss flora on

Whitéface Mountain. Publ, No. 21. Atmosph. Sci. Res. Center, State

Univ. of N.Y., Albany. ) , , :

Stoddard, S.R. 1879. The Adirondacks. Van Benthuysen, Albany. p. 64.
Street, A.B. 1869. The Indian Pass. Hurd and Houghton, New Yobk. p. 126.
Watson, W.C. 1869. History of Essex County. Munsell, Albany. p. 170.
Witty, J.W. 1968. Classification and distribytion of soils on Whitéface

Mountain, Essex County, New York. Unpubl. Ph.D. Dissertation, Cornell

University. 291 pp.



COMPARISON OF TOPOGRAPHIC AND VEGETATION
GRADIENTS IN FORESTS OF WHITEFACE MOUNTAIN

NEW YORK

byb

Jon T. Scott and.J. Gary Holway




Comparison of Topographic and Vegetation
Gradients in Forests of Whiteface Mountain,

New York

by
Jon T. Scott and J. Gary Holway

ABSTRACT

Tree species data for 182 forested stands from on or
near Whiteface Mountain in northern New York was used to
obtain a vegetation gradient., The stand index value (STV)
obtained by a modification of the method of leading dominants
was found to be highly correlated with altitude, A regression
analysis of 5TV versus altitude for three altitude ranges
and plots of mean STV by 500 ft altitude intervals showed a
non-linear relation, The regression lines and plots showed a
region of steep slope between the upland spruce-fir (Picea
rubens~-Abies balsamea) and the lowland hardwood forests,

If this "ecotone" between two “associations" is not caused
by envirenment then there must be reasons for species to
associate into types, If the slope of the curve is due to
environmental variations along the altitude gradient then
the continuum hypothesis is correct and association is due
only to the chance that species overlap in their range of
tolerance. ‘

The 5TV was found tn be higher on east facing than on
west facing sites, but the north to south variation was small,
A possible explanation is that heat balance differences between
the east and west sites governed by wind exposure and diurnal
variation in solar radiation input have greater impact than
the north to south differences in solar radiation. East-west
differences in wind damage are also larger than north to
south differences, ' :

INTRODUCTION

A phytosociologic index provides a framework upon which
ecologists can perform a variety of fruitful investigations
including studies of evolution, succession (Buell, et, al,, 1966)
vegetation structure (Goff and Zedler, 1968), consumer
populations (Beals, 1960) and vegetation-environment relations,
This paper deals with the last mentioned of these, Its purpose -
is to describe the use of an index based upon data from 182
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forested stands located on or near Whiteface NMountain in the
Adirondacks of northern New York, This index will he used
to study the variation of vegetation along topographic gradients,
that is, along changes in altitude, slope and slope aspect. :
This application to a region of widely divergent vegetation
within a small area leads to some tentative conclusions
concerning the nature of vegetation distribution along environ-
mental qgradients,

- The application of a phytosociologic (or cumpositional)
index to vegetation data produces an arrangement of stands
or spacies which has been given various pames such as
"continuum” by Curtis and McIntosh (1951), and “ordination”
by Goodall (1954) and Curtis (1959). The term "gradient
analysis” was used by Whittaker (1956) in a study of the
distribution of many species along topographic gradients,
Goff and Cottam (1968) have also used this term to express the
variation of vegetation across wide ranges in composition and
it is retained heres, The placement.of stands along a gradient
governed by the species compositional index will be termed
the "vegetation gradient”,

The term vegetation gradient lacks the ambivalence of the
others which have bsen used, The word "continuum" implies
that vegetation is a continuous variable in all cases where-
as it is well known that abrupt spatial variations exist
(i,e, at borders of swamps or lakes, etc.). Also, the word
continuum implies that there are no reasons for species to
associate except that they happen to overlap in their range
of tolerance along an environmental gradient, This may be
so but has not yet been proven, Although these may be trivial
arguments, we believe that the use of the word continuum
has led to some misunderstanding. The word "ordination®
implies an ordering or ranking which may not necessarily be
' based upon measured distance along the order. For instance,
we can rank the numbers 0, 3, 4, 9, 18, in the proper order,
but not provide the useful information that the difference
between the last two numbers is equal to that of the first four,
The term "gradient analysis®” implies that the variation or
distances along the gradient have been determined,

The vegetation gradient is based upon a species socio=
logic index which we will term the species index number (SPN).
This is derived from measurable properties of vegetation
‘such as density, basal area, cover and frequency. Goff and.
Cottam (1968) compared six methods of obtaining species
index numbers using the same vegetation sample of upland
stands in southern Wisconsin, They found that all methods gave
similar results., In our studies at Whiteface Mountain we have
compared three methods and also found that they give essentially
the same information on the first axis, Only the fairly

aimple method of Curtis and McIntosh (1951) will be discussed
8re., C
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STUDY AREA AND VEGETATION SAMPLE

Thae study area and properties of the vegetation sample
have been described by Holway, et. al, (1969) and will be
briefly summarized here, All of the 182 stands were located
on or within seven miles of the 4867 foot summit of Whiteface
Mountain (Figure 1), This mountain is the most isolated of
all the Adirondack high peaks being about 15 miles north of
the so-called "high peaks ragion", _

The climate of the Adirondacks is cool and wet with
precipitation exceeding evapotranspiration by from 25 to 40 in,
The Whiteface region receives about 40 in. of precipitation
with about 30 in, of runoff, July mean temperatures range
from about 60° F in the lowlands to the low 50° F range on
the peaks., Frosts and rime-ice occur during all months of
the year near Whiteface summit. ,

Bedrock of the region consists mostly of anorthosite
with smaller amounts of granite. The soils above 3500 ft.
contain little fine mineral material and consist mostly of
;moss-covered boulders and psat, Glacial till occupies the
level sites and drainage channels, but the till is usually
very shallow, The lower slopes have deeper soils with podsols
fairly well developed,

Witty (1968) classified the soils on Whiteface Mountain,
On the basis of morphological and other properties, field
descriptions and results of laboratory analysis he found the
Spodosol and Histosol families to be common in the region,
The cation exchange capacities were generally low and the
soils strongly acid. The amount of exchangeable bases was
low except in some soils under hardwoods. :

: The summit of Whiteface contains a small reqion of tree=

less vegetation with tundra spacies present, Below this region

?oun to agout 4?90 ft, are near%y pure stand§ of balsam iiﬁ
Abies balsamea)*, Red spruce Picea rubens) is mixed w

the fir down to about 2700 ft., and on wet or exposed sites

%gw@r og th: mountaina Beiow(Z?DU ft. northﬁrn hargw?gds are
e dominant type with maple (Acer saccharum), beect agus
grandifolia), and yellow birch etng aIfaghan;ens;s). the

most common species, On well-drained sites at about 1500 ft,
and below, red pine (Pinus resinosa) and white pine (Pipus ~
8 us) are common, Small amounts of hamlock (Isuga canaden~-
si1s) are often mixed with the hardwoods but this species occurs
more often at altitudes of 1200 to 1800 ft. in stands where it
is by far the most common species. _
There are several finger-like ridges pointing to the
east on Whiteface Mountaim and Stevenson range to the north
(see Figure 1), On the south side of these ridges from
about 1500 to 2400 ft., red pine dominated stands oeccur repeatedly,

RSN

1 Classification is according to Fernald (1950),
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Map showing the location of Whiteface
Mountain and the region sufrounding
it. Of the 182 stands sampled, 132
were taken from the area shown with

the remainder from nearby lowlands,
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0n the east-facing slopes of these ridges from about 1000
to 2000 ft are stands containing northern red oak (Quercus
Iubra var. borealis) mixed with the northern hardwoods and
small amounts of ironwood (Ostrya virainiana) and white ash
(Fraxinus americana). These species also oocur on other
moderately well-drained sites of the Ausable River Valley
to the east of Whiteface but not on the west side of the
mountain,

Adirondack vegetation received many kinds of disturbances
beginning with settlement in the early 1800°'s, Charcoal
production for the local iron smelting industry began about 1815,
This clear=cutting of lowland hardwoods continued until the
late 19th century. Logging of the virgin spruce-fir forests
took place in the late 1800°'s but ended in 1896 when the state
legislature passed the "Forever Wild" bill to protect the
Adirondacks.

Fires followed much of the logging. The more recent
intensive fires are readily discerned from site inspection
and many are well marked on aerial photographs by extensive
areas of nearly pure paper birch (Betula papyrifera and its
variety B. papyrifera var, cordifolia)., The cordate-leaved
variety may occur in nearly pure stands above 2800 ft but
is also mixed with Picea rubens and Abies balsamea in the
spruce~fir forests, The two varietigs of birch may bs interw
mixed at altitudes of about 1800 to 2800 ft but the cordate-
leaved variety is rare below 2000 ft.

The 182 stands were selected primarily to obtain samples
from a range of altitudes and slope aspects, 1t was arbitrarily
decided first to obtain stands at 500 foot altitude intervals
on the four major compass points., Aerial photographs and
maps were studied to select promising sites, If these zites
were judged to be "recently disturbed" then the nsarest
"undisturbed" site was sampled if one could be found.,
Preliminary analysis of the first two years of data showed
-that several common .species were undersampled because
undisturbed stands below 1500 ft were not easy to find. :
White pine (Pinus strobus)and hemlock (Isuga canadensis) which
ocour on-low=lying sites were much more rare im the sample
than appeared to be the case from inspection of the area,
stands containing these species were sought and sampled.

When an "undisturbed" site was recachod it was sampled
for density, frequency and basal area. The quarter method
(Cottam and Curtis, 195%6) was used in 1964 but in 1965 and 1966
basal areas were determined with a Bitterlich prism (Grosen-
baugh, 1952), circular plots were used for density and the
quarter method for frequency, This latter method was deemed
?he m?st efficient from our studies and From Lindsey, et. al,
{1958).

Trees were defined as stems of 4 in dbh or greater,
Saplings were defined as stems from 1 to 3.9 in dbh., Theee
were sampled for relative demsity and relative frequency .y
the quarter method. Ground flora frequency was obtained From
ane square meter plots at each sample point,




Table 1: Mean relative importance and constancy for the species contained in the vegetation sample of 182
stands at Whiteface Mountain. Species with less than 0.5 percent importance have been omitted. Common
names and abbreviations used in Tables and Figures are also listed.

Abbreviations RIV Constancy
Species and Common Name Tables Figures % %
Abies balsamea (L.) Mill. (balsam fir)...eeeeeiiirereneennnennnns Ab F 21.0 66
Picea rubens Sarg. (red Spruce).....c.eeeeeereeeeeeececcncnnnnnns Pr S 16.2 77
Acer saccharum Marsh. (sugar maple)....coveerenineenennnneeennnnn As M 11.7 43
Pinus resinosa Ait. (red pine)...eeeeeeieeiernnenennsonncnnnes .. Pres R 6.6 17
Betula alleghaniensis B and B Small (yellow birch)...ceevevnen.... Ba Y. 6.2 47
Tsuga canadensis (L.) Carr. (hemlocK)...eeeeeiennreeiennecnncennn Tc H 6.1 28
Betula papyrifera var. card. (Regel) Fern. (cordate-leaved birch. Bc c 5.7 36
Fagus grandifolia Ehrh. (beech)....ccovreiimiiiiiienneneennnanns Fg B 5.6 39
Pinus strobus L. (white pine)...coveeriiriiiiiienaneennneannns Ps W 5.3 20
Betula papyrifera Marsh. (paper birch)....cccieiiiiiieenennnnnns B pap P 2.8 41
Quercus rubra var. borealis (Michx. f) Farw. (red oak)........... Or 0 2.5 14
Acer rubrum L. (red maple)..c.uveieenieenennernenneeneenenoaanaans Ar - 2.3 39
Thuja occidentalis L. (white cedar)....cvuiveeemeirmneneeannannn To N 2.3 16
Fraxinus americana (white ash)....ceeeeiieinrieneneeeicanancaanns Fa A 1.1 21
Tilia americana L. (basswood)..c.veieeiireneenenneneennencanenan Ta T 1.0 13
Ostrya virginiana (Mi11.) K. Koch. (ironwood)......cceeeeeeeennns Ov I 0.8 18
Acer pensylvanicum L. (striped maple)....oiveiieiiionnannnnnnn. . Apen - 0.7 20
Populus grandidentata Michx. (large-toothed aspen)............... Pg - 0.6 8
Pyrus decora (Sarg.) Hyland (mountain ash).......ccceeiucencnnnn. Pd 0.6 15

- ls_
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Sample points in each stand were placed 20 normal paces
apart along the slope, No change in course was made unless
the slope aspect changed from the original point by at least
45 degrees (except for nearly level sites) or when an obviously
disturbed area was encountered. When either of these events
occurred, the pacing proceeded twe points (40 paces) downhill
and then in the reverse direction to the original course along
the slope. No attempt was made to define a homogeneous stand
in the field. That is, the stands were defined by altitude,
slope aspect, and judgment of lack of recent disturbance,

v The number of points in a given stand ranged from 10
to 40, The fewest number (usually 20) were used in the high
altitude stands containing only a few species but 30 to 40
points were used in the mixed vegetation at lower altitudes,

The Chi-square tast for homogeneity was applied to all 182
stands. The test described by Curtis and McIntosh (1951) was
used which is essentially a test for heterogenseity. A stand
was considered to be homogensous if it did not pass the
Chi-square test at the five percent level of confidence.

There were 42 stands which proved to be " non=homogeneous”,
Inspecticn of the stand data showed that “"heterogensity" was
caused by either clumping of the major species or by change

in composition along the slope. In the following analysis

all 182 stands will be used becauss the primary concern

here is not to study only "homogeneous types" but to determine
properties of the vegetation as it varies with topography,
Analyses of vegetation gradients using only the homogeneous
stands will be reported at a later date, _

The relative importance value and constacy for all of
the species in the Whiteface sample are given in Table 1,
Balsam fir was the most important species followed by red
spruce and sugar maple. Red spruce was the most commonly -
occurring species, Details regarding the composition of the
samples and the ecologic relations of the major species were
discussed by Holway, et. al. (1969).

THE VEGETATION GRADIENT
Leading Dominants

A method of determining a vegetation gradient was developed
by Curtis and McIntosh (1951) whereby the relative placement
of major species of a large number of stands could be obtained
from their degree of association. Buell, et. al. (1966) used a
similar procedure and the Whiteface data were also sub jected
to this "method of leading dominants",

The sample was first divided into groups based upon the
leading dominant. The mean relative importance value (RIV)
of all the species in each group was determined. The groups
were then arranged in the "most symmetric" pattern as shown
in Table 2 using both mean RIV and constancy. The same arrange=
ment procedure was used for the data expressed as "normalized"



Table 2:

the species of leading im

Table 1.

No. of Stands
Species

Abies balsamea

Betula pép. var. cord.
Picea rubens

Thuja occidentalis
Betula alleghaniensis
Tsuga canadensis

Fagus grandifolia

Acer saccharum

Quercus rubra var. bor.

Pinus strobus

Pinus resinosa

(44) (4)
Ab Bc

67 21
(100) (100)
12 52
(85) (100)
17 18
(82) (100)

1 8
(14) (75)

@) --

Percent importance value and constancy
portance value and arranged symmetrically.

(29)
Pr

16

(93)
8

(62)
49

(100)
1

(28)
6
(55)
3
(35)
1
(17)
2
(28)

2
(@8)

1
- 00)

(5) (10) (15)

To

7
(100)
3
(40)
13
(100)
63
(100)
2
(60)
1
(40)

Ba

8
(90)

4

(20)
17

- (100)
1

(30)
37

(100)
2

(30)

10
(7o)
13
(80)

Tc

3
(60)

(4)
9
(100)
1
(33)
9
(93)
57
(100)
6
(93)
5
(80)
@)
(20)
1
7)

(10)
Fg
2
(40)
8
(90)
16
(100)
4
(50)

(28)  (6)
As Qr

2
(25) --
1 -

3
(57) --

- -

6
(72) --
2
(25) --
14 1
(100) (67)
48 30
(100)  (83)

5 45
(29) (100)

- (7)

2
- (7)
3

(Tower figures) for groups of stands based upon
Abbreviations are given in

(11)
Ps

4
(27)

4
(a5)
1
(27)

I
(18)
a
(27)
1
(9)
61

(100)

15
(9)

(15)

Pres .

1
(a0)
6
(73)
3
(33)
2
(33)

(7)
2
(20)
14
(80)
65
(100)

-89—
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‘RIV in Table 3, In the latter case each RIV in Table 2 was
multiplied by the ratio of the mean RIV of the most important
species (balsam fir) divided by the mean RIV of the particular
species, This procedure was an attempt to avoid overweighting
tﬁe importance of common species in the sample but gave the
same arrangement as Table 2, :

The arrangements in Tables 2 and 3 give a species ordering
with the high altitude spruce-fir (cool and wet) sites on
one end and lowland pine (warm and dry) stands at the other
with mesic hardwoods stands in the center., The wet to dry
sequence is indicated but not proven., There is reason to
believe from field evidence that white cedar (To) and hemlock
(Tc) occur on drier sites than their position shown in Table 2,

Strip Method

_ To obtain a more precise paositioning of the species aleng a

vegetation gradient a method similar to that of Curtis and
McIntosh (1951) was applied to the sample of 182 stands.
The RIV of each spegies in each stand was plotted on a 100 cm
long strip of graph paper., Each species was represented by a
different colored dot. The 182 .strips were then arranged so

@ to produce "solid normal curves" of the colored dots, In
the first such arrangement the authors were guided by the order
of the major species in Table 2, The only rule applied was
to attempt to find the smoothest possible curve for each species,
To obtain a value fopr ranking the species, the mid-points for
each species in the order was found by adding the species RIV
Ffrom left to right until the sum reached 50% of the total
sample RIV of that species. The positions of the species
mid-points were thep normalized to a scale from 0.00 to 1.00
and rounded to the nearest 0,05 units, These numbers are
here called SPN (species index number) and are analagous to
the "climax adaptation values" of Curtis and McIntosh (1951),
The final determination of these numbers is given in Table 4,

Obvigusly, this procedure is not without bias because the
arrangement may have been affected by the personal Jjudgment
of the authors who had knowledge of the site characteristics,
For example, if the strips were to be arranged according to a
wet to dry sequence balsam fir stands would be placed at the
opposite end from red pine stands, and the arrangement. would
no doubt be similar to the one based upon the order in Table 2,
The question was asked as to how the strips would be arranged
without knowledge of Tables 2 and 3 and without any field
knowledge of the species involved., To answer this question,
the strips were thoroughly mixed .in bundles and given to
students to arrange. The students were completely unaware
as to what the symbols represented on the strips, and even
if they had known, had no familiarity with the vegetation of
of the region. The only instructions given were to arrange
the strips so as to produce what seemed to them to be the most
~ reasonable series of "solid normal distribution® curves,
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Table 3: Adjusted mean RIV for groups of stands having one species of
leading RIV. Values are those in Table 2 multiplied by the ratio of

the mean RIV of Abies balsamea to that of the particular species.

