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PLANT ASSOCIATIONS IN THE SUBALPINE MOUNTAIN
HEMLOCK ZONE IN SOUTHERN BRITISH COLUMBIA

ABSTRACT

The vegetation of the Subalpine Mountain Hemlock
Zone was studied on 130 sample plots with analytic
and synthetic methods of the Ziirich-Montpellier school
of phytosociology. This thesis describes 14 plant
associations, predominantly of vascular plants, from
two altitudinal subzones of the Subalpine Zone.

Published radiosonde temperature data, in combina-
tion with thermograph data from Mount Seymour, were
used to characterize the climate of the zone. 1In
winter, which is the season of maximum precipitation,
the freezing isotherm most frequently occurs at alti-
tudes near the lower limit of mountain hemlock. A
climatic result is the sharp increase in snow accumu-
lation and duration near the lower limit of this
species; an ecological result is the relatively
sharp boundary between the Subalpine Mountain Hemlock
Zone and the Coastal Western Hemlock Zone.

Thus, the lower limit of the zone is indicated by
the presence of mountain hemlock as a component of
the forests and the upper limit is marked by the alti-
tudinal "tree limit" of mountain hemlock. The zonal
limits were placed at 3000 and 5000 feet in the
Seymour - Grouse - Hollyburn - Cathedral Mountain
area near the Strait of Georgia, and at 3700 and 5500
feet in the Paul Ridge - Diamond Head portion of
Garibaldi Park. The lowest 600 to 800 feet of the
zone are covered with continuous forest of mountain
hemlock, amabilis fir, yellow cedar and western hem-
lock. This continuous forest is designated as the
lower subzone.

The upper boundaries of the zone, in contrast to
the lower, are irregular as a result of topographic
influences on snow duration. Snow accumulation
increases with altitude so that near the tree limit
mountain hemlock can grow only on prominences or
ridges where snow duration is less.



Most early stages of vegetation appear to develop
towards the Phyllodoce - Cassiope association in the
upper subzone. At altitudes of approximately 5000
feet and over (Alpine Zone), this association occupies
mesic habitats where the relief is flat or convex and
without seepage. In contrast, this same association
occupies concave topographic positions, with temporary
seepage, in the Subalpine Zone. Snow duration is
approximately the same on this association in both
bioclimatic zones. However, because of its occurrence
on two distinct topographies it is chionophobous in
the Alpine Zone but moderately chionophilous in the
Subalpine Zone, when considered in relation to adjacent
associations.

The Vaccinium membranaceum - Rhododendron associa- .
tion is the most successionally advanced in the upper
subzone. Near its lower limit, this association
occupies mesic habitats but at its upper limit in the
Alpine Zone it becomes a 'topographic climax' restricted
to warmer exposures or to ridges between areas.of
Phyllodoce and Cassiope.

In the lower subzone, the Vaccinium alaskaense
association is successionally most advanced. Even if
a distinct climatic "climax" association is recognized
for the lower subzone, there are no tree species
limited specifically to this altitudinal level. Both
subzones are unified by the same tree species into one
Subalpine Zone. Within this altitudinal belt most
zonal features of the vegetation are related to the
intensity, quantity and duration of snow.
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ABSTRACT

The vegetation of the Subalpine Mountain Hemlock Zone was studied on
130 sample plots with analytic and synthetic methods of the ZUrich - Montpellier
school of phytosociology. This thesis describes 14 plant associations, pre-
dominantly of vascular plants, from two altitudinal subzones of the Subalpine
Zone.

Published radiosonde temperature data, in combination with thermo-
graph data from lount Seymour, were used to characterize the climate of the
gone. In winter, which is the season of maximum precipitation, the freezing
isotherm most frequently occurs at altitudes near the lower limit of mountain
hemlock. A climatic result is the sharp increase in snow accumulation and
duration near the lower limit of this species; an ecological result is the
relatively sharp boundary between the Subalpine Mountain Hemlock Zone and the
Coastal Western Hemlock Zone. |

Thus, the lower 1imit of the zone is indicated by the presence of
mountain hemlock as a component of the forests and the upper limit is merked by
the altitudinal 'tree limit! of mountain hemlock. The zonal limits were placed
at 3000 and 5000 feet in the Seymour -~ Grouse - Hollyburn -~ Cathedral Mountain
area near the Strait of Georgia,'and at 3700 and 5500 feet in the Paul Ridge =~
Diamond Head portion of Garibaldi Park. The lowest 600 to 800 feet of the
zone are covered with contimious forest of mountain hemlock, amabilis fir,
yvellow cedar and western hemlock. This contimuous forest is designated as the
lower subzone.

The upper boundaries of the zone, in contfast'to the lower, are ir-
regular as & result of topographic influences on snow duration. Snow sccum~
ulation increases with altitude so that near the tree limit mountain hemlock

can grow only on prominences or ridges where snow duretion is less.
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Most early stages of vegetation appear to develop towards the Phyllo-

doce - Gassiope association in the upper subzone. At altitudes of approximately

5000 feet and over (Alpine Zone), this association occupies mesic habitats where
the relief is flat or convex and without seepage. In contrast, this same as-
sociation occupies concave topographic positions, with temporary seepage, in

the Subalpine Zone. Snow duration is‘approximately the same on this associatibﬁ
in both bioclimatic zones.- However, because of its occurrence on two distinct
topographies it is chionophobous in the Alpine Zone but moderately chionophilous
in the Subalpine Zone, when considefed in relation to adjacent associations.

The Vaccinium membranaceum - Rhododendron association is the most

successionally advanced in the upper subzone., Near its lower limit, this as-
sociation occupies mesic habitats but at its upper 1limit in the Alpine Zone it
becomes a 'topographic climaxt restricted to wermer exposures or to ridges be-
tween areas of Phyllodoce and Cassiope.

In the lower subzone, the Vaccinium alaskaense association is suc--

cessionally most advanced. Even if a distinct climetic 'climax' association
is recognized for the lower subzone, there are no tree species limited speci-
fically to this altitudinal level. Both subzonesg are unified by the same tree
species into one Subalpine Zone, Within this altitudinal belt most zonal
features of the vegetation are related to the intensity, quantity and duration

of snows

V. J. Krajina
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CHAPTER T
LNTRODICTION

British Columbia is predominantly a forested, mountainous
province. The mountain forests, bscause of their low productivity, have
not attracted the same attention as the valley and lowland forests., It
is natural that this should be, as the forests of greatest commercial
value occur in the lower elevations and the main transportation routes
and settlements are found in the valleys.

When our thoughts and activities are so necessarily controlled
by the economic, social and political activities in the settled areas
of the province, it is easy to overlook the significance of less accessible
and less productive areas. However, if the province's forest distribution
is considered by area, regardless of commercial value, an entirely dif~-
ferent picture emerges.

The area of British Columbia may be divided into five main com-
ponents: commercial forest cover, 53 per cent of the total area; "rock
and barrens'", including snow-fields, glaciers and alpine tundra, 22 per-
cents non-preductive tree cover (subalpine), 16 per cent; open range and
forests in which cattle grasing is possible, 8 per cent; and less than one
per cent in agricultural and urban use (B. C. Forest Service 1957, Haig-
Brown 1961),

On a more local scale, forest land occupiss 42.3 per cent of the
Coast area, with non-forest land and fresh water accounting for the re~-
maining 57.7 per cent (B. C. Porest Service 1957). In comparison, Whitford
and Craig (1918) estimated 61 per cent of the southern mainland coast arca
to be above the merchantable timber line (10,000 board feet per acre).

The large arca of less productive forest land on the upper slopes of the
southern Coast Mountains is the subject of the ecological study described
here. Tree cover on this area is not eatirely unmerchantable as most of

the yellow cedar production comes from relatively high altitudes,
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The main purpose of this thesis is to describe the plant assoc-
iations and the zonal climatic controls in the southern portion of the
region described by Rowe (1959) as the Coasital Subalpine Section (SA.3)
and by Krajina (1959) as the Subalpine Mountzin Hemlock Zone. This ob-
jective presumes the need for classification »f natural areas.

Despite its early existonce as a scientific tool, classification
ig still evolving. HNew discoveries often require changes in systems of
classification and, as with organic evolution, improvements and increased
-diversity are the result. Ons should expect that the need for classifi-
cation, and the intricacies of classification, should increase as man's
knowledge broadens,

However, classification has not assumed the same importance in
all fields of intellectual endeavor. A plant physiologist knows the
species with which he works and is theoretically able to apply his analy-
tical results to that species in its natural occurrence, At the other ex-
treme is the field of soil science in which techniques of analysis are

well developed but where synthesis is only beginning (KubiBna 1960), In

o+

comparison, attempts to classify anature ecologically have been numerous
and date back to the last century. Yet soil science and ecology have a
startling similarity today in their relatively undeveloped synthetic
treatment of analytical data. It should not need emphasis that inform--
ation from field and laboratory studies is usually not applicable to all
soil types, nor to all habitats. It is for this reason that KubiBna
(1960) asscried that the ohly way to rationalize research in a natural
science is on the bazis of broad, exhaustive systematics. Advances in
experimental technique are negated if they are not accompanied by cor-
responding advaaces in application to specific habitats in nature. One
of the most challenging problems today in ecolozy, a@s in soil science, is
to ensurs that the gap between the analytic and the synthetic /systematic)
aspects of these sciences is not widened.

The synthesis of ecological findings regquires an increased
understanding of natural aress and increased uses of classification of
these areas. This philosonhy provided the motivation for the present
study, and the following thesls is meant to complement the ecological
information previously acquired through similar studies in other parts
of British Columbia (Krajina and Spilsbury 1953, Krajina 1953, Arlidge

1955, Brayshaw 1955, McMinn 1957, Mueller-Dombois 1959, Lesko 1961,



Orloci 1961, Bis 1962a, Archer 1963). These studies, when considered
collectively, provide a classification that may serve as a basis for forest
nanagenent and planning, for advisory work, and for experimental research.
It is important to realize, though, that a classification, whatever its
basis, is an artificial structure. It is a convenient tool used to ex-
press currsnt ideas about the relationships of organisms, or parts of
nature, to one another. As ideas change, or as new facts accumulate,
classification systens may be revised, and conclusions based on such
clagsification will need to be accordingly fiexible.

Detailed reviews of the development of ecological classification
have been presented by several authors, and it is uunnecessary to present
here a compilation of easily accessible references, It is important only
to draw attention to some of the more comprehensive and receat reviews for
the interested reader: Whittaker 1953, Foore 1955 and 1956, Becking 1957,
Churchill and Hanson 1953, Hustich 1960, Krajina 1960, Whittaker 1962, and
Poore 1962,

In British Columbila, ecological classification has a brief
history. The province was first divided on a large regional basis, mainly
for mensurational purposes by Whitford and Craig (1918). In 1937, Halliday
presented subdivisions of a similarly large scale as part of his forest
classification for Canada. His regions wers formed on the basis of climatic
criteria and they have recently besn revised by Rowe (1959). A more de-
tailed, but still very broad, division of the province into 12 bioclimatic
zones was made by Krajina (1959).

The works of Ilwvessalo (1929), iujala (1945), and Spilsbury and
Smith (1947) are commonly cited as the earliest detailed phytosociological
studies in this province (Bell 1859, Orloci 1961).

During the last decade, ecosystematic studies which developed
from a fusion of phytosociological and environmental classification have
been carried out by researchers (cited on page 2) under the direction of
Krajina, and by others in the provincial Forest Service (Illingworth and
Arlidge 1960).

More recently, the Federal Depariment of Forestry has initiated
research to test physiographic site mapping in coastal forest types
(Lacate 1962), 1In this method, plants are not considered until the
physiographic units are sstablished. Published soils maps and reports

have also provided useful environmental information for many parts of



British Columbia, but none is yet available for subalpine areas,

' The approach in the present study was primarily phytosociological
and followed the analytic and synthetic methods of the Z#irich - Montpellier
School (Braun-Blanquet 1932, Becking 1957). It was recognized, however,
that envi:onmental characteristics are equally as useful as floristic '
structure for the classification of plant associations. ¥or this reason,
modifications of the 6riginal Braun-Blanquet methods were made in accord-
ance with recommendations by Krajine (1960).

The study was carried out in the Department of Biology and
Botany, University of British Columbia, under the direction of Dr. V. J.
¥rajina and in co-operation with R. C. Brooke. A separate dissertation
will discuss the microclimatic and edaphic characteristics in relation
to vegetation (Brooke 1964), whereas this thesis concentrates upon phy-
tocoenotic characterization with & stress upon some zonal features, es-
pecially macroclimate. However, both theses have a single ecosystematic
theory as their foundation and they should be considered as a unit.

The m0$t'important features of the subalpine environment are
discussed in Chapter III. In Chapter IV, the plant associations are'
described in terms of their present composition, and in Chapter VI they
are related to one another dynamically where there is evidence of succession-
al +trends. These threec chapters are the most important, since they re-~

present the main findings of this study.



CHAPTER II
METHODS

Procedures in the fiecld and the methods of arranging data are,
to a.large extent, controlled by the purposes of a particular investiga=
tion. Because an ecological study usually involves several related dis-
ciplines, it cannot have a single theory around which methods of study can
be built, It is necessary, therefore, to briefly outline the field pro-

cedures and the methods of handling and presenting data.

A., Tield Procedures

The methods used in this study do not differ markedly from those
(

1933), Brayshaw (1955), McMinn (1957), Mueller-Dombois (1959)

and Orloci (1961). This deliberate standardization of methods serves an

of Xrajina

important purpose by allowing direct comparisons to be made between flor-
istic descriptions from different bioclimatic zones. Lven if there is a
choice of several available theories to serve as a basis for ecological
classification, none of them will explain everything. The main object is
to collect basic =cological information of sufficient accuracy to form an
ecosystematic classification and tc allow comparisons for multiple-use
land planning.

The vegetation was studied by means of sample plots which, on
forested areas, were one chain by two chains (1/5 acre) in size. The
plots were located in places where the vegetation was uniform over such
an area. PFor non-forested associations, plots 1/2 chain by 1/2 chain
(1/40 acre) were sufficiently large. It was not only convenient to use
these smaller plots, but also necessary in some cases where the assoc-
iations were severely limited in area by the topography or the environ-
nental gradients, as for example, around late snow-patches or along stresam
margins. At least one corner of every sample plot was marked by a wooden

or steel post and an aluminum tag bearing a record of the plot number,



its dimensions and its orientation. Sybsequent visits to these cornerposts
showed many of them leaning or knocked down, especially where snow-cresp
was pronounced,

The four corners of each plot were joined by string to facili-
tate the tally of trees. The diameters, at breast height, of all living
trees over three inches, were measured with a steel tape. Since none of
the sample plots was heavily forested, it was practicable to measure the
heights of neerly all the trees with an Abney level., In some cases,
heights were sstimated by comparison with adjacent measured trees,

All of the forested sample plots were in uneven-aged old growth

stands of mountain hemlock (Tsuga mertensiana (Bonzg.) Carr.), amabilis

fir (Abies amabilis (Dougl.) Forbes), and yellow cedar {Chamaecyparis

nootkatensis (D. Don) Spach). Therefore, stand age, as such, could not

be determined, but ages were taken over the range of diam2ters for each
species present on a plot. Prom six to twelve ages were obtained for each
blot by increment borings at breast heizht.
Floristic analyses were carried out on homogeneous stands by

listing all the vascular plants, bryophytes and lichens on each plot.
An area was ocularly judged as homogzeneous if the constituent species
appeared uniformly distributed throughout the plot., Species were listed
for each of the following arbitrary strata:

Al - dominant and co~dominant trees

AQ -~ intermediate trees

A3 - suppressed trees over 30 feet in height

By - saplings and shrubs between 6 and 30 feet in height

B, ~ shrubs between 6 inches and 6 fset in height

C - herbaceous plants (all) and small woody plants under 6
inches in height (Note that by this definition subalpine
species such as Phyllodoce empetriformis, Cassiope
mertensiana and Vaccinium deliciosum occur in the C layer.)

Dh -~ humicolous bryophytes and lichens
The bryophytes and lichenzs on decayed wood, on rock and on tree trunks
were also listed. Tree or shrub species which oocurred in more than one
stratum were listed and floriastically evaluated for each.
Species significance, sociability and vigour were evaluated
according to the scales showm in the legend preceding the appended
Synthesis Tables, Plants of uncertain identity were collected for later

identification, and were subsequently deposited in the University of


file:///7ith

British Columbia Herbarium. Microscopic examinations of the bryophy%és
and lichens often revealed species that were not listed in the field notes.
In such cases, the extra species were added for the appropriate sample
plot to the preliminary synthesis tables, and, as suggested by Dahl (1956),
their floristic ratings were estimated on the basis of the occurrence in
other plots of the same associatione.

Dotailed microelimatic measurements and edaphic descriptions
of the associations are provided by Brooke (1964). Only hygrothermograph
data and snow depth measurements from temporary climatic stations at 4000
feet (BP 124) and at 3200 feet (BP 15) are discussed here. Relative
turgidity measurements on the needles of mountain hemlock and amabilis
fir were also taken from these two stations to test if there were dif-
ferences in the internal water balance of needles on altitudinally and
ecologically distinct habitats.

Finally, it must be emphasized that methods of floristic
analysis, as described above, are not statistical methods as the term is
otherwise applied in biology. This point was also stressed by Dahl (1956).
Statistical methods could be more appropriately applied if every assoc-
iation had the same chance of occurrence in a zone. Then a random sample
would touch all habitats about equally. Since this ideal does not exist,
stratification is necessary before statistical analyses can be carried
out. In this particular study, stratification was made on the basis of
floristic features. This need not imply that the plant association is
the basic unit for ecological studies, but it is e useful unit for strati-
fication because it provides information for studies of habitats and
niches.

Boundaries between associéﬁions are rarely distinct, but trans-
itions do not justify the annihilation of the units involved. For pre-
liminary studies, it is best to avoid transitions. If they are included

'in association tables, they will reduce the difference between the units
because, by definition, they represent conditions that are interpolative.
It is better to describe the distinct and extreme units and to let the
transitions be mathematically interpolated later, By this method, it
is not possible to describe all variations of vegetation in an area, but
any random point will fall into a described vegetation unit or will be
readily assigned to an intermediate position between two units (McVean

and Ratcliffe 1962).



In summary, the methods used for this study must be recognized
primarily as standardizcd descriptions of vegetation which permit compari-

gsons between different assoclations both intrazonally and interzonally.
B. Synthesis and Fresentation of Floristic Data

The following paragraphs outline the philosophy which influ-~
enced the organization and descriptions of plant associations in Chapter
IV. McVean and Ratcliffe (1962) pointed out that vegetation units can be
arranzed in at least three ways: systematically, or according to a
hierarchical classification of the units distinguished; physiognomically,
or according to the life-form of the dominant speciesy and ecologically,
or according to the main habitat types and altitudinal zonation.

The first alternative, a systematic or hierarchical classifi-
cation, was inappropriate for the present study, because it can only be
used in later studies which will incorporate the associations described
here into higher community units in combination with associations from
other bioclimatic zones.

The second methoed is well suited for the Subalpine Zone since
there are great physiognomic differences between the lower forested as-
sociations and the upper heath-like and herbacsous associabtions. This is
in contrast to the associations of the Coastal Western Hemlock Zone most
of which are foresied and physiognomically more uniform. However, a
physiognomic classification by itself provides only limited information.
Studies which yield more.detailed information about the habitat should
utilize such ecological information in the classification scheme, as in
the present study. Physiognonic differences were considered only in the
comparisons of life-form snectra in each association (Chapter V), and by
the grouping into forested and unforested categories in the classification
of Chapter IV.

The remaining alternative of ecological orzanization was used
effectively by Orloci (1961), in combinztion with floristic structufe,
for the forest types in the Coastal Western Hemlock Zone, Descriptions
from the Subalpine Zone will be of more value if they can be directly
compared with descriptions from lower elevations. Therefore, the or-

ganization of Chapter IV closely resembles that used by Orloci (1961).
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The majoilcategories in Chapter IV are two altitudinal subzones,
and within each subzone there are habitats ranging from dry or moderately
dry to wet. In the upper subzone, relationships to length of snow cover
and physiognomy (forest; krummholz, small shrubg herb and bryophyte) form
the basis for organization. Thus; floristic dtructure is the primary base
for classification, but it is organized in altitudinal, habitat and phy-
siognomic groups. The combination of severel criteria for classification
reduces the number of units in any one group. Such organization, in com-
bination with descriptions of the associations, should enable the reader
to identify the vegetation units of the Subalpine Zone without the aid of
a key.

Presence, dominance and fidelity are the main criteria for
describing and differentiating the associations. Those species which were
present in over 80 per cent of the sample plots in a synthesis table are
listed as constants., Each constant species whose average cover degres
exceeded 10 per cent of the plot area is listed as a constant dominant.
Fidelity was determined as outlined by Becking (1957), and the character~
istic species for each association are listed as follows (Braun-Blanquet
1932) ¢

Fidelity 5 - Exclusive species, which are completely or almost
’ completely confined to one community.
Fidelity 4 - Selective specieés, which are found most frequently
in a certain community.
Pidelity 3 -« Preferential species, present in several comnrunities

. more or less abundantly but predominantly or with
better vitality in one certain community.

The choice of exclusive, selective and preferential species was
based only on tabular data from plots in the restricted area of this study.
Thereforé, a species may be listed as exclusive to a certain association
‘in thevCoastal Subalpine Zone even though it is known to occur in other
associations of the Coastal Western Hemlock Zone or the Alpine Zone.

This possibility was recognized by Braun-Blanguet (1932) when he pointed
out that fidelity always refers to the relation of a species to a certain
community (within a particular region or zone). Of secondary importance
are the social relations which this species has in all parts of its range.
It is possible for one particular species to be exclusive in different
regions to two or more distinct and different communities.

The average characteristic species (Fidelity classes 3, 4, and

5) and constant species, taken together, are the characteristic combination



10

of species as used in the ZiHrich - Montpellier methods of synthesis. The
use of dominance as a criterion is recommended for vegetation units con-
taining few species (Poore 1955, Dahl 1956). Association characteristic
species are not plentiful in the Subalpine Zone because the number of
species in the associations is small compared to European study areas
where the ZHlrich - Montpellier methods were developed. For this reason
criteria such as dominance, environmental features of the habitat, or
life-~forms should also be used,

As pointed out by Krajina (1960), the ideal concept for ecosystem
classification is the biogeocoenosis that is composed of an ecotope and a
biocoenosis. The ecotope is divided into a climatope and an edaphotope.
The biocoenosis is divided into a phytocoenosis, a zoocoenosis and a
microbocoenosis (Sukachev, quoted from Krajina 1960). Most emphasis in
this thesis is placed on the phytocoenosis (association), but other factors
of the biogeocoenosis are considered, especially for sub-units of the
associations.

Differential species, which may be non-~characteristic, are used
to distinguish closely related vegetation units (Braun-Blanguet 1932,
Krajina 1933, McVean and Ratcliffe 1962). Thus, several subassociations
are recognized in Chapter IV by the presence or absence of species, or by
differences in the dominance and vigor of certain species. Subassociations
reflect edaphic or microclimatic differences (Dreee 1953), -as in the hygric

2
Cladothamnus subassociation versus the lithic Cladothamnus subassociation,

whereas variants reflect macroclimatic differences. Only one wvariant is
recognized in Chapter IV, where the subalpine Oplopanax stands are treated

as a climatic variant of the Oplopanax - Adiantum forest type described

by Orloci (1962) for lower elevations in the Coastal Western Hemlock Zone.
Common descriptive names of the vegetation units depicting a
dominant species and environmental features are used throughout the text.
Names based.on the rules by Drees (1953) are also provided because they
facilitate the systoematic grouping of vegetational units into higher
categories through standardization of phytosociological nomenclature in
different bioclimatic zones. For associations, the suffix -etum was
added to the stem of the genus-name of a dominant species. If two generic
names were used, the first had an -eto ending, and in necessary cases tne

name of the species in the genitive case was also added. Subassociation
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names were formed by adding the onding -—etosum to the generic stem, and
variant names used an -osum suffix. Although descriptive prefixes and
adjective names are not standardized, the terms nano-, hygric-and lithic

were used,
C. Synthesis and Presentation of Mensurational Data

The tree diameter tally was grouped by species into four-~inch
diameter classes for stand table presentation (Figure 25). Height-
diameter curves were not constructed as a step in volume determination
because actual height measurements were available for nearly all individual
trees. This was possible because of the relatively small number of trees
on most sample plots, and it allowed the determination of volume on an in-
dividual tree basis. Gross volume per tree was determined from the Coast
Mature Hemlock Tables for both species of hemlock, from the Coast Mature
Cedar Tables for yellow cedar, and from the Coast Balsam Tables for ama-
bilis fir (Forestry Handbook for British Columbia 1959).

It was impossible to obtain reliable site indices for trees of
the Subalpine Zone because only old growth stands were available and no
site index curves exist for subalpine species. Furthermore, height growth
is usudlly so slow in the Subalpine Zone (Figure 20) that the conventional
expression of height at 100 years is inappropriate. Despite these weak-
nesses, average site index at 100 years was determined where possible to
permit comparisons of growth rate with lower elevations. A large scale
reproduction of the height-age curves published for coastal species at
lower elevations (Forestry Handbook for British Columbia 1959, p. 371)
served this purpose, but the site indices obtained are not reliable
(Table XII).

For old-growth stands which are slow growing because of a
rigorous environment, average height of the tallest tree regardless of
age is a useful indicator of site productivity. Table XII shows, for
each of the four major species, height of the tallest tree averaged
for the number of plots in each association. These values, when cdnf
sidered together with the gross volumes and the approximate site indices,
give a good indication of the potentialities of each species in the

various associations.
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The synthesis tables (Appendix III) provide per acre values for
number of trees, basal area; and gross volume for each species on every
semple plot, These data, excluding basal area, are summariged for five
associations and two subassociations by histograms which readily allow &
visual comparison of the number of trees per acre and gross volume in

cubic.feet per acre for each species in each diemeter class (Figure 25).
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CHAPTER ITII
THE SUBALPINZG MOUNTAIN HEMLOCK ZOJE

This chapter defines the study arca geographically and altitu—
dinally. The topography, geology and climate are described, and the
chapter concludes with a discussion of the most important zonal features

of the vegetation.
A, Definition of the Subalpine Mounialn Hemlock Zone

It is well known that climatic and vegetational differences
result from increases in altitude in mountainous country. Altitudinal
gonation is so obvious that iterms such as subalpine, alpine and timberline
form part of our regular vocabulary. Increased usage of these terms has,
however, lead to indefinite meanings, and for this thesis some definitions
are necessary.

For the arec of his study in Norway, Dahl (1956) drew the upper
limit of the subalpinc belt "at the timber-line or forest-limit". This
definition, while good in principle, is inadequate because it contains
within it poorly defined terms. For example, Hustich (1949) defined the
timberline as the limit of timber-sized forests. This definition is of
economic importance but is misleading as a biological boundary. If it
were applied to south coastal British Columbia, timberline would be
near the upper limit of western hemlock since the distribution of this
species closely approximates the upper limit of merchantable forests‘
today., Another definition of timberline, and the more usual one, was
given by Dansereau (1957) as the highest elevation at which trees grow.
However, it is questionable if coniferous species can be classed as trees
near their northern limit or near their altitudinal limit (as for example,
krummholz). Where would the timberline be placed in such arcas? The
designation of three biological boundaries, forest limit, tree limit and

species limit (Danserecau 1957, Berner 1959) partly solves the problem.
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These three limits, when applied to a particular species, make
general terms such as montane, subalpine or alpine more meaningful by pro-
viding a biological basis for the zonal delincation. For the study area
described here, the altitudinal distribufion of mountain hemlock in tree
form indicates coastal subalpine conditions, and the region may be justi-
fiably called the Subalpine Mountain Hemlock Zone, as previously designated
by Krajina (1959). The lower limit of the zone is represented by the lower
limit of mountain hemlock as a dominant component of the forests, and the
upper edge of the zone is placed at the altitudinal tree-~limit of mountain
hemlock. Thus, the vegetation is predominantly arborescent, but the trees
are often dispersed and smaller than they are at lower elevations (Dan~
sereau 1957). The upper limit of trees is discontinuous and there may be,
because of locally unfavourable conditions, considerable areas within the
subalpine belt not covered by forests or trees.

The definition above is not meant to imply that the Subalpine
Zone represents the absolute upper limit of mountain hemlock as a species.
The altitudinal spzcies limit occurs higher up in the Alpine Zone (Aroher
1963). The species docs not attain the stature of a tree above the Sub-
alpine Zone, however,

The term, forest limit, is useful for subzonal designation
because forests are not of uniform continuity from the lower to the upper
limits of the zone. In Garibaldi Park, Brink (1959) recognized a "lower
subalpine forest" from 3500 to 5000 feet, and noted that the forest was
more open above 5000 feet, This upper limit of continuity.in the tree
covér, or forest limit, coincides with the altitudinal division of the
Subalpine Zone into two subzones in this thesis.

The following distributional, environmental and floristic
foatures allow a comparison of the original zonal definition (Krajina
1959) with that presented later in this chapter for the specific area of
this study. As defined by Krajina (1959), the zone extends along the
coastal mountain ranges between altitudes of 3000 and 5500 feet in the
south of British Columbia and betwoen 1000 and 2000 feet in the north
of the province. Total precipitation varies from 75 to 170 inches per
year, with 14.0 to 15,5 inches in the wettest month and 1.3 to 3.3 inches
in the driest month. In the southern part of the zone, 30 to 40 per cent
of the precipitation occurs in winter or autumn with only 10 to 15 per-

cent in the spring or summer. In the northern portion, 30 to 35 per cent
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falls in the autumn and 10 to 15 per cent in the summer. Snowfall varies
from 170 to 800 inches per year, and if makes up 20 to 70 per cent of the
total precipitation. Krajina (1959) placed the Subalpine Mountain Hemlock
Zone in Kbppen's Dfc category, and the zonal soil was called a coastal

subalpine podzdl. The Tsuga mertensiana -~ Abies amabilis - Vaccinium

alaskaense - Vaccinium membranaceum - Rubus pedatus association was listed

as the climatic climax plant community.
B. Related Studies

0f the 90 forest scctions described for the forest regions of
Canada (Rowe 1959), the bricfest descripfion is given for the Coastal
Subalpine Section (SA.3). This brevity does not mean that the section is
areally or economically unimportant, because there are other forest sections
of smaller size or others of equally low forest productivity which are
described in greater detail. Rather, it reflects the paucity of published
information on the major tree species and cover types of this section.

In the brief literature review which follows, little attention
is given to subalpine studies in mountains other than thoss in coastal
British Columbia and in the Pacific Northwest region of the United States.
Braun-Blanquet (1932), Daubenmire (1943), and McVean and Ratcliffe (1962)
have all stressed that phytosociological studies on different mountain
systems are not directly comparable because of individuality in the en-
vironmental conditions of any particular mountain system.

For the Olympic Mountains, the history of botanical and ecolo=~
gical investigations was reviewed by Jones (1936). He presented a similar
history for Mount Rainier in 1938. A very recent review of subalpine work
in the Pacific Northwest is that by Franklin (1962).

The earliest mountain studies in Coastal British Columbia were
mainly botanical explorations. The first plant collections from higher
altitudes were made in 1912 on Grouse Mountain, Hollyburn Ridge and from
near Mount Garibaldi (Davidson 1913 to 1915)., Other reports from sub-
alpine areas were made by Henry (1915), Hardy (1927) and Perry (1928).
Further north, McAvoy (1929, 1931) described alpine and subalpine con-
ditions for the Bella Coola region. Additional references to the
Garibaldi area were made by Davidson in 1931, and Taylor (1936, 1937)
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described former forest areas in Garibaldi Park which had been re-covered
by a glacier.

The recent study by Schmidt (1957) provided valuable information
on thevsilVical characteristics of amabilis fir, a common species in the
Coastgl Subalpine Zone. Brink‘slreport (1959) described successional changes
near . the Black Tusk, just north of the present stﬁdy area, Further reference
is made to his study in laﬁer sections. At present, Brink, MicKay and Mathews
of the University of British Columbia (unpublished) are studring alpine and
subalpine vegetation in relation to frost, snow and solifluction in Goastal

British Columbia.

C. The Study Area
1. Location and Extent
The study area is shown by the distribution of 130 sample plots
in Figure 1; The plots were located as follows: o
Mount Seymour Plots 1-34, 40-51, 123, 124, 129, and 130.
Hollyburn Ridge Plots 104-107, 125-128.

Grouse Mountain Plots 94-103.
Mount Strachan Plot 108.

The Lions Plots 109-111 <
Paul Ridge (Round lountain) and ) Plots 35-39, 52-93, and
Diamond Head area, Garibaldi Park) 112122,

_Whitford and Craig (1918) classified this area as part of tﬂé
Coast Forest. It occurs in Section SA.3, the Coastal Subalpine Section, of
Rowe'!s (1959) classification, and it forms part of the Pacific Subalpine
Forest referred to by Heusser (1960). |

In the 450-square-mile study area, the altitudinal limits of thé .
Subalpine Zone cannot bé precisely defined, except locally. Nesr Burrard I;Llet,
the lOWer edge of the zone, as defined by the lower limit of mountain hemlock,
closely follows the 3000 feet contour. In the triangular physiographic unit

bounded by Burrard Inlet on the south, Howe Sound on the west, Stawamis River
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and Indiéﬁiﬁiver on the northeast; and Indian Afm on the east, very few peaks
have areas above the tree limit (gkéept for Cathedral Mountain, 5633 feet,
and Sky Pilot Mountain, 6645 feét&? Therefore, the area of the Suhﬁipine
Zone should be closely approximated by the total acreage above the 3000 foot
contour. The above physiographic unit, which includes the Se&mour -~ Grouse -
Hollyburn study area, has o total srea of approxiﬁately 234,000 acfes, 87,000
scres of which are above 3000 feet'inlaltitude (determined from planimeter
rea&ings on Map sheet 926G, National‘Topographic Series, 1:250,000). Thus,
approximately 37 ver cent of thls south coastal area may be classed as sub;
elpine (Figure 4).

On Paul Ridge, northeast of Squamish, the lowest mountain hemlock
is at 3800 feet and western hemlock is common to 4000 feet. There is thﬁs an
upward shift of the Subalpine Zone by almost 1000 feet in this part of the
study area. Upper and lower altitudinal limits of individual associations
are also about 1000 feet higher on Paul Ridge than they are on the mountains
near Burrard Inlet (Figure 28).

The following table summarizes the zonal and subzonal altitudinal

limits for this study:

- Seymour, Grouse, Crown Paul Ridge
Hollyburn and Cathedral Mountains (Garibaldi Park)
Subalpine zone: 3000 - 5000 feet 3700 - 5500 feet
Lower subgzone: 3000 - 3600 feet 3700 - 4560 feet
Upper subzone: 3600 -~ 5000 feet 4500 - 5500 feet
Alpine zone: over 5000 feet (only over 5500 feet

on Cathedral Mountain)
With such variation in the altitudinal limits of the zone over a
30-mile distapce, comﬁariSons with the altitudinal delineations of this zone
in other study areas must be madé'With caution. In the Black Tusk area, just

15 miles north of Paul Ridge, the limits set by Brink (1959) correspond quite



Figure 2. General view of the Coastal Subalpine Zone, from 5400 feet on the west Lion.
Photograph courtesy of Surveys and Mapping Branch, Province of British Columbia.
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Figure 3. View from 6300 feet on Mount Sedgwick shows late snow in the Coastal
Subalpine Zone, July 10, 1952, See Figure 1 for vantage point of photograph.
Courtesy of Surveys and Mapping Branch, Province of British Columbia.
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closely. He considered the "lower subalpine forest! to occur from 3500 feet
to 5000 feet. Above the 5000-foot contour, the chargcter of the subalpine
forest changed markedly But trees 50 feet high were coﬁmon to 6300 feet.
Similar comparisons can be made from studies in other coastal mountain ranges.
The Hudsonian Zone of the Olympic Peninsula is similar to the Coastal Sub-l
alpine Zone in British Columbia in vegetational and climatic characteristics.
Altitudinal limits of 3500 feet and 5000 feet were given for the Hudsonian
Zone by Jones (1936), and for a similar cldssification on Mount Rainier

(Jones 1938) the limits were placed at 4500 to 6000 feet., Many othér examples
exist in the literature (see especially Heusser 1960, pages 50-75). 1In the .
abstracts presented by Franklin (1962), there are 25 direct references to the
altitudinal range of mountain hemlock. On the basis of his information, the
Cogstal Subalpine (Mountain Hemlock) Zone occurs from €900 to 9400 feet in the
Stanislaus and Lake Tuhoe Forest Regerves, California (Sudworth 1900), and
from 1200 to 2400 feet in the forests of southeastern Alaska (Hoffman 1912).
This general depression of the zone, from gouth to morth, has many local ir-

regularities due to topographic and climatic differences.

2. Topography and Geology

The topography of the Coastal Subalpine Zone is best.described by
the photographs in Figures 2 and 3. The vantage point for Figure:é ié at.én
altitude of approximately 5400 feét on the most westerly of Tﬁe Lions. fhe
view is towards the northeast, and subalpine forest covers mésf of'the visiBle'
area with the exception of the mid and lower slopes adjacent to.Capiléﬁo Va;léy
on the right. The latter are part of the Coastal Western Hemlock Zone.(OflOCi
1961). On the far horizon, the peaks of Mount Garibaldi, Sky Pilot Mountain

and Mamquam lMountain represent the Alpine Zone (Archer 1963).



LEGEND TO ACCOMPANY MAP (FIGURE 4)

Geologlcal subd1v131ons are shown only for those areas where sample plots
were located (References: Armstrong 1954, Roddick and Armstrong 1956,
Mathews 1958).

In the Diamond Head - Paul Ridge study area:
Quaternary

Garibaldi Group
G2 - Late glacial and early postglacial

Gl - Older
d - Dacite
b - Andesite and basalt

Pre~Upper Cretaceous
Older intrusions
Oq - Cloudburst quartz diorites (foliated and unfollated quartz
diorite, minor diorite, etc.)
Mv - Metavolcanic and metasedimentary rocks (g eenstone, slaty
argillite, breccia, minor conglomerate, limestone, green
schist)

In the.Seymour - Grouse - Hollyburn - Lions study area:

Triassic (?) and/or later
Gambier Group
3 - Tuff, breccia, agglomerate, andesite, slate, argillite,
arkose, quartzite, greywacke, conglomerate, minor dacite,
trachyte, and basalt

Triessic (?) and/or later
Bowen Island Group
2b - Banded hornblende-feldspar gneiss, hornblende-~biotite-
feldspar gneiss, hornblende biotite-quartz schist, dioritic
gnelss, granitoid gneiss, hybrid dlorite and granitic rock

Plutonic rocks formed at more than one period in the geological history
of the mep-area (not an age sequence

Hbr11 -~ Plutonic rocks in which hornblende forms 50 to 90 per cent

and biotite 10 to 50 per cent of mafic mineral content.
Quartz diorite -

HII,III,M - Plutonic rocks in which hornblende forms 90 per cent
or more and biotite 10 per cent or less of mafic
mineral content., II, granodiorite; III, quartz
diorite; M. migmatite
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The most important geological referenées for the area aré: Heusser
(1960) for the Coast Mountains in general and particularly for glacial history;
Armstrong (1954) and Roddick and Armstrong (1956) for the Seymour - Grouse -
Hollyburn study area; and Mathews (1958) for the Paul Ridge - Diamond Head
study area. Geological subdivisions for the study areas are shown on the dis—
tribution map for the Cogstal Subalpine Zone (Figure 4). The most striking
features are the occurrence of older intrusive rocks through most of the
area and the localized presehce of Quaternary volecanic parent materials in
parts of Garibaldi Park. The legend accompanying Figure 4 lists the rocks
which are prevalent in each geologic subdivisdon.

Parent material differences in different parts of the study area do
not seem to be correlated with changes in the species compositioh of the sub-

alpine vegetation, except that Cladothamnus pyrolacflorus is absent from

parent materials of the Garibaldi Group.

The study area was glaciated recently, in both the geologic and
anthropomorphic scales of time., For example; near the Opal Cone in Garibaidi
Park subalpine forest is present on slopes above the trim-line of a glaciél
tongue which has melted back from the valley only in the last few centuries
(Mathews 1958). WNaturally the most obvious signs of very recent glaciation
are near the upper limits of the Subalpine Zone. Glacial striae on rock
surfaces are surprisingly few in the mid and lower portions of the zone
because of the rapid weathering of rock suffaces since glaciation. The
frequency of freezing cycles is an important factor in the surface weathering
and exfoliation of rocks, and the increase in the number of freezing cycles
with increasing altitude (Table I) indicates the potentially greater rate of
weathering of rock surfaces in mountain areas. This phenomenon would be
particularly effective in October; April ;ﬁd May when some rock surfaces

would be free of snow.
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TABLE 1
Number of freezing cycles at Vancouver Airport (16 feet)

and at 3200 feet and: 4000 feet on Mount Seymour, Aug. 1,
1960 to July 31, 1961*

Vancouvar Mount Seymour

Adrport BP 15 BP 124

16 f+. 3200 ft. 4000 ft.
Aug. - - -
Septe - - -
Oct., - 1 7
Nov. 1 3 8
Dec, 12 5 10
Jan. 10 6 8
Feb, - 6 4
March 1 5 7
Apr. - 10 10
May - 1 2
June : - - -
July - - -
Year 24 37 56

* A Preezing cycle was arbitrarily counted whenever the
temperature dropped to 31° F or lower and then rose to
330 F or higher.

Parent miterials, soil-forming procecses, soll types, soil moisture
and soil temperature relationships are described for. the Subalpine Zone by
Brooke (1964). Attention is drawn here only to the most important zonal
features.

The high proportion of rock outecrop, particularly in the upper
portions of the zone, is demonstrated well in Figure 2. On the ridges, the
products of weathering are rémoved as quickly as they are produced and the
soil is consequently very shallow, Slopes and depressions are génerally
covered with a thin mantle of glacial drift. Alluvial soils are absent from
the Subalpine Zone except for small marginal deposits along mountain streams.
Wet organic soils are also of}very limited occurrence because the relief is

too steep for bog develdpment.



21

Skeletal disintegration is the most important weathering process
in rock outcrop aregs, and podzolization is the most common soil—forming
process. In the subalpine podzols, the elluviated (Ae) layer is not readily
visible, however, because of continuous darkening from acidic drganic accumu-
lations.

A high proportion of organic matter is typical for nearly all soils
in the Subalpine'Zone. The snow cover results in soil temperatures that are
far below the optimal for bacterial activity and even below their minimal
temperatures for much of the year. This leads to the development of a mor,
in which decomposition is primarily due to fungi. The develppment of very
acid conditions is partly due to fungal activity (Lutz and Chandler 1957).
With decomposition limited fo that by fungi, and with a very short season for
suéh'activities, the amount of unincorporated organic matter increases. As
an example, on August 20, 1962, leaves of Vaccinium Qg;igig§gg from the
previous autumn were still undecomposed in well-aerated litter at an alti-
tude of 4800 feet. In contrast, decomposition by micro-organisms would
probably have completely destroyed similar litter by June in warmer bio-
climatic zones. These accumulations can result in very high percentages of
organic matter in subalpine soils, especially where mineral soils aré of
limited depth. Freezing cycles, which take place before there is d snow
cover, accelerate the mixing of moist organic matter by héaving, expansion

and other physical disturbances in the uppermost horizons.

3. Climate

Increased altitude results in a general decrease in air temperature
(despite increased insolation), larger differences in temperature between
day and night, and greater precipitation. These three influences, in com-

bindtion with a winter maximum in precipitation, give the Coast Mountains



unusual accumilations of snow. The significance of this snow has been in-
sufficiently emphasized in world classification of climate (X8ppen 1954) and
vegetation (Ritbel 1936).

Summaries of climatic data from perﬁanently established weather
stations are usually presented in ecological descriptions. In this section,
little attention is given to this practice because: (1) climatic records are
unavailable for most mountain areas in British Columbia; (2) long~-term measure-
ments taken at lower elevations are not applicable to higher areas.

In this thesis, climatic data are discussed from only two temporary
stations, one in the lower subzone at 3200 feet on Mount Seymour, and the
other in the upper subzone at 4000 feet (see Map, Figure 23), The lz;month
period from August 1, 1960 to July 31, 1961 was chosen to represent snowfall,
temperature and humidity conditions at these two locations. Most attention
is givenr to the development of a method which uses published radiosonde data

to indicate the frequency of freezing temperatures at various altitudes.
a., Precipitation

Landsberg (1958) pointed out that early workers believed precipi%ation
to increase uniformly to the tops of mountains, at least up to l0,0pO.feet.
The increase in total annual precipitation up the slope of the mountain north
- of Burrard Inlet is clearly shown by the figures below (data from The Climate

of British Columbia, Report for 1960):

Station Altitude, feet Total Prec., inches
North Vancouver (Norgate) 15 63,75
North Vancouver (Hollyrood) 600 T4s 52
North Vancouver (North Lonsdale) 950 81.58
North Vancouver (Mosquito Creek) - 1130 99.01
Mount Seymour 2700 103,66

Hollyburn Ridge 3120 106,66
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The relationship between annual precipitation at the foot of a
mountain (P,) to that at an elevation, h, (measured in 100-foot units) was
expressed empirically by Landsberg (1958) as follows:

P, = P, +0.72 h
If Norgate data are applied to this formula, Hollyburn Ridge should have a
total annual precipitation of about 91 inches. The discrepancy with actual
measurements indicates that there ﬁay be anomalies due to topographié config—
uration and, more importantly, that there is not & straight-line relationship
with increasing altitude. Walker (1961) discussed the limitations of upward
extrapolation from staptions at relatively low levels (as in Spilsbury and
Tisdale's work, 1944). Spreen (1947) described a statistical method of re-
lating precipitation to the slope and other characteristics of.the terrain,
However, this method:requires a well distributed network of stations that is
not available in British Columbia.

The main findings of a study by Walker (1961) are outlined in the
following paragraphs because they represent the best information available for
the Coastal Subalpine Zone. Speciiic estimates of precipitation over mountains
were obtained by calcuvlating the orographic component of precipitation along
actugl cross sections. These sections were used as interpolative guides and
precipitation data were calculated from synoptic analyses which showed the
amount of precipitation contributed by air-flows from different directipns;

Walker's studies on the mechanism of precipitation indicated thét
the greatest precipitation occurs at cloud bgse. Frontal cloud systems give
the bulk of the cold season precipitation and cloud bases during the heéviest
rains average 4000 feet in coastal regions. In summer, convective preéipitaa
tion is more important than precipitation from frontal systems. Againy
mgximum precipitation is prqbably negr the base of cumuliform clouds, and

Walker generalized by placing the summer level.of maximum precipitation near
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6000 feet on the southern coast of British Columbia. On the northern British
Columbia coast, where frontal activity is frequent even in summer, the alti-
tude of mgximum summer precipitation is nearer 4000 feet.

There is a similar south to north gradient in the winter level of
meximm precipitation. Since much of this winter precipitation occurs as snow,
the altitude of heavy snow‘accumulation will be lower towards the north. This
north-south gradient correlates with the rmorthward altitudinal depression of
mountain hemlock (Sudworth 1900, Hoffman 1912). The Coastal Subalpine Zone,
which.is defined by the altitudinal distribution of this species, is therefore
similarly correlated with changes in the altitudinal level of heavy snow ac-
cumulationsa

Comparisons of the altitude at which maximum precipitation occurs on
coastal and interior mountains also explain why timberline is lower on the
coast. Walker (p. 93) took into consideration that most precipitation fell
from frontal cloud systems and placed the level of maximum precipitation at
4000 feet on the Coast for the whole year, but at 6000 feet in the Interior of
the province.  On the Coast there is a winter maximum in the precipitation
regime so that much of the annual precipitation at the altitude of maximum
occurrence will be in the form of snow. The result is an accumlation of
snow at lower altitudes on the Coast than could be possible in the Interior;
and the upper limit of forests is depressed.,

Over the Coast Mountains, total annual precipitation in excess of
160 inches was calculated by Walker (1961) for 1956, Measuring stations are
S0 scarce that similar amounts have not been actually recorded in the moun-
tgins. Walker (p. 90) gave the following monthly measurements at 3000 feet
on Hollyburn Ridge, for a yearly total of 114.2 inches:

J UF M A M J J a4 S 0O N D

Total ppt. 10.2 8.9 11.3 6.6 4.2 73 4¢3 3.2 8.6 13.4 20.2 15.4
inches '



25

The regime above shows the winter concentration of precipitation which
is largely in the form of snow. At 3120 feet on Hollyburn Ridge, the 7-year
average for annual winter snowfall is 302.8 inches (Climate of British Columbia
1960). Winter totals from the Cascade Mountains where vegetation is similar
to that in the Coastal Subalpine Zone show similarly large accumulations of
snowWw., Freeman and Martinv(l954) listed average winter totals of 400 inches
at 3000 feet on Snoqualmie Pgss, and 492 inches at 4400 feet near lMount Baker,
both in the State of Washington. The miximum avernge snowfall recorded in the
United States (575 inches) is from Paradise Ranger Station (5550 feet) in lount
Rainier National Park (Landsberg 1958).

In the present study, snow depth was recorded on upright graduated
poles at weekly intervals. These weekly values of snow depth would not be the
same gs cumulative daily totals as recorded in permanent climatic stations.

In the winter of 1960-6l, maximum rscorded snow depth was 175 inches at an
altitude of 4000 feet on Mount Seymour but only 56 inches at 3200 feet (Figure
6). As expected, there is also a difference in duration of snow cover between
the two stations. At 3200 feet the first snow was recorded on November 12,
1960, and, except for some snovw-free patches in the last half of December and
late January, there was complete snow cover until April 29. The last patches
of snow were gone by ihy 29, to give a total of 199 days of snow cover. At
4000 feet 2 trace of snow on October 8 disappeared and the first permanent snow
of the season was on October 29, 1960. The last patches disappeared by June
19, 1961 making the duration 234 days. These two examples are considered
representative for the lower and upper subzones of this bioclimatic zone.