Abbreviations are given in Table 1.

(44) (4) (29) (5) (10) (15) (10) (28) (6) (11) (15)

Ab Bc Pr To Ba Tc Fg As Qr  Ps Pres

Ab 67 21 16 7 8 3 2  -- 4 T
Bc % 189 28 12 13 -- -- 3 -- -- --
- Pd 49 740 40 -- 23 -- - -— - -- --
Pr 21 24 64 17 22 1 11 4 -- 5 8
To -- -- 13 572 6 5 - - - 6 24
Ba 4 28 20 9 124 30 55 20 -- -- --
Apen 3 -- 40 9 77 62 57 9 3 - 3
Tc -- - 9 2 7 197 14 7 -- 5 6
Fg -- -- 2  -- 40 23 136 52 4 - -
Ar 4 -- 23 M 25 38 738 16 8 40 17
As - -- 3 .- 23 9 44 86 54 2 --
Ta -- - - e= aa 4 -- 87 69 - --
Bpap 1 -- 36 22 7 13 7 46 26 23 34
Fa -- -- 4 14 10 2 12 83 135 -- --
Ov -- - 3 - - 18 5 39 276 45 8
Qr -- - -—- .- -- 1 1 38 374 11 14
Ps -- -- 7 1 - 2 - -- 10 21 56
Pres - - 2 - -- 2 == - 9 748 207
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Table 4: Listing of the species index numbers (SPN) for the
" Whiteface Mountain vegetation sample and the "smoothed" SPN
" (see text for explanation). ’

Tree Species "Smoothed"
SPN SPN
Abies balsamea..... cearressssasssasssss 0.00 0.00
Betula papyrifera var. cord. .......... 0.10 0.10
Pyrus decora.......cocveees ceraseetaens . 0.10 0.10
Picea rubens.....caveenens Ceerereranes . 0.25 0.25
Thuja occidentalis......covvevvvvearas.. 0.40 - 0.35
Acer spicatum,......... . ceenaan ... 0.45 0.55
Acer pensylvanicum.......veeeeeeessesss 0.45 0.45
Betula alleghaniensis........ovvvvneo.. 0.45 0.50
Tsuga canadensis..... cecavnernn veeeenes 0.50 0.50
ACer rubrum......ooocevvaeeneracseeeces 0,55 0.60
Fagus grandifolia.......eevvvvvvuensses 0,60 0.65
Acer SacCharum.....oeseerveccossaceesss 0,70 0.75
Betula papyrifera........cvvvveevneenss 0.75 0.75
Fraxinus americana......ecocieevesenses 0,75 0.80
Tilia americana....coeevveoes Cerenas ... 0,75 0.85
Populus gradidentata........oecvvvevnnn 0.80 0.95
Ostrya virginiana....ocveeseeonennesons 0.85 0.90
Quercus rubra var. bor. .........e000.. 0.85 0.90

Pinus StrobuUS..covvvrereveseresnreseees 0,90 - 1.00
Pinus resinosad...c.cececeses teeensenses 1,00 1.00
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Three such independent arrangements by students were obtained,.
In all three cases balsam fir was placed at the extreme left
and red pine at the extreme right, This is the same as the
sequence arrived at based on field evidence and on Tables 2
and 3, Further, the order of other species between the two
terminal ends was nearly the same, but the students found it
difficult to place the stands dominated by hemlock and white
cedar, '

. Because of the difficulty of placing the hemlock stands
in the strip order, a student was asked to arrange the strips
without the stands having hemlock leading in RIV. The SPN were
then determined as before., In this case the stands containing
hemlock (not as the leading species) were placed by the student
according to the species with which hemlock associates, The
SPN of hemlock turned out to be 0,50 by this method, '

The stands with hemlock leading in RIV were then examined
for the species associating with hemlock. The weighted mean
SPN of all species in hemlock stands (not including hemlock)
was found to he 0,52, Thus the 5PN of hemlock was determined
by three different methods, The first was an arrangement
of the strips based upon the most symetric placement of the
leading dominants, The second was based upon a determination
of the species hemlock associates with and the third upon
the species associating with hemlock when it is the most
important species in a stand., All three methods produced
essentially the same result,

The above procedure was repeated for white cedar with
similar agreement between methods., Such a procedure might
also be recommended for obtaining the SPN for all species,
but it is doubtful that the results would change the numbers
given in Table 4,

The students with no knowledge of the meaning of the
dots on the strips seemed to place strips predominantly
according to the leading few species, This caused large
variation in the SPN of the rare species for the several trials
used., Rare species could be more reliably placed in the order
by computing a "stand index value" (5TV) and then ranking theé
stands by this value, The STV was obtained by multiplying
the SPN (Table 4) by the RIV for all species in the stand and
summing the products, The range of STV was therefore from O
to 100, .

- After ranking the stands according to their 5TV the
species mid-points were again computed to obtain the new ,
"smoothed" SPN, These numbers are shown in the second column
of Table 4, , ,

The SPNs obtained here have no relevance to the vegetation
in any other area except perhaps in relative placement of many
of the species, The SPNs in fact are truly relevant only
to the sample of 182 stands used in the analysis although
nearly the same numbers would be obtained from a completely
different sample taken in the Whiteface area., The relative
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Figure 21 Scatter diagram of 5TV versus altitude
and plots of regression lines, All |
stands are inciuded. Numbers refer
to the columns for tha regreséion
datea in Table}ﬁ. Abbreviations are
given in Table 1.
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placement of the SPN from the present analysis is similar to
those obtained by Curtis and McIntosh (1951), Brown and Curtis.
(1952) and Buell, st. al, (1966), but the earlier studies
probably did not include as wide a range of site characteristics
as in the Whiteface sample. If the stands from higher than
2500 ft were ‘removed from the Whiteface sample then the SPN
‘would perhaps be in closer agreement to those found in
Wisconsin and northern New Jersey, ' -
Although the SPNs have ecologic significance it is the
5TVs which are useful for relating the vegetation to environment.
More rigorous techniques are available for placing stands
along a vegetation gradient than the simple procedure followed
here. In the present study the STV will be related only to
simple measures of environment and therefore, only one "axis"
of the vegetation gradient is desired. When more sophisticated
environmental data is obtained technigues will be used which
extract more information from the sample. Goff and Cottam
(1968) have shown that all standard methods produce nearly
the same results for the first axis.

VARIATION OF STV WITH TOPDGRAPHY

The major difficulty in a study of vegetation-environ-
‘ment relatioms is 'in measuring the environment, Paraphrasing
the rigorous definition of Mason and Langenheim (1957),
environment ideally consists of all phenomena which directly.
affect an organism sometime during its life cycle. ; They
emphasize that environment acts at the organism level.
Therefore; the concept of "stand environment" is nebulous
at best., It consists of the integrated effects of all
phenomena which affect individual plants and animals. However,
many physical parameters may be measured at the stand level
which are closely related to environmental phenomena and
therefore influence the composition of vegetation. We can
never hope to measure the "operational environment" as de=-
fined by Mason and Langenheim (1957), unless we have sensers
which are organisms themselves, Approximations to the environ-
ment would consist of measurements of such things as energy,
moisture, and nutrient balances and smaller elements of these,
It is the -goal of the study at Whiteface Mountain to obtain
better measures of these quantities in order to relate them
to the vegetation gradient. Because this work is not yet
complete, only simple approximations of the environment can
be used. In this paper the vegetation gradient (STV) will
be related only to topographic variables,

- The Topographic Groups

The STV can be related to topography by plotting it in
scatter diagrams against each feature (altitude, slope-aspect,
‘or slope) or the various topographic features can be broken
into groups (or ranges) and mean STVs. compared for each feature.
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Both techniques will be used here, but problems arise with

pach method. Looking strictly at mean values does not consider
the kind and amount of variance and looking only at plots

of individual stands may influence the result by overweighting
for sub-groups:within the sample which may have been "over- ‘

vsampléd“.

The difficulties involved with "oversampling" of certain
topographic ranges are illustrated by the data for all stands
summarized in Table 5. Mean STV is given for topographic
groups broken down first by 500 foot ranges of altitude (250
to 750 ft etc.) then by slope-aspect quadrants (e.g. east
includes stands with slope-aspect ranging from 45° to 1349)

and last by 10° intervals of slope., The number of stands

s

in each group is also given. Note that certain ranges may
include several stands while others were not even sampled.

~Therefore, if a scatter plot and a correlation were made,

for example, of STV versus slope-aspect the result may be
strongly influenced by the fact that some altitude ranges
contained either a high or low number of stands with certain
slope-aspect ranges. For example, in the 2500 ft range there
were eleven south facing stands but only three each facing
east and west. The mean STV for this range will be influenced
by the fact that the STV for south«facing stands was higher
than other aspects if stands are weighted equally. :
' Other methods of weighting to compute mean STV can be used.
For example, when computing means for altitude ranges one can
first compute means for slope-aspect groups by weighting the
slope ranges equally and then obtain altitude means by weighting
the slope-aspect ranges equally., Many combinations of weighting
exist and the resulting STV means may be quite different than
those in Table 5. Some of these are discussed in the following
sections, ’ ‘

Altitude Variation of STV

It is expected that many physical phenomena related to
the environment of an organism are highly correlated with
altitude., These include many constituents of the heat, mois-
ture, and nutrient balances, Many authors have found that
the mean value of measures of species importance form "bell-
shaped" curves when plotted against altitude indicating that
the species has a range of tolerance with some optimum at a
particular altitude, This work is well represented by Whittaker

- (1956, 1960), and Whittaker and Niering (1965), (See also

Figure 7.) ' »

Plotting of the stand index value (STV) rather than a
species importance value has the advantage that the STV may
result from the integration of more environmental phencmena
than the species value. It is, therefore, a method of relating
the total vegetation with environment, The STV is plotted
against altitude in Figure 2., For each plot the one or two
species of leading importance value are shown by the appropriate
letters, ' o



Table 5: Mean stand index values (STV) and number of stands by various groupings of altitude,
slope-aspect, and slope. Weighting is at stand level (all stands weighted equally).

Slope Range Siope-
Altitude Slope More aspect Altitude
Range Aspect Level 3°t09° 10°tol19° 20°t029° than 30° means Range
Range NSV NSIV NSV NSV NSV NSV WSV
E - - - - 1 90.6 - - - - 1 90.6 - -
S - - 1 89.5 - - - - - - 1 89.5 - -
500 W - - - - - - - - - - - - -
N - - - - - - - - - - - - - -
Means 184.4 189.5 1 90.6 - - - - 2 90.0 3 88.2
E - - 1 86.7 - - - - - - 186.7 - -
_ S - - - - - - - - - - - - - -
1000 W - - 5 70.1 1 97.3 - - - - 6 74.6 - -
N - - - - 1 90.0 - - - - 1 90.0 - -
Means . 3 91.2 6 72.8 2 93.6 - - - - 8 78.0 11 81.6
E - - 8 61.9 5 65.1 177.4 - - 14 64.1 - -
) - - 7 57.6 2 67.5 - - - - 9 59.8 - -
1500 W - - 4 59.3 6 49.3 274.0 - - 12 56.7 - -
N - - 340.9 152.0 2 71.2 - - 6 52.8 - -
Means 11 37.5 22 57.1 14 57.8 5 73.5 - - 41 59.3 52 54.7
E - - 4 63.3 5 65.7 - - - - 9 64.6 - -
S - - 361.4 360.9 2 65.5 - - 862.3 - -
- 2000 W - - 565.4 3 50. 141 - - 9. 57.8 - -
N - - 4 55.8 - - 171.9 - - 5 59.0 - -
Means 552.0 16 61.7 11 60.3 4 61.0 - - 31 61.1 36 59.8
E - - - - - 29.0 2 66.8 - - 354.2 - -
: S - - 3 69.1 372.6 5 49.3 132.7 11 61.0 - -
2500 W - - 1 56.1 - - 1 36.5 - - 3 41.8 - -
N - - - - 3 23.2 3 39.2 - - 6 31.2 - -
Means 1 40.4 -4 65.8 7 45.1 11 48.6 132.7 2349.9 24 49.4

-29-



Table 5 (Continued)

Slope Range Slope-

Altitude Silope More aspect Altitude
Range Aspect Level 3°to9° 10°t019° 20°t029° than 30° means Range
Range NSV NSV NSW  msw - NS NSV NSV
E - - - - - - 2 17.0 - - 2 17.0 - -
S - - - - 2 15.2 - - - - 2 15.2 - -
3000 W - - - - - - 4 13.8 - - 4 13.8 - -
N - - - - 3 15.9 4 27.2 1 11.9 8 21.3 - -
Means - - - - 5 15.6 10 19.8 111.9 16 18.1 16 17.9
E - - - - 1 5.1 2 18.0 2 12.8 5 13.5 - -
S - - - - - - - - 2 9.8 2 9.8 - -
3500 W - - - - 2 8.8 310.0 - - 5 9.5 - -
N - - - - 1 8.5 3 7.2 - - 4 7.2 - -
Means - - - - 4 7.8 8 10.9 4 11.3 16 10.2 16 10.2
E - - 2 3.3 - - 2 10.0 2 11.9 6 6.8 - -
: S - - - - 1 3.5 3 2.9 1 0.9 5 2.6 - -
4000 W - - - - - - 1 5.1 - - 1 5.1 - -
N - - - - 2 0.8 1 3.8 3 3.4 6 2.6 - -
Means - - 2 3.3 3 1.7 7 5.4 6 5.8 18 4.1 18 4.5
E - - - - - - 1 3.6 1 5.1 2 4.4 - -
S - - - - - - - - 1 3.4 1 3.4 - -
4500 W - - - - - - - - 2 0.8 2 0.8 - -
N - - - - - - 1 0.0 - - 1 0.0 - -
- - - - - - 2 1.9 4 2.5 6 2.3 6 2.3

Means

Means of slope _
groups ‘ 21 51.0 51 59.8 47 46.3 47 31.3 16 7.7

-g9-
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The leading species in Figure 2 tend to "clump" in regions
of the altitude- STV plot. For example, the fir and spruce
stands are concentrated. in the upper right corner, the hemlock
in the left center, and pines on the lower left, This indicates
that an 5TVU-altitude “"classification" system might be fruitful
because the stand index expresses stand composition. When
plotted on an STV axis, the dominant species would, therefore,
tend to be found in regions close to the species index number
of the particular species, For example, hemlock should Yclump"
near 50 3TV and balsam fir near zero on the STV scale. Yellow
birch and red spruce are mare widely scattered in Figure 2
indicating that they have wide ranges of tolerance.

The scatter plot in Figure 2 shows that STV correlates
with altitude. The linear reqression coefficient is 0.79 with .a
standard error of 18,0 STV units (Table 6)., The scatter is
fairly small for high altitude stands and increases with decrease
in altitude down tc about 1200 ft, Below 1200 ft the sample
contained only a few stands because of the small amount of
area below this altitude. The scatter would presumably cone
tinue to increase if more low-lying stands were included.

Computing the regression coefficient for the entire range
of altitude of Figure 2 may be misleading because upon inspec-
tion the slope of the plot seems to change at about 3000 ft.
Regressions were performed on smaller altitude ranges and the
results are given in Table 6, The slope and zero altitude
intercepts are given by Ay and Ay respectively, The regression
equations can be obtainsd from Table 6 and these are also
drawn for the four cases in Figure 2,

The regression line for the entire sample falls below
the stand plots for high altitudes and above at low altitudes.
When the regression linmes for the three smaller ranges are
plotted, (columns 2, 3, and 4 in Table 6) the slopes of the
lines change with altitude and the lines seem to fit the
data more closely, The correlation is low for the 1250 to 2750
foot range (r = -0,11) and the scatter is great (S = 20.2)
with significance only at the 13% level of confidence,

Breaking the scatter plot in Figure 2 into smaller groups
indicates that there may be a real change in slope of STV
with altitude. Perhaps it would be bhetter to fit the data to a
more complicated function (e.g. sigmoid curve) but this would
not improve the correlation because the scatter in the middle
altitude range is very great, ‘

The changes in slope of the regression lines in Figure 2
may lead to the interpretation that the steeper portion of
the plot between 2500 and 3000 ft represents an "ecotone" ‘
between the two more gradually sloping hardwoods and spruce-
fir "associations", If a straight line results when vegeta-
tion is plotted against environment the assumptions would
be that there is no tendency for sssociation between species
or that vegetation is a “"continuum"., Because environment is
not necessarily a linear function of altitude the interpreta-~
tion that "ecotones" and "associatinns" exist must be viewed
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Table 6: Regression analysis data for STV versus altitude for several
ranges in.altitude.  Data show the number of stands in the range (N),
correlation coefficient (y), standard error of the regression in STV
units (S), the regression constant or zero altitude intercept (A,) and
the regression coefficient or slope of the regression (A;). The®three
groups on the right marked with an asterisk (*) contain no Tevel or
pine-dominated stands. :

B T 2 3 4 5 6 7
250-  T1250- 2250~  2750-  250-  T1250- 9750
Variable 4750 2750 3250 4750 4750*  2750*  3250%*

N 182 112 40 56 139 83 36
Y -0.79 -0.1 ~0.67 -0.69 ~0,86 -0.41  -0.70
S 18.0 20.2 18.5 6.2 13.0 15.0 14.1
Ao 99.8 66.3 193.5 52.5 97.6 86.8 164.3
A] -0.024 -0.006 -0.058 -0.012 -0.024 -0.017 -0.048
Signif. '
Level 1% 10% 1% 1% 1% 1% 1%

Table 7: Mean STV for altitude groups centered at 500 foot intervals
with various weightings for slope-aspect and slope groups and certain
stands selectively eliminated. In column (1) are means including the -
entire sample with each stand weighted equally. ‘In column (2) stands
are weighted equally but stands dominated by pine species and those on
level sites have been removed. In column (3) pine and level stands
have been removed but the means are obtained by weighting each slope-
aspect group (E, S, W, N) equally. Column (4) is the same as (3)

but each slope group is weighted equally to compute slope-aspect means
before computing altitude means. Column (5) is the same as (4) except
that stands not on Whiteface Mountain and adjacent peaks or ridges
have been removed. Column labeled s is standard deviation.

Center of _

Altitude 1 2 3 4 5
Range NSW™s " FSW s K SW KNSV WS
500 388.2 - - - - - - - - - -
1000 11 81.6 17.3 247,7 - - - - - - -
1500 52 54.7 18.5 37 57.0 14.1 456.6 4 58.5 3 60.3
2000 36 59.8 18.8 26 56.6 14.1 4 56.8 4 57.7 4 55.6
2500 24 49,4 23,1 2042.,4 17.7 4 42.5 4 43.4 4 48.2
3000 16 17.9 9.3 1617.9 9.3 416.8 417.8 417.8
3500 16 10,2 4.4 1610.2 4.4 4100 4 9.8 4 9.8
4000 18 4.5 3.3 18 4,5 3.3 4 4.3 4 4.2 4 4.2
4500 6 2.3 2.6 6 2.3 2.6 4 2.2 4 2.2 4 2.2
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Figure 4:

Figure 5
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Scatter diagram of STV versus altitude and
plots of regression lines, .Sample does

not include pine~dominated and level stands.,
Numbers refer to columns for regréssion
data in Table 6., Abbreviations are given
in Table 1 (page 67). |
Plots of mean STV by 500 foot ranges of
altitude. Numbers refer to columns of

mean STV in Table 7 (page 68).

Scatter plot of 5TV versus altitude and
plots of mean STV for 500 foot altitude
ranges, Data do not include pine<dominated
or level stands, Numbers refer to columns

in Table 7 (page 69).
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with caution. In fact, there are reasons to beliesve that
environment may also vary with altitude in the same manner
as does the vegetation in Figure 2,

The scatter plot im Figure 2 cfuld perhaps be changed
by elimination of stands which are .jocated on sites having
special physiographic conditions, For example, there are
several stands in the 1500 foot ran@e which have low STV,

These are lowland poorly-drained spruce-fir stands on level
sites, Also in the range centered at 2000 ft there are

several pine-dominated stands with high STV, These are located
on south~-facing sides of ridges or on the ridge tops and are
very well-drained sites., Many of these could have received
moderate burning., It seems likely that these special cases

of topographic and physiographic cenditions caused much of

the wide scatter in Figure 2, Perhaps they could legitimately
be removed from the sample, ' ,

The scatter plot with all pine-dominated and level stands
removed is given in Figure 3 and the appropriate regression
analysis data in the last three columns of Table 6.  The scatter
has been reduced compared to Figure 2, The regression for
the 1250 to 2750 foot range now bhegomes significant at the 1%
level, When the regression lines gre drawn the interpretation
from Figure 3 is the same as from Figure 2; the changing
slopes may indicate an “"ecotone” between two "associations",

, Another method of .examining the STV-altitude relationship
is to plot the mean STV for altitude groups. This has been
done in Table 7 and Figures 4 and H. The danger of considering
mean values lies with the large variance within groups and
with the manner in which the means are computed. :

The mean STV for 500 foot ranges of altitude (250 to 749
' ft etc,) for all stands was first computed by giving equal
weight to each stand regardless of its slopemaspect or slope.
The result is column 1 of Table 7 and plot number 1 of
Figure 4. For this case, the mean STV at 2000 ft is lower
than at 1500 ft, The plot shows a fairly gradual change
from 4500 ft down to 3000 ft, a rapid change between 3000
and 2500 ft, and then again a gradual slope from 2500 to 1500 7t.
These slope changes are almost the same as those found by
examining the scatter plots in Figures 2 and 3 and lead to
the same tentative interpretation. _ '

The question which should first be answered is whether
or not the computation of mean STV for altitude groups is valid,
A good simple answer cannot be obtained but several simpli-
fications can be made. The first simplification is to remove
the pine-dominated and level stands, as before, because these
may represent anomalous physiographic conditions,

With the level and pine-dominated stands . removed from the
sample, the resulting mean STV is snpwn in column 2 of Table 7
and plotted in Figure 5. The curveifor the mean STV still has a
shape similar to the plot in Figure'4 but the values at 2000
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and 1500 ft have changed significantly, Also given in Figure 5
is the scatter plot of stands above 1250 ft with level and
pine stands removed, ' :

A further simplification can be made by using a different
method of weighting for the mean STV, In column 3 of Table 7
and plot 3 of Figure 4 the mean STV was obtained by first
obtaining means for the four quadrants of slope-aspect (E, N,

S, W) and then weighting these egually regardless of how many
stands were contained in the slope-aspect groups. In this

case, the pine and level stands have been removed., This

same type of weighting before removing pine and level stands

is not shown but is similar to column 1 of Table 7., In column 4
of Table 7 the mean STV for the four slope groups were weighted .
equally to obtain slope-aspect means before weighting thess
equally to obtain altitude means, Although the type of
waeighting did not always affect the result it is probably

best to give equal weight to the groups rather than to indivie

dual stands because there was often large differences in the
number of samples from one group to another (sse Table 5 for
the number of stands in each category). ,

The last column in Table 7 is weighted as in column 4
but only stands in the immediate vicinity of Whiteface Mountain
have been included., These data are plotted in both Figures 4
and 5 for comparison, This last result shows the smoothest
change of mean STV. with altitude but the two gradually sloping
regions at high and middle altitudes are still present with a
region of rapid change between, It seems likely that this
relation of STV with altitude is real for the particular
sample, Interpretation must be made with full knowledge of
many possible causes, Some of these may be physiographic,
some ecologic, and some may involve flaws in the sampling
or analysis, The many possibilities will be considered in
the discussion section balow, -

Slope~aspect Variation

The slope~aspect variation of such quantities as solar
radiation, wind speed and direction, rain catch and rime or
fog drip collection should cause enough differences in environ-
ment on Whiteface Mountain to cause differences in vegetation,
The slops-aspect variations in other regions have been welle
documented in the literature, for example, by Whittaker (1956),
Ayyad and Dix (1964), Whittaker and Niering (1965), Buell, et,
al. (1966) and Mowbray and Oosting (1968). ‘

The problem of determining slope~aspect variation of STV
was similar to the case for altitude in that the various
groupings of topographic features contained varying numbers of
stands (Table 5?. Data in Table 5 seem to show that there
is a tendency for higher STV on east and south facing stands
than on the north and west,
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Scatter plots of STV versus slopes-aspect

for two different altitude ranges.
Abbreviations are given in Table 1 (page 73),
Relative mean species impmrtance.valua'

for 500 foot ranges bf altituda‘for the
dominant species on Whiteface MOmntéin.

Each curve is normalized by expreséing

eath mean RIV's. for each altitude rahge

as a percent of the range of maximum

mean RIV (page 74).
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The mean STV for the four major aspect quadrants and o
all altitude ranges was computed by various methods of weighting
and restrictions on the sample., Four of these are given in
Table 8. In the first column each stand is given equal weight,
This is probably a poor method because both STV and the number
of stands varied with altitude., In column 2 weighting is
first by slope groupings and then by altitude. The results
are quite different and show the highest mean STV for east
slopes followed by south with west and north having the lowest
values, Because all slope-aspects are not represented at
altitudes below 1250 ft, these altitude ranges were removed
in columns 3 and 4 of Table 8 with the weighting the same
as column 2. Data in column 3 contain stands from the total
sample but column 4 is restricted to the sample on Whiteface
Mountain or its very close proximity. These latter two cases
probably give the best representation of slope-aspect variation.
The east side appears to contain more species with high index
numbers while the west appears to have larger representation
of species near the low end of the index scale, Holway, et,
al, (1969) reported a similar species to slope-aspect relation
for the same sample, bhut using species importance values,

They found that contrast between north and south slopes was
not as great as between east and west slopes which is also
the case in Table 8. -

The individual STV are plotted against slope-aspect in
Figure 6 for two altitude ranges, The scatter plot for the
lower altitude range (1250 to 2249 ft) shows a tendency for
decrease in STV from the east or northeast quadrants through
the south with lowest on the northwest, Because the mean
value of STV for the same altitude range as Figure 6a also
showed a maximum in the NE range with a minimum in the NW, a
regression of STV versus slope-aspect was run, Using slope-

aspect directly gave r = 0,37 significant at the 1% level

but a large standard error of 13.4 due to the high degree

of scatter., The regression was also run on STV versus slope-
aspect by subtracting 459 from sach slope-aspect so that NE
facing sites were given a value of 0 and NW sites a value

of 360, This did not improve the results,

The same procedure was used for the high altitude range
of Figure 5b, Before subtracting 459, the regression was only
significant at the 10% level with r = =-0.14 and standard
error of 18,9, Adjustment of the slope-aspect value did
not improve the result, .

The mean STV for four major quadrants (E, N, 5, W) and
for the quadrants centered on 459 from the major compass
points (NE, SE, SW, NW) are given in Table 9 for the same
altitude ranges as plotted in Figure 6. When all stands are
weighted equally (column 1) the result is somewbat different
than when weighting is first by four slope groups and then
by altitude. The ‘interpretation for these two altitude ranges
is again that the "boreal" species are most common on west



T

-76-

Table 8: Mean STV for siope-aspect groups by various weightings.
In column (1) are means for the entire sample with each stand
weighted equally. In column (2) means for the entire sample are
first computed by weighting each slope group equally to compute
altitude means which are in turn weighted equally to compute the
four slope-aspect means. Column (3) is the same as (2) except

“stands below 1250 feet have been removed. Column (4) are means
computed in the same way as (2) but stands not on Whiteface
Mountain or adjacent peaks and ridges have been removed.

Slope-Aspect ] 2 . 3 4
Group - R SW K sw K SW N S
East 43 46.0 9 44.3 7 31.6 7 35.1
South 39 47.8 8 38.2 7 30.9 7 28.7
West 42 44.8 8 34.4 7 27.4 7 24.3
North 37 34.2 8 34.3 7 26.3 7 26.9

Table 9: Mean STV for the same two altitude ranges as in Figure 5. .
The breakdown of slope-aspect groups is either by four major quadrants
(N, S, E, W) or by quadrants centered on the 45 degree compass points
(NE, SE, SW, NW). In column (1) all stands are given equal weight. In.
column (2) the four slope means are first weighted equally to obtain
altitude means which are then weighted equally to obtain the mean STV
by slope-aspect groups. ' -

1250 to 2249 feet (72 stands) 2750 to 4749 feet (79 stands)

Slope-
aspect :
, 1 2. 1 ' 2 .

NE 65.1 65.5 12.3(6.7)% 10.8(6.3)*
E 64.2 67.0 10.0 9.9
SE 62.6 59.4 9.0 6.2

- S 60.9 62.5 6.6 , 7.8
SW 58.5 62.3 9.8 . - 8.4
W 57.1 60.5 9.1 7.0
NW 56.8 61.6 : 8.3 9.1
N 55.6 58.5 11.3(7.8)* 8.9(6.1)*

*Omitting two stands (see text)



Table 10: Mean STV for slope groupings for various selections of stands
and various weighting of altitude and slope-aspect groups. - Column (1)
contains means for the entire sample with each stand given equal weight.
Column (2) is the same as (1; except that means of altitude groups are
weighted equally. Column (3) is the same as (2) but stands not on
Whiteface Mountain or nearby peaks and ridges have been removed, -
Column (4) contains means for the altitude range 2500 to 4000 feet for
three slope ranges with altitude groups weighted equally. Column (5)
contains means for the altitude range 1500 to 2500 feet for three slope
ranges with altitude groups weighted equally. .

Slope 1 2 3 4 5
Range Rsw Nsw Fsw EsW NSV
Level 21 51.0 561.1 3 39.2 - - -
3° to 9° 51 59.8 6 58.5 4 43.2 - - 3 56.6
10° to 19° 47 46.3 8 46.4 6 30.0 4 16.8 3 51.3
20° to 29° 47 31.3 7 31.6 7 29.6 4 21.1 3 56.3
> 30° .16 7.7 512.4 512.5 4 14.8 - -
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‘and north sites and the hardwoods species with higher index
numbers are more common on east and south facing slopes,

In Figure 6b there are two stands plotted which contained
sugar maple, both on north-sast facing sites., These were
found at 3100 ft and were unusual sites for this altitude.
Sugar maple was never found at a higher altitude., The high
STV for these two stands greatly influenced the mean values
in Table 9 which gives the mean for the appropriate slope-
aspect group both with and without these maple stands.

: The one or two leading species are indicated by the
appropriate letters in the scatter plot in Figure 6. The
tendency for "clumping" of species is not as obvious as in
the altitude plots in Figures 2 and 5. Red oak and sugar
maple tend to be more common in the range from northeast to
south and hemlock and yellow birch more prominent on west and
north sites, but this is not obvious,

Slope Variation

Changes in drainage caused by slope steepness differences
should influence vegetation., The problem of detecting such
variations in the Whiteface sample is difficult because the
steepness of the slope is highly correlated with altitude
(r = +67)s Table 10 lists several methods of obtaining the
mean STV by five slope ranges., Column 1 gives the data with
no weighting., Data in Table 5 reveals that this procedure is
not valid because high altitude ranges did not include many
stands of low slope., Civing 500 foot altitude groups equal
weight still does not resolve the problem (columns 2 and 3)
for the same reason. In both cases STV decreases markedly
with imcrease of slope, but only because of the high negative
correlation of STV with altitude and positive correlation
of altitude with slope steepness, :

The last two columns in Table 10 give comparisons of mea
STV for three slope-steepness ranges which were included in
all of the altitude ranges for the particular column. For the
2500 to 4000 foot range in column 4 the interpretation is that
the most "mesic" sites are on slopes ranging from 20° to 299
and the most boreal on slopes greater than 3009 but it is un-
likely that the sample was large enough for.this to be proven,
In column 5 for the range of 1500 to 2500 ft the interpreta-
tion is that there is no variation with slope steepness but
again the sample may be too small, :

DISCUSSION
The Concepts of the Continuum and Association
The argument has not been settled as to whether natural
vegetation is composed of discrete units or rather that it

consists of a distribution of individuals based on chance and
requlated only by environment, The arqument is not whether
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Figure 8: Hypothetical plots of a measure of mean
species importance versus a measure of
environment for three cases (paga 80).,

Figure 93 Hypothetical plots of a‘maasura of a
vegetation gradient (i,e. stand iﬁdex
value) versus a measure of environment for

four cases (page 81),
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it is most appropriate to use either classification or ordina-
tion techniques in vegetation studies because as Lambert and . .
Dale (1964) point out both methods are useful when properly
applied to the purpose for which they were designed, ‘

Tha problem is whether or not species tend to clump into
txpes (or "associations®) along gradients of uniformly
changing environment, Daubenmire (1966) has presented argu=
ments in favor of the association point of view, This hypothe-
sis implies that vegetation dynamics produced by such things
as biologic competition or tendency of certain species to
" cpexist to produce mutual benefit causses clumping along

the gradient of environment,

The individualistie hypothesis mri%inally proposed by
Gleason (1926) views vegetation as a collection of species
which associate merely because they have overlapping ranges.
of tolerance along environment gradients, The existence of
classifiable types would therefore result from chance factors
such as accidents of seed dispersal or similarities in genetic
history. Vegetation is viewed as a linear function of environ-
ment or a continuum by Curtis and Molnteosh (1951) and Curtis
(1959), Evidence in favor of this hypothesis is reviewed by
Melntosh 19633 and the subject is treated in detail by
Melntosh (1967), ,

If these two concepts have bean properly defined then it
sgems obvious that they cannot both be correct. The debate
has been largely one of semantics due to differences in approach
and data treatment. As Lambert and Dale (1964) point out,
much of the argument has resulted from the use of inappropriate
methods, For sxample, ecotones or discontinuities may appear
when the environment has not been adequately measured or defined.
Ecotones may be regions where the environment as well as the
vegatation undergo rapid change. On the other hand, ecotones
and regions of clumping may be rather subtle and could be
masked by not specifically looking for the effect in the data
analysis,

Most investigators who have interpreted vegetation as a
“continuum® have examined measures of species importance along
. some measurable quantity such as space, time, temperature and
moisture. Mclntosh (1963) gives many examples of "these and
Figure 7 shows the result for the Whiteface Mountain sample,
From this kind of analysis it would be difficult to tell
whether or not ecotones and clumping exist. The problem is.
illustrated for three hypothetical cases in Figure 8, If the
distributions appear as case (a) the interprsetation would be
that vegetation is a continuous linear function of environment
although this cannot be proven by the méthod, Case (b) is
one where there is obvious clumping of species curves\along
the environment gradient and the interpretation that types
or associations exist would be proper., In case (e) there may
be some tendency for clumping but it is difficult to pﬁpve
this interpretation from the approach used., .

A better approach than plotting measures of species
importance is to relate a measurs of the vegaetation gradient
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"such as the stand index value to the measure of environment.