Data were used from laboratory information in Geology 412 at the
University of British Columbia to show the relationships between seasonal pre-
cipitation, snow accumulation and stream discharge. The precipitation curve

(Figure 5) is based on 33 years of measuréments at an altitude of 583 feet in
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Seymour Velley. Average ionthly stream discharge (cubic feet per second) for
the Seymour River was theoretically convert:d to a unifornm distribution over
the eéntire areg of the drainage bacin by ths formula:

Bquivalent depth _ Cu. ft./sec. x 60 x 60 x 24 x 30 x 12
in inches - 5280 x 5280 x area in sq, mi.

For this particular watershed, months throughout a year may be placed
in three categories: (1) months when there is a net increasc in snow depth -
November to llarch inclusive; (2) months when there is a net decrease in snow
depth - April, May and June; and (3) months.when little or no snow remains -
July to October inclusive. These three periods are closely correlated with
the monthly changes in stream discharge (Figures 5 and 6)e

During the wettest months of the year most of the precipitation occurs -
as snow, and during the months when there is a net increase in snow there is an
excess of precipitation over runoff because most of the snow is stored in the
drainage basin (Figure 5). At the time of spring runoff, stream discharge in
equivalent iﬁches far exceeds precipitation. ‘he excess of discharge over pre-
cipitation in July results from the melting of late snow-patches in the Sub-
alpine Zone, even though the two stations represented in Figure 6 show no snow
remaining in July, 196L. |

The final feature of importance is the similarity in slope of the
precipitation and discharge curves when snow is not involved as a storage
factor. The normal increase in precipitation from August orwards is followed
by a proportionate increase in stream discharge, until freezing temperatures
and snow again hinder runoff. The secondary December peak in discharge is a
result of heavy rains in the levels of the watershed which are below snow-line
at that time of year.

The relationships described above indicate the necessity for knowledge

of subalpine climatic and ecological corditions if water production and run-
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off control are to be considered in land management.

b. Humidity and Temperature

Stevenson screens were placed near ground level with the sensitive
portion of the hygrothermographs 25 centimeters above the soil surface. During
winter, the screens were mounted on itrees so that they could be readily moved
up or down with fluctuating snov levels. The station near 3200 feet (BP 15)

was in a shaded mesic Vaccinium alaskaense association of the lower subzone.

The station at 4000 feet (BP 124) was more exposed and was located in a lithic

Cladothamnus association.

There are three distinct diurnal patterns of relative humidity
throughout the year in the Subalpine Zone (Figures 7 to 10 inclusive). The
first is the typical winter trace &s shown by the first four days in Figure 7
and the entire week in Figure 8. During this season relative humidity may
remain above 90 per cent for days at a time especially if cloud base is below
the altitude of the measuring station. Eis (1962b) observed similar traces in
lower elevgtions of the Western Hemlock Zone. Relative humidity in the Stev-
enson screen was often between 90 and 95 per cent even when it was raining.

It rose to 100 per cent only in time of heavy dew or fog.

The second diurnal pattern of relative humidity occurs during clear
summer weather. It is characterized by a very marked difference between day
and night, as shown in the top trace of Figure 9. The daily range of relative
humidity is greatest on the more exposed station at 4000 feet.

The third pattern is characterized by contimuously low humiditics
and is associated with temperature inversions during the winter. The trace
in Figure 10 shows humidities which are unknown at lower altitudes. Vancouver

reported relative humidities of 100 per cent when they were as low as 10 per
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cent at 3200 feet on Mount Seymour. From the evening of January 18 until
January 23 it was foggy at Vancouver Airport, but continuously clear at higher
altitudes on the mountains. Turner (1953) described similar periods of low
humidity for south coastal British Columbia. They occur mainly when warm, dry
tropical air overrides several hundred feet of cooler maritime air.

The great diurnal variations of relative humidity, particularly in
the summer months, make average values relatively meaningless. To characterize
humidity conditions at the two subalpine stations, , frequency distribution for
10 per cent humidity-classes was used (Figure 11). The original hygrothermo-
graph sheets from a 1l2-month period were sampled by two-hour intervals. The
humidity shown at every two-hour intersectlon along the trace was tallied in
the appropriate 10 per cent class. By this method, 2504 readings were tallied
for station BP 124 and 26387 for station BP 15 over the one-year period. The
results were plotted on logarithmic paper so that the small frequency of low
humidities could be shown. Figure 11 indicates the relative occurrsence of the
humidity features discussed in the preceding paragraphs., For example, humid.
ities between 90 and 100 per cent occur more than 50 per cent of the time, and

~humidities less than 20 per cent occur approximately one per cent of the time.
As expected, the shaded station showed a smaller frequency of humidities in
the lower classes than the exposed station (BP 124).

During the periodsvof uniformly high relative humidity, temperatures
do not vary more than three or‘four degrees daily and these uniform temperatures
are common during much of the ﬁinter (Figures 7 and 8).

In clear summer weather, the diurnal variation of temperature is much
greater on the relatively exposéd station at 4000 feet (BP 124) than at sea
level (Figure 9). Diurnal variation is much less in the shaded station at
3200 feet and it is a few degrees cooler than the sea level station at all

times of the day. On a cloudy summer day (July 23, Figure 9) the great
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differences in diurnal range between the shaded and unshaded subalpine stations
are eliminated, and both of them are 10 to 15 degfees cooler than the station
nesr sea level. The altitudinal gradient in temperature is best revealed during
cloudy weather in winter; temperatures at 4000 feet are usually 15 degrees

lower then those near sea level at this time of year (Figure 8).

During an inversion from January 18 to 23, 1962, temperatures at 3200
feet on the mountaiﬁ were ags much as 26 degrees warmer than those at Vancouver
Airport (Figure 10). The freezing level at this time was over 11,000 feet
which is a common summer position (compare to freezing levels for July 21 to
23, Pigure 9). Such conditions arc not common, but one or two invasions of
warm, dry tropical alr may be expected every winter. If the warm air mass re-
mains over the mountains for several consecutive days, snow levels may be
greatly reduced. The decrease in snow depth during December 1960 (Figure 6)
resulted from a prolonged temperature inversion. There can also be inversions
when there are outbreaks of continental Arctic air from the east., However,
these are of shorter durgtion because of heating from below by water surfaces.

In all months, the mean temperatures are lower for mountain stations
than for Vancouver Airport (Tablc II). The mean monthly temperature for
January was less than the mean temperature for February at Vancouver Airport.
In contrast, the January mean was considerably higher than the February mean
at the mountain stations. This reflects the importance of temperature inver-
sions during January. On the two mountain stations, the mean monthly minimum
temperature was always lower at the relatively exposed station (4000 feet).

The mean monthly maximum was higher at the 4000 feet station from June to
October inclusive but the mean monthly temperature is higher at the upper
station only during July, August and September.

 Schmidt (1960) stressed that conventional methods of compiling meteor-

ological data are of little use in relating climte to growth of trees, nor do



TABLE II

Suwimary of mean monthly, maximum and minimum temperatures for Vancouver
Airport and for 3200 ft. and 4000 ft. on Mount Seymour.
July 31, 1961

Aug. 1, 1960 to

Vancouver Airport (16 ft.):
Mean monthly max.
Mean monthly min.
Mean monthly termp.

Mount Seymour (3200 ft.) BPL5:
Mean monthly max.
Mean monthly min.

Mean monthly temp.

Mount Seymour (4000 ft.) BP124:

Mean montily max.
Mean monthly min.

Mean wmonthly teump.

Aug. Sept. Oct. Nove Dec. Jan. Feb. Har. Apr. Fay June July
8.5 63.1 56,7 4B.3 4he3 45.5 47.9 51.6 54.3 6l.5 7T0.4 73.9
55.4 149.6 47.1 38.5 34.3 36.1 39.3 40.1 43.1 48.4 54.2 57.8
6l./ 5645 51.8 43.4 39.2 40.8 43.5 45.0 48.7 55.0 62.3 66,1
47,2 46,9  40.2 31.4 31.3 33.7 29.0 28.9 31.7 39.0 43.6 53.1
50.7 50.1 43.0 33.2 34.0 36.8 31.2 31l.4 34eR2 42.3 53.6 57.6
59.8 &.6 47.6 34.6 36.3 39.0 31.3 32.2 35.3 44.6 6l.5 T2.4
43.5 40.5 37.0 28,2 29.0 31.8 27.3 27.0 29.5 36.9 44.0 48.4
'51.5 51.5 42.3 3l.4 32.4 354 29.3 29,6 32.4 40.7 52,7 60.4

o€
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they provide a means of describing and classifying altitudinal climatic grad-
ients. He recommended the use of accumulated temperatures on an hour-degree
basis in relation to various threshold values.

Summaries of accumulated temperatures are presented in Table ITI %o
allow comparisons with other bioclimatic zones (Krajina 1959). Day-degrees
above 43° F. were calculated from the difference between the daily mean temp-
erature and 43° F., when the former was more than the threshold value. The
annmual nunber of day-degrees over 43¢ F. was 1486 at the shaded station (3200
feet), 1642 at the more exposed station (4000 feet), and 3264 at Vancouver
Airport (16 feet)., These compare with 1500-3000 for the Coastal Western Hem-
lock Zone and 2500-3500 for the Coastal Douglas-fir Zone (XKrajina 1963). In
this same table, the number of days with a mean temperature over 32°¢ F. and
the accumlated day-degrees over 32° F, are also shown. With 32¢ F. as the
threshold value, the shaded station at 3200 feet was slightly warmer than the
higher station, whereas the opposite was true when 43° F. was used as a thresh-
0ld vglue.

Hour-degrees as recommended by Schmidt (1960) may be measured by a
planimetepr on thermograph sheets, or by taking direct hourly readings from
the trace and relating it to the threshold value. The latter method was uged
here but readings were taken only every two hours as recommended by Landsberg
(1958, p. 149). Because of its direct relationship to snow accumuilation,

320 F, was chosen as the threshold valuc. The results are presented in

Table IV as hour-degrees over 32° F. for each month. The monthly values
would not be directly comparablc because the months vary in length and
correction factors to obtain a standard month were applied. The magnitude of
temperature decrease with increased altitude is shown by the station at 4000
feet which has less than half the hour-degrees over 320 F, recorded for

Vancouver Airport. By this method, the 4000-foot station is cooler than that



TABLE III

Sumary of day-degrees over 43oF. and over 32°F. for Vancouver Airport and
Aug. 1, 1960 to July 31, 1961

for 3200 ft. and 4000 ft. on Mount Seymour.

Vancouver Airport (16 ft.):

No, days with mean temp. over A3°F.
Dev-degrees over A43°F.

No. days with mean temp. over 32°F.
Day-degrees over 32°F.

Mount Seymour (3200 ft.) BP15:

No. days with mean temp. over 43°F.
Day-degrees over 43°F.

No, days with mean temp. over 32°F,
Day-degrees over 32°0F,

Mount Seymour (4000 ft.) BP124:

No. days with mean temp. over A3°F,
Day-degrees over 43°F,

No. days with mean temp. over 320F.
Day-degrees over 320F,

Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July | Year
3L 30 31 15 8 12 15 23 27 31 30 31| 284
48T 401 268 42 20 44 46 119 168 380 581 708 | 3264
31 20 31 30 30 31 28 31 30 31 30 31| 3¢
828 731 €09 400 180 351 321 429 496 721 911 1049 | 7026
26 29 16 2 2 5 0 0 0 L4 27 31| 1%
209 231 85 6 2 33 0 0 0 97 324 454 |1486
31 30 31 20 22 23 11 16 23 30 30 31| 298
587 560 342 70 96 170 30 50 €8 330 650 794 | 3767
22 26 14 2 2 4L 0 0 0 10 26 31} 137
292 265 94 11 4L 37 O 0 0 80 317 540|164
31030 31 13 15 19 4 L 17 29 30 3| 264
609 587 312 51 65 144 13 30 60 274 637 880 | 3642

43



TABLE IV

Sunmary of hour-degrees over 320F, for Vancouver Airport and for 3200
ft. and 4000 ft. on Mount Seymour. Aug, 1, 1960 to July 31, 1961

Mug. Sept. Oct, |Nov. Dec. Jan. |Febs lar. Apr. | May June July! Year

£y

Vancouver Airport (16 £t.):

Hour-degrees over 320F, 21874 17631 14734 |8250 5527 6773 | 5979 9679 11757 (16966 21750 25088 |166,008
% GCorrected to std. month 21455 17978 14454 | 8366 5422 6644 | 6493 9495 11922 |16644 22055 24611
% of hrs. in month 32° or more 100 100 100 | 100 90.6 93.4 1 100 93.9 100 100 100 100

Mount Seymour (3200 ft.) BP1l5:

Hour-degrees over 32°F. 13744 13008 7840 [ 1650 2146 4092 | 860 1476 2236 | 7836 15502 18679 | 89,069

% Corrected to std. month 13483 13190 7691 | 1673 2105 4014 | 934 1448 2267 | 7687 15719 1832/
% of hrs. in month 320 or more 100 100 99.7 | 64.4 70.2 75,0 § 35.1 53.2 73.1 | 98.1 100 100

Mount Seymour (4000 ft.) BP124:

Hour-degrees over 32°0F, 13554 12298 5918 {1186 2116 3702 | 388 81 142/ | 6470 14222 19352 | 81,444
* Corrected to std. month 13296 1247C 5806 | 1203 2076 3632 | 421 798 1444 | 6347 14421 13984
% of hrs. in monbth 32° or more 100 100 96.0 1] 39.4 48.6 58,1} 21.7 39.8 58.1 1 94.4 100 100

¥ Gtandard month taken as 365/12 = 30.417 days. Correction factor for 28-day month = 30.417/28 = 1.086;
for 30-day month = 1,014; for 3l-day month = 0,981

€e
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at 3200 feet during ever; month except July, whereas in other methods of cal-
oulating accumlated temperature (Table III) this relationship was not elways
revealed so clearly. There is little doubt that the expression of data by
accunulated hour-degrees is more accurate, although more time consuming.

When accumulated hour-degrees are related to snow accumulation at
various altitudes, a lag in early spring warming is noted at the two subalpine
stations (Figure 12). Particularly in March and April, the high albedo of
snow surface prevents it from absorbing much heat. These relationships result
in a marked reduction of the growing season at higher altitude.

Ecologists have used temperature data in many different ways in
attempts to correlate it with plant life. Daubenmire (1938) and Kramer and
Kozlowski (1960) criticized methods of correlating temperature summations with
biotic features because it requires the assumption that sach degree of temper-
ature hasg the same significance. A further weakness is that interacting phases
of climate tend to make isotherms impractical as guides to the distribution of
vegetation (Krpmer and Kozlowski 1960).

Degrees along a tempergture scale may ordinarily be considered as a
continmuum as far as their direct influence on plant life is concerned, How-
ever, the physical chgnges which occur at the freezing point of water disrupt
the temperature continuum at this point. This is especiglly significant in
areas of high precipitation where freezing temperatures of a certain frequency
will cause snow accumulations that greatly shorten the growing season for
plants. FYor this regson, the remainder of this section is devoted to a
determination of the frequency of freezing temperatures at various altitudes

in the zone,
c. Freezing Levels

The hypothesis thayt radiosonde freezing level data could be used
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to determine the frequency of freezing temperatures on a mountain slope was
tested in several ways.

The nearest station from which readings were available was Port
Hardy (Latitude 50014' N, Longitude 127022' W) 225 miles northwest of the
study area. Daily readings at 4 p.m. (00:00 Greenwich Mean Time) and 4 a.m.
(12:00 Greenwich Mean Time), obtained from a balloon ascent which records the
altitude at which a freezing temperature is first encountered, are published
as geopotential kilometers above ssa level in the Monthly Bulletin Canadian
Radiosonde Data.

Radiosonde readings were converted to altitude in feet and the values
were plotted on the hygrothermograph sheets for the days shown in Figures 7
to 10 inclusive. Figures 7 and 8 are stippled when the freezing level was at
4000 feet or less on the basis of radiosonde readings. This stippling re-
presents the time when the temperature should also be 320 F. or less at the
same altitude (4000 feet) on a mountain slope if temperature measurement by
atmospheric radiosonde methods are comparable with those obtained from a
thermograph at a ground station.

From November 2/ to 28, 1961, when the freezing level was below 4000
feet at Port Hardy (stippled area, Figure 7) temperatures were also below
freezing at 4000 feet on Mount Seymour. When the level rose ahove 4000 fest
over Port Hardy, a correspording rise above freezing was shown at the 4000~
foot mountain station. Even smll fluctuations in the freezing level over
-Port Hardy coincide with changes in the thermograph trace on Mount Seymour,
225 miles avay (see Figure 7, 4 a.m., November 30, 1961). Further relation-
ships can be observed by stucdy of the graphs in Figures 7 and 8, and even
closer correlations could be expected if radiosonde data were available more
frequently than every 12 hours. For comparison, the freezing levels for one

weelt in the summer are shown in Figure 7, and the great change in freezing



36
level during a winter temperature inversion is shown in Figure 10.

The selected examples (Figures 7 to 10) do not necessarily prove
that the radiosonde readings can be used to characterize freezing levels on
a mountain slope. For example, a weather front between Port Hardy and the
local study area could disrupt freezing levels. Therefore, it was necessary
to test the relationship over a period of time.

The monthly frequencies of temperature 320 F. or over at altitudes
of 3200 feet and 4000 feet over Port Hardy, based only on radiosonde data,
show a remarkable similarity to the same information for the same 12-month
period based on thermograph data from stations at 3200 feet and 4000 feet on
Mount Seymour (Figures 13a and 13b).

To test the relationship further, a Chi-square test of the frequency
of freezing temperatures at 4000 feet or less over Port Hardy and at 4000 feet
on Mount Seymour was carried out for the season when freezing levels could be
expected to intersect the mountain-side (Table V). At the .05 level of prob-
ability, there is no significant difference in the f{requency of freezing
temperatures at 4 p.m. when the radiosonde and thermograph methods are com-
pared. At 4 a.m. there is a significant difference because the daily minimum
at the ground station occurs in the early morning as a result of nocturnal
cooling, But this lack of agreement for the early morning readings is a
result of the morning heat balance near the ground and is not necessarily
dependent upon the atmospheric fireezing level, nor does it reflect a fault
of the proposed use of atmospheric radiosonde data. Both a.m. and p.m. radio-
sonde readings could be used, and the only weakness would be an underestimatel
of the frequency of freezing temperatures at ground level in the eafly
morning.

The evidence above indicates that over a period of time the freezing

isothern will_intersect a mountain-side at an altitude similar to that measured
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TABLE V

Frequencies of freezing temperatures (4 a.m: and 4 pem.) at
an altitude of 4000 feet over Port Hardy and for the same
altitude on lMount Seymour. Sept. 1, 1960 to May 31, 1961

}:AOOO feet over Port Hardy 4000 feet on Mount Seymour
4 pele’ 4 a.m. 4 peme 4 a.ms
Freezing level Temp. 31.5°F. or
4000 feet or less 89 98 less at 4000 feet 99 123
Freezing level Temp. 31.5°F. or
over 4000 feet 184 175 over at 4000 feet 174 150
Total 273 Q13 273 273

Tests of significance: (P gg for 1 d.f. = 3.84)

at 4 pems’ 0.8l = no significant difference (
at 4 a.m. 4e75 = significant difference

some distance away. This will apply especially for relatively cold air masses,
which are more affected by obstructing mountain ranges than are warm air masses;
stable cold air may be slowed or even stopped in its movement by intercepting
high mountains (Davis 1959, p. 138). DPeriodic discrepancies can be expected
because it ig known that during flight over mounteins in cloudy weather, icing
may occur at lower levels than in the same air mass over level country (World:
Met. Organ. 1960), and the presence of a weather front between the radiosonde
station and the mountain in question could influence the altitude of the
freezing level. Purthermore, evapotranspiration and other vegetational in-
fluences could affect the freezing isotherm. .The forest cover on the 3200~
foot station, in contrast to the opemness at the 4000-foot station, would

have some influence on the frequency of freezing temperatures (Figure 13b),
but apparently none of these influences wass important enough in the com-

parisons hetwsen Port Hardy and Mount Seymour to disrupt the close relationships



100
90 b—

" sol—

) D0 b— —
S SR <
8 60 pm L ¥ - =
* ‘@ . { / P ’
’ > ' L X - Example: i
. @ : At & . .
% 50 . Freezing level is at 4000 ft. . |
L \ § or less 1.8% -of the time in
- . b _June, 23.5% in Moy, and 64.7%
't 40— Ny of the time in Dec., Jan., Feb., —
Ce " and Mch.. '
[T . : . .
‘o . ' A
30 b— i . e —_—
20 A 4 . ‘.
10 == /- e : ~ R —
' T T O A
= | i I , _
S 3. a 5 -6 7. 8 9 .10 Il 12 13 4 15 16 17
R e L ' o Alﬁfude, in }housonds of feet ‘ 4 _
Figure 14. Cumulative percentage ‘frequency  showing occurrence of freeziﬁg level at vorious Olfifudés. Data from
- Port Hardy, B.C., Jon.1,1959 to. May 31,1962, - . o '

lg @

bod ”Mouoj 6{"? '
| |

-~



38

shown. above., Therefore, it should be possible to determine from radiosonde
data the frequency of freezing temperature for any pe;iod of the year for any
altitude on a mountain-side.

Accordingly, a cumilative percentsge frequency (ogive) curve was
congtructed for altitudes up to 17,000 feet (Figure 14). These curves are
based on approximately 2400 published radiosonde réadings from January 1, 1959
to May 31, 1962, In cases where the temperature was below freezing throughout
the sounding, freezing level was tallied at the surface. In cases when there
was a temperature inversion, the free,ing level was not tallied at the ground
level but at the altitude where a freezing temperature was again recorded.

The results were plotted by months, but where two or more months showed a
simlar frequency distribution they were grouped. The curves are similar to
those published by the U. S. Navy (1956) and have a mumber of useful appli-
cations. They allow determination of the frequency of occurrence of the 320 F.
‘isotherm above or below any given altitude. There are two ways to read the
graph: 1if freezing level is equal to or less than 3000 feet in 32 per cent of
the observations during November, then obviously it'gs above 3000 feet during
68 per cent of the observations.

There is a great altitudinal lowering of the freezing isothern froﬁ
November to May inclusive (Figure 14). The curves also rise more sharply durihg
these months, particularly within the altitudinal limits of the lower subzone,
This meang that a smgll increase in altitude in the lower haif of the Subalpine
Zone will be associated with a relatively large increase in the frequency of
freezing temperatures during the winter months (Figure 15a).