The hypothetical results of this kind of analysis are shown

in Figure 9 for four cases, ‘ ,
This kind of study requires a stochastic model because

the data from stand composition will give a large scatter when

plotted (see Figures 2 and 3), However, the analogous analytic

function can be used once the statistical relation is determined,

Thus, case (a) would be a linear continuous function and would

‘indicate that vegetation is a “continuum". 1In case (b) the

function can be continuous but non-linear. Here the slope of
the curve changes indicating ecotones and regions of clumping.
This tendency for association could be due to "vegetation '
dynamics". If case (c) is the result the plateaus where the
function is constant would represent definable types which would
be easy to classify, Case (d) represents discontinuities of

‘vegetation along a uniformly changing environment and classi-

fication is the best procedure,

Such a study as described in Figure 9 can only be accom-
plished by the techniques which obtain the vegetation gradient.,
Classification would be inappropriate for case (a) but would
be proper in all of the others, It should not be assumed that
vegetation is not a linear function of environment before
it is proven. The methods described by Daubenmire (1966)
provide only circumstantial evidence that “discontinuities®
exist, The difficulty is in measuring the environment. To
the knowledge of these authors the only published work which
has attempted to resolve the problem described in Figure 9 is
by Loucks (1962). He related a synthesized ordination of
several environmental measurements to a vegetation ordination.,
His interpretation is that the vegetation in his study area
is a linear function of environment (i.e. a continuum),

Loucks did not find the subtle kind of variation which may.
have led to the interpretation that ecotones exist as in case
(b) of Figure 9. o

At first glance the results for the Whiteface vegetation
sample could be interpreted as case (h) of Figure 9 (see
Figures 2 through 5), There seems to be an "ecotone" in the
altitude range of 2500 to 3000 ft between the hardwood stands
and the high altitude spruce-fir communities, Unfortunately,
it cannot be proven that environment is-a linear function of
altitude., There are reasons to believe that many environmentally
related parameters also change rapidly between 2500 and 3000 ft.

- For example, the heat balance of the high altitudes may be

affected by the fact that Whiteface protrudes above the lower
peaks which are not generally higher than about 3000 ft,

The soils above 3000 ft are thinner and more rocky than below
where thick layers of glacial parent material are more common.

A cloud cap covers Whiteface Mountain above 3000 ft on about 50%
of the growing season days., The fog drip from this cloud .
influences the moisture balance of only the high altitude regions.,
The cloud cap causes higher absorption of solar radiation for

the stands above 3000 ft compared to lower stands.
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‘ The -proper approach to be used to prove whether or not
“the Whiteface sample can be interpreted as case (b) of

Figure 9 would be to obtain independent measures of environment
which are not arbitrary properties of the site such as
altitude. The independent measures from a large number of
stands can either be combined statistically or related to

the vegetation separately., The problem of combining several
environmental measures to obtain a "linear" result has been
treated extensively by Loucks (1962)., Because a large number -
of stands are required many of the environment measures may
"have to be obtained by using analytic techniques., Lettau
(1952) has treated the problem of synthesizing many of .the
climatic variables, If a large sample is used, the errors

in determining the stand environmental measures can be smoothed
and subtle changes in the plot of vegetation versus environment
may be revealed., - -

Possiblé Causes of Slope-Aspect Variations of STV

, The interpretation of the slope-aspect variation of STV
from Tables 8 and 9 and Figure 6 is that there is greater
contrast between east and west facing sites than hetween  north
and south, The east sites are the most "mesic" for all
altitude ranges, The west sites are apparently the most
"boreal" followed by north and then south, but the small
difference between the latter three guadrants of slope=-

aspect may not be significant at least from the Whiteface
sample. :

If the east-west contrast is indeed larger than the north-
south contrast then certain interpretations about the environ=-
- ment can be made, Because the north to south contrast in

solar radiation is large compared to any east to west contrast
which may exist then the total input of solar radiation to a
stand must be ruled out as an important cause of vegetation
differences., It is rather the way in which the solar radiation
input is divided which may be important. For example, the
solar energy on south slopes may be used for evaporating
available moisture so that the temperature does not rise much
higher than on north and west sites. Because only the east-
facing sites are protected from strong winds (prevailing
direction SSW) then more of the solar input can be used to
warm the stand compared to the other three aspects, The pro-
per approach to an environmental analysis would be to examine
“the heat and moisture balances of a large number of stands.
‘Another contrasting feature of east versus west-facing
sites involves the timing of maximum solar radiation input.
For clear skies east sites receive their maximum input during
the morning and west sites during the afternoon but the moun-
tains cause cloudiness to vary diurnmally., Measured solar
radiation at the Whiteface Mountain Field Station over two
summers was found to be 15% lower from local ncon to sunset
than from sunrise to noon. Thus west sites received less
radiation, The afternoon radiation also contains more of the
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diffuse (non=-directional) component which is absorbed eqully
well by east and west sites, The contrast in solar imput from
west to east would,:.therefors, be more than 15%. ‘
The diurnal variation of the wind speed may influence
the manner in which solar radiation affects east and west sites,
The maximum solar input.on east sites occurs during the morning
when the wind spesd is relatively low, The radiation is, there=-
fore, utilized in warming the stand, The wind speed_.is
climatically higher in the afterncon when the west slopses
receive their maximum input., The energy would, therefore, be
" rapidly lost by the stand as evaporation or sensible heat flux,
This effect is qualitatively observable by the fact that it
is more comfortable to work on the east side of the mountain
on cool windy days.
Another contrast between sast and west sites which is
not so severe for the horth-south case exists when rime icing
occurs following major storms in the westerlies, These frost
conditions are most common in late spring and late summer but
oceur in all growing season months, The rime icing is most
severe on west sites followédd by north and then south., On
several occasions icing was observed to be serious on the
west side of Whiteface down to altitudes as low as 2700 ft
while there was no icing on the east, On these days, icing
on northwest and southwest sites was not as severs as on the
west but southeast and northeast sites were nearly free of
riming. '

o Because the winds are far more severe on the west-facing
180" of slope-aspect wind disturbance is also more obvious,
Wind-throw patterns on high altitude west-facing sites ssem
to be a reqularly occurring phenomenon while only scattered
blow~down is found on east sites., The wind-throw may be a
factor which selects for balsam fir and thus stands of low STV,
The blow-down is followed by rapid reproduction of balsam fir.
Thus, repeated blow-down at intervals of about 50 to 70 years
would help to maintain nearly pure balsam fir stands.
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Altitudinal changes of almost 4000 ft within a distance.
of three miles, coupled with the rugged topography of a
mountainous area make the environment and therefore the
vegetation quite heterogeneous, The effects of logging and
Fire in lower elevations add greatly to the diversity of this
region, The growing season for this general area is reported
to be from 90 to 104 days (Ferree & Hagar, 1956), Heimburger
(1934) considered the strong winds and low temperatures to be
limiting in the upper elevations, while soil moisture is the
major factor controlling distribution of species in the lower
elevations. . '

The nomenclature of the vascular species in this report
follows that of Gray's Manual of Botany, 8th ed, (Fernald, _
1950) with the exception of yellow birch which is here referred
to as Betula alleghaniensis. A complete list of species names,
common names and symbols used in figures is given in Appendix I,
The nomenclature of bryophytes follows Ketchledge (1957).

Heimburger (1934) describes three ve etatiocnal series in
the Adirondacks - a high altitude series %"subal ine") and
two low altitude series (®western" and "eastern"g. These
series are camposed of twenty-two forest types, nine of which
are considered in this study, The forest types are named for
the most characteristic ground flora species in the associa=-
tions, This is done to enable one to recognize successional
stages before the characteristic shrubs and trees have become
established.

The subalpine series is equivalent to the type designated
as spruce-fir by Ferree and Hagar (1956). In addition to.
the dominants Abies balsamea and Picea rubens, Betula papyri-
fera var, copdifolia and Pyrus dgcora are common associates.

Tn this forest type, bryophytes (especially the feathery
mosses Ptilium crista-pastrensis, Hylocomium splendens, and

‘Pleurozium schreberi) often dominate the grbund flora,

Cornus canadensis, Oxalis montana, Dryopteris spinulosd, Maian=-
themum canadense, Clintonia borealis, Solidage macrophylla,

and Aster acuminatus are the most abundant vascular species
included in the ground flora,

The "western" and "eastern" series of Heimburger (1934)
correspond respectively to the northern hardwood and mixed
oak=-northern hardwood types of Ferree and Hagar (1956)., The
dominant trees in the western series are Acer saccharum,

A, rubrum, Fagus grandifolia, Betula alleghaniensis and B.
papyrifera with an admixture of Abies and Picea, The eastern
series contains Acer saccharum, lilia americana, Fraxinus
americana, Quercus rubra var., borealis and Ostrya virginiana.
Bryophytes do not assume a dominant role in this series.
Ferree and Hagar (1954) also mention a pioneer forest type
composed of B, papyrifera or B, papyrifera var. cordifolia.
Heimburger (1934) considers this as an early successional
stage and classifies it according to the ground flora,
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In addition to these forest types several vegetation associations
exist on Whiteface which were not included in these studies.
One such type is the alpine zone which lies above treeline,
Another is the exposed ridges dominated by Vaccinium species,

Witty (1968) gave detailed descriptions of the soils on
Whiteface Mountain. Two major groups have been described,
spodosols (mineral soils) and histosols (organic soils).

The spodosols are moderately deep to deep, well-drained soils
that occur mainly at lower elevations on gently to steeply
sloping terrain., The histosols are divided into two groups;
(1) very shallow to moderately deep, moderately to well-
drained on slightly to very steep slopes, and (2) moderately
deep, poorly to moderately well-drained, on level to moderately
sloping soils,

The spodosols were located mainly in northern hard-
wood areas but also included pine stands, open blueberry
ridges, some above timberline areas and well-drained spruce=-
fir stands. These high elevation mineral soils were moderately
high in organic content. The histosols occurred mostly in
spruce~fir stands and at least in the poorly drained areas
were usually associated with sphagnum moss, which is noted
for %ts tremendous water~holding capacity and low pH (Grout,
1903). '

The organic soils are found chiefly at the higher eleva-
tions of Whiteface Mountain and the surrounding associated
peaks., Arms of these histosols extend along the major ridges
from the summit, The boreal zone - Picea, Abies and associated
ground flora species - occupies most of this area, In addition,
on the east side of the mountain, which is composed of a .
series of sast-west ridges separated by steep-walled cirques,
the boreal zone extends to between 2500 and 4000 ft. This
area has high organic content mineral soils, '

The lower areas to the east side of Whiteface are
characterized by mineral soils with relatively thin "0O"
horizons., This area is chiefly Acer saccharum with admixtures
of A, rubrum, Quercus and JTilia. The stands with southern
exposures in the low elevations are also on mineral soil
but here the "0" horizon is generally much thicker, The
slope is not as severe on this side where the dominants are
sugar maple, beech and yellow birch.

FIELD METHODS AND DATA ANALYSIS
Criteria for stand selection

- The stands used in this study were selected from 182
stands sampled from 1964 to 1966. A stand was defined as a
sample of vegetaticn from an area of uniform slope, aspect,
and altitude, Details of stand selection were reported by ,
Holway and Scott (1969). The techniques used in any ordination
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model require only that a wide range in stand composition =
be sampled (Greig-Smith, 1964) and therefore no attempt was
made to obtain a random sample. .

In addition to the field criteria for stand selection in.
the field, stands were eliminated from further consideration
if there were not at least twenty points sampled (with excep=-
tion of two stands at 4500 ft where 15 points were used) .
Since the stands used in this report were originally sampled
as part of a forest tree study (Scott & Holway, 1969; Holway
& Scott, 1969) stands in which the ground flora data was
scanty or missing were also not used, OSince the major consi=-
deration of this study was an ordination from the subalpine
spruce-fir zone to the lowland northern hardwood-sugar maple-
beech forests, stands that were present as a result of pri=-
marily edaphic conditions (Isuga, Thuija and Pinus) or remnants
of earlier forests (Pinus) were eliminated.

The final criterion for accepting a stand was a test for
homogeneity (Greig~Smith, 1964), The quadrats in each stand
were combined into four groups and the data for the dominant
trees in these groups were tested for homogeneity using the
Chi-square test. A stand was judged as homogeneous if the
variance among the groups was less than could be expected
by chance alone. All heterogeneous stands were eliminated
from the study.

| Field methods

The field work for this study took place during the
summers of 1964 to 1566 and has been described in detail
by Holway and Scott (1969), The vegetation was recorded in
three size classes, Trees were considered to he woody stems
over 4" dbh; saplings from 1" to 4" dbh; and ground flora as
- all vascular plants under 1" dbh, Non-vascular plants
were not included due to difficulty of identification,
Figure 1 shows the location of most of the selected stands,
the others are located outside of the mapped area.

Although the same information was derived for each stand
the method was altered during the second summer of sampling
to obtain more efficiency in the field without loss in accuracy
of measurements (Holway & Scott, 1969)., The ground flora
was always sampled in a series of one meter square quadrats.
All species rooted within the quadrat were recorded. In 1964
(Nicholson, 1965) the trees and saplings were sampled by the
point-centered quarter method developed by Cottam and Curtis
(1956), In 1965 a modified forester's prism method using a
#30 prism was used to determine basal area. Density was
recorded from a 1/80 hectare circular plot. The guarter
method was still used to obtain frequency. Efficiencies and
techniques of the quarter and prism methods are discussed by -
Lindsey, Barton and Miles (1958) and Lemon (1962). The gquarter.
method should be used if dbh size class information is needed.
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However, the prism method is more efficient in the field
and laboratory if only mean basal area is needed, as in
computing importance value, : :

Analysis of stand data

From the stand data for trees, relative density, relative
frequency, and relative dominance (basal area) were combined
to give the importance value (IV),  Formulas for calculating
these parameters and a discussion of their relationship to
each other can be found in Curtis and MeIntosh (1950). Since
basal area was not recorded for saplings, their importance
value was based only on relative frequency and relative
density, The importance values for both trees and saplings
were converted to percentages to give the relative importance
value (RIV), The only measurement recorded for the ground
flora was frequency. As Goodall (1952) pointed out, frequency
measurements alons are not a reliable measure of relative
quantity, but frequency is useful in determining distributions
of speciss, Bray and Curtis (1957) were able to construct
meaningful gradisnts using only frequency measurements for
both herb and shrub layers, ‘

Ssventy-one stands were used for the final apalysis,

Tha twenty-one most common tree species were included in the
study., After eliminating all ground flora species of question-
able identity (immature plants, seedlings, etc.) 82 species
romainad, Species that occurred in less than 10% of the _
stands or which contributed less than 0,5% to the total rela-
tive frequency were eliminated from the calculations. This

was dons for three reasons: (1) to elimipnate the possibility
of rare or accidental species from biasing the data, (2) fra=
quency measurements tend to overestimate rare species (Goff

& Cottam, 1967), (3) to simplify calculations and save computer .
time., Most of the species eliminated appeared in only one
stand as a single record in a series of 20 to 40 square meter
quadrats, The 27 species finally sslacted account for 81%

of the total frequency. Of these, twelve are seedlings of

tree species,

The ordination model

Ordination models are based on a variety of indices. ,
Goff and Cottam (1967) compared six methods of gradient
analysis and found that the results of the Index of Similarity
method (Bray and Curtis, 1957) showed the highest degree: of
correlation (r = .93) with the other methods. This method is
not only easy to visualize but is relatively simple to cal=
culate, It is based on Sorenson's Index, I « (2w/(a+h)),
where “a" and "b" are RIV values of a species in any two :
stands while "w" is the amount of the species RIV the two stands
have in common, summed for all species in the stands., Since
the sum of species RIV for each stand is equal to 100% this
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Stand C is placed Z distance from stand A,
The distance Z is calculated by the formulas
Z = K_gﬁluiuﬁ.
where W = dissimilarity betmaanismdpoihts.
X = dissimilarity between endpoint A and stand C,
Y » dissimilarity betwsen endpoint B and stand C,

Figure 23 Geometric method of determing position of.

athnds along ordipation axis,
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- formula reduces to I =X w/100, where "3 w" is the sum of
the smaller RIV values for each species being considered,
The index used in this study is the Index of Dissimilarity
and is equal to 1.00 « (X w/100) expressed as a percent.

The assumptions of ordination are that the samples cover
~a range of values along a gradient and that each sample shouws
some degree of similarity with another sample, That is, no
stand is taetally dissimilar from évery other stand., A series
.of samples which show no similarities would not show gradients
and therefore would not fit in the ordination model of gradi-
ent analysis., Tdeally, no stand should be completely dissimi=
lar from any other stand, since a dissimilarity greater than
100% cannot be determined between two stands. '

Another important comsideration is that the ecological
nature of a species is relatively constant throughout the
area being considered (Goff & Cottam, 1967)., This would elimi- .
nate areas in which the species exhibit obvious ecotypes or
intraspecific clines that are not separable except in physio=-
logical terms (Goff & -Cottam, 1967)., The results would be biw-
modal species-abundance curves in the first case and platykur-
tic curves in the second example., A species or character
that shows no difference along the gradient also adds nothing
to interpretation.: : '

The selection of end points for each axis in an ordimation
can be accomplished by a variety of methods., A subjective
~method is to select end points which represent extremes
of the gradients in question, such as open canopy to dense
shade, xeric to mesic, or early successional to late succaes-
sional. Since two simultaneous ordinations were being per-
formed on two separate groups of data for the same series of
stands it was decided that an objective method in which the
computer program selected end points for three axes would
be preferable, This would remove any subjective bias permit-
.ting comparison on statistical criteria, The “standard
‘deviation criterion" devised by F. G. Goff (Park, 1968) was
applied. Ip this method the stand which differs most from
the mean stand composition is selected for the first end point
‘and the stand which differs most frem it is selected as the °
opposite end point., The distance between the end points is
equal to the dissimilarity betwsen the two stands selected as
end points, The placement of stands between the end points
is determined by the amount of dissimilarity between the
particular stand and the two stands chosen as end points.,

The method is shown schematically in Figure 2. Two stands
which occur close together on this axis are not necessarily
similar in composition or environmental requirements (Bray

& Curtis, 1957)., Their only factor in common may be that they
have equal dissimilarities from the two end points. This dif-
ference becomes obvious when the second or third axes are used.
" In constructing additional axes the end points are selected so
as to reduce as much of the remaining dissimilarity as possible
and at the same time keep the axes orthogonal,
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Cluster analysis

The second method.used to obtain an understanding of the
vegetation on Whiteface Mountain was cluster anmalysis, This
method can be used to group associated species or stands,

The grouping of species should be similar to those representing
a vegetation type whereas the grouping of stands would be.
similar to combining the stands that represent a vegetation type.