To construct the histograms in Figure 15, an altitudinal range which
would include all mountains in the study area was selected (0 to 11,000 feet).
From a large-scale re?roduction of Figure 14, the frequency of freezing temp-

eratures for each month were tallied for every 500-foot altitudinal class.
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Months during which snowfall normally occurs in the Subalpine Zone were grouped
as Mwinter! months (October to May inclusive) and the remainder were grouped

as "summer" months. Freezing temperatures which were recorded at zero altitude
in FigurgﬂlA were excludsd in the computation for Figure 15 because they were
mainly gréund frosts and were not directly related to an altitudinal analysis
of freezing levels., Therefore, the 500 to 1000 ft. altitudimal class is the
first one shown in Figure 15. The bars are plotted at the rid-points of the
classes, and each bar shows the percentage increasc in the frequency of freez-
ing temperatures that could be expected for each additional 500-foot rise up a
mountain-side, The bars are additive to 100 per cent, but this does not mean
that the freezing level is below 11,000 feet 100 per cent of the time (Figure
1, shows that it is not). Percentages refer only to the particular altitudinal
range that was ghosen., The summer values are presented only for comparison and
are of little importance since the freezing level is usually above the Subal-
pine Zone during these months,

The 32°¢ F. isotherm most frequently occurs between 2250 and 4250 feet
in the period from October 1 to Moy 31 (Figure 15a), and in many individual
months the modal occurrence of the freezing level was observed ﬁo be in the
3250-foot altitudinal class. The concentration of winter freezing levels in
this altitudinal range coincides with the sharp increase in snow accumulation
gt this level on the mountains of the study area. At 3000 feet approximately
33 per cent of the observations from October 1 to May 31 indicate temperatures
at or below freezing (summation of the first five bars in Figure 15). This is
sufficient to maintain a snow cover:that greatly shortens the growing season.
The rapid increase in the frequency of freezing temperaturses up to the 4R250-
foot class accounts for the 117-inch difference in maximum snow depth between
the 3200 and 4000-foot stations (Figurs 6). This is the main climatic differ-

ence of the two floristically distinet subzones of the Subalpine Zone.
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D, The Vegetation
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In this section, the floristic features which identify the Sub-

alpine Mountain Hemlock Zone and which distinguish within it two altitudinal

TABLE VI

Vegetational characteristics of the Subalpine Zone

Character species
for entirc zone

Differentiating species
for lower subzone

Differentiating species
for upper subgone

ON MESIC HABITATS

Abies amabilis (low vigour)
Tsuga mertensiana
Vaceinium membranaceum
Rhododendron albiflorum
Sorbus occidentalis

Rubus pedatus

Rhytidiopsig robusta
Kigeria blyttii
Orthocaulis floerkii

ON WiET EDAPHIC HABITATS
Abies amabilis (high vigour)
Chamascyparis nootkatensisg
Valeriana sitchensis
Veratrum eschscholtzii

ON DRY EDAPHIC HABITATS
Cladothamnug pyrolaeflorus

ON MESIC HABITATS
Tsuga heterophylla
Menziesia ferruginea
Vaccinium alaskaense
Vaccinium ovalifolium

ON MESIC HABITATS
Vaccinium deliciosum
Cassiope mertensgiana
Phyllodoce empetriformis
Gaultheria humifusa

Pyrola gecunda

Cornus canadensis
Clintonie uniflora
Listera caurins

Listera cordata
Streptopus streptonoides
Hyprnum circinmdle
Rhytidiadelphus loreus
Lophocolea heterophylla

Luetkea pectimata
Saxifraga tolmiei

Deschamnsia atropurpurea

Hieracium gracile

ON WIiT EDAPHIC HABITATS
Salix commutata

Carex nigricans

Carex spectabilisg

ON WAT EDAPHIC HABITATS

Rubus gpectabilig
Athyrium filiy-fenina

Caltha leptossenala
Erigeron peregrinus

Hippuris montana
Juncus drummondii

Blechnum spicant

Lescuraea baileyi
Pilophoron hallii

Lysichitum americanum

Leptarrhena pyrolifolia
Parnagsia fimbriata

Streptopus amplexifoliug
Streptopus roseus
Tiarella trifoliata
Tiarella unifoliata
Mnium spinulosum
Scapania bolanderi
Plagiothecium undulatunm

ON DRY EDAPHTIC HABITATS
Goodyera oblongifolia

Tofieldig glutinosa
Juncus mertensianus
Andreaea nivalis
Gympord trium variang
Polytrichum norvegicum

ON DRY EDAPHIC HABITATS
Saxifraga ferruginea
Lugulg wahlenberegii
Lyconodium sitchense
Cetraria islandica
Cetraria stenophylla
Crocvnia membranacea
Andreaea rupestris
Grimmia alpestris
Oligotrichum hercynicum
Umbilicaria torrefacta
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subzones gre discussed. There is also an enumeration of species which occur
sporadically within thc zone, and finally some of the more important zonal
influences on the vegetation are presented. The latter section deals with
vegetation patterns, height growth of trees and relations of tree height to
diameter with increasing gltitude, the influence of snow on basal crook in
tree stems, and relative turgidity measurements of amabilis fir and mountain

hemlock needles from tress in the upper and lower subzones.
l. Zonal and Subzonal Floristic Features

The low forest productivity and the relative inaccessibility have
helped to keep the vegetation undisturbed. There are no anthropogenous com—
minities in the zone Bnd few introduced species.

The zonal character species are shown for mesic, wet and dry
habitats in the first column of Table VI. In addition, there is a tabulation
of differentiating speciesg for the lower and upper subzones, IMany of the
differentiating species for the lower subzone occur also in the Coastal
Western Hemlock Zons at lower altitudes. But when they occur in combination
with the zonal subalpine speciss of column onc in Table VI, they can be used
for differentiation of lower subalpine conditions,

Mountain hemlock is the most common large trees in the zone (Table
VII). Of all trees measured on 71 forested sanple plots, 46.7 per cent of
the trees larger than the 10~inch diameter class were mountain hemlock, 38.4
per cent were amabilis fir and only 14.9 per cent were yellow cedar. Con-
versely, amabilis fir was tho most abundant tree in the 10-inch class or less;,
followed by mountain hemlock and yellow cedar. Almost 70 per cent of the
amabilis fir on the sample plots were in the 10-inch class or lsss, 67.0 per
cent of the cedar, and-53.3 per cent of the mountain hemlock (Table VII).

Silvical characteristics of mountain hemlock were summarized by



TABLE VII

Proportion of species, size distribution, and frequency
of basal snow~crook on 71 forested plots in the Subalpine

Zone.
Amabilis Ycllow Mountain Total
fir + cedar hemlock
No. % | No. % No. %
Trees 10" class or less | 1054 51.4 | 360 17.6 | 634 31.0 2048
% of total for species 69.7 67.0 53.3
Trees over 10" class 457 3844 | 177 14.9 | 556 46,7 1190
% of total for species 30.3 - 33.0 46.7
Total | 1511 537 1190 3238
Trees 10" class or less 222 133 255 610
with snow-crook
% of total possible 21.1 36,9 40.2
Trees over 10" class ' 18 3 53 74
yith sSnow-crook
% of total possible 3.9 1.7 9.5

Dahms (1958) and the 1962 review by Fpanklin collects many additional referen- .
ces for the species. Heusser's (1960) range mp for mountain hemlock is the
best available. Schmidt (1957) discussed the silvies and distribution of
amabilis fir in detail, Dimock (1958) reviewed the silvical characteristics
of the species, and Haddock (1961) recently published new information on the
distribution of amabilis fir. Silvical characteristics of yellow cedar were
discussed by Sudworth (1908), Betts (1953) and Andersen (1959).

As thc zoral species in the study area, mountain hemlock grows on a
wide variety of habitats. It can regenerate in densc shade, on decayed wood,
or on humus. When it occurs in seepage habitats at lower levels of the zone,
it is often confined to humps created by irregularities in the topography or
by accumulation of organic matter; the species tirives on emminences of its

own making. In the upper portions of the Subalpine Zone, ridges are the most
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podzolized areas and mountain hemlock is the most successful tree specles there.
Even on relatively bare areas, such as morainal surfaces, it will germinate
and grow successfully. It is also the first tree species to imvade the Ehyllo-

doce - Cassiops heaths (see Plate I, F and Plate II, C), as discussed by Brink

(1959). The sparsely distributed trees on the upper slope in Figure 3 and in
Plate I, C are all mountain hemlock. It is clearly the zonal species for the
area.,

Anabilis fir and yellow cedar, which are both typical Pacific Coast
elements (Porsild 1958), are stiongly controlled by edaphic conditions. The
most productive forest stands are on warm southwest slopes near the lower limits
of the zone, and amabilis fir contributes the greatest volume on such stands
(see Figure 25A - the typical subassociation of the Streptopus association,
and Plate I, A). Amabilis fir is abundant in all layers because it is the most
shade tolerant tree on the coast of British Columbia, and its best development
is in seepage habitats where it even grows in depressions. When raw humus is
thick, amabilig fir regensration is far less successful than mountain hemlock.

Yellow cedar has a distributional range similar to mountain hemlock
except that it is very uncommon in the Interior of British Columbia. However,
on a local scalc thc two species have little in common; where mountain hemlock
grows well, yellow cedar does not, and vice-versa. Yellow cedar has some
features which adapt it well to subalpine climate conditions. For example,
the drooping and vertically-disposed branchlets prevent great accumlations of
snow in the crowns of this species. Nevertheless, it is at a disadvantage bew
cause it does mot grow well on the very acid raw humus which covers so much of
this zone. Its best development is on secepage slopes, often in combination
with large amagbilis fir (see Figure 25B, the degraded subassociation of the
Streptopus association). The oldest tree found in this study was a recently-

felled yellow cedar at 3500 feet on Mbunt'Seymour. A count of rings on its
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stump showed that it was at least 800 years old, an indication that yellow
cedar is highly resistant to decay. In the upper subzone, yellow cedar accurs
as a gnarled shrub around isolated clumps of mountain hemlock {Platc I, D) or
marginal to seepage and moor areas (Plate II, A).

A common feature of subalpine vegetation is the substitution of
different species in a genus that is common in lower bioclimatic zones: as
examples, Tsuga heterophylla is replaced by Tsuga mertensiana in the Subalpine

Zone; Sorbus sitchensis by Sorbus occidentalis; and Vaceinium parvifolium by

Vaccinium alaskasense.

2. Sporadic Species in the Zone

Western hemlock (Tguga heterophylla) is common up to 3200 feet on

Mount Seymour and up to 4000 feet on Paul Ridge. It is the most common low-
elevation tree species in the zons. Tolerance to podzolization and raw humus
allows its growth in subalpine areas in contrast to Douglas-fiy (Pseudotsuga

nmenziesii) or western red-cedar (Thuja plicata). The latter species is re-

stricted to moist edaphic habitats at lower altitudes, and in coumparable sub-
alpine habitats it is replaced by yellow cedar. Western red-cedar shows little
frost resistance so its occurrence in the study area was limited tc the lower
Lysichitum sites at 2900 feet on Hollyburn Ridge. Taxus brevifolia, another
sporadic species in the Subalpine Zone, occurred with western red-cedar on the
same site.

Western vhite pine (Pinus monticola) is very sporadic in the zone
and the largest tree was found in a moist Lysichitum association., Stunted in-
dividuals of white pine occur on exposed rock outcrops but the species is rapid-
ly being reduced in abundance, mostly through the action of white pine blister
rust. Dead trees of the species are common., On Hollyburn Ridge at 3200 feet,

1/ dead standing white pines were counted on a 1/2-acre portion of a Cladothamnus

ridge.
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Lodgepole pine (Pimus contorta) occurs on exposed rock outcrops near

The Lions and has been reported on the top of Crown Mountain (Krajina, personal
commnication), but it is otherwise very rare in the zone. Whitebark pine
(Pinus albicaulis) was seen at Garibaldi Lake, north of the study area. Alpine

fir (Abies lasiocarpa) occurs at the tree-line near Diamond Head and in the Eeno-

gstuck Meadows. These locations extena the range of alpine fir to the west
slopes of the Coast Mountains where it had not previously been mapped by Alex-
ander (1958). The only other sporadic tree species in the zone is Sitka spruce
(Picea sitchensig) on the subalpine Oplopanax association at 3760 feet above
sea level (Paul Ridge). This is an important extension of its recorded alti-
tudinal range since Ruth (1958) stated that it was not recorded above 2500 feet
in southern British Columbia. As expected, many of thc low elevation species
which reach their upper limit in the Subalpine Zone occur there in much reduced
vigor (see site indices for western hemlock in Table XII, Chapter VI).

Lonicera utahensis, which is a common shrub at lower elevations in

the Interior of British Columbia, occurs at 3700 feet on Paul Ridge, and Letharia
vulpina, a lichen commonly associated with the Interior Douglas-fir Zonc (Bray-
shaw 1955), was found on dead branches of yellow cedar at 4600 feet on the same
mountain. Other interior species which were collected in the Coastal Subalpine

Zone are Saxifraga lyallii and Habenaria dilatata. The most important Arctice

Alpine elements (Porsild 1958) sporadically present are: Enpetrun nigrum,
Vaceiniun uliginosum, Epilobium latifolium, and Oxyria digyna. Cladonia
pacifica, which Ahti (1961) described as a lowland species, was collected far

above its normal altitudimal range at 4390 feet near The Lions,

3. Zonal Influences on the Vegetation

a. Patterns in the Vegetation

Two levels of vegetational zomation must be recognized, Bioclimatic
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Figure 16, Biotic zonation associat.ed with deereasing snow duretion from A
to E. The dominant species in eech band are: A, Qarex nigricans; B, Phyllo-
doce empetriformis and Casgiope mertensiana; C, Vaccinium deliciosum; D,
Veccinium membranaceum; E, Rhododendron elbiflorum and Tsuga mertensiana.

Figure 17. Closer view of zonation parallel to a clump of Tsuge mertensiane.
A, Vagginium membranaceum; B, Vaceinium deliciosum; C, Phyllodoce empetri-
formis and Cassiope mertensiena,
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Tigure 18, Small-scale vegetation patterns controlled by duration
of snow. Phyllodoce empetriformis and Cassiope mertensiana occur
beneath these late snow-banks, 4400 feet, July 13, 196l.

gzonation has already been discussed; it is the basis for the recognition of a

disbtine’ Coastal Subalpine Zone. However, within the zone, vegetation patterns

as sho'm in Figures 16 and 17. Irregular topography allows uneven accumulation

of snow an? in Figure 16 the snow remains longest in the depression at the

®

right. The sequence of cecreasing snow duration from the depression to the
ige of the %trees on the slope results in biotic zonation. Each zone has
distinet dominant species and the boundaries are sharp. Figure 17 is a closer
view of this zonation parallel to a group of trees. Proof that these small-
scale vegetation prtierns are closely correlated with the duration of snow ic

given in Figures 18 and 19, Note how closely the dark green patches of

Phyllocdoce empetriformis and Cassiope mertensiana match thc last patches of

snow in Figure 18, The aspect of a slopec may cause similar differences in
vegetation through differences in snow duration. In Figure 19, snow had dis-
appeared from the warmer southeast slope of a ravine by July 13. A distinct

agssociathtion of dwarf moun®@in hemlock was established on this slope. On the
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Figure 19, ‘Dwarf mountain hemlock established on warm south-
east slope of ravine where growing season is longer. One to
three feet of snow remain over the Phyllodoce - Cassiope area
on northwest slope, July 13, 1961, 4300 feet.

opposite northwest slope, where one to three feet of snow remained, an assoc-
iation of Phyllodoce and Cassiope was present. On certain aspects, thc steep-
ness of the slope may also influence snow duration and vegetation. The well

developed Phyllodoce - Cassiope association shown in Plate II, D was on a 14

degree southeast slope, but not far below where the slope steepened to 36

degrees clumps of mountain hemlock surrounded by Vaccinium membranaceum were

developed. The steeper slope was more at right angles to the sun's rays and
the increased insolation would lengthen the growing season sufficiently to
allow the establishment of mountain hemlock. The more heavily forested slope
in the center of Plate III, A (Appcrdix IV) shows a similar phenomenon. Snow
neasurements showed that this southwest slope was free of snow a month before

the surrounding Phyllodoce - Cassiope areas where trees are ruch rore sparse.

These examples clearly indicate the influences of topography, slope and aspect.
The distinguishahle vegetation units shown in Figures 16 and 17 do

not occur only as narrow bands along sharp environmental gradients. In places
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where changes in snow duration are more gradual, the units may cover larger areas.
It was in such areas that sample plots were located for floristic analyses. The
zones shown in the photographs above were too narrow for sampling by plot but
their relative position along an obvious gradient df snow duration provided use-
ful information which would have heen less detectable where the associations cover
broader areas,

A characteristic of the upper subalpine region is the isolated clumps
of trees. Shaw (1909) recorded similar features in the Selkirk Mountains, where

he groups were mostly confined to spots where, from local contours, the snow

had not accumulated so deeply. This is a possible explanation for the origin
of such clumps. At present, many clumps are on ground no nigher than the sﬁrn
rounding heath-like areas, but initially the trees must have established on higher
points of morainal material which were the first to be free of snow. Subsequent
smoothing of morainal surfaces by organic accumulations or by erosion could mask
the small prominences on which the trees originally developed. Mountain hemlock
is known to be a successful pioneer species on glacial moraines (Lutz 1930), and
once it grew to a height greater than the winter snow level it could hasten
the melting snow around the clump. BEvergreen trees reflect only 7 per cent of
the radiant energy which falls on them, whereas a fresh snow surface reflects
from 80 to 90 per cent (Landsberg 1958, p. 122). A result is increased melting
of snow near the isolated clump; this is in contrast to conditions under a closed
forest canopy where shading delays snow melt. This influence on the ecoclimate
is aided by interception of some snow by the tree's crown. Whcn this smow melts
and when it rains, thc dripping also helps to melt the snow around the tree or
clump of trees. The combination of these three factors createsopenings as shown
in Flate I, D. Thué the growing season ray be one month longer in this band near
the clump than it is just a few yards away in the heath-like area., As a.result,

zonation similar to that shown in Figure 17 occurs around every tree clump. The
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lengthening of the growing season near the tree clump also means that this is
the only place where mountain hemlock has a chance to germinate; thus the clumps
are self-perpetuating.

Wind is not a control of tree-line in this zone as it is in the
Rockies (Daubemmire 1943). Mountain hemlock and alpine fir at their tree limit
near Little Diamond Head in Garibaldi Park did not have asymmetric tops and they
reached their greatest altitude on ridges where snow accummlation was less.
Daubennire (1943) and Shaw (1909) gave these as criteria of a snow-controlled
upper limit., In contrast, where wind controls timberline the upper parts of the
trees are asymmetrical and the highest occurrence is in the leé of obstructions
or in sheltered valleys (Daubenmire 1943).

In sharp contrast to lower altitudes, the short subalpine growing
season allows only two clearly marked seasonal aspects - a hibernal and an
agstival, The seepage communities which have the highest mmber of herbaceous
plants naturally have species with different antheses: for example, in the
Lysichitum association Coptis asplenifolia flowsrs before any other species;
and at higher elevations Caltha leptogepala and Leptarrhena pyrolifolia flower
in late June but Parnassia fimbriata not until late August. However, the dif-
ferences are insufficient to distinguish separate vernal and aestival aspects.

Along the margins of mountain streams or on slopes of abundant
seecpage certain species nay franscend their usual altitudinal range (Table

VIII). Alpine and subalpine species, such as Valeriana sitchensis, Parnassia

- fimbriata, and Senecio triangularis reach their lowest limits at 3000 feet on a

very wet Lysichitum area and the low elevation species Thuja plicata, Taxus

brevifolia and Maianthemum dilatatum reach their highest limits on the same area

to give an unusual combination of species (Table VIII). These examples show that
certain edaphic conditions can over-ride the influences of macroclimate and al-

titude. It is for similar reasons that large arsas of "alpine meadows' extend



TableVIII}omparison of species in ses
values and by cheracteristic cover degree,
altitude from:700 feet in the Western Hemloc
Mountain Hemlock Zone.
See legend at bottom of next page.

Values for plots B-95,

page communities by cover degree—abundance

Plots are listed in order of increasing
k Zone to 4800 feet in the Subalpine
&-58 and E~10 taken from Orloei,1961,

. Vaccinium alaskaensse - Lysichitum forest type [Leptarrhena — Caltha
non-forest- type of the
[West. Hemlock Subalpine Mountain Hemlock Subalpine-Alpine trans-
< Zone . Zone . ition Zone
Plot Number E- B B BP- BP-~ BP- BP~ BP- BP- BP- ‘8P~ BP- BP- BP~ BP~
% 58 10 49 126 127 128 18 41 89 8 % 719 13 70
Locality ® SCH sM M H H H S SM RM RM G RM RM RM
Elevation (ft.) - hundreds | 7 11 29 29 29 29 30 30 30 40 40 42 45 47 48
Exposure B! SE SB SW SW W NW SW N SW SE 8W 8W W
Slope (degrees) 41t 15 15 8 7 20 27 25 10 2 14 10 9 4
Snow Cover (weeks),estimated 0 0 26 26 26 26 26 29 29 34 34 36 36 37 37
% Cover, layer A 75 50 30 80 75 60 80 45 55 30 - - . - -
B 50 65 4o 50 .65 35 55 65 45 4o - 115 - -
% 9% 55 80 60 65 65 65 65 5 70 90 9. 98 85 8
D 85 60 60 95_90 95 73 8 65 88 8 85 70 90 %
LIST OF PLANTS by
'é k4 bhar.w bhar fhar,
Layer At n g cova cov cov,
deg. de, deg, |
Plces sitchensis __ 4+ ¢ |-
Alnus rubra 2 3 15
. " . 3 4
 Pinus monticola ¥ o+ |+ B =
Thuja plicata 1] 8 + 95 5 50
L] n 2l 8 5 . 5
L » 3l & 3 . N .
Tsuga heterpphylla 1 3 28 6 5 4 o 24
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well down into the Subalpime Zone, especially in moist edaphic habitats. For
example, plot BP&9 at 4000 feet (Table VIII), even though it is partially forest-

ed, is floristically closer to the Leptarrhena - Calthe leptosepala than to the

Lysichitum associations of lower altitudes. This transitional plot is a good
exgmple to show that the Lysichitum habitat is occupied in the upper subzone of

the Subalpine Zone by the Leptarrhena - GCaltha association.
b, Altitudinal Influences on Trees

In this section there is a discussion of changes in height/dianeter
relationships with increasing altitude. An analysis of basal snow-crook in
subalpine species is presented becausc of its possible applications to soiifluc—
tion and snow-creep studies in the Subalpine Zone (Mathews and MacKay 1962).

In the final part of the section, relative turgidity measurements which were
taken on two altitudinally and ecologically distinct habitats are discussed.

Average maximum height of mountain hemlock is as great as 139 feet
at the lower limit of the zone and as low as Tl feet near the upper tree limlt’
(Table XII). In extreme cases height growth is only five feet in 100 years"jh
(Figure 20), For larger trees it was noted that the reduction of maximum heightﬁa
with increasing altitude was not accompanied by a_proportionate reduction in
maximum dianmeter at breast height. The result is a marked increase in taper of
tree trunks. One way to express it is with an index that relates diameter and
height (maxima) to one another.

Indices were calculated for the tallest mountain hemlock with an un-
broken top on each of 44 sample plots on Hollyburn, Seymour and Grouse Fountains,
with the following formmla:

Index = DH max, X 100
Bhax, x 12

where, Dy pax, = d.beh, of tallest tree, in inches

H = height of tallest tree, in feet

TaXe
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Mountein hemlock was chosen because it extended over the widest altitudimal
range of the three subalpine species. It also showed the lowest percentage of
wind-broken tops, even if it is the most common species in exposed habitats.

To analyse the influence of altitude on the index, it was necessary to restrict
the sample to the Seymour - Grouse - Hollyburn areas where the altitudinal
range of mountain hemlock is similar., On Paul Ridge, the lower limit of
mounﬁain hemlock was nearly 1000 feet higher than in the Seymour area, Obvious-
ly samples from these two localities would need to be treated separately if
elevation is being considered as an independent variable.

An inerease in dilameter-height index is shown for increasing alti-
tude in Figure 21. The regression equation was calculated with elevation ex-
pressed in units of one hurdred feet so that the index value on the y-axis has
been increased by a factor of 10, The increased index value with increasing
altitude is partially explained by characteristics of diameter growth in ex-
posed trees. Bgker (1950) stated that in exposed trees annual rings increase
in thickness from the base of the crown downward, and in a study of wind sway
Jacobs (1954) found that sway increased diameter growth of roots near the trunk
and increased eccentric trunk development along the line of the main winds,
Although winds are less frequent in coastal subalpine areas than in interior
mountains (Daubenmire 1943), exposed trees at higher altitudes may have good
diameter growth from the base of the crown downwards. Even near their upper
limit, trees can have g large diameter at breast height far out of proportion
to the total height of the tree. Studies of environmental and altitudinal in-
fluences on auxin balances within the trees would probably explain some of
these relationships.

The weight and movement of snow on subalpine slopes greatly depresses
the stems of shrubs and small trees. Plate III, B shows the force exerted on

dwarf mountain hemlock by snow creep as late as July 7, 1962. These small trees
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can return to an upright position for only a short time each year. When they
are tall enough to exceed the maximum winter snow depth, the upper trunk and
crown will usually be upright, but a distinct basal snow crook remains as evi-
dence of the great force of snow creep.

Basal snow crook has been mentioned only rarely in the literature,
even if it is a common feature of subalpine trees. Sudworth (1918) recorded
the phenomenon in mountain hemlock and Kienholz (1930) discussed anatomical
features of wood from the base of "pistol-butted“ trees.,

When trees were measured in the present study, snow crook was re-
corded if it was noticeable. A summary of its occurrence on 71 forested sampie
plots is given in Table VII, page 42. For trees larger than the 10-inch diameter
class, 9.5 per cent of the mountain hemlock had basal crook, l.7lper cént of
the yellow cedar, and 3.9 per cent of the amabilis fir. In the 10-inch class or
less, 40.2 per cent of the mountain hemlock were affected, 36.9 per cent of the
yellow cedar, and 21.1 per cent of the amabilis fir.

As Sudworth (1918) pointed out, subsequent growth fails to straight-
en entirely the bent stems, but the figures above show that the phenomenon is
much less noticeable in older and larger trees. The frequency of snow crook is
especially reduced for yellow cedar larger than the 10-inch diameter class.
There are two probable reasons for this. First, the characteristic butt-swell
at the base of large yellow cedar trees would obscure the earlier effects of
snow crook, and secondly, most of the 177 trees measured in the larger diameter
classes occurred in associations near the lower limit of the subalpine zone
where the force of snow-creep would be less. Conversely, yellow cedar in the
small diameter classes extends to higher elevations and a mgrked increase in
the frequency of snow-crook is evident.