According to Harman (1960) the grouping by cluster analy-
sis is based on the theory that "the variables of a group
identifying a factor have higher intercorrelations than with
the other variables of the total set." As in ordination,
similarity between the stands was determined for cluster
analysis using Sorenson's Index of Similarity (1), Each stand
is coupled to the stand most similar to itself. The stands
are ordered in the dendrogram by the following procsedure,

The stand coupled to the stand which shows the least similarity
to all other stands in the sample is used as the beginning
point. The stand most similar to the first was clustered

with it. The stand which had the highest sum of similarity
indices with the first two stands was added to the cluster.
Successive stands were added to the cluster based on the

sum of the similarity indices a stand had with all other stands
previously included in the cluster., The dendrograms for the
clusters based on the tree and ground flora data are shown

in Appendix II., The percent similarity used to separate the
cluster was determined subjectively, but was not based on

any prior knowledge of stands or species in the clusters,

In nearly all samples of vegetation, a small number of stands
do not seéem to fit any cluster. ’

The relationship or distance between each cluster was
not obvious from these calculations. By superimposing the
results of the cluster analysis on the ordination model, these
distances can be determined. The discreteness of the clusters
or vegetation types can be inferred by the degree of separation
of the clusters when plotted on the ordination axes, A cluster
occupies a segment of a gradient, which may be overlapping
another cluster when only one dimension is viewed., In this
study, each cluster occupied a separate volume in the three=-
dimensional space defined by the first three axes of the ordina-
tion model,

RESULTS
Distribution of species along topogréphic gradients

The change in community composition from lowland northern
hardwood forests to subalpine spruce-fir forests is obvious
in all synusiae of the forests, The differences between the
ridges and valleys and the variations related to slope aspect
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are not quite so evident. A fairly detailed analysis of the
distribution of trees, saplings and some of the ground flora -
species with respect to altitude and slope aspect can be

found in the reports by Scott and Nicholson (1964) and Nichol-
son (1965), Scott and Holway (1969) and Holway and Scott (1969),

Altitude is closely correlated with changes in vegetation
and is therefore the major gradient considered here, However,
because climatic, sdaphic, and biotic gradients such as tempera-
ture, biomass, soil characters and light are affected by
altitude, it should be considered a "complexX gradient" (Whit-
taker, 1956).,

The abundance measurements are averaged for 500-foot
altitude intervals and plotted in Figures 3A, 3B and 3C,

Tree and sapling abundance is graphed according to RIV, The
seedlings and ground flora are measured in frequency, In
Figure 3A data for trees, saplings and seedlings of the six
dominant tree species are plotted, In Figure 3B the data for
trees and seedlings for six minor tree species that were included
in both ordinations are plotted and in Figure 3C the frequency
of the fourteen ground flora species included in the ordination
and cluster analysis are plotted,

The curves for the trees, saplings and seedlings of each
species are in agreement with each other except for Abies and
Betula papyrifera var. cordifolia. For these species the
seedlings reach a maximum at elsvations different from the
saplings and trees, In Abies the seedling maximum is at 3500 ft
as opposed to 4500 ft for the other size classes, This could
be because of rscent unfavorable conditions at high altitudes
which limit reproduction in this species or to low seedling
success at all times in established sites at high elevation.

B. papyrifera var, cordifolia seedlings have their maximum
abundance at 3500 to 4000 ft which is higher than for the

-larger size classes, Since this is mainly an earl{ successional
i

or disturbance species, the high frequency of seedlings at
the upper elevations may be the result of re-pccurring recent
disturbances caused by the severe weather conditions or may
represent the general failure of seedlings to survive beyond
this stage at these higher elevations, This species is also
being replaced in some of the lower areas in which it had
become established following the logging and fires in the
latter part of the last century. _ :
- The curves of abundance along a gradient give the environ-
ment tolerance (i.e. ecoleogical amplitude) of each species.,
Ecological amplitude implies that a species inhabits a sector
of the gradient rather than just a point (Daubenmire, 1968).
They approximate a normal distribution along the gradient but
have three distinct shapes for the tree species., The species
most closely approximating a normal distribution have their
maxima somewhere toward the center of the altitudinal range
dropping off to near zero at both ends, This type of curve
is exemplified by Picea, Betula alleghaniensis, Acer spicatum
and Pyrus, Abies is typical of the type which reaches its
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maximum near the upper limit of altitude and thus appears as,
only the left-hand side of a normal distribution because the
entire range of environmental tolerance for the species does
not exist in the area, Acer saccharum and Fraxinus have their
maximum RIV near the lower end of the gradient, thus appearing
as the right-hand side of a bell-shaped curve, The other
species exhibit varying degrees of truncated normal curves.

The shapes of most of the curves (species abundance
versus altitude) for the ground flora species in Figure 3C
are not as nearly expressed as are those for the tree species.
The curves for Tiarella cordifelia, Viburnum alnifolium and
Uvularia sessilifolia appear bell-shaped, but curves for
the other species have guite irregular shapes., As a group,
their altitudinal distribution is not as distinct as is that
of the trees. The average frequency of Maianthemum canadense
is almost constant for a range of 2000 Ft, At 3500 ft it
shows a sharp decline in frequency, then rises to twice its
previous value, Several species show hi-modal distributions,
including most notably Dryopteris spinulosa. For this species,
bi-modality would be due to ecotypic variation along the
altitude gradient, if the two gcotypes have different altitu-
dinal tolerances.

Species diversity also varies with altitude, for sap-
lings and trees there is a marked decrease of diversity with
altitude (Nicholson, 1965). Table 1 shows that the ground
flora layer has the same relationship of species as the trees;
that is, the number of species decreases with increase of
altitude for altitude classes from 1750 to 4250 ft. The
average number of species per stand is considerably higher in
the highest altitude class than in the one below it and also
has the greatest number of species per quadrat of any altitude
class, Gince stands at upper elevations in general were
sampled with fewer quadrats a correction factor is included
to account for variation due to size of sample area, FoOT
this correction factor the species diversity index (SDI) is
given bys

5DI; = (Nan/standy) x Nq/standpay (1)
A sP A Nq7standA
where A = stands of a particular altitude class,
max = altitude class with maxipum value
(1750 to 2250 foot class),
N p = average number of species, and
ﬁq = average number of quadrats

The species diversity indices derived from this calcula-
tion show that the highest altitudes have potentially the
most diverse ground flora for a given area, even though the
lowest altitude class has the greatest number of different
species., This could be due to more frequent open areas in
the canopy, exposed boulders, or other phenomena that increase
the variety of microhabitats. This may also be related to
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Table 1: Diversity of_graund flora species inISDnnfoat
altitude classes., ;

Alt, No, of Total Ave. No, Ava, No. Species
Class Stands No. of Species Specias Diversity
(Feat) Species Per Por Index
‘ in Alt. Quadrat Stand (Eq. 1)
Class —
4500 6 29 4,78 16.63 31,14
4250
4250 16 28 4,01 10,37 18,76
3750 | |
3750 15 37 . 4,02 15,13 19,85
3250
3250 16 57 4,44 17,56 22,86
2750 ,
2750 l6 72 3.93 19,88 21,42
2250 :
2250 21 76 4,42 24,71 24,71
1750

1250



TABLE 2

Correlation coefﬂcsams between topographic variables and the first three
axes of ground flora and tree ordinations.

ground

alfitude | slope, | s'ope o2 | a2 | axs | E’Z’?’f gf,i?,’?‘: Slorg
aritade 100 | 1c0 663 |-850] 023 |-458]-831 | -1s= |398
slope aspect 100 | 152 | -219 | -2u |-.029 |-.273]| o8 | -028
siope 100 [-629| o024 |-155s |-508| .120 |.394|
tree axis | .00 | -030 |.344|.858| on |-549|
tree axis 2 OO | 202 | .292 | .ose 360/
~ tree axis 3 .00 |.499|403| 103
ground flora | .LOO | 13 | -.208
groand flora 2 LoO' .
ground flora 3 ' I.OQ ,
69 degress of freedom
Al — P> .05
.280 —P< .05
350 —P<.0l

500 —P<.00I

-L01-
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the change in percent of species in each life form with
latitude and altitude, Raunkiaer (Kershaw, 1964) describes
vegetational trends in which the ground flora layer becomes
more predominant and the tree layer less pronounced at higher -
latitudes and altitudes., -

Three~-dimensional ordination

The location of the stands along the first three axes
of the ordinations are plotted on Figure 4 for ground flora
and Figures 5A and 5B for trees. The stands are numbered
sequentially with respect to altitude, stand 1 is located
at 4500 ft and stand 71 is located at 1370 ft. These two.
figures are similar in several respects and can be explained
with an understanding of the diversity of the vegetation and
the assumptions of ordination. The first axis should account
for the greatest proportion of dissimilarity existing in the
total sample. The amount of dissimilarity explained with
each axis varies with the method used to select end points,
Using the stand with the greatest variance (standard deviation
criteria) does not account for the maximum dissimilarity
possible, A subjective method, such as pre-selected end
paints, is the most efficient method of explaining the
dissimilarity (Park, 1968). The second (third, fourth.,.nth)
axis is picked to explain as much of the remaining dissimilarity
as possible., According to Park, reduction of about 60 to 80
percent in dissimilarity is possible for three axes.

The interpretation of the first three axes for both
the tree and ground flora ordinations is that they correspond
to similar gradients, Axis 1 ordinates the stands along
the major environmental gradient which is related to altitude.
The low elevation stands are separated from each other along
‘axis 2, This is because the greatest dissimilarity remaining
after axis 1 is computed that can be explained with an axis
orthogonal to the first is in the low elevation stands which
have more species than the high altitude stands, This groups
the high altitude stands near the center of axis 2 as shoun
in Figure 5A because they are equally dissimilar from both
low altitude end points (Figure 2). For similar reasons the
high altitude stands are separated in Figure 5B along axis 3
which groups the low altitude stands near its center., A plot
of axis 2 versus axis 3 would therefore not be meaningful
in this study. S

Correlation coefficients were computed for all possible
combinations of the first three axes of the ground flora and
tree ordinations and the three topographic measurements =
altitude, slope aspect, and slope, The significant correlations
(P <,08) are listed in Table 2,

Altitude is significantly correlated with axes 1 and 3
of both the ground flora and tree ordination. The approximate
direction of the altitudinal gradient is drawn on Figures 4,
5A and 5B, The degree of slope is significantly correlated
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to axis 1 of the tree ordination and axes 1 and 3 of the |
ground flora ordination, However, this may be a nonsense
correlation because slope is significantly correlated to
altitude, the higher elevations having steeper slopes, ,

The first axes of the two ordinations show a correlation
with each other that is even higher than the correlations
with altitude, This indicates that the similarity existing
between the ground flora and trees is more than can be .
explained by an altitudimal gradient, The use of a subjective
method of end-point selection in the ordination model may
yield even greater similarities between tree and ground flora
ordinations, , ‘

Even though the second axis defines a low altitude gradient
and the third axis defines a high altitude gradient in both
ordinations, the correlation coefficisnts comparing the
second and third axes of one with the second and third axes
of the other are not significant, Distinct similarities do
exist and will be discussed later in relation to cluster
analysis, -

The great dissimilarity existing betwsen the high and
low elevation stands results in a clumpimg of dissimilar stands
when axes 2 and 3 are considered, This is especially notice-
able in Figure 5A where separation of the low altitude stands
is good along axis 2, The result is that the high altitude
stands on the left-hand side of the figure ars very poorly
separated, For this reason comparisons of axes other than
the corresponding axes of the two ordinations may be ecolegi-
cally ‘insignificant even though the correlaticon coefficients
are statistically significant. For the same reason the
graphs depicting the distribution of clusters in Figure 9 and
the leading dominants in Figures 11 and 13 on the tree
ordination are composites of axis 1 versus 2 and axis 1
versus 3, '

A scatter diagram comparing the ordination values of
the stands using ground flora and tree data is shown in Figure 6,
In Figure 7 the average ordination values for both ordinations
are plotted for 500-foot interval altitude classes,

In Figure 6 the stands are chiefly distributed along a
diagonal from the lower left-hand corner to the upper right=-
hand corner, - This. diagonal consists of two groupings, one
at each end of the diagonal, The high altitude stands are
located mainly in the lower left-hand corner while the low
altitude stands are grouped in the upper right-hand corner.
The diagonal therefore represents an altitudinal gradient,

The relative lack of stands near the center of this diagonal
indicates that even though enough similarity exists in these
stands to construct a meaningful vegetational gradient from
the lowland northern hardwoods to the higher altitude spruce-
fir, these two groups have distinct characteristics,

' The slope of the line representing average ordination
value against altitude in Figure 7 is very steep between 2500
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and 3500 ft indicating either that a rapidly changing environ-
mental gradient with altitude exists or that an ecotone

occurs along a uniformly-changing environmental gradient.
Above and below these altitudes the slope of the line is not
as steep indicating the existance of spruce-fir and northern
hardwood groups, respectively, The need of two separate axes
to separate the high (axis 3) and low (axis 2) altitude stands
emphasizes this difference.

Relationship of clusters and leading dominants
to the ordination axes

The distribution of clusters on the two ordinations are
illustrated in Figures 8 and 9, Similarities exist between
the ground flora and tree ordinatiens, They are both composed
of three main clusters (see Appendix III for a list of stands
in each cluster), one high altitude and two low altitude.

The high and low altitude clusters can be thought of as
representing the spruce~fir and northern hardwood types,
respectively, The northern hardwood type contains two main
clusters in both the ground flora and tree ordinations,

The clusters are formed in such a way so that stands with
similar species are grouped together., In ordination, if
appropriate axes are used, the stands are placed so that the
ones close together are more similar to each other than to
stands further away, The stands which occur in the tuwo
clusters near the center of the right-hand side of Figure 9
are more similar to each other than they are to stands within
the same cluster near the end points, Even though the stands
have to be considered as parts of separate vegetation types
by the cluster analysis and therefore as "discrete" units,

- they represent two very similar segments of a vegetation
gradient in the ordination model, _

The similarity of dominant trees and ground flora in the
corresponding clusters of the two analyses is represented in
Table III, Index of Similarity (I) was calculated for the
trees by summing the RIV for all species with a value greater
than 20% for all stands in the cluster. For the ground flota,
all species were included with a relative frequency greater
than 15%. The clusters depicted on Figure 8 were formed by
analysis of ground flora with the dominant trees being super-
imposed after the clusters were formed., The dominant tree
and ground flora species for each stand were used as a method
of comparison between the two cluster analyses. The similari-
ties are due to the environmental gradients that control the
distribution of the ground flora and associated trees,

Figures 10, 11, 12 and 13 show the distribution of leading
dominants on the ordination axes (symbols for species listed
in Appendix I), The distribution of species is similar for
both ordinations, especially for the most common species,

The one major exception is Acer rubrum which clusters with




Table 3:

-114-

Comparisen of spacies in tree and ground flora

cluster analysis,

d

Tree Anglysis 2 Ground Flora Analysis
Ma jor species Minor specias Major species Minor species ~ %
High Altitude
Trees :
Abies balsamea Betula - Abies Pyrus
Betula papyrifera Picea Betula 93
papyrifera Betula ‘ Betula alleghaniensis

var, cordifolia alleghaniensis papyrifera

Picea rubens

GCround Flora
bies
Oxalis
Dryopteris
Betula '
papyrifera
vare
Maianthemum
Clintonia
Coptis
Cornus
Picea

Low Altitude I

Treaes
Acer saccharum
Quercus
Populus
grandifolia
Tilia

Ground Flora
Acer saccharum
Acer spicatum
Aralia
Fraxinus
Ogtrya
Streptopus
Uvularia

cordifolia

Pyrus decora var, cordifolia

Acer . Abies Acer _
pensylvanicum Dryopteris pensylvanicum
Acer rubrum Oxalis Acer rubrum
Aster Batula Aster 95
Viburnum papyrifera Viburnum
var., cordifolia
Maianthemum
Clintonia
Coptis
Cornus
Picea
Betula Acer saccharum Picea
papyrifera Quercus Tilia 77
Populus
grandifolia
Betula papyrifera
Maianthemum Acer rubrum . Maianthemum
Aster Acer saccharum Acer rubrum
Betula Acer , Picea
alleghaniensis pensylvanicum Uvularia
Dryopteris Aralia 73
Fagus - Fraxinus :
Trientalis Ostrya
- Streptopus
Trientalis

lpar cent similarity of species composition based on Sorsnson 'S

Index.

ZMajor species -~ present most frequently or in high abundance
Minor spacies - present as a subordinate species or exclusive

to one cluster
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Table 3 (Continued)

Tree Analysié
Ma jor spscies. Minor species

Low Altitude II.
" Trees

Acer saccharum Picea

Fagus

Batula

alleghaniensis

Acer rubrum

Ground Flora

Acer saccharum Acer

Dryopteris pensylvanicum

Fagus Acer rubrum

Lycopodium Acer spicatum
Maianthemum
Oxalis
Picea .

- Solidago

Streptopus
Tiarella

Trientalis

Ground Flora Analysis
Major species Minor species

Acer saccharum Quercus
Fagus Tilia
Betula _
alleghaniensis

Acer saccharum Acer

Dryopteris pensylvanicum

Fagus Viburnum

Lycopodium Uvularia
Betula :
alleghaniensi

DA

78
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Betula alleghaniensis and fagus in the tree ordination (low
altitude cluster II; and with Acer saccharum and Quercus in -

the ground flora ordinmation (low altitude cluster I).