When the three subalpine species were compared, there was a very

highly significant difference in the frequency of snow-crook. However, when
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only yellow cedar and mountain herlock were compared there was no significant
difference (Table IX). These relationships were examined further in an atterpt
to learn more about differences in species responses to great accumulations of
snow. The Alwac III-E conmputer was used for a multiple regression analysis of
seven independent variables on the percentage of trees exhibiting snow-crook.
Details of the analyses are provided in Appendix II, but the main findings are
sumnarized below,

The regression analyses were carried out with the standard S-7.1
programme which provided a stepwise reduction analysis. This gave an indica~-
tion of the relative importance of each independent variable., Amabilis fir
was treated separately since it showed the effects of snow-creep much less than
the other two species. The independent variables in decreasing order of im-
portancce for amabilis fir were: steepness of slope, total basal area on plot,
length of slopc above, percentage cover by the tree layer (crown closure),
snow duration, altitude and aspect. The coefficient of determimation (100 R*)
for all variables was 53.9 per cent, Only the first two variables were sig-
nificantly correlated with the percentage of treeg showing snow crook; steep-
ness of slope at the .01 level of probability, and total basal area at the ,05
level.

For mountain hemlock and yellow cedar, decreasing order of import-
ance for the same variables was: steepness of slope, elevation, length of
slope sbove, aspect, percentage cover by the tree layer, snow duration, and
basal area. In this case the coefficient of determination for all variables
was only 42.3 per cent, and steepness of slope was the only variable signifi-
cantly correlated with the percentage of snow crook (.01 level of probability).

The results indicate some weaknesses of suéh a rmultiple regression

stepwisc analysis. One fault in the above analysis is that some independent

veriables were inter-related (snow duration, aspect and elevation; or bagal
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TABLE IX

X*~test of differences in frequency of basal snow-crook in three
tree species for 10-inch class or less on 71 sample plots.

Anabilis Yellow Mountain Total
fir cedar hemlock
Trees with crook 222 133 255 610
Trees without crook 832 227 379 1438
Total 1054 360 634 2048

X* = 99,77 = very highly significant.
(for 2 degrees of freedon, ¥ = 5,99 at the 5% level)

Trees with crook - 133 255 388
Trees without crook 227 379 606
Total 360 634, 994

X* = 1,04 = not significant.
(for 1 degree of freedom, X° = 3.8, at the 5% level)

area and per cent coverage by the tree layer). When a regression is applied
to such a cormplex of factors, the variance due to the complex ig attributed to
several factors, none of which can appear significant precisely because of the
intercorrelations within the group of factors (Canada Department of Forestry
1961).

In addition, the relationships between many variables are non-linear,
For example, the length of slope in the analysis above should probably not be
forced into a linearly additive model., Snow creep and its influences on trees
should be negligible at the crest of a ridge but would increase in inportance
on the shoulder of the ridge. However, a maximum rate will be reached some-
where on the slope beyond which increased length of slope above will have little

or no effect. (W. H. Mathews, personal communication),
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The non-linear relationships of some variables impose limitations
upon such methods of anslysis. The necessary precautions are well sxpressed
below (Canada Departuent of Forestry 1961):

"A multiple regression analysis is only a tool to be used as a
guide in preliminary work on construction of more realistic
models. At best, this procedure will yield the researcher a
rough idea as to which variables are accounting for a signif-
icant proportion of the variance in the system. At worst,
blind application of multiple regression analysis leads to
erroncous conclusions. A significant regression coefficient
may not mean that & factor is important; rather, the factor
nay be highly correlated with some factor which is important
but ip mot included in the regression analysis.!

These limitations account for the low coefficients of determination
above (53.9 per cent for amebilis fir, and 42.3 per cent for mountain hemlock
and yellow cedar). But even if some important factors were omitted from the
regression analyses, steepness of slope is indicated as the most important con-
trol of snow-crook. However, it was noted in the fieldthad snow-deformed stems
were also common on the smll trees which grew around groups of larger trees.
These groups, mainly of mountain hemlock, often occurred on distinet prominences
on plots that were otherwise of gentle slope. Data from such plots were not
used in the regression analyses because it was impossible to quantitatively ex-
press steepness of the slope when the elevated clumps of trees made the topo-
graphy irregular. Only sample plots of uniform slope were used in the analyses
but this neglected the influence of snow cascading down from the crowns of
larger trees onto the smaller trees around the group. Mountain hemlock and
yellow cedar are the usual species around these elevated groups of mountain
hemlock, whereas small amabilis fir trees often occur in the depression be-
tween the humps. Therefore, mountain henlock and yellow cedar would be most
subject to deformation by cascading snow from the larger tree crowns. Failure

to include this &s a variable in the regression analyses resulted in a lower

coefficient of determination for these two species than for amabilis fir.
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Persistence of lower branches can also influence the incidence of
snow-crook., Dahms (1958) observed that natural pruning was poor in mountain
hemlock, and in this study branches persisted almost to the ground in both
mountain hemlock and yellow cedar. This would provide more surface area against
which the forces of snow creep could act. Conversely, amabilis fir prunes it-
self better and should be less subject to deformetion by the down-slope forces
of snow. These species differences are reflected in the lowest incidence of
snow-crook in amgbilis fir for trees of the 10-inch diameter class or less
(Table VII). The omission of lower branching habit as an independent variable
could also account for some of the unexplained portion of variation in snow-
crook for mountain hemlock and yellow cedar.

Altitude was not significantly correlated with the percentage of
trees with basal snow-crook in either gnalysis because samples were taken from
the Subalpinc Zone only, If some samples had been taken from below the levels
of heavy winter smow accumulation, altitude would have been more important as
a variable. This would have been posgible only with amabilis fir because it
is the only species whose range extends downwards into = relatively snow-free
bioclimatic region. DMountain hemlock and yellow cedar are restricted to an
altitudinal range which is influenced by the forces of snow accurmlation
throughout. Even near the lower limit of these species there is enough snow
to deform the stems of small trees so that increasing amounts of snow with
increasing altitude do not result in a significant correlation with the oc-
currence of basal snow-crook. In conclusion, some of the variation of this
particular phenomenon is related to silvical characteristics of the species
involved, but unless more realistic regression models can be constructed, it
is unwisc to attempt to fit a mltiple regression to such e complex natural

pheromenon,

Influences of altitude and exposurc were clearly shown by needle



to follow page 58

Figure 22, Terminal portions of lower branches from which needles
were cut for relative turgidity measurements: A.Abies amabilis;

B. Tsuga mertensiana. In both cases, the lower sample is from
near BP15, and the upper from near BP 124.
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morphology of ambilis fir and mountain hemlock collected at different levels |
in the Subalpine Zone. The dense, stiff needles of open-grown trees are shown
in the upper portion of Figure 22. They were collected from an altitude of
4000 feet in the upper subzone (see Figure 23). The lower portion of Figure
22 shows the more sparsely distributed needles on terminal branches collected
from shaded subalpine forest of the lower subzone (nmear BP 15, 3200 feet).

Four 1/2-inch lengths of twig were sampled from each of the terminal
portions of lower branches shown in Figure 22, and the measurements are sum-
marized in Table X, The branches from more exposed trees in the upper subzone
had approximately twice as many needles on a given length of twig in both
species. Average length of needle was not markedly different in either species
from the two altitudes, but average thickness was much greater on the needles
from the higher altitude. This would be a result of the well-known difference
between sun and shade foliage where there is a much thicker layer of palisade
cells in foliage exposed to full sunlight. The resulting differences in length/
thickness ratio are clearly shown for the four branch collections in Table XZ.

These morphological differences occurred on two localities which
were altitudinally and environmenﬁally distinct. Because of such distinct
differences, these localities were good sampling points at which to test the
sensitivity of a measurc of the internal water balance. Kramer and Kozlowski
(1960) stressed that 5ll other phenomema or factors related to soil moisture
are important chiefly because they affect the internal water relations of trees
and thereby modify the physiological processes and conditions which affect
growth, A measure of relative turgidity which describes the actual water con-
tent of plant tissues relative to what it would be if the tissues were fully
hydrated was proposed by Weatherley (1950) and has been used for tree species
in British Columbia by Bier (1959) and Baranyay (1961). Similar methods were

used here with some modifications as discussed below,
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TABLE X

Surmary of length/thickness ratios in needles of Tsuga
mertensiana and Abieg amabilis from 4000 feet and 3200
feet on lount Seymour (values in inches).*

Tsuga mertensiana Apies amabilis
Sample Needles on Av.  Av, L/T Needles on Av.  Av. L/T
Nos. % in. twig Length Thick. Ratio 4 in. twig Length Thick, Ratio

A, Exposed, open-grown trees, elevation 4000 ft1:(BP124)

1 28 .532  .,029 18.3 37 .632 024 26.3
2 29 «541  .032  16.9 36 J65 027 28,3
3 25 .510 028 18,2 32 B41 0 W06 32.4
4 33 «523 027  19.4 31 808,027  29.9
Averags 28 18.2 34 29.2

B, Shaded trees beneath forest canopy, elevation 3200 ft.: (BP15)

1 15 623 010 6.3 16 o850 ,016  53.1
2 17 .538 ,010 53.8 15 697 L016 43.6
3 14 « 561 010 56,1 17 791 015 52,7
4 20 .582  .010 58,2 16 756 L0l6  47.2
Average 16 57.6 16 9.2

*411 needles on a standard 1/2-inch length of twig were measured as
one sample. Leaf thickness was measured to the nearest one one-
thousandth of an inch with a STARRETT Comparator., Leaf length was
neasured only to the nearest twentieth of an inch, but the average
for each sample was carried to three decimal places to correspond
with the thickness readings.

There were two objectives in the study of relative turgidity: (1)
to compare the water content in two different tree species in different months
on the same habitat; and (2) to compare the results from two distinet habitats
which varied in altitude and in density of tree cover. Amabilis fir and

mountain hemlock were sampled from an exposed lithic Cladothamnus association

at 4000 feet (near BP 124) and from a shaded, mesic Vaccinium alagkaense

asgociation in the lower subzone at 3200 feet (nezr BP 15).

A terminal portion of branch (Figure 22) was cut from each species
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at each locality at aporoximately one-month intervals from February 23, 1962

to Auéust 30, 1962. The branch tips were always collected in the early morning
to reduce the effects of diurnal variation, and they were always cut at eye
level from the north side of the same tree. They were placed in plastic bags
and taken to the laboratory for weighing on a Mettler precision balance.

Three samples of 15 needles each were cut from every branch. Needles
from 1961 were used for the entire six-month period of this study. These cut
needles were weighed immediately for fresh weights and then placed in distilled
water to bring them to saturation. During this period, the needles were held
upright in a small vial by a folded piecc of paper towel. The cut-ends of the
needles stood in the water at lOo C. and after 24 hours they were removed and
surface dried on paper towels, A gsecond weighing at this stage gave the sat-
urated weight, and a fimal weighing after 4 hours of oven-drying at 909 C, gave
the dry weight of the sample.

Relative turgidity was calculated for each sample from the formula:

Relative turgidity = fresh weight - oven dry weight X 100
saturated weight - oven dry weight

The data are shown in Table XI and averages of the three replications are
plotted in Figure 24. Moisture as a percentage of dry weights was calculated
only for comparison. The great differences in tissue density (see Tablc X)
are rcflected in the bottom portion of Figure 24 where the thin needles from
the low station have a consistently higher water/dry weight ratio then the
thick needles from the exposed location. These great differences show the
importance of & measure such as relative turgidity which eliminates vapiations
due to varying tissue density.

With the methods described above, no consistent difference in rela-
tive turgidity was revealed for mountain hemlock on thé different habitats,

but at the upper station species differences were detectable by this method
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Relstive turgidity and water/dry weight values for needles
of Tsuga mertengiana and Abies amabilis from 4000 feet and

TABLE XTI

3200 feet on lount Seymour (values in per cent).

)

Cladothamnus, lithic subassociation

Vaceinium alaskaensc association

Exposed Trees - 4000 ft. - BP124

Shaded Trees - 3200 ft. - BP15

Tsuga Abies Tsuga Abies

Date R. T.|[Water/Dd | R. T.JWater/Oi R. T.|Water/DW| R. T.|Water/DW
Feb. 23 | = - 81.2 | 124.3 71.3 | 140.8 | €8.5 | 150.5
- - 80.9 | 121.4 704, | 42,7 | 68,9 | 177.6
8l.5 | 127.3 (82.4 1 123.4 7440 | 152.3 | 70.3 } 179.7
Avge.! 81.5 | 127,3 8l,5! 123,0 71.9 | 145.6 | 69.2 | 169.3
Mch, 26 | 88.5 | 147.9 | 86.7 i 126.5 81.4 | 200,0 | 85.4 | 169.2
88.0 | 142.0 | 91,3 | 125.4 78.8 | 189.8 | 8.8 | 172.1
85.3 | 137.1 | 87.6 | 127.6 84.6 | 176.3 | 82.7 | 174.1
Avge.| 87.3 | 142.4 188.5| 126.5 81.6 | 188.7 | 84.3 | 171.8
Apr. 30 | 90.4 | 154.3 196.1 1 135.4 92.1 { 218,7 | 90.7 | 189.2
87.9 | 147.0 | 94.1 | 131.4 92.6 | 240.4 | 85.6 | 217.1
90.7 | 159.9 |94.3 | 132.9 93.1 | 232,7 | 86.2 | 206.2
Avge.| 89.7 | 153.7 194.8 1 133.2 92.6 | 230.6 | 87.6 | 204.2
June 5 | 88.7 | 131.5 |94.2 { 139.9 86.6 | 156.7 | @9.7 | 148.1
84.2 1139.0 93.3 | 123.0 83.0 | 162.9 | 88.5 | 166.4
81.0 | 143.6 {92.1 | 128.3 92.6 1 158.9 |89.9 | 150,7
Avge.} 4.6 | 138.0 193.2 | 130.4 39.4 1 159.5 | 89.4 | 155.1
July 7 | 8.3 | 134.2 197.6 | 137.3 89.9 | 156.5 |92.3 | 129.7
90.4 | 137.3 197.1 | 130.4 87.3 | L42.3 | 93.4 | 153.1
92.5 | 134.4 [95.1 ] 132.6 80.1 |141.9 |93.0 | 144.5
Avge.| 90.4 | 135.3 |96.6 | 133.4 85.7 | 146.9 |92.9 | 142.4
July 31 | 92.9 | 165.3 |95.5 | 1Lil.4 87.6 |229,0 189.9 | 183.6
87.1 | 164.4  {97.0 | 133.0 §6.8 | 176.8 |89.0 | 187.0
95.9 |155.2 ]94.7 | 126.6 §5.6 | 17L.2 }92.9 | 168.7
Avge. | 92.0 }161.6 |95.8 | 133.7 86,7 1192.3 (190.6 1 179.8
Aug. 30 } 81.2 |153.1 193.0 | 138.6 8344, - 93.6 | 155.9
88.3 | 171.0 {93.3 | 134.3 87.6 [202,0 {89.9 | 179.7
86,0 |178.5 194.4 | 133.7 90.8 |194.1 |85.6 | 168.,7
Avge. | 85.2 | 167.5 193.5 135.5 89.0 ]198.0 [89,7 | 163.1




63

because amabilis fir showed a higher relative turgidity than mountain hemlock
throughout the study period. The most meaningful results were obtained from a
comparison of amabilis fir on the two habitats (Figure 24) .

On the basis that a fully turgid plant is in the most satisfactory
condition for growth and other physiological responses (Kramer and Kozlowski
1960), anabilis fir growing on the exposed site at 4000 feet is more vigorous
than that in a more heavily forested site at a lower elevation (Figure 24).

In the Coastal Subalpine Zone of British Columbia, precipitation is frequent
enough so that even trees growing on shallow soils of sitéé without seepage

can maintain a high relative turgidity. The results mz2y have been different if
samples had been taken from the top of mature dominant trees, because at the
lower station shading of the low branches probably influenced their relative
turgidity. Trees in the shaded forest stands at lower elevations are often
suppressed and greater root competition may result in relative turgidity values
lower than those shown in open-grown trees on supposedly drier sites. Another
reason for the lower relative turgidity rates in amabilis fir on the shaded,
mesic Vaccinium alaskaenge association might be the reduction of absorptive
surfaces by the great mortality of roots and rootlets in the acid subalpine

raw humus. The high percentage of dead roots in subalpine humis was observed,
but no actual measurements were made to determine if there were differences in
growth and abundance of roots on different habitats. It is vnossible that roots
are better developed on trees which occur on exposed rock outcrop areas where
competition is less, and this could explain the more favourable water balance
on such gites.

Unfortunately the measurements were not contirnued long enough to
show distinct seasonal trends. A winter minimum was indicated in both species
at both altitudes. TFreezing of the soil is not severe beneath the snow cover

in the Subalpine Zone but it may be sufficient to reduce the amount of water
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available to the roots in mid-winter., It is unlikely that & minimum would occur
near the end of the growing season, as reported in other studies, because the
late snow provides nmeltwater at least until the end of July, and precipitation
during the remainder of the growing season is sufficient to maintain high rela-
tive turgidity on even the "driest" habitats in the Subalpine Zone,

Relative turgidity is & simple and reliable measurement that will
reflect species and habitat differences. As & symptonm which integrates various
factors such as soil moisture, temperature, root vigour and crown closure, it
. is of practical use. ' A weakness is that even though it may provide a relative
measure of tree vigour, it does not explain the cause of good or poor tree

vigour.
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"CHAPTER IV
DESCRIPTION OF PLANT ASSOCIATIONS

The appended synthesis tables provide full details of the floristic
analyses. Therefore, only the main floristic and environmental features of
cach vegetation unit are outlined in this chapter. Mensurational data and lifc-
forn spectra are presented separately in Chapter V, and estimated average cover-
age by each vcgctation laycr is shown in Tabie X1V, Appendix III, Figure 28

jndicates the altitudinzl distribution of associations described below.

A+ Lower Subzone

All associations described for thé lower subzone are forested, except
for those which occur on moor habitats. The variations in predominant tree
species and other florigtic features are described for dry, mesic, moist, wet,

and moor habitats below.

a. Dry Habitat
Rock outcrop habitats with very shallow soils occur in both the upper
and lower subzones. Such areas are well drained and are usually topographically

- situated so that there is no opportunity for supplementary seepage water.

(la) Cladothamnus association, lithic subassocigtion (Tsugeto -

Cladothamnetum subassoc. lithicum)

Reference: Synthesis Table I
Characteristic combination of species
Constant dominants Constants, not dominant

Tsuga mertensiana . Menziesia ferruginea

Cladothamnus pyrolaeflorus Vaccinium ovglifolium
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Constant dominants, cont'd. Constants, not dominant, cont'd,
Vageinium membranaccounm Sorbus occidentalis
Chamagcyparis nootkatensis Rubus pedatus

Vaccinium alaskaense Phyllodoce empetriformis

Abies amabilis Orthocaulis floerkii

Dicranum fuscescens Cladonia bellidiflora

Rhytidiopsis robusta

Preferents
Selectives

Menziesia ferruginea
Gladothamnus pyrolaeflorus Sorbug occidentalis

Gaultheria humifusa

Lescuraea baileyi

Cladonia rangiferins

Pleurozium schreberi

The lithic subassociation of the Cladothamnus association is the

subalpine equivalent of the Vaccinium - Gaultheria forest type described by

Orloci (1961) and Lesko (1961) for the Coastal Western Hemlock Zone. The
equivalence 1s both edaphic and microclimatic for, in both cases, these as-
gociations occur on ridges or on the upper portions of exposed convex slopes.

The most important environmental feature is the shallowness of the
soil, Bare rock was estimated to cover betwecn 10 and 15 per cent of the sur-
face area, and only a thin mantle of organic soil covers the rock in the re-
maining portions. Most of the sparsely forested ridges in Figure 2 belong to
the lithic subassociation of the Gladothamnus association.

The extreme exposure, the lack of seepage and the shallow soils
result in an average gross volume of only 2,647 cubic feect per acre, 73 per
cent of which is mountain hemlock. Trees were estimated to cover only 24 per
cent of the total area and their tops are so often broken that the average
height of the tallest amabilis fir is only 45 feet and of yellow cedar, 44
feet. lMountain hemlock crowns are more resistant to wind, snow and ice break-
age and the tallest tree of this species averages 71 feet, on the basis of 12

sample plots,
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The trees usually occur in clusters. Very few of them are w;thout ,
deocay and most have broken.of dead tops, In most cases, the groups of trees
grow on emminences created by their own litter or on humps made by underlying
boulders., Such prominences, which are the first spots to be clear of snow in
thé spring, are the most favourable places for tree species to regenerate, It
is for this reason that on this association the best regeneration can be found
under existing clumps of trees. The sparse tree cover allows a dense shrub
layer to develop because shading is negligible. These shrubs also confine re-
generation because they cover the area completely except immediately around
the clusters .of trees,

The shrub layer, with an estimated average cover of 75 per cent, is

made up mostly of Cladothamnus pyrolaeflorus, Vaccinium membranaceum and sap-

lings of the three major tree species,

Greater amounts of Phyllodoce empetriformis, Cassiope mertensiana,

Vaccinium deliciosum, Luetkea pectinata, Carex nigricans, Lycopodium sitchense

and Deschampsia atropurpurea differentiate the C layer of this subassociation

from that which occurs on hygric hgbitats in the lower subzone,

Dicranum fuscescens, Rhytidiopsis robusta, Dicranum scoparium and

Rhytidiadelphusg loreus are the most important humicolous bryophytes. Cladonia

gracilis, Cladonia pleurota and Crocynia membranacea on this subassociation

distinguish the ground layer - from the hygric counterpart. There are also

greater quantities of Rhacomitrium heterostichum, Cladonia rangiferina and

Cladonia squamosa on this drier subassociation.

The estimated average amount of rock outecrop is 12 per cent of the
plot area. Whenever there is a thin humus cover over rock surfaces the same

species of humicolous bryophytes occur. Pleurozium schreberi is another im-

portant specles in such cases, particularly as a rew humus builder. On bare

rock surfaces Diplophyllum taxifolium, D. obtusifolium, Rhacomitrium hetero-
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stichum and Pilophoron hallii are common.

Ptilidium pulcherrimum and Lescuraesa baileyi are the main species

on decayed wood, aside from the humicolous species that also develop there.
An important floristic feature of this association is the abundant Lescuraea
baileyi on twigs and stems of ericaceous shrubs near ground level. Cetraria
stenophylla g@ccurs ol low-lying twigs in greater amounts than in the hygric
sgbassociation.

Amabilis fir and mountain hemlock trunks support mainly Ptilidium

pulcherrimum, Alectoria sarmentosa, Parmelia enteromorpha and Cetraria glauca.

On yellow cedar, Lescuraca baileyi and Radula complanata predominate and near:

the  base of the tree Rhytidiopsis robusta, Lobaria linsta end Mnium spinulosum

are more commone.

The vegetational similarities of the Cladotharmus association on

two different habitats in the Seymour - Grouse - Hollyburn area indicate that
ecosystem differences do not always coinclde with distinct vegetational diff-

GYEeTICESe

Because- Cladothamnus pyrolaeflorus is not present in the Paul Ridge -

Diamond Head portion of Garibaldi Park, Synthesis Table I includes no sample

plots from there. A special variant of the Cladothamnus association, char-

acterized mainly by Vaccinium membranaceum, would occupy similar habitats in

that part of the study areas
be Mesic Habitat

This habitaet is predominantly on glacial till substirate and lacks
thesexposed rock outcrops that are characteristic for the xeric habitat des-
cribed agove. Mesic habitats usually occur on the upper portions of gentle
slopes end the influence of seepage during the driest part of the summer is

negligible (Brooke 1964).
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(2) Vacecinium alaskaense association (Abieteto — Tsugetum mertensianae)

Reference; Synthesis Table II

Characteristic combination of species:

Constant dominants Constants, not dominant
Tsuga mertensiana Vaccinium membranaceum
Abieg amabilis Rubus pedatus

 Vacginium alaskaense
Rhytidiopsis robusta

Exelusive, selective and preferential species, none.
Broad areas in the lower subzone, in which there is only temporary
seepage during the early summer, are covered by this association. It is topo-

graphically and successionally similar to the Vagccinium alaskaense - Plagio-

‘thecium - Clintonia forest type of the Western Hemlock Zone (Orloci 196L).

However, much greater snow accumulations in the Subalpine Zone make the two
associations mensurationally and floristically distinct. The most obvious
difference is that western hemlock is largely replaced by mountain hemlock in
this association.

The tree layer has an estimated average coverage of 69 per cent.
Average gross volume is 12,081 cubic feet, made up mostly of mountain hemlock
(Table XII). Average height of the tallest tree is 109 feet for mountain hem-
lock, 98 feet for western hemlock, 87 feet for amabilis fir, and 78 feet for
yellow cedar, An indication of the low productivity in the Subalpine Zone is
shown by the average site index of only 65 feet for amabilis fir; on the mesic
zonal forest type between altitudes of 700 and 2700 feet, the same species had
an average site index of 97 feet (Orloci 1961). All diameter classes are well
represented by the four tree species which is an indication that the habitat
is representative of "climax' corditions (Figure 25). Invasion by other speéies
is difficult under these circumstances, as shown by the absence of sporadic tree

species in this association. Trees are largely confined to humps which rise
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three or four feet above general ground level, except for amebilis fir which
may also occur on the lower ground between the prominences.
Estimated average coverage for the shrub (B) layer is 59 per cent.