Vegetation groups -alsc exist for the ground flora (Table
3). These groups are not as distinct, mainly because of
the wider distribution of individual species, However, the
similarity of species between corresponding clusters of the
two models is at least 70% (low altitude cluster II, ground
flora) and is as high as 95% (high altitude cluster, ground
flora). -

The tree species in the three clusters are essentially
the same as reported by Heimburger (1934) as belonging to
three vegetational series (Table 4)., The high altitude
cluster corresponds to Heimburger's subalpine series. Louw
altitude cluster I1I, dominated by [agus, Betula alleghaniensis,
Acer saccharum and A. rubrum, is equivalent to his western
series. Low altitude cluster I which contains the other
northern hardwood species corresponds to the eastern series.
The eastern series contains the drier habitat species, where=-
as the species of the western series are adapted to more mesic
conditions requiring a better developed soil and are, in
general, more shade tolerant. -

If the stands are arranged by increasing ordination
values for any axis, a distribution of species RIV results,
The midpoint of occurrence of the RIV for each species along
the ordination axis can be calculated. When the species mid=-
point values are ordered and placed on a scale of 0,0 to 10.0,
a number results which is equivalent to the "climax adaptation
aumber” of Curtis and Mclntosh (1951). In this study, Acer
rubrum was found to have a value of 10,0 and Abies a value
of 0.0. The midpoints for the 14 most common tree species
are plotted in Figure l4. The species composing the high
 altitude cluster are widely separated from the others. The
species in low altitude cluster I have values from 7.8
to 8.9, while the species of low altitude cluster II have
values from 8.8 to 10,0, The species midpoint value assigned
a species has meaning only with regard to the gradient it
was derived from - in this case altitude,

DISCUSSION
Gradients and the n-dimensional niche

No one can debate the existance of gradients of environ=-
mental factors both on a large and small scale., However,
these gradients cannot be considered linear with respect to
a measured topographic feature or with each other, As a
result, a complex mosaic pattern develops which is far too
complex to be described by a “"discrete community" theory or
even a one-dimension ordination model, , S

B
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Table 43 Classification of Adirondack vegetation
series* sccording to Heimburger (1934),

Subalpina Series

Trees Ground Flora
Picea }ubens S Higggom;gm splandens
Ables balsamea Pleurozium schreberi
gatgia papyrifera Qi jum crista-castransis
var, cordifolia Cornus canadensis
Pyrus decora Oxalis mmgtagg

Bat la alle apiensis lintog; borealis
E tuntedi Dryepteris spinulosa
Maianthemum canadanse
Solidago macroghzflg
Aster acuminatus

Eastern Series

Acer saccharum | Aralia nudjcaulis
Tilia smericana Aster acuminatus
Fraxinus americana Dryopteris spinulosa
uercus rubra Clintonia borealis
:ar. Qg;g%;%g aianthemum canadense
Ostrya virginiana Oxalis montana
...x:;m.,._...,_..,.?im 1is borealis
Ager pensylvanicum
Acer spicatum
Western Seriss
Acer sagcgaxum Oxalis montana
Betula alleghaniensis Lornus Qagagens;s
Fagus grandifolia l;ntogga borealis
Acer rubrum Dryopteris montana
Picea rubens Viburnum alnifelium
Betu a papyrifera Acaer pensylvanicum
Abies balsamea Ager spicatum

Tsuga canadensis Tg;entalis horealis
‘ aian;hemug canadense
Lycopodium lucidulum

Aralis nudicaulis
Streptopus roseus

Tiarella cordifolia
Uvularie sessilifolia
*Types selected to correspond toitypes used in this study.
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past life history of each stand is an impossible problem,
However, the responses of the vegetation and the development
of the soil horizons hdve already integrated the effect of
all environmental variables (Rowe, 1956),

The only gradient plotted on the ordination model is
altitude (Figures 4, 5A and 5B), This, however, is a topo-
graphic gradient which is actually a composite of many environe
mental gradients, as are the changes related to slope and
slope aspect which occur with altitude. The topography
influences environmental gradients in three major categories =
biotic, edaphic and climatic., The biotic gradient, which
may be either successional or compositional, can be considered
to be a produce of the other two.

Edaphic gradients have been analyzed by many workers,
Most of these are soil moisture gradients (Loucks, 1962;
Whittaker, 1956; Whittaker & Niering, 1965), but at least
one worker has described a gradient related to calcium ion
concentration (Monk, 1965), '

The description of a soil moisture gradient for Whiteface
Mountain is somewhat questionable at this stage because it
would have to be based upon the location of each stand on the
soil map compiled by John Witty (1968)., Values for the soil
characters would then have to be interpolated for each
stand., About one-third of the stands used in this study are
located outside of the area mapped by Witty, However, a mois=
ture gradient does exist which approximates the altitudinal
gradient, Another soil moisture gradient may exist for the
low elevation stands (the right half of Figure 11) parallel
to axis 2 with soil moisture increasing inversely with ordina-
tion number, so that the beech-birch-maple end is mesic while
the paper birch-ocak-basswood end is drier. This is based on
- less severe slope and greater depth of 0" horizon with an
accompanying increase in water-holding capacity. :

In such mountainous areas as Whiteface Mountain, whers
shallow soils and rock outcrops exist, the drainage patterns
and soil development can vary considerably in distances
which are quite small in comparison to the size of the average
sampling unit, For this reason, vegetational and edaphic.
gradients will be difficult to measure on a small scale.
Ground flora data which can be recorded on a smaller scale
than tree data, may be hetter suited to describing such
gradients. The flora which surrounds the slightly raised
base of a tree or the downhill side of a rock eutcrop is, in
general, quite different from the typical vegetation associatess
It seems that neither importance value in the case of trees
nor frequency, in the case of ground flora, will be sufficient
to measure the edaphic gradients which are being sought at the
microhabitat level, -

- The differences which exist between the tree and ground
flora ordinations may be due in part to the response time of
these fwo layers. It could take from 30 to 70 years or more

synergistic effects of all these climatic factors during the
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for a tree to obtain a diameter of 4", Any noticeable change
in species composition with the exception of catastrophic '
destruction of existing trees would take a long time to occur.
The ground flora respond to climatic changes much.more quickly.
and are therefore indicative of the recent environmental
history. ' ‘

Interpretation of the ordination model

Ordination has been defined by Orloci (1966) as “a sum-
marization of the information content of a matrix whose
elements, distance, or angles define the spatial relationships
between ecological entities.” The methods of construction
of matrices and their interpretation differ with investigators,
Arguments have developed concerning the mathematical or
statistical validity of various methods. Although Orloci states
that the method of Bray and Curtis is not statistically suffi-
cient to ordinate a group of samples, Goff and Cottam (1967)
have shown that the results of the Bray and Curtis method
closely correlated with the other methods used,

The results of the three-dimensional ordination model
with superimposed clusters indicate a large degree of dissimi=-
larity among the samples. In such a case, it would be pos-
sible to subdivide the origimal sample according to the
results of the first axis and ordinate each part separately.

A similar technique was used by Ream (1963) in the Wasatch
Mountains where the gradient ran from semi-desert to alpine
through four distinct vegetation types. The composite three-
dimensional ordination would be more meaningful and easier to
interpret. It could be viewed as a group of three-dimensional
ordinations (hypervolumes) within a larger ordination (hyper=-
space). The clusters can be thought of as the hypervolume

" occupied by a community type or a group of closely related

communities situated somewhere in a hyperspace.

' The use of the standard deviation criterion as a method
of end-point extraction can he questioned for several reasons,
It was used in this study so that correlations could be
computed between the two ordinations without biasing end=-point
selections, According to Austin and-Orloci (1966), the standard
deviation criterion which picks the extremes is not the
most efficient method., Such a method emphasizes the unusual,
accidental or rare sample., As a result, samples dissimilar
from the unusual sample used as an end point but not necessarily
similar to each other are clumped,

A compositional index based purely on relative values
(i.e. RIV) results in a loss of information. Goodall (1952)
points out that when all samples have the same total value
(i.e. 100%) each one is given equal importance. The species
in each stand are also given equal weight - an ubiquitous
species being considered as important as a species with a
very narrow ecological amplitude, It might be best to express
each species in a stand by standard deviation or weighted
standard deviation. ‘
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SUMMARY AND CONCLUSIONS SR .

The purpose of this paper was to apply the techniques of
ordination and cluster analysis to selscted stand data in
order to describe quantitatively environmental gradients
controlling the distribution and associations of vegetation
on Whiteface Mountain. A comparison of the three-dimensional
ordination and cluster analysis constructed using frequency :
measurements for ground flora and IV for trees was made. - .

Seventy-one forest stands were included in this study.

The stands were composed of vegetation that is typical of
gither the boreal spruce-fir or northern hardwood forests.
or any degree of combination of these two types, ,

From this study we can conclude that the measurement of
f requency for ground flora can be used in an-erdination of
these forest stands to construct gradients with as much
confidence as the more complex relative importance value which
was used for the tree species. Some of the advantages of
using ground flora frequency measurements are as follow:

(1) it is easier to obtain in the field} (2) it is easier to
calculatey (3) smaller areas tan be sampled, making it a
better indicator of local environment; (4) it is more indica-
tive of recent environmental changes; (5) it is a better
indicator of successional trends., The usefulness of the
ground flora is due to their small size and rapid response
time to environmental changes.

The first axis of the tree and ground flora ordinations .
was tlosely related to an altitudinal gradient. The first
axis was also significantly correlated to slope and was
indicative of a soil moisture gradient., A vegetational
gradient from the high altitude spruce-fir forests to the
‘low altitude northern hardwood forests was described by
the placement of stands along axis 1,

The low altitude stands were separated from each other
by the second axis in both ordinations., The vegetational
gradient described was one from the xeric, subclimax species -

Quercus, Tilia and Fraxinus - to the mesic, shade-tolerant

climax northern hardwoods - Fagus, Betula alleghapiensis and

Acer saccharum., The third axis was used to separate the high

altitude stands from each other, The early successional

Betula papyrifera var. cordifolia stands were at one end

of the gradient and the Picea~Abies stands at the other, ' ) e,

The species composition of the clusters obtained from
the analysis of the ground flora and trees were very similar .
and corresponded to the three vegetational series described: 5
by Heimburger (1934) for the Adirondacks. The high altitude :
cluster composed of Abies, Picea, Pyrus and Betula gggyrifera
var, cordifolia was eguivalent to the "subalpine series :
Low altitude cluster I with Quercus, Tilia, Ostrya and Acer
saccharum as dominants was analogous to the “"eastern series"”,
Low altitude cluster II, which was dominated by Fagus, Betula
alleghaniensis, Acer saccharum ard A, rubrum, corresponded A
to Heimburger's "wésternh series". : '
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APPENDIX 1
List of Species

Tree Species:

symbol scientific name common name
F Abies balsamea (L.) Mill, *balsam fir
ST Ac pensylvanicum L, *gtriped maple
R Recer rubrum L. *red maple
m Acer saccharum Marsh *sugar maple
mT Ager spicatum Lam, *mountain maple
Y Betula alleghaniensis Britt, *yellow birch
P Betu papyrifera Marsh, paper birch
c Hetulas papyrifera Marsh, ~ ‘
var, cgrdi%ol;a (Regel) Fern. *cordate-leaved birch
3 gagus grandifolia Etrhe *bgigh N
raxinus amsricana L, *w e as
H Ustrya viraginia EMill.) K.Koch *ironwood
S Picea rubens Sarg. *red spruce
Pinus gesinosa Ait. ' red pine
Pinus strobus L, white pine
G Populus grandidentata Michx., ~ big=-toothed aspen

Prunus serotina Ehrh, black cherry
D Pyrus decora ESarg.) Hyland *mountain-ash
Q Quercus rubra L.
var, borealis (Michx,f.)Farw, northern red oak

Thuja oceidentalis L. ‘ white cedar
T Tilia americana L, basswood
Tsuga canadensis (L.) Carr, hemlock

Ground Flora:

aa Ast acuminatus Michx,
an A;a%;a nudicaulis L,

cb Clintonia borealis (Ait,) Raf,
. ¢ Cornus canadensis L,

cg Coptis enlandica (Oeder) Fern,
. ds Dryopteris spinulosa (0.F, Musll,) Watt.
Lycopodium

11l Lycopodium lucidulum Michx,
me flaianthemum canadense Desf, !

om Oxalis montana Raf,

sm Solidage macrophylla Pursh
8T Streptopus roseus Michx,

te Tiarella cordifolia L,

tb Trientalis borealis Raf,
us Uvularia sessilifolia L.
va Viburnum alnifolium Marsh,

*Seedlings of this species also used in ground flora ordihation.'
Symbol}used for seedling is lower case letter, ‘
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APPENDIX IT

Dendrogram of clusters based on ground
flora data, |
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Dendrog-am of clusters bdsed on tree data.
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APPENDIX IIT | |
Topographicﬂand‘Vegetational_CharacteriStics of Stahds‘

Stand A%;itugé Slope Slope Do$inant c Domin??t . Clggte§ll Nz'
No, set A%EEELA 8es _ Ground Flora I, II III N~
—1 4500 30 52 F£ om mc tvg A A
2 4500 332 27 F om cb tg ’ ‘
3 4500 108 36 F f mc tg
4 4000 200 28 F f ds om tg
5 4000 273 26 F f ds om c tg
6 4000 120 34 F S f om tg
7 3970 55 7 F - f ds om tg
8 3960 20 30 F f ds om tg
9 3800 24 30 F f cb cc aa tqg
10 3780 59 28 F C f om - tg
11 3500 248 27 F s f om tg
12 3500 320 17 F f om c tg
13 - 3500 273 10 F f ds om tg
14 3500 350 22 F da om tg
15 3480 113 24 § fc tg
16 3450 104 37 5 c mc tg ‘
17 3450 124 32 F f ds om c tg
18 3350 107 26 FCY ds om tg
19 3110 229 28 S fces tg
20 3100 33 21 B M ds om tc t g
21 3075 357 22 F f om aa tg
22 3000 248 23 F S f ds tg
23 3000 327 11 S f ds om tg
24 3000 204 16 S f ds om ¢ tg
25 3000 339 23 S ds om tg
26 2900 74 24 S fs g
27 2875 355 41 S f mc tg
28 2860 99 24 c f ds om to
29 2650 29 16 F cb mc tg
30 2625 189 27 S s st t Q
31 2600 153 5 Yy m ds m tg ’
32 2600 185 28 FCS f st t g
33 2560 164 28 '8 8 st g t
- 34 - 2550 243 7 Y M dm : tg
35 - 2525 353 17 S cb st tg
36 2520 342 11 S Y om m¢ g t
37 2500 145 17 m ds m t g
38 2410 264 32 S fs t g
39 2400 84 21 B M m st tg
40 2320 248 24 S ds om Q
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'2N - hon-cluster

3t -~ tree analysis

4

g -~ ground flora analysis

Stand A%;itu?e S‘Alopat Slope Do?inantlc Dominagtf I Clu?ter;"-
No, 8 spec _Trees ou ora. p

a4l 22105 '%7‘” 24 m m st tg
42 2200 240 7. §Y ds s ) : t
43 2150 152 13 B M m b ‘ |
44 2045 249 22 S P me st t q
A5 2000 125 15 mQ m me h tg
46 2000 268 15 .5 Y st sm ‘
47 2000 4 12 m mb tg
48 1950 126 6 mP m tb to
49 1950 161 5 Y B m st tg
50 1900 310 8 B M b ll tg
51 1900 106 13 B M ds m tg
52 1850 151 14 m m us tg
53 1800 00 F fr tg
54 1750 130 11l MmQ m us t ]
55 1750 121 8 mT mby t 9
56 1730 51 26 ma m an tg
57 1710 36 2 B M m 1ll va to
58 1710 181 8 B M ds m tg
59 1680 56 5 B M ds m . tg
60 1670 281 4 m m st sr tg '
61 1660 131 6 M R mec r tb g t
62 1630 337 22 mT m st tg
63 1620 248 11 vy 8 st 1l tg
64 1575 148 8 Q m mc st tg l
65 1550 152 6 M m st sr tg 1
66 1530 120 14 MG mstw tg ”
67 1530 131 5 m de m t g
68 1525 143 6 mR m st sr g t
69 1500 10 B M mb tg
70 1470 141 19 B M mb tg
71 1370 37 14 M m b t ]

beech=birch-maple)

tg :3

t



A FLORISTIC COMPARISON OF UNDISTURBED SPRUCE-FIR FORESTS
OF THE ADIRONDACKS WITH FOUR OTHER REGIONS '

By
Stuart Nicholson, J. Gary Holway, and Jon T. Scott



A FLORISTIC COMPARISON OF UNDISTURBED SPRUCE-FIR FORESTS
OF THE ADIRONDACKS WITH FOUR OTHER REGIONS

By
Stuart Nicholson, J. Gary Holway, and Jon T. Scott
ABSTRACT

The relationship of Adirondack boreal spruce-fir to the spruce-fir
vegetation of other geographic regions reported in the Titerature is ex-
amined based on number of species shared in common. Two methods of evalua-
tion are employed. One involves a simple determination of percentage of
species shared in common. The second employs the standard 2w/a+b Index of
Similarity using constancy values for values to represent a, b, and 2w.

The Adirondack sample is divided into two sub-samples, the Whiteface
uplands (3000-3500 ft) and the Whiteface highlands (4000-4500 ft). Simi-
larity decreases with geographic distance from Whiteface Mountain. The
Smoky Mountain and Wisconsin forests are furthest and least similar to

both types of Whiteface stands, the Catskill Mountain forests are closest.
and most similar.

INTRODUCT ION

Extensive areas of undisturbed spruce-fir forests are found in the .
Adirondack Mountains of New York State. Much of this forest lies within
the Adirondack Forest Preserve which provides a substantial measure of
protection from human disturbance. There have been a few ecological stud-
ies in the Adirondacks and no comprehensive phytosociological study has
"been published to date. Oosting and Billings (1951) and McIntosh and -

Hurley (1964) have emphasized the need for quantitative ecological studies:
of the spruce-fir forests.

The floristic relationship fo the Adirondack spruce-fir to spruce-fir
in other regions of eastern North America has been variously interpreted
by different authors. Braun (1950) treats it as a variant of the eastern
deciduous forest separate from the boreal forest to the north. Curtis (1959)
stated that there was a close relationship between the Adirondack spruce-fir
and the Wisconsin lake forest, as evidenced by the data of Heimburger (1934)
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McIntosh and Hurley (1964) considered the spruce-fir of the Adirondacks,
Catskills, and White Mountains to be similar. Crandall (1958) pointed

out basic floristic and physiognomic similarities between spruce-fir of
the Great Smoky Mountains and.the Adirondacks. Oosting and Billings (1951)
and McIntosh and Hurley (1964) suggested that the spruce-fir forest is
essentially continuous from the Great Smoky Mountains to the northern
Appalachians. ’

These references to Adirondack spruce-fir are based primarily on
qualitative data. The prupose of this paper is to present a comparison
of the Adirondack spruce-fir forest composition to the above mentioned
regions based on quantitative stand data collected at Whiteface Mountain
(Lat. 44° 20' N., Long. 77° 55' W.) in the northern Adirondacks.