It is often locally sparse where the tree canopy is dense. Vaccinium alask-

aense and Abies amabilis provide the largest degree of cover, but Tsuga mer-

tensiana and Vaccinium membranaceum are also constant species in this layer.
The average coverage of the C layer is only eight per cent, mainly

a result of the dense shading by the tree and shrub layers, Blechnum spicant

and Streptopus streptopoides indicate the presence of some temporary seepage

on this association even if these species are present with low sociability and -

vigour. Rubus pedatus and Clintonia uniflora are the most important non-woody

species in this layer, but regeneration of Vaccinium and amabilis fir also pro-
vide small coverage.

Rhytidiopsis robusta, Dicranum scoparium, D. fuscescens and Rhytid-

iadelphus loreus are the main humicolous species. More moisture and shade on

this mesic association allow Blepharostoma trichophyllum, Cephglozia media,

Calypogeia neesiana, Lophocolea heterophylla and Lepidozia reptans to occur on

60 to 80 per cent of the plots. Amabilis fir germinants are constant and
plentiful in the D layer.
Bryophytes and lichens on rock surfaces are not noticeably differciit

from those on the Cladothamnus association. There is a greater amount of de-

cayed wood on the Vaccinium alaskaense association and it contains a greater
variety of bryophytes. HHost of the mosses and liverworts from the humus spread

to decaying logs, where they form a mixture with Bagzzania ambigua, Lophozia

porphyroleuca and Hypmum circinale.

Lescuraca baileyi occurs rarely on Vaccinium stems in this assoc-

iation, although Ptilidium pulcherrimum commonly does.,

Bryophytes and lichens epiphytic on tree trunks include those of the
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Cladothamnus association, with the following additions: Hypnum circinale,

Parmeliopsis hyperopta, Sphaerophorus globosus and Cladonia squamosa.

¢. Moist Habitat
This category includes areas with temporary or irregular secpage.
Slopes that have shallow soils become mesic toward the end of the growing

seagon and support the hygriec (moist) subassociation of the Cladothamnus

association. On moist habitats that have deeper soils the Streptopus assoc-
iation, with its luxuriant herbaceous layer, occurs. Although both of these
vegetation units occur on moist habitats, individual tree size is far greater
on the Streptopus association. It is not known if the poor tree growth on the

Cladothamnus association is due to some factor other than the shallow soil.

(1b) Cladothamnus association, hygric subassociation (Tsugeto -

Cladothamnetum subassoc. hygricum)

Reference: Synthesis Table I
Characteristic combination of species: as in lithic subassoc-
igtion with differentiating features as described below.
This subassociation represents an ecosystematic variation of the

Cladothamnus association. Floristic features of this subassociation on moist,

but shaliow, soils are not markedly different from those of the lithic counter-
part.

The tree layer, predominantly of mountain hemlock, has an estimated
average cover of only 43 per cent. Average gross volume is 5,466 cubic feet
per acre, and the average height of the tallest trece is 84 feet for mountain
hemlock, 76 feet for amabilis fir and 73 feet for vellow cedar. Site indices
at 100 years are between 40 and 50 feet for all three species. Mountain hem-
lock has the greatest number of trees and the greatest gros~ volume of the

three species in all diameter classes except the smallest (5-inch class),
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where amabilis fir is the predominant species.
The shrub layer on this subassociation is the most dense in the en-

tire zone. The estimated 90 per cent coverage is of Cladothamnus pyrolaeflorus,

Vaccinium alaskaense and V. membranaceum. Where there is occasional coniferous

regeneration amongst the shrubs it appears to stagnate at approximately four or
five inches in diameter and at 10 to 14 feet in height. This stagnation may be
a result of the weight and movement of snow which depresses and deforms shrubs
and small trees.

Phyllodoce empetriformis is a constant species in this subassociation

but it is not abundant and is of poor vigour. Cassiope mertensiana and Vac-

cinium deliciosum are poorly represented when compared to the lithic subassoc-

iation.

Dicranum fuscescens, Rhytidiopsis robusta, Dicranum scoparium and

Rhytidiadelphus loreus are the most common mosses on humus. Lichens occur very

sparingly on this subassociation.

(3) Streptopus association (Abieteto - Streptopetum)
Reference: Synthesis Tgble III and Plate I, A.
“Two subassociations are recognized and described below for this

association,

(32)  Typical subassociation (subassoc. abietetoso - streptopetosum)

Characteristic combination of species:

Constant dominants Constants, not dominant
Abies amabilis : Menziesia ferrugines
Tsuge mertensiana Blechnum spicent
Vacecinium alaskaense Streptopus roseus
Rubus pedatus Veratrum eschscholtzii

Rhytidiopsis robusta

Preferents

Exclusives and selectives, none
Blechnum spicant
Streptopus roseus
Streptopus streptopoideg
Plagiothecium denticulatum
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This association is closely related to the orthic Blechnum forest
type at lower elevations in the Coastal Western Hemlock Zone. The most obvious
floristic difference is the low species significance, sociebility and vigour

of Blechnum spicant in the Subalpine Zone. The greater accumulations of humus

and the shorter growing season in the Subalpine Zone probably hinder the oc-
currence of Blechnum, but the presence of its usuel associates, such as
Streptopus spp. and Tiarells spp, suggests edaphic similerities in the two
associations of the two bioclimatic zones.,

The typical subassociation usually occurs on middle portions of
slopes and often there are steep rock faces exposed above., All precipitation
runs off from the rock surfaces to ensure a plentiful supply of seepage below.
The soil on this g&ssociation is usually deeper than 70 cm;, therefore seepage
is not confined to the surface,

It was frequently noted that these habitats are free of snow in June
when portions of the slope both above and below are still covered by two to
three feet of snow. In many instances this is due to a relatively warmer west
or southwest exposure. Turthermore, this association frequently occurs on
slopes as steep as 30 degrees where occasional smell snow-slides are possible.
These factors combine to lessen snow accumulation, and the consequent increase
in length of growing season allcows gre&ter decomposition of humus. The break-
down of humus is further enhanced by seepasge water which laterally translocates
nutrients required for the process of decomposition., The final result is ex-
cellent tree growth for such an altitude; at 3700 feet on Grouse Mountain a
20-year radial increment of three inches was noted for amabilis fir; The
greatest heights and diameters recorded in this study were on this association
(totel height 170 feet and d.b.h. 645 inches for amabilis fir; 171 feet and
58.9 inches for mountein hemlock). The tallest yellowmcédar (130 feet) also

occurred here and the greatest diameter for the species (70.0 inches) was on
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a degraded subassociation of the Streptopus association.

The highest average volume in the zone, 17,951 cubic feet per acre,
is on this associition and 55 per cent of it is amabilis fir. Average height
of the tallest tree is 142 feet for amabilis fir, 135 for mountain hemlock,

11/, for yellow cedar and 102 for western hemlock. Amabilis fir is more numer-
ous than other species in all diameter classes. Yellow cedar is rarely present
in diameter classes less than 20 inches, and above this size it averages only
one tree per acre in each diameter class. Both species of hemlock are repres—
ented in all diameter classes.

Constant domimant shrubs are not noticeably different from those on

the mesic Vaccinium alaskaense association; Vacceinium alaskaense and Abiesg

amabilis dominate the B layer in both cases. The sporadic occurrence of

Oplopanax horridus indicates that there is at least temporary seepage on this

habitat.

Rubug pedatus, Blechnum gpicant, Streptopus roseus, Veratrum

eschscholtzii, Clintonia uniflora and Tiarella spp. dominate the herbaceous

layer. Lysichitum americanum occurs with low vigour and only on the wettest

parts of the association.

There are no distinctive bryophytes on the humus; they are a combin-

ation of mesophytic species such as Dicranum fuscescens and Rhytidiopsis

robusta and hydrophytic ones such as Mnium nudum and Plagiothecium undulatum.

Lignicolous species are mainly Hypnum circinale, Dicranum gcoparium,

Rhytidiadelphus loreus, Scapania bolanderi, Plagiothecium elegans, Tsuga hetero=~

'

phylla and patches of mixed liverworts. The latter are usually Cephalozia media,

Blepharostoma trichophyllum, Lepidozia reptans and Lophocolea heterophylla.

Yellow cedar bark is partially covered with Heterocladium procurrens,

Radula complanata, Plagiothecium elegans, Hypnum circinale and Lobaria linata.

On a recent yellow cedar windfall Antitrichia curtipendula, Parmelia entero-
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morpha, Ptilidium pulcherrimum end Sphaerophorus globogus were noted on the

upper sides of branches in the upper half of the tree crown.

Amabilis fir and both species of hemlock support species on their

lower trunks distinct from those on yellow cedar. Parmelia enteromorpha,

Sphaerophorus globosus, Parmeliopsis hyperopta, Alectoria sarmentosa, Ptilidium

pulcherrimum, Hypnum circinale and Dicranum fuscescens are all common.

(3b) Degraded subassociation (subassoc. chamsecyparetosum)

Reference: Synthesis Table III
Characteristic combination of species: as in typical subassoc-

iation, with differentiating species as described below.

In the shrub layer Cladothamnus pyrolaeflorus and Rhododendron albi-

florum distinguish this from the typical subassocieation, The absence of Rubus
spectabilis in the degraded subassociation is a further difference.

-~ In the subordinate layers, Gymnocarpium dryopteris and Bryum sand-

bergii are sbsent from this subassociation, and species such as Streptopus

streptopoides, Tiarella trifoliata, T. unifoliats and Athyrium filix-femina

occur in less than 20 per cent of the plots. Conversely, Listera caurina and

Plagiochila asplenioides have a higher presence rating than on the typical

subassociation.

The degraded subassociation is further distinguishable by the
following features of its tree leyer: (1) amabilis fir is exceeded by mountain
hemlock, both in number of trees and in gross volume, for most diameter classes;
(2) western hemlock is only sporadically present, most often as large trees
over 40 inches in diameter; and (3) yellow cedar is more numerous, but still
absent from some of the smaller diameter classes. As the typical Streptopus
association develops towards this degraded subassociation there is a poorer

representation of the low altitude species, western hemlock and amabilis fir,
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and an increased number of yellow cedar and mountain hemlock (Figure 25).

Yellow cedar entirely dominates in the diameter classes over 37 inches.
For this species there is an average of 12 trees per acre over 39 inches in
diameter; it is not surprising that over 40 per cent of the gross volume on
the subassociation is from yellow cedar alone. Average gross volume per acre
is approximtely 3000 cubic feet less than on the typical subassociation.
Average height of the tallest tree is 24 feet less in the two species of hem-
lock, 25 feet less in amabilis fir, but 2 feet gfeater in yellow cedar on the
degraded subassociation.

Another noticeable feature is the reduction in average coverage by
the herbaceous layer to only 16 per cent. This indicates a marked development

towards the mesic Vaccinium alaskaense association where increased shade, great-

er depth to seepage, and more raw humus limit coverage of the C layer.

A distinct concentration of Mnium spimlosum, Plagiochile asplen-

ioides and Barbilophozia lycopodiodes near the base of large yellow cedar trees

are additional differentiating floristic features of this subassociation. On

the two occasions when Polystichum munitum was observed in the Subalpine Zone,

it grew in close contact with yellow cedar. The bark of this tree may provide
nutritional benefits to species growing at its base and, for Polystichum, the
required moisture would be provided by the portion of intercepted precipitation

which reaches the forest floor as stem-flow on these large trees.
d. Wet Habitat

This habitat is characterized by permanent seepage which is often
near the surface. Where these seepage habitats occur adjecent to mountein
streams, tree growth is good, as on the subalpine Oplopanax asscciation, In
-other cases, tree growth may be hindered by slow-moving water and poor aeration

near the surface, as on the subalpine Lysichitum association.
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(4) Subalpine Oplopanax association (Thujeto - Oplopanacetum abiet-

etosum amabilis)

Reference: Synthesis Table V and Plate I, b
The characteristic combination of species below is tentative be-
cause synthesis was based on only four sample plots. Presence classes could

not be accurately assigned to the constituent species for such a smell number

of samples.
Constant dominants

Tsuga heterophylla
Abies amabilis
Oplopanax horridus
Vaccinium alaskaense
Athyrium filix~femina,
Gymnocarpium dryopteris
Streptopus roseus
Rhytidiopsis robusta

Exclusives

Oplopanax horridus
Lonicera utehensis
Ribes bracteosum

Selectives

Picea sitchensis

Preferents

Thuja plicata
Vaccinium ovalifolium
Rubus spectabilis
Athyrium filix-femina
Gymnocarpium dryopteris

Constants, not domirent

Vaceiniuwn ovalifolium
Vaccinium membranaceum
Lonicera utahensis
Tiarella un:foliata
Clintonia uniflora
Viola glabelle
Streptopus amplexifolius
Rubus pedatus

Veratrum eschscheltzil
Pyrola secunda

Osmorhiza purpurea
Tiarella trifoliate
Streptopus streptopoides
Listera caurina

Dicranum fuscescens
Hypnun circinale
Scapania bolanderi

Tiarella unifoliata

Preferents, contimied

Viola glabella
Streptopusg amplexifolius
Osmorhiza purpurea
Lycopodium clavatum
Ribes lacustre

Scapania bolanderi
Bryum sandbergii

This vegetation unit is considered a subalpine climatic variant of

the Oplopanax - Adiantum forest type described by Orloci (1961), Edaphic con-

ditions of the two appear very similgr; both occur marginal to mountain streams
where there 1s abundant and rapidly moving seepage near the surface. Restriction
to this particular habitat severely limits the distribution of this forest type

and its subalpine variant. Floristic differences are not great between the two,
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except that Thuja plicata is rare or lacking in the subalpine variant and

amabilis fir is much nore common. In the herbaccous layer, Adiantum pedatum

is replaced by Gymnhocarpium dryopteris in the Subalpine Zone. Lonicera utah-

ensig in the subalpine variant further distinguishes it from the related assoc-
iation at lower altitudes. It 1s important to distinguish the subalpine Oplo-
panax sites from the Oplopanax forest type of flood-plains at lower elevations

(Piceeto - Oplopanacctum, Orloci 1961). The latter develops on an entirely

different habitat, and its origin, development and stability are unlike the
association under discussion here.,

Insufficient mensurational data were available to obtain reliable
stand table and diameter-class volume deta. Average coverage by the tree layer
was estimated to be only 51 per cent. Many openings are present because of
frequent windfall. The abundant moisture supply in the agsociation may en-
courage shallow-rootedncss which, in turn, could explain the high incidence
of windfall, Despite the relatively sparse tree cover, gross volumes per acr?
arce high because of large ipdividual tree volumes. The four 1/5-acre plots
average 15,688 cubic feet per acre, with western hemlock and amabilis fir con-
tributing most of the volume. Yellow cedar is not abundant because some of
the sample plots occurred below the lower altitudinal limit of this specics on
Paul Ridge. ©Sitka spruce are few in number on this association but contribute
a large volume. A spruce 158 feet tall and 43.7 inches at breast height was
recorded on one of these plots at an altitude of 3760 feet.

Average height of the tallest tree is 139 feet for mountain hemlock,
138 for balsam fir, 128 for western red cedar and 127 for western hemlock.
Amabilis fir has the greatest site index of 101 feet, western hemlock 95,
western red cedar 95, ond mountain hemlock only 78. On this association
mountain hemlock is clearly confined to higher portions of the habitat where

drainage is better, whereas amabilis fir occurs throughout.
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Large openings in the upper canopy encourage & dense shrub layer.

It is dominated by Oplopanax horridus (Plate I, B), Vaccinium alaskaense and

Abies amabilis. The constant species that provide most coverage in the C layer

are Athyrium filix-femina, Gymnocarpium dryopterig, and Streptopus roseus.

Mnium nudum is the most significant moss in the ground layer, and
other species that characterize the moist conditions of this habitat are:

Hypnum circinale, Scapania bolanderi, Bryum sandbergii, Burhynchium stokesii,

Moerckia blyttil and Plagiothecium undulatum. Hookeria lucens, which occurs

only sporadically, also indicates abundant seepage at or near the surface.
There are usually no rocks exposed on this association, and decayed

wood is occupied by many of the bryophytes listed above. Lepidozia reptans,

Cephalozia media, Blepharostoma trichophyllum and Ptilidium pulcherrimum are

also widespread on decaying windfalls.

Corticolous bryophytes were not studicd in sufficient detail to detect

differences from those on trees of the mesic Vaceinium alaskaense association

which often occurs adjacent to the moist Oplopanax ravines.

(5) Subalpine Lysichitum association (Chamaecypareto - Lysichitetum)
Reference: Synthesis Table V

Characteristic combination of species:

Constant dominants Constants, not dominant
Chamaecyparis nootkatensis Tsuga mertensiang
Tsuga heterophylla Menziesia ferruginea
Abies amabilis Rubus pedatus
Vaccinium alaskaense : Clintonia uniflora
Lysichitum americanum Carex laeviculmis
Mnium nudum Veratrum esghscholtzii
Rhytidiadelphus loreus Blechnum spicant

: Athyrium filix~femina
Exclusives Streptopus roseus

Streptopus amplexifolius

Coptis asplenifolia Cornus canadensis

Listera cordata
Rhytidiopsis robusta
Plagiothecium undulatum
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Constants, not dominant, cont'd.

Selectives Sphagnum sguarrosum
Dicranum fuscescens
Lysichitum americanum Pellia epiphylla

Sphagnum gguarrosum

Preferents, continued

Preferents

Pellia epiphylla
Carex laeviculmis ' Mnium spinulosum
Veratrum eschgcholtzii Conocephalum conicum
Listera cordata Sphagnum girgensohnii
Habenaria saccata Hypnum dieckii

Nephrophillidium crista-galli
iniun nudun

Rhytidiadelphus loreus
Plagiothecium undulatum

Lysichitum americanum occurs in a number of different bioclimatic

zones because it grows on habitats in which edaphic controls prevail over
climatic influences. The coastal subalpine Lysichitum association differs
floristically from others previously described by a similar name for the
Douglas-fir zone on the east coast of Vancouver Island, for the Interior
Western Hemlock Zone, or for the Coastal Western Hemlock Zone (Forestry Hand-
book for British Columbia 1959, Orloei 1961). It is most closely related to

the Vaceinium alaskaense - Lysichitum forest type of the Coastal Western

Hemlock Zone (seec Table VIII), but Picea sitchensis 2nd Thuja plicata are

}replaced by Chamaecyparis nootkatengis in the subalpine counterpart.

It occurs only near the lower limits of the Subalpine Zone and is '
restricted to areas where seepage is abundant, permanent and near the surface.
Therefore, it is most common on concave, lower slopes.

Average coverage by the tree layer was estimated at 66 per cent.

The impeded drainage and poor aeration result in a low total volume of only
8,345 cubic feet per acre. For volume, decreasing order of importance for the
tree species is western hemlock, yellow cedar, mountain hemlock and balsam fir.
Western hemlock has an average maximum height of 111 feet, followed by mountain

hemlock. When age is considered, mountain hemlock shows the highest site index
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of 71 feet, western hemlock 65 feet, yellow cedar 61 feet and amabilis fir
only 57 feet.

Amabilis fir is the most numerous tree in the small diameter classes
but is rarely larger than the 2l-inch class. Most of the volume in large diam-
eter classes is from yellow cedar and western hemlock. Western white pine and
western red-cedar are sporadic trees in this association.

Vaceinium alaskaense is the most important species in the shrub layer,

and regeneration of the four common $ree species make up the most of the re-
maining cover.

On such habitats there are groupings of herbaceous species in the
wettest portions quite distinct from the combination of species which occurs on
the elevated, more acid humps. Sample plots as large as 1/5-acre have the dis-
advantage of covering both microhabitats and an unusual combination ofispecies
may result in the synthesis tables unless previous stratification is made in
the 1list of species. In the wettest portions of this association Lysichitum

americanum, Clintonia uniflora and Veratrum eschscholtzii typify the success

of geophytes. Most of the remaining species in Synthesis Table V are assoc-
iated with Lysichitum in the moist depressions, but the following are more
common near the clumps of trees where there is some raw humus development and

where depth to seepage is greater: Rubus pedatus, Pyrola secunda, Streptopus

streptopoides, Cormis canadensis, Malanthemum dilatatum, Vaceinium spp.,

Menziesia ferruginea, Goodyera oblongifolia and Sorbus ogeidentalis.

On moist depressions lMnium nudum, Sphagnum squarrosum, Pellis

epiphylla and Plagiothecium undulatum predominate, but Rhytidiadelphus loreus,

Rhytidiopsis robusta and Dicranum fuscescens are locally abundant on drier

prominences.

The primary lignicolous bryophytes are Dicranum fuscescens, Hypnum

circinale, Ptilidium pulcherrimum, Rhytidiadelphus loreus, Scapania bolanderi),
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Lophogolea heterophylla and Rhytidiopsis robusta. On very moist logs and rocks

Hypnum dieckii differentiates this wet association from those which are moist,

nesic or dry.
Corticolous bryophytes and lichens are similar to those described

for the Streptopus association.

ee Moor Habitat
Areas with stagnant water are included here and only one association

is described for this category.

(6) Eriophorum - Sphagnum association (Eriophoreto - Sphagnetum)
References: Synthesis Table IV and Plate II, B

Characteristic combination of species:

Constants, none Preferents

Exclusives Scirpus caespitosus
Sphagnum plumulosum

Eriophorum angustifolium Scapania uliginosa

Carex aguatilis Sphagnum mendocinum
Calliergonella cuspidata

Selectives, none Polytrichum commune

The characteristic combination of species above is very tentative
because this association was not studied in sufficient detail. It occurs
sporadically in the Subalpine Zone and there was great’floristic variation in
the five plots that were analysed, This association is most frequent in the
lower subzone, but it may sometimes occur in the upper subzore and even frag-
mentarily in the Alpine Zone.

This association begins to develop in open stagnant water or on slopes

where drainage is severely impeded. Carex aquatilis and Drepanocladus exan—

nulatus characterize the first stage of development (Plate II, B), and later

stages are dominated by Eriophopym angustifolium, Sphagnum plumilosum and

§, mendocinumn,
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On one of these'mbor areas there was a slight slope of four degrees,
which was sufficient to improve drainage, and common species of the Leptarrhena ~

Caltha leptosepala association were associated with Eriophorum angustifolium

and Carex aquabilis. This association requires further study for an understand-

ing of its ecological and phytosociologicallfeatures.

Bs. Upper Subzone

In this partzbf the Subalpine Zone trees grow only on dry and mesic.
habitats which have a relatively short duration of snow. Wet and moist.hébitaté,
often because of their topographic posifion, have such a long duration of snow

that trees are unable to develop,

1, Chionophobous Associations
Chionophobous communitics are those which are relatively intolerant
to great accumulations and long duration of snow. In the upper subzone, the

two associations which contain trees are placed in this category.

as« Dry Habitat
The lithic subassociation of the Cladothamngg_assbciation occupies
dry habitats in both the upper and lower subzones. Floris£ic féatufes d}e not
markedly different in the upper subzone from those described for the subassoc-
iation ot lower clevations. Total volume is usually less than 2000 cubic feet

per acre and species such as Phyllodoce empetriformis, Cassiope mertensiana,

Vaccinium deliciosum and Luetkea pectinata are much more prominent on this sub-

association in the upper subzone.

bs: Mesic Habitat
This habitat may have a considerable amount of rock outcrop but it

always occurs on a slope position and the soils are generally deeper than in
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the drier lithic habitat of the upper subzone (Brooke 1964).

(7) Vaccinium membranaceum — Rhododendron association (Tsugeto -

Vaccinietun membranacei)

Reference: Synthesis Table VI, Plates I, L and III, C

Characteristic combination of species:

Constant dominants Constants, not dominant
Tsuga mertensiana Phyllodoce empetriformis
Abies amabilis . Vacciniunm deliciosum
Vaccinium membranaceun Orthocaulis floerkii

Rhytidiopsis robusta

Preferents
Exclugives, none
Vaceinium membranaceumn

Selectives

Rhododendron albiflorum

This association is floristically similar to the Engelmann Spruce -
Alpine Fir - Black Huckleberry association of the Interior Subalpine Zone
(Arlidge 1955) and is related to vegetation types described by Daubenmire (1952)

in northern Idaho., Tsuga mertensiana, Rhododendron albiflorum and Vaccinium

membranaceum are amongst the climax dominants in subalpine areas of inland

mountains, and in this study the Vaceinium membranaceum - Rhododendron assoc-

iation was best developed in the portions of Garibaldi.Park which were furthest
from the Strait of Georgia.

This association may develop on somewhat different habitats depending
upon altitude., Its optimal development, a2t an altitude of 3900 feet, is shown
in Plate IIi, C¢ At the altitudinal tree linit (near 6000 feet in this study),
the same association develops as a topographic climax only on drier, more‘ex-
posed ridges (Plete I, E).- |

When this associction was confined to a narrow ridge it was often
imposgible to establish a sample plot 28 large as 1/5-acre. Only the five

sample plots that were of standard 1/5-acre size werec used in the summaries
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of mensurational date (Figure 25 and Taeble XII).