METHODS

Data on the Adirondack spruce-fir forest were obtained from that being
collected for a larger study concerning the relation of vegetation and en-
vironment at Whiteface Mountain. Stands with obvious signs of disturbance

- were excluded. Trees and saplings were recorded using the quarter method

(Cottam and Curtis, 1956) and ground flora from square meter quadrants.
Nomenclature follows Fernald (1950). ,

Of the 56 stands sampled during the summer of 1964, 17 were selected
as being typical of well-developed, undisturbed spruce-fir forest. Of these
17, nine were at the 4000-4500 foot levels (Whiteface highland stands), and
eight at 3000-3500 foot (Whiteface upland stands). A1l stands were within
a mile of the summit of Whiteface Mountain and were dominated by either
balsam fir (Abies balsamea) or red spruce (Picea rubens). Most stands below
4000 ft were Jogged during the 1890's, but none have been disturbed by man
since their inclusion in the Adirondack Forest Preserve in the early 1900's.

In order to compare species found in different regions of the spruce-
fir forest, constancy data taken from Curtis (1959) for the Wisconsin Lake

forest, and ours for the Adirondacks were appended to a table comparing

spruce-fir stands in the Appalachians presented by McIntosh and Hurley.
(1964). The comparisons made in the present paper are by two methods.
The first is by the direct examination of the percent of species common
between regions. The second method compares regions based on similarity
using the common 2w/atb Index of Similarity. The latter method involved
a ranking of regions by trees only, shrubs only, ground flora only, all
three components combined, and by rank values determined by order of po-
sition of each region by each of the four preceeding rankings.

RESULTS AND DISCUSSIONS

Constancies of vascular herbs, shrubs, and trees from representative
regions of the spruce-fir forest are listed in Table 1. Within this sample

the Great Smoky Mountain flora is most distinct in that it has the highest



Table 1:

from the Catskill
and Wisconsin.

Species

Trees:

Picea rubens .........y
Betula cordifolia .....
PYrus SpPe ceveecvrocose
Acer spicatum .........
Abies fraseri .........
Prunus penslyvanicum ..
ITex monticola ....euss

Abies balsamea .....one
Fagus grandifolia......
Betula papyrifera..... .
Tsuga canadensis.......
Prunus serotina........
Acer rubrum .....ocee ‘e
Larix laricina........ .
Acer saccharum.......e.
Betula alleghaniensis..
Acer penslyvanicum.....

Shrubs:

Viburnum alnifolijum....
Viburnum cassinoides ..
Vaccinium erythrocarpum
Rubus canadensis .......
Sambueens pubens .......
Ribes rotundifolia .....
Rhododendron catawbiense
Vaccinium pallidium....
Nemopanthus mucronata ..
Vaccinium angustifolium
Lonicera canadensis ....
Rubus Sp. cecenes ceasoa
"Ribes SP. seiecicecnnen
Rhododendron roseum ....
Diervilla lonicera .....
Ledum groenlandicum ....
Alnus Crispa cveveeees .
Vaccinium Sp. «ceveecaces

apata from Oosting and Billings (1951) summarized by McIntosh and Hurley (
. bpata from McIntosh and Hurley (1964).

Percent presence of trees,

s, White

Great
Smoky
Mtsd -

100

p—
[0 N
OOoOOo

100

—
— (Y

Y
SCOO—=O

—
S
1 O1 1 O

— pu—
O —=O
o0 —=O

O 00
Ct1 1 It COOOOO—=—NY

-139-

shrubs, and herbs in spruce-fir stands

Mountains, Great Smokies, Adirondacks,

Cat-
skill
Mtsb

100
75
75
50

0
50
0

100

25
0
25
0
25
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75
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25

WiscS

56
82

33
100
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41

23
77
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4
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CData from Maycock (1956) in Curtis (1959).
dDesibnated in text as B. papyrifera var. cordifolia.

ePresent in other s
fPresent.

White-
face
upland

100

100

88
38
0
25
-0
100

25
25
0
13
0
0
13
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White
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100
0
100
100
0

0
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100
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" Table 1: (Continued)

Great Cat- White- , : White-
Smoky skill face White * face
Species (Herbs) Mts Mts Wisc. upland - Mts © high
Aster acuminatus ......... 100 100 - 38 100 - 44
Dryopteris dilatata ...... 100 100 - 09 - 100 09
Oxalis montana ......coven 100 75 - 100 88 100 .
Clintonia borealis ....... 100 100 95 75 100 100
Monotropa uniflora ....... 66 0 - 38 50 11
Trillium undulatum ..... . 55 25 - 25 - 50 0
Carex fleXU0Sa ..cceooosae 55 50 - - - 50 -
Lycopodium lucidulum ..... 33 25 - 63 75 0®
Cinna latifolia ...... cone 33 0 - 25 25 0¢
Viola rotundifolia ....... . 22 50 - 0 0 0
Dryopteris intermedia .... mn 25 100 0 (f) -0
Streptopus roseus ..... ors . 50 80 e 0 138
- Senecio rugelia ...covenes 89 0 - 0 0 0
Houstonia serpyllifolia .. 44 0 - 0 0 0
Solidago glomerulata ..... 44 0 - 0 0 0
Aster divarcatus ...ocoeas .33 0 - 0 0 0
Impatiens pallida ..... ces 33 0 - 0 0 0
Chelone lyoni ...ccevveone - 33 0 - 0 0 0
Arisaema quinatum ..... hee t. - 22 0 - 0 0 0.
Circea alpina .......0c.. . 22 0 36 13 0 0
Stachys clingmanii ....... 117 . 0 - -0 0 0
Maianthemum canadense .... o 100 100 63 100 100
Cornus canadensis ........ -0 75 97 63 100 100
Aralia nudicaulis ........ 100 50 95 75 0 22
Solidago macrophylla ..... 0 0 - 75 100 89
Coptis trifolia ...ccov0ee 0 75 62 50 50 . 89
Trientalis americana ..... 0 75 97 25 50 56
Dryopteris hexagonoptera . ‘0 0 - 0 50 0
Chiogenes hispidula ...... 0 0 - 0 25 44
S011dago sp. cecoo.o coeees 0 25 (f) 0 0 0
Dennstaedtia punctiloba .. 0 25 - 0 0 0
Linnea borealis ...... e - - 74 0 - 44
Lycopodium annotinum ..... . = - - 0 - 89
Pyrola Sp. «coeceeaocess SO - (f) 13 - 0
Tiarella cordifloia ..... N - 3 13 - 0
Smilacina racemosa ....... = - - 39 13 - 0 .
Athyrium filix-femina .... . - - 59 e - -
Cyperidium acuale ........ . - - - 13 - 0
Pteridium aquilinum ...... - - 77 13 - 0 .
Aster macrophyllus ....... - - 90 25 - 0
Lycopodium obscurum ...... - - 62 ¢ - 0
C Trillium crectum ......... - - - 13 - 0
- Osmunda Claytonia ........ - - - 13 - -
Polygonatum biflorum ..... - - - 25 - 22
Thelypteris phegopteris .. - - 36 38 - 67
Potentilla tridentata .... - - - 0 - 11
Arenaria groenlandica .... - - - 0 - 1R
Veratrum viride .......... - - - 0 - 56

Ypropteris spinulosa had a p@rcént occurrence of 100 in both Whiteface stand groups. -
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number of species (16) not 1isted for any of the other areas. The Whiteface
combined Tist has only six species not contained on the species 1ists for - -
the other regions, - ' '

Within the woody species group only mountain maple (Acer spicatum) is
recorded for all six regions. Three additional genera (Abjes, Pyrus and
Betula) are found in all regions. At least one species of spruce and one
of fir occurs in each region except Wisconsin where no Picea is listed.
Several other tree species were found in at least half the areas considered.
These are Betula alleganiensis, B. papyrifera var cordifolia, Prunus pen-
sylvanicum, Acer rubrum and Tsuga canadensis. Regions which include the
latter species are envisioned as being of a different type of spruce-fir
association than on Whiteface. Spruce, fir, and hemlock do occur in stands
together in the Whiteface region, but these are low altitude stands of a
distinct non-boreal character.

No shrub occurred in more than four of the six regions. Species
present in at least three regions were: Vaccinium angustifolium, Nemopanthus
mucronata, Sambucus pubens, and Viburnum alnifolium. Genera such as Vaccinium,

Ribes, and Rubus were present in most regions, but are difficult to interpret
because each contains many species.

Only one (Clintonia borealis) of the 46 herbaceous species listed was
reported for all six regions, although several species were found in five
of the six (e.g. Maianthemum canadense, Cornus canadensis, Coptis trifolia,
Tiarella americana, Aster acuminatus, Dryopteris dilatata, and Oxalis montana).
Several other species were confined to only one region. Most of these fall
into one of three classes: (1) those native to the undisturbed spruce-fir
forest of the Great Smokies (e.g. Aster divaricatus, Senecio rugelia, and
Solidago glomerulata), (2) species characteristic of al ine tundra which
invaded Whiteface high altitude spruce-fir stands (e.g. Potentilla tridentata
and Arenaria groenlandica), and (3) species more characteristic of deciduous
or conifer-tardwood forests which may indicate écotonal conditions in some
Spruce-fir stands (e.g. Trillium erectum, Athyrium filix-femina, and Osmunda

¢laytonia).

To obtain more generalized comparisons than cursory inspection of
‘Table 1 allows, a summary of region relationships based on percentages of
common occurrence of species is presented in Table 2. In the table the
row values following a region designation are species that the region has
in common with those regions indicated in the column headings. For example,
59% of the Great Smoky species occur in the Catskills, 52% in the White .
Mountains, etc., while only 50% of the Catskill species occur in the Great
Smokies and 69% occur in the White Mountains.

From this table we see that the stands from Wisconsin and the Great
Smokies share the lowest percentages of common species. The data further
imply that the two most similar regions are the Catskills and the White
Mountains. This is because the region having the greatest percent of
species occurring in the White Mouhtains is the Catskills (63%) and the
one having the greatest percent of Catskill species was the White Mountains
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(69%). This degree of similarity exceeds even that for the two Whiteface
stands which are separated by less than a mile as compared to the 150 mi. .
or more that separate the Catskills and the White Mountains. This can be
largely explained by the general paucity of flora that is typically en-
countered as habitat extremes are approached such as they are when you
approach timberline.

Data in Table 2 fail to provide a distinct indication of the relation-
ship of the Adirondack stands to the other regions. The Whiteface Mountain
upland stands are least similar to the Great Smoky Mountain stands (42%
upland species in Smokies and 43% Smokies species in upland), but are simi-
larly related to the other regions (63-65% upland species found in other
four regions). Highland stands were also least similar to the Great Smoky
region (24% highland species in Smokies and 31% Smokies species in highland).

3

Values for highland species in the other regions range from 45-55%.

An additional way to evaluate the degree of similarity or dissimilarity
of the Whiteface upland and highland stand types with other regions is by
comparison of similarity index values. Table 3 shows the relationship of
each region to every other region using the percent constance values from
Table 1 to determine the a, b and 2w values for computation of the Index

of Similarity.

Examination of the degree of similarity of each region on the basis
of trees only, shrubs only, and ground flora only, as well as the relation-
ship based on combined values further clarifies the position of the Whiteface
spruce-fir in relation to other regions. However, before looking at specific:
relationships, some general comments about the general relationships seem in
order. For example, tree association values run consistantly higher than
either shrub or ground flora values with one exception, the White Mountain-
Whiteface highland types. In this case the ground flora value was slightly
higher, but the shrub value is still considerably lower. In fact, the shrub
association values consistantly have the Towest similarity values through-
out. The maximum value is .45 (1.00 denotes absolute similarity) in the
Catskill-Whiteface upland shrubs, while the Great Smokies-Wisconsin, and
Great Smokies-Whiteface highland stands had no shrubs listed in common.

The ordering of the region pairs in Table 3 is probably most indicative
of the overall relationship of the spruce-fir forests of the various regions
to each other. The idea that the Catskills and White Mountains are most
similar floristically as implied in Table 2 is further supported by Table 3.
The Catskill-White Mountain regions show the highest value of .67 based on
total composition. Once again, this relationship is even closer than that
between the Whiteface upland and highland stand types. The value of simi-
larity between these is .62. Only on the basis of trees alone do the _
Whiteface stands show more similarity to each other than the Catskill-White
Mountain ones do, although even in this regard the Catskills and Whiteface
uplands show a closer similarity than do the two Whiteface types.
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In general the Whiteface Mountain stands show closest relationships
to the Catskills, White Mountains, Wisconsin and Great Smoky spruce-fir
forests in that order. In all cases the upland stands show a closer af-
finity to each of the other regions than do the highland stands.

The Wisconsin stands, in general, displayed a weak relationship to
each of the other regions. The highest value based on total stand compo-
sition was .48 between Wisconsin and Great Smoky stands. By the rank
total method the Wisconsin-Catskill association ranks highest of the
Wisconsin associations but is still among the weaker relationships in
the table. Data from both Table 2 and Table 3 seem to contradict the
strong floristic similarity claimed by Curtis (1959) to exist between
Wisconsin and Adirondack spruce-fir forests.

In summary it would seem that while all of these regions may well
be spoken of as having spruce-fir forests, each is distinct. The dis-
tinct character is attributed to the differences in understory species,
particularly the shrub layer, although in a few cases even the tree
species composition is greatly dissimilar. While it has not been sta-
tistically analyzed at this point, there appears to be a general cor-
relation between distances separating regions and values of similarity.
For example, Whiteface stands were least similar to those furthest from
them, and most similar to those closest.

Only two species were found in all six areas, but ecological equi-
valents of many species are present. For example, balsam fir is a domi-
nant in the five northern regions and Fraser fir replaces it as a tree
dominant in the southern Appalachians. It is likely that the presence
of these ecological equivalents, as well as the species shared in common,
~accounts for the concept of a basic similarity in spruce-fir forests in

the eastern United States as reported by Crandall (1958) and Curtis (1959).

In the final analysis it may turn out that the upland and highland
spruce-fir forests of the Adirondacks are most closely related to those
of the boreal forest of southeastern Canada. Both Cape Breton Island
(Collins, 1951) and higher elevations in the Adirondacks are dominated
by the same three tree types (balsam fir, paper birch and spruce), and
lack northern hardwoods characteristic of ecotonal areas such as the
Adirondack lowlands, Catskills, White Mountains, and Wisconsin lake
forest.

Table 2: Percentages of species in common between representative areas of

spruce-fir forests.

Region and Tot. Great Catskill White Whiteface Whiteface

No. of Spp. Smokies Mts. Mts, Upland Highland
Gt. Smokies (38) - 59 52 43 31
Catskills - (33) 50 - - 69 ‘ 54 52
White Mts. (26) 40 63 - 51 . 57
Wf. Upland 235; 42 63 66 - 66
Wf. High A, (28 24 47 65 49 -
Wisconsin 30) 24 50 45 54 48

Wisc.

29
52
42
65
45



Table 3: Comparisons of Spruce-Fir Stands from Whiteface Mountain, the Catskills, the White Mountains, Wisconsin,
and the Great Smokies Based on the 2w/a+b Index of Similarity. The order was determined by combining the
rank numbers obtained when ordering the areas on values obtained from tree data only, shrub data only,
ground flora data only, and from a combination of the tree, shrub and ground flora data.

“vyL-

Areas - ' | Trees Shrubs Ground Flora Total (7,S,GF) Rank
' Ind. Val. Rank Ind. Val. Rank Ind, Val. Rank Ind. Val. Rank Total
Catskills - White Mountains 733 42 4 69 1 67 1 7
Whiteface Up]and - Whiteface Highlands .80 2 .31 4 .58 3 .62 2 -1
Catskills - Whiteface Uplands .84 1 .45 1 .51 8 .61 3 13
Catskills -'Whiteface Highlands .66 4 .23 5 .55 5 .55 5 19
Whiteface Uplands - White Mountains .64 5 .03 13 .61 2 .59 - 4 24
Great Smokies - White Mountains .58 8 .33 3 .52 7 .51 7 25
Catskills - Great Smokies | .58 7 .22 6 ‘ .53 - 6 .49 8 27
White Mountains - Whiteface Highlands .51 11 | .22 7 .58 4 .52 6 | 28
Catskills - Wisconsin _ .52 100 L1 " .48 9 45 10 40
Wisconsin - Whiteface Uplands .50 12 .21 8 .43 10 .43 11 4]
Great Smokies - Whiteface Uplands .54 9 A3 0 9. 42 M 4 12 4
Wisconsin - White Mountains 64 6 a1 10 .33 12 40 14 42
Great Smokies - Wisconsin : .37 14 .00 15 .20 15 .48 9 - 53
Wisconsin - Whiteface Highlands 3715 J 1 22 14 413 s
Great Smokies - Whiteface Highlands .38 13 00 14 26 13 .25

15 55
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INTRODUCTION

The treeless community near the summit of the 4867 foot high
Whiteface Mountain, N.Y. (Lat. 44° 20') endures a rigorous physical
environment as well as considerable human disturbance. It has been
interpreted as being true alpine tundra by Smith (1964) and as spruce-
fir-tundra ecotone by France and Lemon (1963).

The microclimate at the summit is one of the coldest in the eastern
U.S. Only a few higher, or more northerly peaks such as Mt., Washington,
N.H, (6288 ft., Lat. 44° 16') or Mt. Katahdin, Me. (5268 ft., Lat. 45° 55')
may have colder temperature regimes. Mean monthly temperatures at the
summit during the summer range from 48 to 58° F. Mean January temperature
is about 8° F.