Average gross volume is 6,451 cubic feet per acre, with mountain
hemlock accounting for 67 per cent, Average height of the talléét tree is 86
feet for mountain hemlock, 71 feet for amabilisg fir and 58 feet for yellow
cedar., Site indices could not be accurately calculated, but for each Species
it is less than 40 feet at 100 years. |

Mountein hemlock is the only species represented in.&ll diameter
classes. Yellow cedar.has a very lbw average number of trees in the smallest
diameter class, in contrast to its abundance at this size in the lithic sub-
association of the Cladothamnus association. Both yellow cedar and amebilis
fir are only sporadically present in diameter classes over 13 inches.

Basal snow-croox is common on tree trunks, particularly.where the
slope is great, and the stems of tall shrubs are permanently appressed by the

weight of snow, Vaccinium membranaceum, Rhododendron albiflorum and Tsuga

mertensiana are the main species in the shrub layer.

Ag in the mesic Vaccinium alaskaensc association of the lower sub-

zone, the herbaceous layer is poorly developed. There are only & few chamae-
phytes and small woody phanerophytes in the C layer;

The constant occurrence of Rhytidiopsis robusta on humus clearly

differentiates the ground layer of this assoclation from that on non-forested

associations in the upper subzone, whercas Orthocaulis floerkii as a constant

species distinguishes the humicolous layer from that in forested associations
at lower altitudes, Lichens are numerous by species but provide little sur-
face coverage, and speciés of Rhacomitrium are uncommon on humus. When this
association occurs near its upper limit on ridges, the humicolous bryophyte
layer is very sparse with the result that average coverage by bryophytes is
the lowest of any multi-layered association in the Subalpine Zone,

Rock surfaces support Andreasee rupestris, Rhacomitrium heterostichum,
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Diplophyllum taxifolium, Kiaeria falcata, Cladonia bellidiflora, Pilophoron

hallii and Lecidea spp.
Decayed wood is not plentiful but is mainly covered by Dicranum

gcoparium, Ptilidium pulcherrimum, Rhytidiopsis robuste and Cladonia bellidi-

flora. Cetraria stenophylla and Ptilidium pulcherrimum occur on both Rhodo-

dendggg and Vaceinium stems but arc more abundant on the latter. At the lower

eltitudinal limits of this association, Lescuraca balleyi also occurs on the

‘stens of Vaccinium.

Corticolous species are few; Parmeliopsis hyperopta, Ptilidium

pulcherrimum and Dicranum fuscescens are the main species below average winter

snow level on the trunks of mountain hemlock, _Alectoria sarmentosa and

Sphaerophorous globosus occur higher up on the tree trunks. The only recorded

occurrence of Letharia vulpina in this study was on the bark-free dead branches

of yellow cedar of this association.

2; Chionophilous Associations
Those associations that develop in habitats of relatively long snow
duration are described below. Trees, as such, are lacking but tree species may
be present in dwarf form (Figure 20). Two categories, moderately and strongly

chionophilous associations, are discussed below.

a. Moderately Chionophilous Associations
Habitats with snow duration intermediate between that on forested
areas anc¢ that in late snow-patch areas would be similar to 'early snow-patch!
habitats as described by Dahl (1956). The vegetation on these areas of medium

snow duration is considered to be moderately chionophilous in the present

classification,

ie Dwarf Tree Association

Trec species in this association are rarely over ten feet tall,-
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They are often leaning (Plate III, B) and usually have a snow-crook at the

base of the stem. Although dwarfed and somewhat deformed from the forces of
snow, tree species are not so severely misshapen as in true krummholz of alpine
areas. A more or less erect stem can develop in tree species of the association
described below, whereas krummholz of higher altitudes is more closely appre ssed

to the ground, probably as a result of greater exposure to wind.

(8) Dwarf Tsuga association (Nano-Tsugetum mertensianae)

Reference: Synthesis Table VII and Plate I, F
Two subassociations are recognized and described below for
this association.

(8a) Typical subassociation (subassoc. nano-tsugetosum mertensianae)

Characteristic combination of species:

Constant dominants Constants, not dominant
Tsuga mertensiana Vaccinium deliciosum
Phyllodoce empetriformis Deschampsia atropurpurea
Cassiope mertensiang Dieranum fuscescensg
Luetkea pectinata

Orthocaulis floérkii . Preferents

Selectives Luetkea pectinata

Hippuris montana

Deschampsia atropurpurea

Ths most important environmental feature distinguishing the two
subassociations here is the relative lack of seepage in the typical subassoc-
iation.

Successional relationships of this association were discussed by
Brink (1959) but its floristic details have not been previously elaborated.
The typical subassociation occurs on warmer exposures or on elevated areas

where snow duration is less than on the adjacent Phyllodoce - Cassiope assoc-

jation (Figure 19 and Plate I, F). Comversely, near its lower limit this

association occurs on topography that favours longer snow duration than in
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the surrounding lithic subassociation of the Cladothamnus association. Even

in the lower subzone, collection of cold air in depressions and ravines -can
create conditions which maintain a dwarf Tsuga association. This association
was sampled at an altitude as‘low as 3300 feet on Mount Seymour; mountain
hemlock there was only five feet tall at an age of 93 years.

The dominance of mountain hemlock physiognomically distinguishes
this vegetation unit from the surrounding small shrub associations of the
upper subzone. Some hemlocks were over six feet tall in every plot sampled,
but height growth is extremely slow. At an altitude of 4000 feet mountain
hemlock was 12 feet tall at 50 years of age, and at 4750 feet it was only four
feet tall at 100 years of age (Figure 20).

The combined coverage by dwarf Tsuga mertensiana, Phyllodoce empet-

riformis and Cassiope mertensiana allows little room for other shrubs. Neither

Vaccinium deliciosum nor V, membranaceum are well represented in this assoc-

iation. Deschampsia atropurpurea, always with a low species significance and
sociability, is a selective species.

The ability of mountain hemlock to occur as a pioneer on relatively
bare soil allows this association to develop in some places without much prev-
ious humus accumulation. The high presence values of pioneers such as Ly-

copodium sitchense and Crocynia membranacea indicate that this is a relatively

early stage in vegetational development. By contrast, on the Vaccinium deli-

ciosum association organic accumulations are deeper, and Lycopodium and Crocynia

are already eliminated or infrequent.

Rhacomitrium heterostichum, R. canescens, Orthocaulis floerkii,

Dicranum fuscescens, Kiaerkia falcata, Crocynia membranacea and Cladonia

squamosa are the most important humicolous bryophytes and lichens.

Rhacomitrium heterostichum is also the dominint moss on rock surfaces

but Rhizocarpon geographicum, Andreaesa rupestris, Grimmia apocarpa and various
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unidentified crustose lichens are also common.
No mosses develop on trunks of the dwarf Tsuga in this association.

(8b) Luetkea subassociation (subassoc. luetleetosum pectimatae)

Reference: Synthesis Table VII
Characteristic combination of species, as in typical sub-
association, with differentiating species as below.

The two subassociations described here are good examples of similar
vegetation types developing on quite different habitats. The typical subassoc-
iation occurs on a variety of topographic poeitions and is often well developed
on prominences where there is no benefit from secpage (Plate I, F). In con-
trast, the Luetkea subassociation is restricted to concave areas where seepage
is available through all of the short growing season. Physiognomic differences
are slight between the two subassociations and there are few species differences.

The presence of Hippuris montani and Carex nigricans, and the better develop-

ment of Luetkea pectinata reflect the more abundant moisture of the Luetkeq

subassociation; the absence of Crocynia membranacea and Cladonia squamosa

further differentiates it from the typical subaesociation.
In both cases, humus is very shallow and poorly developed, but the

improved moisture supply allows the increased occurrence of Pellia neesiana and

Lephozia porphyroleuca on the Luetkea subassociation.

Rock surfaces in the typical subassociation are covered with species

similar to those on rocks of the Phyllodoce - Cassiope association. On the

Luetkea subassociation the main coverage on rocks is by Gymnomitrium concinnatum,

Rhacomitrium heterostichum, Diplophyllum taxifolium, XKiaeria falcata and

Andresecs nivalis.

ii. Small Shrub Associations
The two associations described below are also considered to be

moderately chionophilous. They are usually on habitets which are moist because



90

of melting snow until about mid-July, but they become mesic toward the end of
the summer. Tree species, even in dwarf form, are very uncommon on these as-

sociations.

(,) Vaccinium deliciosum association (Vaccinietum deliciosi)

Reference: Synthesis Table VIII

Characteristic combination of species:

Constant dominents Constants, not dominant
Vaccinium deliciosum Tsuga mertensiana
Phyllodoce cmpetriformis Vacecinlun nmembranageum
Cassiope mertensiaha Luetkea pectinata
Dicranum fuscescens Cetraria islandica
Orthocaulis floerkii

Rhytidiopsis robusta Preferents

Selectives Vaceinium deliciosum

Cetraria islandica

Relatively pure patches of Vaccinium deliciosum occur adjacent to

areas of Phyllodoce empetriformis and Cassiope mertengiana but Vaccinium appears

unable to tolerate such a long snow duration as these low evergreen alrubs.

The Vaccinium deliciosum association has floristic characteristics transitional

towards the Vaccinium membranaceum - Rhododendron association, which is an in-

dication that it is less chionophilous than the Phyllodoce - Cagsiope assoc-

iation in the Subalpine Zone. The zonation and distribution of Vaceinium
deliciosun are often a result of differences in the length of growing season,
and its frequent concentration along small temporary streams also indicates

that this species is less xerophytic than Phyllodoce or Cassiope.,

The relatively deep soil and the well developed hurmus layer on this
association provide improved moisture conditions. Even though tree species
are not abundant, the deep humus layer, the lack of pioneer species such as

Lycopodium sitchense, and the constant oceurrence of Rhytidiopsis robusta and

Vaccinium membranaceun indicate that vegetational development is well advenced
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here, This association is more closely related, floristically, to forested

communities than it is to the Phyllodoce - Cassiope association, and for this

reason is not found at higher altitudes in the Alpine Zone. It is a character-

igtic association of the upper subzonc of the Subalpine liountain Hemlock Zone.
There is a woll-developed shrub layer which is dominated by Vagcinium

deliciosum, The layer less than gix inches in height (C) is occupied largely

by this same species and by Phyllodoce empetriformis. Cassiope mertensiana

is reduced in total cover degree by the increased shading of Vaccinium over

six inches tall. Lycopodium sitchense is entirely absent, in contrast to the

other small shrub association at this altitude,

Dicranum fuscescens and Orthocaulis floerkii are the dominant humi-

colous specilcs but the occurrence of Rhytidiopsis robusta and Cetraria islandica

differentiate this layer from that in the Phyllodoce - Cassiope associlation.

Cladonia bellidiflora is the only prominent lichen in the humus layer, and

Cetraria stenophylla is abundant on the stems of Vaccinium deliciosum near

ground level.
Bryophytes and lichens on rock surfaces arc similar to those on the

Phyllodoce - Cassiope association.

(10) Phyllodoce - Cassiope association (Phyllodoceto - Cassiopetunm

mertensianac)
Reference: Synthesis Table IX and Plate II, D

Characteristic combination of species:

Constant dominsnts

Phyllodoce empetriformis
Casslope mertensiane
Vacecinium deliciosun
Dicrenum fuscescens
Orthocaulis floerkii

Exclusives and Selectives, none

Constants, not dominant

Luetkea pectinata

Preferents

Phyllodoce cmpetriformis
Cagsiope mertensiana
Lycopodiym sitehense

Gymnomitrium varians
Kiacria falcata
Crocynia membrenacea
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This vegetation unit was previously studied by McAvoy (1929, 1931), o
Brink (1959) and Archer (1963). It is the mesic association in the Alpinc
Zone (Archer 1963), but in the Subalpine Zone it occurs on moist habitata.

Its occupation of concave topographic positions with temporary seepage in
the Subalpine Zone is in sharp contrast to its development in the Alpine Zone
on convex or flat relief without scepage.

The two topographically distinect hebitats on which this association
occurs in the two bioclimatic zones influence not only the moisture relation- |
ships but also snow duration. On both habitats in the two different zones
the snow remains for nine to ten months of the ycar. However, relative to

other topographic positions and vegetation units, the Phyllodoce - Cassiope

association is chionophobous in the Alpine Zone but moderately chionophilous
in the Subalpine Zone.

In the Alpine Zone, Phyllodoce empetriformis and Cassiope mertensiana

are the dominant species of this association; in the Subalpine Zone, the assoc-
iation becomes more diversified by the invasion of taller shrubs or tree species.

There is a greater proportion of Vacgecinium deliciosum and Tsuga mertensiana,

and lesser amounts of Cassiope mertensiana when this association occurs within

the Subalpine Zone. If there is a B layer developed, mountain hemlock is the

dominant species, but Chamaecyparis nootkatensis, Vaccinium deliciosum, V.

membranaceun and Sorbus occidentalis may also occur over six inches in height.

In its early phases this association contains a high proportion of

Luetkea pectinata, Lycopodium sitchense, Crocynia menbranacea, Kiaeria falcata,

and Gymnomitrium varians. The constant dominant bryophytes, Dicranum fuscescens

and Orthocaulis floerkii, are lacking only during the initial phase of deveiop—

ments When Tsuga mertensiana and Vaceinium deliciosum occur on this assoc-

iation, Rhytidiopsis robuste may also develop beneath them. Rock surfaces are

partially covered with Rhacomitrium heterostichum, Re canescens, Andreaea
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rupestris, Rhizocarpon geographicum, Lecidea sp., rarsupella ustulata, Unbil-

icaria torrefacta and Gymnonitrium concinnatum.

Cetraria stenophylla, which is very common on

deliciosum, rarely occurs in the Phyllodoce - Cassiope

iii. Herb Association

Only one association is placed in this group.’

is permanently at or near the surface., Where there is

twigs of Vaccinium

association.

It occurs where water

a surface flow of water

snow melt is hastened. Thus, a slightly longer growing season separates this

association from nearby strongly chionophilous associations.

(11) Leptarrhena - Caltha leptosepala association (Leptarrheneto -

Calthetun leptosepalac)

Reference: Synthegis Table IV, Plate II, A

Characteristic combination of species:

Congtant domimants

Leptarrhena pyrolifolia
Erigeron peregrinus

Caltha leptosepala
Parnassia fimbriata
Rhytidiadelphus squarrosus
Drepanocladus exannulatus
Philonotis fontana

Exclusives

Caltha leptosepala

Sclectives

Salix commutata
Leptarrhena pyrolifolia
Erigeron peregrinus
Parnassia finbriata
Epilobium alpinun
Equisctum palustre
Petasites frigidus
Rhytidiadelphus squarrosus

Constants, not dominant

Carex spectabilis

Prefercnts

Carex spectabilis
Mitella pentandra
Jungus nertensianus
Arnica latifolia

Drepanocladus exannulatus
Philonotis fontana

Tofieldia glutinosa
Veronica serpyllifolis
Cratoneuron commutatun
Canmpyliun stellatun
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The Leptarrhena - Caltha association is floristically similar to the

@#lpine forb meadow described by Brink (1959) for the Black Tusk area of Gari-
baldi Park, and the hygrophytic associations described by Archer (1963) for
the Alpine Zone.

The floristic similarities of this seepage association with the
Lysichitun seepage associations at lower altitudes indicate the predominance
of edaphic controls over microclimatic influence in such habitats (Table VIII,
Chapter III).

When this association occurs on the margins of a stream different
combinations of species occur in bands parallel to the open water. Petasites

frigidus and Drepanocladus exannulatus represent very early stages in the de-

velopment of this association closest to the stream (Plate 111, D); Leptarrhena

pyrolifolia, Erigeron peregrinus, Caltha leptosepala, Parnassia fimbriata,

Rhytidiadelphus squarrosus and dnium nudum characterize the late stages of

the association after organic accurulations have raised the surface further

above strean level. Sphagnum plunulosum occurs in this association if seepage

is impeded.

Luetkea pectinata, Phyllodoce empetriformis, Cassiope mertensiana,

Gaultheria humifusa, and Chamsecyparis nootkatensis are the first species from

other associations to invade the margins of the Leptarrhena - Caltha association.

be Strongly Chionophilous Associations
This category includes lete snow-patch associations of the Subalpine
Zone where snow may remain as late as the first week in August. The assoc-
iations of this group are characterized by their physiognomic simplicity end

by their small number of constituent species.

(12) Saxifraga tolmiei association (Sexifragetum tolmiei)

Reference: Synthesis Table VIII, Plates IIT, E &nd II, F
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The characteristic combination of species was not determined because
this association is more typical of alpine conditions and was insufficiently
sampled in the Subalpine Zone. It was observed only locally on Paul Ridge and
on & recently glaciated colluvial talus slope near The Lions.

This association is the first to occur on unstable colluvial slopes,
with coarse-textured soils. The sparse C layer is dominated by Sexifraga

tolmiei and Luzula wahlenbergii in the earliest stages of development. Phyllo-

doce empetrifornis may occur sporadicelly as a pioneer in portions of the slope

which are locally stable. In later stages of development, Juncus drummondii;

Cerex spectabilis, Luetkea pectinata, Cryptogramma crispa, Athyrium alpestre

and Saxifraga ferrugines occur.

The ground layer is dominated during all stages by Gymnomitriunm

varians (Plate II, F), and Oligotrichum hercynicum is a constant .species.

Polytrichum norvegicum, Kiaeria blyttii and Pohlia drummondii were also re-

corded, If rocks beceame stebilized on these slopes, they are occupied mostly

by Andresea nivalis.

The occurrence of species such as Athyrium alpestre, Carex spectebilis,

Luetkea pectingta, Gymnomitrium verians, Polytrichum norvegicum, Pohlia drun-

mondii and Andreaea nivalis indicate that the long snow cover provides plenti-

ful moisture to the hebitat during the short growing sesson. They also indicste

the floristic sinilarities to other snow-patoh associations discussed below.

(13) Carex nigricans association (Caricetum nigricantis)

Reference: Synthesis Table VIII
Characteristic combination of species:
Constant dominants Constants, not dominant

Carex nigricang Deschampsie atropurpurecs
Polytrichum norvegicun

Exclusives

Polytrichum norvegicum
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Selectives Preferents”
Carex nigricans Juncus drummondii
Kiseria blyttil Saxifrage tolmiei,‘-

This association reaches its optimal development in the Aipine Zone
but it is briefly mentioned here because of its presence in upper portions of
the Subalpine Zone.

It occupies depressions vhere the snow remains between 9 and 10
months of the year. Soil depth is'usually over 50 cm. because in many cases
this association occupies férmer ponds which are now filled by deep accumu--
letions of fine-textured soils. The short growing season limits the number
éf species, and vegetational development is extremely slow on such habitats.

In the Subalpine Zone, the most important species of this association

are Carex nigricans, Deschanpsia atropurpurea, Juncus drummondii and Carex

spectabilis. Luetkea pectinata, FPhyllodoce empetriformis and Cassiope

mertensiang are the earliest invaders. The latter species would be absent on

well developed examples of this association in the Alpine Zone (Archer 1963)}

In the ground layer, Polytrichun norvegicui, Kiaeria blyttii and

Pohlia drunmondii are the main gpecies.

(14) Polytrichun norvegicum association (Polytrichetum norvegici)

Reference: Synthesis Table VIII
The characteristic combination of species was not determined because
fhis is a typically alpine association which occufs only fragmentarily in the
Subalpine Zone. Floristic data from two sample plots are shown in Synthesis
Table VIII to indicate environmental and phytosociological similarities of

this association with the Carex nigricans association.

Depressions with the extreme maximum of snow duration (at least

until the first week of August) are domimated by Polytrichum norvegicum,
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However, in the Subalpine Zone this association often occurs in a mosaic with

the Carex nigricans association on moist habitats with fine-textured soils.

Similar late snow-patches have been studied in detail by European
scientists (Braun-Blanquet 1932, Xrajina 1933, Gjaerevoll 1950), and in British
Columbia, Shaw (1916) and McAvoy (1929, 1931) have discussed successional

relationships between Polytrichunm norvegicua and Carex nigricans. Archer (1963)

also discussed associations for these species., However, these references per-
tain to areas with altitudes usually greater than the Subalpine Zone of this

study.,
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CHAPTER V
COMPARISONS OF THE ASSOCIATIONS

This chapter presents basic mensurational data grouped agcording to
the associétions just described. Comparisons of life-forms on each assoc-
iation are also presented in fabular and graphic form, The data are not dis-
cussed in detail since their nmain purpose is to complement the descriptions
of the associations, and to allow comparisons with similar data from other

bioclimatic zones.
A, Mensuration

The greatest average volune occurs on the typical subassociation of
the Streptopus association with nearly 18,000 cubic feet per acre, and the

least on the lithic subassociation of the Cladothamnus association with less

than 3,000 cubic feet per acre. The largest individual tree volumes occur on
‘the subalpine Oplopanax association but the total volumé per acre is reduced
on this site by the high mumber of windfall (Table XII).

The association of optimum developnent for each £ree gpecies is:

the mesic Vaceinium alaskaense association for mountain hemlock;

the typical subassociation of the Streptopus association for
amabilis fir;
the degraded subassociation of the Streptopus association for
yellow cedar;
and the subalpine Oplopanax association for western hemlock.
The relative importance.éf each tree species in every association is

indicated by the total volumes. Mountain hemlock is the major species in the



TABLE XIT

Averages of gross volume, maxinum height and site index for the major species on each association

STREPTOPUS
Degraded
STREPTOPUS
VACCINIUM
Hygric
CLADOTHAMNUS
Lithic
CLADOTHAMNUS
VACC, MEMBR,-

o~ | LYSICHITUM
A®1
N

+~ | OPLOPANAX
™ | RHODODENDRON

O | ALASKAENSE

&
o

No. of Plots

Avge. Gross Vol. cu. fi./acre: | |
A1l species incl. sporadics| 8,345 15,688 17,951 15,014 12,081 = 5,466 2,657 6,451

mountain hemlock 1,820 1,850 4,131 43483 5,910 3,004 1,931 4,286
amabilis fir -890 4,053 9,903 3,758 2,809 890 357 1,619
yellow cedar ' 2,172 323 1,055 6,006 1,366 1,459 344, 406
western hemlock _ 2,273 6,991 2,646 289 1,996 - - -
Total for major species o155 13,217 17,735 14,536 12,081 5,353 2,632 6,311
Total for sporadic species | 1,190 2,471 216 478 - 113 25 140
Avge, ht. tallest tree on plot
mountain hemlock 102 139 135 111 109 8/ 71 86
amahilis fir 83 138 142 117 a7 76 45 71
yellow cedar - 97 - 91 114 116 78 73 bty - 58
western hemlock { 111 127 102 78 98 - - -
Avge., site index, at 100 yrs.
mountain hemlock 71 . 78 76 67 65 46 LA 40
amabilis fir 57 101 93 74 - 65 49 40 40
yellow cedar 61 ? 72 66 45 L4 40 40

western hemlock - 65 95 69 ? 54, - - -

66
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Vaccinjum alaskaense, the Cladothammus and the Vaccinium membransceun -

Rhododendron associations; amabilis fir predoninates in the typical Streptopus

subassociationy amabilis fir predominates in the typical Streptopus subassoc-
iation; yellow cedar shows the highest volume of the four species in the de-
graded Streptopus subassociation; and western hemlock is the main species in

the subalpine Lysichitum and Oplopanax associations.

The sporadic species which account for the extra volupe on some
associations are as follows:
on the Lysichitum association, western white pine and western red-cedar;
on the suﬁalpine,Oploganax association, Sitka spruce and Douglas-fir;
on the Streptopus association, western red-cedar;

on the Cladotharnus association, western hemlock;

and on the Vaceiniun menbranaceun - Rhododendron association, alpine

fir, western white pine and western henlock.

Eis (1962a) showed that there was a fairly constant decrease in site
index with increasing altitude on associations that have a wide altitudinal
range. Consequently, site indices of subalpine species are very low. Only
with amabilis fir on the Oplopanax association is site index over 100 feet
at 100 years, and in many cases it is less than 50 for all species (Table XII).

The number of trees and the gross volume in cubic feet per acre are
shown for the various diameter classes of each species in Figure 251. The
inportant features fron these graphs were already discussed in the association

descriptions of Chapter IV,

Lsome changes in nomenclature and organization were nade after Figure 25 was
reproduced. C, iMesic Vageinium should read C. Vggeiniun alaskaense; E.
Vaccinium mempranaceun - Rhododendron. F. Cladothamnus is based on the five
sanple plots shown for the hygric subassociation in Synthesis Table I plus
five sample plots (101, 104, 43, 19 and 21) that were later grouped in the
lithic subassociation., G. Lithosolic Cladothamnus should read Lithic Glado-
thamnus and, as shown in Figure 25, the data for this group are based 6nly on
the seven sample plots originally classified as lithic.
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Bs Life-forus

Raunkiaer's life-form system, as modified by Krajina (1933) and used

by Orloci (1961), served to group the species of the study arca as follows:
Macrophancrophytes (Pn) Chamacphytes (Ch) Lichens (L)
Deciduous nanophanerophytes (Pnd) Hemicryptophytes (H) Bryophytes (B)
Evergreen nanophanerophytes (Pne) Geophytes (G)

Life-forms were weighted by total cover degree with the same scale as
used by Orloci (1961), and the results afe directly comparable to those in the
Coastal Western Hemlock Zone (Table XI1I, Figures 26 and 27),

The nost striking feature when.one considers the number of specics in
each life~-form is the absence of therophytes (T) in all associations of the
zone, In the cdmparison of associations, henicryptophytes are most numerous

on the four wettest associations. Geophytes are few throughout the whole zone

and arc absent on the Carex nigricans association where the growing season is

'too short for the successful growth of species which nust rejuvenate from below
ground surface every year, The nunber of lichens is greatest in the dry and
mesic associations of the upper subzone (Figure 26).