Mean annual precipitation at Lake Placid (4 mi. S.W. at 1860 ft.) is
approximately 39 inches. Total precipitation at the summit exceeds this
by about 10 inches due to orographic 1ifting, but long term records are
lacking. Average relative humidity is high, exceeding 70% three-fourths
of the days in the normal year (Falconer, 1963, 1964). Condensation on
trees during the presence of a cap cloud could yield several inches of
precipitation each year. The cool temperatures, abundant precipitation,
and high relative humidity result in a high precipitation to evaporation
ratio. The summit is capped by clouds on about 40% of summer days and
50 to 70% of days in fall and spring adding to the cool-moist nature of
*the climate. Strong winds at the summit average 17 to 20 m.p.h. in
summer and nearly double this in winter. Frost or rime icing can occur
in all months of the year which would indicate a tundra climate but from
the temperature data available the summit area is classified as a Dfd
type (called humid continental) in the Koppen system. Growing season
length near the summit may average about 50 to 70 days compared to 80
to 105 days for the Northeastern Adirondacks reported by Stout (1956)
and Feuer et. al. (1963).

Soils in the Whiteface area were classified by Witty (1968). For
the treeless summit he found two units for mapping purposes. One unit
included most of the north and east and part of the west-facing slopes
of the treeless area. This unit was composed mainly of organic material
and was classified as Histos@ls of either the frigid Sysleptist or frigid
Dyssaprist Humodic types. On the south and part of the west slopes of
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Pictures of the typical vegetation on the four aspects of the

treeless area near the summit of Whiteface Mountain.

w
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the treeless area Witty found a mineral soil which he classified as a
Spodosol. He called it a frigid Typic Haplorthod. These soils were

found on benches between nearly vertical rock exposures. Most of this
south and west area is rock outcrop while the north facing unit was nearly
completely covered with vegetation. Pictures of the typical vegetation

of the four aspects are shown in Figure 1.

Disturbance by man in the treeless community was probably negligible
until the summit became a popular hiking spot in the 1870's (Wallace, 1896),
but Watson (1869) mentions a fire of undetermined origin which consumed
virtually all the organic matter around the summit during the summer of
1867. Logging operations may have extended up the east side and to near
the summit during the 1890's (Rogers, 1964), but the effect of this
activity on the treeless community is unknown. Disturbance from visitors
increased markedly after 1938 when the paved highway which extends nearly
to the summit was completed. Hiking trails, an observation buitding,
and other human impact have resulted in a removal of much of the treeless
community. Distribution of exotics such as dandelion, milfoil, plantain,
and various introduced grasses appears to closely coincide with the
lTocation of regularly disturbed areas, most of which are above 4640 ft.

The purpose of this paper is to report the present vascular plant
composition of the Whiteface Mountain treeless comnunity as it is ‘
represented on the four major slope-aspects. Further, an attempt will
be made to explain the ecological basis of the compositional variations
evident on the different aspects.

METHODS

Frequepcies of vascular plants were recorded from 40 systematically
located 1 m® quadrats on each of the four major slope-aspects (N,E,S, W)
during the summer of 1964. Many of the specimens were verified by
Stanley Smith of the New York State Museum. Nomenclature follows Fernald (1950).

Areas regularly disturbed by man were not included in the sampling.
'These were recognized from trampling, growth habit of plants, presence
of exotics, and observations on the movements.of tourists. On the east

face, where tree cover extends nearly to the summit, sampling was restricted
to treeless areas.

Descriptive data such as slope, slope-aspect, altitude, substrate
chdracteristics, ground cover, and general comments were noted and are
filed with the vegetation data. '
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RESULTS

Relative frequencies of vascular plant species at each aspect and
for all aspects summarized are given in Table 1. The alpine bilberry
(Vaccinium uliginosum) was the most prevalent species overall and was
the most frequent species on the north and west aspects. Three-toothed:
cinquefoil (Potentilla tridentata) was second in overall frequency and
was the most frequent species on the south aspect. Next in overall
frequencies were bunchberry (Cornus canadensis), Labrador tea (Ledum
~ groenlandicum), and an alpine goldenrod (oo0lidago Cutleri). Al1T these
species are considered to be true tundra species (Woodin, 1959). Bunch-
berry and blue-joint grass (Calamagrostis canadensis) were co-dominants
on the east aspect. Other important species were balsam fir seedlings
(Abies balsamea), a goldenrod (Solidago macrophylla) common in nearby
spruce-fir forests, a northern bentgrass (Agrostis borealis), and mountain
sandwort (Arenaria groenlandica).

Although all species occurring in the treeless community are not
tundra species per se, many may be represented by tundra ecotypes (e.q.
Calamagrostis canadensis and Rubus idaeus) according to Stanley Smith
(Pers. comm). Discontinuous distributions of several of these species
on Whiteface Mountain has been discussed by Nicholson (1965) Holway
et. al. (1969) and Breisch et. al. (1969).

A detailed floristic comparison with other tundra communities is

beyond the scope of this paper, but data are presented with this purpose
in mind,

Relative frequency of the twelve most common species is plotted
against aspect in Figure 2. These data include all of the species which
were found in at least three of the four aspects. Several distribution
patterns may be recognized according to relative locations of maxima
and minima and slopes of the curves joining relative frequencies. All ‘
but three of the twelve species had its highest frequency on north (5 spp.)
or south (4 spp.) aspects. Two species had frequency maxima on the east
aspect and only one on the west.

The five species (group I) with frequency maxima on the north (Vaccinium
uliginosum, Betula papyrifera var cordifolia, Ledum groenlandicum, Abies
balsamea, and Carex deflexa) all had similar distribution patterns (Figure 2a).
ATT except V. uliginosum were least frequent on the south and west, respectively.
The latter was Teast frequent on the east. ‘

Four widely tolerant species (Agrostis borealis, Potentilla tridentata,
Vaccinium angustifolim, and Solidago Cutieri) were most frequent on the
south aspect (group II), Al1T except V. angustifolium had minima on the
east and distribution patterns of all four species were quite similar
(Figure 2c). The two major species with maxima on the east (Cornus
canadensis and Calamagrostis canadensis) also had similar distributions
(Figure 2b). The distributional pattern of Carex Houghtonii, the only

species with frequency maximum on the west aspect was not common on any
other aspect (Figure 2d).
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Table 2: Relative frequency and number of species in vascular‘p1ant families
for the four aspects and for all aspects combined in the treeless community .
of Whiteface Mountain, N.Y. :

Nor

Family No. R, Mo R o SSEE. oK. mo ORRI.
Lycopodiaceae ....co00 = - - - 1 8.6 - - 1 2.6
Polypodiaceae ..... ces 2 6.5 - - - - - - 2 2.3
Pinaceae .....ceovvees | 2.8 2 14.9 2 7.7 1 1.5 2 6.7
JUNCACEAC .vvevrcunnns - - - - 1 1.0 1 10.3 1 3.1
Cyperaceae ........o.. 3 1.2 2 2.7 2 9.6 - - 3 3.9
Gramineae ........c.o. 4 14.9 2 2.0 2 3.3 1 10.3 5 9.6
Liliaceae ....vvvvvee. 3 4,4 - - - - - - 3 1.6
Carophyllaceae ....... - - - - 1 7.2 1 6.6 1 4.0
Salicaceae .......0cn. - - - - ] 5.3 1 4.5 1 3.0
Corylaceae .......o0vee 2 3.5 1 5.4 1 5.3 1 1.5 2 4,1
Ranunculceae ....... oo 1 1.2 - - - - - - 1 0.4
Saxifragaceae ........ 1 7.7 - - - - 1 0.5 1 2.8
ROXACEAE .evvvwnen eeee 1145 2 6.9 1 11.5 2 20.8 7 15.8
Araliaceae ......ov0.. ] 0.4 - = - - - - - 1 0.1
Cornaceae .......coun. T 1.7 1 10,9 1 3.8 1 8.1 1 9.8
Ericaceae ........ e 4 14,9 2 4417 3 30,1 4 21.3 4 29.6
Gentianaceae ......... 1 4.4 1 2.7 - - - - 1 2.1
Caprifoliaceae ....... 1 0.4 - - - - - - 1 0.1
Compositae ........... 3 12,1 3 10.2 1 6.2 3 14.7 5 11.5
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A1 but one of the major group I species with maxima on the north
were woody perennials, and only one woody species (V. angustifolium) was
not most frequent on the north. This would suggest that conditions for
woody shrub growth are best on this aspect. The lack of Vaccinium
uliginosum on the east, and prevalence on south, north and west aspects
- Indicates a wide tolerance to contrasting microenvironments, but an
inability to compete with the many species growing on the east facing
slopes. Species in group I show an affinity for cold, moist sites,
based on their distribution patterns over the aspect gradient.

The three species in group I1I (Figure 2c) with essentially similar
distribution patterns are all considered to be true tundra species
(Woodin, 1959); the fourth, Vaccinium angustifolium, is not. This group
includes all tundra forbs which occurred on every aspect. Species in
group II withstand the greatest extremes of temperature, transpirational
stress, and lowest moisture levels, yet are apparently least able to
compete on the densely covered east and north aspects. '

Figure 3a includes two light-intolerant forbs which normally are
found in the understory of the spruce-fir forest (Nicholson, 1965),
These are most prevalent on the east and north aspects and least so on
‘the south and west ones. The latter is apparently also least favorable. -
for spruce-fir forest species. ’

The distribution pattern of Carex Houghtonii (Figure 2d) suggests
that this species has a low competative abiTity, but can withstand the
rigorous windswept climate of the west exposure.  On the other hand, the
many species confined to the east (Table 1) apparently have little or
no tolerance for the extreme condtions found on the south and west aspects.
Many of these species are characteristic of the spruce-fir forest.

Of the 43 species recorded in the treeless community, 25 (58%) were
most frequent on the east. In all, 34 species were found on the east
aspect, at least twice the number found on any other aspect. In contrast
to the east, only four of the 43 species (9%) were most frequent on the
west aspect.

Twenty-one species were restricted to only one aspect. Of these,
17 were on the east aspect. The other four were:  Poa palustris and
Achillea millefolium (north), Prenanthes Bottii (south), and Lycopodium
Se]ago (west].  ATT have been observed on the east, but were not gouna
within the quadrants sampled.

The absence of Poa palustris and Achillea millefolium on the south

and west aspects, where bare soi7 areas are common, may be indicative

of more severe growth conditions than on the east and north facing slopes.
These are adventive species whose distribution does not necessarily
reflect natural microenvironmental conditions, since they are often
confined to disturbed areas. A1l 17 species which were restricted to

the east aspect have strongest affinities to the spruce-fir or other
forest types in the Whiteface Mountain area (Nicholson, 1965). '




Figure 3:

Figure 4:

Figure 5:
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Area~based species diversity of the four aspects (page 156).
Average number of species per family on the four

major aspects (page 157, left).

Average frequency per species in the 40 quadrant

samples of the four aspects (page 157, right).
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The relative importance of plant families estimated by summing the
relative frequencies of component species is shown in Table 2. The
Ericaceae was the dominant family in the treeless community with total
relative frequency of 29.6%. It was the most important family on all

four aspects. Its prevalence in tundra has often been reported (Oosting.‘1958).

Rosaceae was second in total relative frequency (15.8%), and was also
common on every aspect but the north one. Three other families exceeding
7% in overall relative frequency were the Compositae (12.4%), the
Graminea (9.6%), and the Cornaceae (9.8%). Cornaceae is only represented
by one species, Cornus canadensis, while each of the other families which
exceeded 4% in overall relative frequency were represented by at least
two species. :

The high prevalence of Rosaceae is not typical of most alpine tundra
regions. The occurrence of several spruce-fir species on the east and '
Potentilla tridentata elsewhere accounts for its high value. Compositae,
Gramineae, and Caryophyllaceae are frequently more characteristic
families in tundra regions (Oosting, 1958). '

Interesting relationships between family phylogenetic standing
(after Fernald, 1950) and their distribution over the aspect gradient
were indicated by the data. A1l 10 of the most advanced families recorded
from the treeless community of Whiteface were present on the east aspect.
Seven of the nine most advanced families were also most frequent on the
east slope. In contrast five of the ten primitive families had maxima
on the west, while none of the nine advanced families were most frequent
on the west. This suggests that the more primitive vascular plant groups
are tolerant of more rigorous environments such as are found on the west
and south, but are intolerant of competition from the many species which
can grow in the more favorable environment on the east aspect. '

The total number of species for the four aspects are given in Figure 3.
It is evident that from this area-based measure that species diversity
was greatest on the east with Tittle variation on the other three aspects.
The east also had the highest species diversity when using a measure
based upon number of species per family shown in Figure 4. Average number
of species per family was lowest on the west and south. When the four
‘aspects were compared for diversity expressed as total frequency of
species divided by the total number of species, the east was again the
most diverse as shown in Figure 5, followed in order by the north, south
and west aspects. : _

DISCUSSION

From the evidence presented in Figures 3 thru 5 and also Tables 1
and 2, it is clear that the vascular flora of the east aspect is more
diverse than that of any other aspect in- the treeless community of
Whiteface Mountain. Floristically the east aspect must be regarded as
an ecotone, while that on the other three aspects may be more properly
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considered as true tundra, The species associations and diversity measure
suggest spruce-fir grades into tundra from east-north-south-west. This o
is in close agreement with forest-slope aspect relationships described
by Holway et. al. (1969), . ,

On Whiteface Mountain the best developed soils are found on the-
east aspect. So0ils on the west and south are thin and rocky. These
unfavorable substrate regimes could account in part for the lack of
vegetation and species found on these aspects. However, it is still
probable that a rigorous microclimate permits the survival of only tundra
species. The south and west aspects should have greater temperature
extremes than either the east or the north aspects, and should also be
drier. Thin soils and exposure to strong prevailing winds should result

in more transpirational stress on south and west sites than on east and
north aspects.

In summary, the less favorable microclimatic conditions prevailing
on the south and west aspects is thought to be a major cause of species
composition in the treeless community of Whiteface. Milder environmental
conditions on the east aspect allow for the development of a more diverse
flora which is "ecotonal" between spruce-fir and tundra. Increasing
environmental stress with change in aspect results in a shift to more

tundra-like vegetation which reaches its maximum development on the west
aspect.
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ECOLOGICAL EFFECTIVENESS OF YELLOW BIRCH
IN SEVERAL -ADIRONDACK FOREST TYPES
| By

Ronald F. Kujawski and Paul C. Lemon
ABSTRACT

The ecology of yellow birch (Betula alleghaniensis) in certain
forest types of the Adirondacks was studied by means of vegetational
analysis of forested stands. Sampling data provided information on
the size, distribution and reproduction of yellow birch in these forest
types. Optimal ecological effectiveness was demonstrated in those -
forest types characterized by moist sites. In forests of the red
spruce-yellow birch type, a competitive advantage was shown by yellow
birch as a result of successful establishment of seedlings.

INTRODUCTION

Yellow birch (Betula alleghaniensis Britton), a species of the
northern forests, has received passing notice in numerous investigations
but has been of primary concern only recently. Special attention is '
justified by its economic importance and because it appears to be in
decline in many areas, Yellow birch is considered the third most
important hardwood, economically, in New York, first in importance in N
New Hampshire (Gilber 1960) and first in the Great Lakes area (Jacobs 1960),
Nevertheless, this species has been decreasing in numbers in many areas
due to "birch dieback" (Leak 1961) and poor growth or poor regeneration
following cutting (Fraser 1956, Godman and Krefting 1960, Jarvis 1957).

Much research is presently being conducted in the Great Lakes Region

. and in northeastern United States including the Adirondacks. Although

there is some current literature concerning yellow birch, mainly

published by the U.S. Forest Service, the emphasis is often placed on

studies of economic value and management. Ecologists, attempting to

define the environmental niche of this species, have disagreed as to

the physical, chemical and biological parameters determining its require- cL

ments for optimum success (Godman and Krefting 1960, Fraser 1956). It T

is important to obtain precise information on the regeneration, germination R

and growth characteristics of yellow birch. ;o o :
Ecologically oriented research has been done by Winget, Cottam and

Kozlowski (1965) who have studied species association and seedbed

conditions for germination of yellow birch seed in Wisconsin. Stearns

(1951) examined the role of yellow birch in a climax sugar maple-hemlock-

yellow birch forest. These investigators conclude that yellow birch,
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although appearing in the climax, is a true gap-phase species normally
dependent upon disturbance in the forest for regeneration. Godman and
Krefting (1960), working in Michigan, studied some of the factors
important to yellow birch establishment. Winget and Kozlowski (1965)
also studied germination and seedling growth of yellow birch. A1l agreed
that germination and establishment were poorest on undecomposed organic
material and leaf litter, Godman and Krefting found that the best
seedbed was one of mixed organic and mineral soil,while Winget and
Kozlowski found that peak germination and establishment occurred on intact
humus over mineral soil. Neither offered specific reasons to explain
these observations. Tubbs and Oberg (1966), finding that height growth
of yellow birch was best in a mixture of organic and mineral soil in a

1:1 ratio, concluded that this type of substrate offered the most favorable
moisture conditions. ‘

Statements by the above authors appear to apply to conditions
existing around the Great Lakes, but studies and observations of yellow
birch in the Adirondacks and much of the northeast are not always in
agreement with these midwestern studies. Studies of the vegetation of
the Adirondack region (France and Lemon 1963, Scott and Nicholson 1964,
Kujawski and Lemon 1967) have indicated that yellow birch is indeed a
strong competitor and seems to have a more important role in the climax
than attributed by the authors of the Great Lakes studies. '

The study described here represents an effort to examine some of
the features of sites where yellow birch is growing and to determine
the ecological effectiveness of yellow birch in certain forest types of
the northern forest and of the Adirondack region in particular. The
importance of some environmental factors determining effectiveness is
briefly discussed. _

The ecological effectiveness of yellow birch is assessed from the
importance values calculated for it in the forest type concerned and
from data on regeneration. The figures included were obtained from two
regions of the Adirondacks. The first was in the area of Whiteface
Mountain, typical of the rugged and mountainous portion of the Adirondack

. region (Figure 1). The second was around Cranberry Lake, lTess mountainous,

but hilly and in the western portion of the region,
GEOGRAPHY

The Adirondacks exist over underlying formations of igneous and
metamorphic rocks (Cressey 1966). The upland areas of the Adirondacks
consist of a domed Pre-Cambrian erosion surface with the erosional
remnants, monadnocks, forming high and rugged peaks such as Mount Marcy

~and Whiteface Mountain. The prevailing rock base is crystalline,

resembling that of the Canadian shield. As a result of intense glaciation, .
most of the original soil has been removed and land surfaces smoothed
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