The physiognomy of each association is more clearly portrayed when
life-forns are weighted by total cover degrece (Figure 27). Macrophanerophytes
have an obvious concentration in the associations near the lower limits of the

zone, Deciduous shrubs arc most abundant on the Cladothamnus, Vacciniun nen-

branaceun - Rhododendron and Vacciniun alaskaense associations, and evergreen

nanophanerophytes are inportant only on the chionophilous associations of the
upper subzone, Based on cover degree, geophytes are important only on the sub-

alpine Lysichitun and Oplopanax associations where there is abundant scepage.

The high proportion of henicryptophytes on the noist and wet Carex nigricans,

Leptarrhena - Caltha, and Eriophorun -~ Sphagnum associations sharply differ-

entiates then from adjacent associations on drier habitats.
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When br&ophytes are considered collectively as one life-form, there
are no great differences between associations (Teble XIII). Therefore, hunicol-
ous bryophytes were further categorized into growth—forﬁs in an attenpt to re-~
veal further floristic differences in the habitats,

Closeness of the entire noss plant to the habitat_surface is congsid-
ered to give bryophytes high sensitivity to changes in substrate or microcli-
mate. This has been recognized by ecologists for some tine, but bryophytes
have usually been congidercd on an individual species basis., Only fecently
have there been demonstrations of correlations between growth-forms and hebitat
(Gininghan and Birse 1957). All species identified from the Coastal Subalpine
Zone were grouped into the following growth-forms (see Checklist, Appendix I).

(1) Cushions (Cu) - compact, docme-shaped groups.

(2) Tall turfs, branches erect (Te) - parallel, upright shoots over 2 cm.
(3) Tell turfs, divergent branches (Td) - laterals whorled or scattered.

(4) Short turfs (t) - as (2), but under 2 cm.

(5) tats (i) - horizontally interwoven shoots.

(6) Thread-like forns (Mt) - as (5), but delicate and sparsely branched,

(7) Thalloid mats (Th) = as in thalloid liverworts.,

(8) Wefts (W) - Luxuriant and loosely intertwined shoots.

The growth~forns of hunicolous bryophytes are presented for each
association in Table XIII, There was no statistical evaluation of differcnces,
but some correlations of growth-form with habitat are distinguishable. Cushions
are absent from the table because only humicolous species were classified,

The amount of exposed rock increases with altitude and the proportion of cushions;

as represented by the generaiAndreaea and Grinnia, is greater in the upper sub-

zone because they are restricted to rock surfaces., Mats, which are abundant in
shaded habitats at lower altitudes, are unimportant in the Subelpine Zone and

are absent from late snow-patch associations. There are few species classed
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as wefts, but the widespread occurrence of Rhytidiopsis robusta gives this

group a high total cover degree in the forested associations of the lower sub-

zone. There is a marked increase in the total cover by short turfs with in-

creasing altitude, and the group is best represented by Polytrichum norvegicum
beneath late snow-patches. Thalloid mats are restricted to moist seepage assoc—
iétiéns, and the tall turfs with divergent branches occur only on areas of
plentiful seepage or poor drainage.

The correlations of growth-form with habitat, even if subjective,.
are in agreement with those reported by Horikawe and Ando (1952) and Gimingham
and Birse (1957). If the ecological significance of growth-forms were more
carefully examined, 1t may be possible to use bryophytes as ecological indi
cators without requiring precise species identification. This would encourage

their use in practical ecological investigations,
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CHAPTER VI~
RELATIONSHIPS AWD SUCCESSIONAL DEVELOPHMENT OF ASSOCIATIONS

The developrment and transformation of plant associations can be most
clearly understood from long-tern observations of specific vegetational units.
In the absence of this ideal, much rwust depend upon circumstantial evidence
such as the presence of invading species. . Fortunately, in subalpine and al-
| pine éreas there are more bare initia than at lower altitudes and in the upper
subzone it is possible to observe the origin and early development of assoc-
iations on a variety of habitats. A problem in the upper portions of the Sub-
alpine Zone is that the time since glaciation is so short that development
towards a 'vegetational climax' is probably not very well advanced. In the
lower subzone, there has been greater development towards a uniform forest on
meslc habitats, with the result that earlier stages of development are already
obscured. This chapter proposes hypothetical developmentel changes which may
be expected in the assoclations of the upper ané lower subzones. The upper
subzone is discussed first to provide details of early stages which are less
clearly revealed at lowsr elevations in the zone,

In this chapter, a 'climax' association is depicted for each subgzone
as the successionally most advanced type of vegetation now existing under mesic
econditions. The earliest steps in succession, which were not studied in de-
tail, are referred to as 'stages', and within the limits o6f some associations
developmental 'phases' are recognized (Braun-Blanquet 1932).

Pregent altitudinal distribution of the various associations provides
indirect information on actual and potential successional trends within the

Subalpine Zone. 4s a guide to the discussion which follows, the altitudinal



105

range of each association, based on the distribution of sample plots in this

study, is shown in Figure 28. Associations which are known to occur above or
below the altitudes sampled by nlot are extended by broken lines., The occur-
rence of associations at lower altitudes in the Seymour ~ Grouse - Hollyburn

study area than in Garibaldi Park is clearly shown (Figure 28).

Present topographic position of various associations in relation to
one another also gives circumstantial evidence of developmental trends in the
vegetation. A topographic sequence of the main associations in the upper sub-
zone and their relation to duration of snow cover is shown in Figure 29. Vege-
tational differences associated with the environmental gradient of decireasing
snow duration in Figure 29 indicate potential successional changes if there
should be, Tfor example, mecroclimatic changes that would couse a decrease in
average annual snow duration.

The proposed successional trends are diagramatically summarized in
FPigure 30. This figure should not be interpreted too literally. In some
cases, the length of the lines separating units imply only typographical con-
venience, and where the linés are accompanied by.a guestion mark one oi more
unknown developmental stages have been omitted. Increasing elevation is
implied from left to right in the figure, and increased vegetational develop-
ment is indicated from botton to top. The various initia and the pioneer
associations on thenm are placed near the bottom of the page, whereas the most
successionally advanced associations for the two subzones and for the Alpine
Zone appear as 'climaxes' near the top. Altitudinal ranges of the 'climax'
associations are shown separately for the portion of the study area which in-
cludes Seymour, Grouse, Hollyburn and Cathedral Mountains and for that which
includes Paul Ridge and Diamond Head in Garibaldi Park., Comvex glacial drift
initia are afforded the highest position in the chart because vegetational

developgent is most rapid there. For example, mountain hemlock may grow
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directly as a pioneer on morainal material and a rulti-layered association

may develop in e short time. Concave initia, if covered by water, pass through
a ruch longer period of development before they are occupied by complex ter-
restrial associations and are, therefore, placed near the bottom of the pages
This generalization does not apply, of course, to concave glacial drift seep-
age slopes where vegetbabional colonization and development ney be relatively
rapid. Because rock outcrop initia are more widespread at higher elevations,
they are placed to the right of the chart. Developnent is extremely slow
there, especially in concave areas where the greater snow accumulstion allows

a growing season of only a few weeks,
A, Upper Subzone

Non-forested associations outnunber those with trees_in the upper
subzone because of the short time since glaciation and because of the high
annual accurwlation of snow which prevents forest development. This sllovs
ready recognition of several distinct initis.

On convex rock outcrop and talus initia, early stages of developnment

are indicated by Rhizocarpon geographicun, Pilophoron hallii, Cetrapia hepabti-

zon, Unbilicaria phses, U, torrefacta and Lecidea spp. especielly on the most

exposed rock surfaces. These exposed rock surfaces are the most xeric habitats
in the Subalpine Zone, Rocks which are covered with snow for 9 to 10 months

of the year are less xeric and are colonized by bryophytes rather then lichens.

'Andreaea nivalis is the most abundant species in such cases. Weathering prod-
ucts from the rock surfaces and organic accuulations froﬁtbrYOphytes and
lichens allow colonization by additional species, and when Cladonie and
Rhaconitriun species are well established on such surfaces, chamaephytic

species are able to invade.

Surface accurmlations of wind-borne minerel and organic natter on
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late snow-banks result in the formation of deeper soll profiles in depressions.
On side slopes of the depressions, soils are shallower and are composed very
largely of organic matter. These soil differences correlate strongly with
vegetation differences but one does not necessarily explain the other. Major
(1961) stressed that both vegetation and soil differences can be correlated
with environnental variables of the ecosysten. In concave greas of the upper
subzone, snoﬁ duration is the most important environmental variable controlling
the vegetation, and its relation to the present distribution of some assoc-
iations is shown in Figure 29. |

Gjaerevoll (1950), Dahl (1956), and Churchill and Hanson (1958) warned
that the dynamic approach to vegetation problems is unpromising in stable com-
runities where autogenic influences are limited by a factor such as snow dur-
ation. Dahl (1956) pointed out that no succession can take place between
vegetation zones around such snow-patches because the climate is relatively
constant and because developmental changes in the vegetation will not alter
the over-riding ecological factor, the effect of snow cover., He suggested
that the problem should be attacked by describing the vegetation in different
zones and relating the differences to environnental factors. If the important
environmental factors can be influenced by the activity of the plants, dynamic
relationships will energe.,

These precautions apply more to the Alpine Zone (Archer 1963) where
the controls by snow are strongest., In the Subalpine Zone, most snow patches

disappear early enough to allow Carex nigricans to develop, and purely bryo-

phytic associations are absent. DMarginal invasion of chamaephytes such as

Luetkea pectinata and Lycopodiun sitchense can be observed in Carex nigricans

associations. These chamaephytes are recognized as an early phase of the

Phyllodoce - Cassiope association, and their creeping habit allows them to

.expand into areas of Carex without any particular preparatory change in the
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habitat. Marginal clumps of Phyilodbce and Cassiope are also able to invade

Carex areas providing there is not a sharp environmental gradient of increas-
ing snow duration (see Plate II, E).

A third line of developuent takes place at higher elevations on
convex glopes of unconsolidated material. Colluvial movement and erosion
may hinder the success of pioneer species on such areas, but species of high

sociability such as Gymnomitriun varians can withstand the instability by

moving downslope with the soil (Plate II, F). Lerger stones, which have a
slower rate of moveilent on such slopes, provide a small area of greater

stability on their lower side. Saxifrage tolmiei, Luzula wahlenbergii, and

occasionally Tsuga mertensiana or Phyllodoce empetriformis, can establish

on the lower side of such obstructions (Plate 11T, E), but orientation of the
vegetation in a clustered downslope pattern, rather than a continuous pattern,
testifies to the active downward movement of the surface soil. The pioneer
species on such areas have an autogenic influence in the consolidating,
rather than constructive, sense (Braun~Blanquet 1932).

Snall subalpine ponds will gradually close in as a result of silt

accumulation or from marginal organic accumulations. Drepanocladus examnu-

latus and Carex aquatilis are the first important constructive species be-

cause they are able to grow successfully below water (Plate II, B). Anaerobic
conditions retard decomposition with the result that organic matter and or-
ganic acids accumulate here. This allows the invasion of Sphagnum and other

moor species. Only five HEriophorum - Sphagnum areas were encountered in this

study, and they were so floristically variable that a proper synthesis was
impossible. Species composition indicated a transition to the Leptarrhena -

Caltha association in one case, and towards Carex snectabilis in other cases.

Dahl (1956) denied the development of similar moors into communities of dry-

land succession. He stated that an equilibrium stage is reached at a certain



109

thickness of peat which is determined by climate. Successional relationships
of this moor association are unclear for this study area without further in-
vestigations.

A distinct association develops on the margins of subalpine streams

and on areas of abundant seepage. Drepanocladus exannulatus and Scapania

uliginosa grow submersed in streams, and on the irmmediate margins of the

streams Philonotis fontana and Petasites frigidus predominate. These are

early stages which will develop towards a moist, herbaceous Leptarrhena -
Caltha association, as organic matter accumulates and raises the surface of
the habitat further above the level of the stream. This development will be
favoured in sluggish streams with low erosive power. There are small ravines
in the Subalpine Zone which were formerly drained by temporary surface streanms

and which are now occupied by a platform of Leptarrhena pyrolifolia, Caltha

leptosepala and other herbs, Seepage is abundant but there is no surface

novenent or accumulation of water after Leptarrhena pyrolifolia is established.

This association is flanked by the same chamaephytes which invade other early
asscciations.

The foregoing paragraphs and the lines in Figure 30 indicate at
least four avenues by which early associations may hypothetically develop

towards the Luetkea - Lycopodium phase of the Phyllodoce - Cassiope association.

In all cases, development 1s extremely slow. This is clearly shown in Plate
IT1, F where secondary succession has covered only half of the bare ground

surface 16 years after the Carex nigricans sod was removed for roofing

material. All of the associations discussed to this point are more typically
alpine, but they form an important part of the subalpine mosaic of vegetation
and must be considered as preliminary stages in the development of the more

complex subalpine associations.

At altitudes of approximately 5000 feet and over (5§00 feet in
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Garibaldi Park), mesic habitats are occupied by the Phyllcdoce - Cassiope

association. This is a good example of an association which assumes dis-
tinctly different positions in the developmental sequence in the two differ-.
ent bioclimatic zones. In the Alpine Zone, suczession will not advance beyond
this association on mesic habitats; in the Subalpine Zone it is only an inter-
nediate stage in the development “owards forested asgociations. This differ.-.
ence is related to the occurrence of this associatica on two distinet topo-
graphies in the two bioclimatic ZOnes, &as discussed in Chapter IV.

The remaining associations in the upper subzone are distributed in
narrow blotic zones as shovn in Figure 16, 17, 18, 19 and 29, or over broader

arees where there are differences in snow duration as a result of exposure or

topographic configuraticrn. The Vaccinium delicilosum associatinon occurs in an

intermediate position between the Phyllodoce -~ Cgssiope association and the

-~

more highly Ceveloped associations along gradients of snow duraticn (Figure
17), but it is usually very restricted in size and distribution. This envizr.-

onnmentally con*rolled zonation need not imply that Vaccinium deliciosum is o

necessary successional stage after Phyllodoce and Cassiope. Autogenic changes

in the Phvllodoce - Cassiope asscciation do not necessarily meke the habitav

more sultable for Vaccinium deliciosum; if ‘they did, this species would be

more widespread in the upper subzone. Environmental influences that would

ium deliciosum.

Develcpment from the Phyllodoce - Cassiope association towards one

with larger life-forms and with a greater diversity of species is occurring
in many parts of the upper subzone (Plates I, F and II, C). This particular
stage of subalpine succession has already been discussed in detail by Brink
(1959) and sinmi ar development was noted by Vechten (1960) in the Central

Oregon Cascades where mountain hemlock forest is advancing slowly into meacows
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and some other areas. Brink (1959) discounted the influence of warnming from
larger trees because in many areas where dwarf mountain hemlock is invading

the nearest miture trees are several hundred yards away and the short hemlock

has little or no influence on snow duration until tree height exceeds iate
spring snow depths (5 to 10 feet). Both of the above authors considered the
establishment of short trees in the subalpine heath to be a reflection of
climafic moderation over the last one or two éenﬁufies; There is no reason
to doubt this hypothesis on the basis of observations in the present study.

The invesion of mountain hemlock into Phyllodoce - Cassiope areas

marks an important stage in developuent. Tree species, even if extremely slow-
growing, can create conditions detrimental to pre-existing species. Cassiopg
nertensiana is strongly shade intolerant and will decrease in significance anhd
vigour as mountain hemlock increases, Conversely, the increased protection

will encourage species such as Rhytidiopsis robusta, Vaccinium membranaceun

and occasionally Rubus pedatus. Mountain hemlock is the first species in the

successgional sequence with the ability to influence microclimate by hastening

snow-nelt in late May and June. This influence encourages Vaccinium membran-

aceum and allows the invasion of Rhododendron albiflorum. Vaccinium membran-

aceun is the most successful of these two species in places where the humus
remaing relatively undeveloped. This species was observed on a few occasions,
especially in the Luetkea subassociation of the dwarf Tsuga association where
moisture is abundant, to survive even on bare mineral soils; Rhododendron albi.-
florum requires a Geep, acid raw hurus and it grows best on the large humps of
organic matter which occur around clumps of trees in the upper subzone. The

unusual restriction of the Vaccinium membranaceum - Rhododendron association

(Plate I, E) suggests that it is a topographic climax (Daubenmire 1943) near
its upper linmit, whereas at lower elevations in the upper subzone this assoc—

iation is the most mature type of vegetation on mesic habitats (Plate III, C).
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It is not well distributed yet in the higher limits of the upper subzone be-
cause the great snow accurmlation restricts it to certain topographic situations

there.

On Mount Seymour, the Vaccinium membranaceum - Rhododendron assoc-

jation containg 1little or no Rhododendron albiflorum, because this is more

typically an interior subalpine species. It is noticeably more abundant in
the Garibaldi Park area which is further inland. To some extent, the same

applies to Vaccinium membranaceun which is a frequent species of interior sub-

alpine areas (Arlidge 1955), but it is more frequent in coastal arcas than is

Rhododendron albiflorum,

The pettern of vegetation in the upper subzone on lMount Seymour is

a mosaic of the lithic Cladothemnus subassocietion which occurs on topogrephic

prominences, fragments of the Veccinium membranaceum - Rhododendron association,

and the Phyllodoce - Cassiope and dwarf Tsuga associations, The ebundant dvrarf

mountain hemlock in this part of the study area is an indication that; with
time, forested associations will be more widespread in the upper part of the
Subalpine Zone.

The lithic Cladothamnus subassociation, which was described as a dry
edaphic component of both subzones, is mainly restricted to the Seymour -
Grouse - Hollyburn study area. It 1s not present on the.Quaternary dacitic
volcanics or on the older netavolcanic rocks of Paul Ridge and Diamond Head
(Figure 4). This may reflect a parent material influence on the distribution

of Cladothamnus pyrolaeflorus, because Paul Ridge is not beyond the range of

this coastal species; it was encountered again on the Cloudburst quartz diorite-
(Mathews 1958) further inland near Mamquan lake in Garibaldi Park.

The high proportion of Phyllodoce, Cassiope, Vaccinium deliciosum

and lichens on the lithic Cladothamnus subassociation indicates its affinities

to earlier stages of development in the upper subzone. However, further
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dévelopment of this subassociation is hindered by its confinenent to exposed,

dry ridges or prominences.
B, Lower Subzone

During Pleisﬁécehé glacial recession when sone porﬁions of the Sub-
alpine Zone were still covered with mountain glaciers, early sudééssiohai
stages similar to those described above were probably evident in the lover
subzone., Important differences would have been a thicker manfle of dfift;
nore extensive areas of drift initia, and fewer bare rock inifia in the lover
subzone. These differences, combined with presently smaller annual accumula-
tions of snow and a longer time since glacial recession, have allowed more
complex associations to develop here than in the upper subzone.

On dry habitats,vhich are now occupied by the lithic Cladothamnus

subassociation, successional changes towards the hygric Cladotharmus sub-

association and the Vaccinium alaskaense agsociation occur as organic accunu-

lations and continuing weatheri rocesses deepen the soil. Because of the
ng ng p p

restriction of the lithic Cladotharmus subassociation to upper portions of con-
vex slopes, molsture from lateral seepage is not plentiful but the developnent
of an impervious layer in the soil profile makes moisture from precipitetion
more effective.

Barly stages of development in seepage habitets are now obscure.

However, the presence of subalpine end elpine species (Senecio trisngularis,

Parnassia fimbriata and Valeriena sitchensis) in Lysichitun sites of the lower

subzone indicates that this association is a more highly developed and forest~

ed counterpart of the wet Leptarrhena - Caltha association of the upper sub-

zone (Table VIII). The associations on seepage slopes or edjacent to open
streams contein the greatest numbers of species, but such associations in the

lower subzone are much richer in species than their upper subzone counterparts.
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This is partly a result of climatic differences, but there are probably also
edaphic changes with altitude on such habitats. Wilcox et al. (1957) found
for both stream water and seepage water that it had a higher pH and a higher
salt content than did water in the same drainage basin at higher elevations.
These chemical changes would encourage additional gpecies of autogenic im-
portance in seepsge habitats at lower elevations.

In moist and wet habitats there is a progressive trend towards better
drainage similar to that described by Orloci (1961) and Lesko (1961), and de-

velopment in the lower subzone leads towards the mesic Vaccinium alaskaense

association (Figure 30). With increased humus accumulation and greater soil
maturation the lower subzonal climax association may be able to develop at
higher altitudes within the zone in the future. However, such an altitudinal
extension would probably also require macroclimatic changes because: snow ac-
cumulations at present impose strong altitudinal limitations on certain species

and associations,
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CHAPTER VII
SUMMARY AND CONCLUSIONS

Of the 90 forest sections deseribed for the forest reglons of Canada
.(Bowe 1959), the briefest description is given for the Coastal Subalpine seotion
of British Columbia, This brevity reflects the paucity of published information
on tree species and cover types of the section. The strong climatic and “topo-
graphic controls of vegetation patiterns and succession, the great physiognomie
veriety of associations and the undisturbed natural vegetation make the Sub-
alpine Mountein Hemlock Zone an excellent area for studies of land, vegetation
and climatic relationships. The main purposes of this thesis were to describe
the wvegetation and to determine the most important climatic controls of zonal
‘1;mi;s, tree distribution, biotic zonation and vegetational development, Most
.of the data presented will serve as basic information for future detailed studies
and will allow floristic and climetic comparisons to be made with othef bio~
climatic zones, The main findings of the study are summarized and discussed
below. »

(1) The Subslpine Mountain Hemlock Zone in southern British Columbie
eannot be precise;y deiined altitudinally because its upper and lower limits
may vary as much as 1000 feet through topographic gnd climatic influences. In
this study, the zonal limits vere placed at 3000 feet and 5000 feet in the
Seymour -.Grouse -~ Hollyburn - Cathedral Mountain area near the Stralt of
Geofgia, and at 3700 feet and 5500 feet in the Paul Ridge -~ Diamond Head portion
of Garibgldi Park, Thirty-seven per cent of the land area may be classed as
subalpine in the physiogrephic unit between Howe Sound, Burrard Inlet and the
Indian River,

(2) Various biological limits of mountain hemlock may be used to

delineate and subdivide the zone, The sharp lower limit of this species is
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considered the lower limit of the Subalpine Zone. The lowest 600 to 800 feet
of the zone are covered with contimuous forest of mountain hemlock, amabilis
fir, yellow cedar and western hemlock., This contimous forest is designated

as the lower subzone; thus, the upper 'forest limit' is & criterion for sub-
zonal delineation. The upper limit of the zone is marked by the altitudinal
'tree linmit! of mountain hemlock., This definition mekes cartographic desig-
nation of the upper limit difficult because trees extend upward into the Alpine
Zone in an interdigital pattern on favourable exposures. The irregular upper
limit to the Subaipihe Zone is in distinct contrast to its relatively sharp
lower limit.

(3) Temperature chafactéristiés for various altitudinal levels were
determined, in part, from analyses of radiosonde data which give the altitude
of the freezing isotherm (Chapter III). From such data it is possible to de-
termine the frequency of freezing temperatures for any period of the year, and
the approximate length of the frost-free season, for any altitude on a mountain-
side (Figure 14). To obtein equivalent information by conventional methods
vould require an expensive network of instruments closely spaced over a broad
altitudinal range. If published radiosonde temperature date are used in com-
bination with recently developed methods of synoptic precipitation snalysis
(Walker 1961), it is possible to obtain reliable temperature and precipitation
data for inaccessible mountain areas,

(4) Degrees along a temperaturc scale may ofdinarily be considered
as a continuum as far as their direct influence on plant life is concerned,
However, the physical changes that occur at the freezing point of water disrupt
the temperature contimuwum at this point. This is especially significant in
areas of high precipitation where freezing temperatures of a certain frequency
will cause snow accumulations that greatly shorten the growing season for plants.

Radiosonde data from Port Hardy, British Columbia, indicate that in winter the
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of the Subalpine Zone (Chapter III). A climatic result is a sharp increase in
snow duration near the altitudinal lower limit of mountain hemlock; an ecolo-
gical result is the relatively sharp delineation between the Subalpine Mountain
Hemlock Zone and the Coastal Western Hemlock zone.

(5) Temperature is more relisble here as a control of zonal boundaries
than it is in other bioclimatic zones of British Colunbia, because of the phys-
ical changes that occur at freezing point and because of the modil concentration
of the freezing isotherm in a certain altitudinal band on a mountain-side
(Figure 15).

(6) The ifrégular upper boundaries of the zone are a result of topo-
graphic influences on snow accumulation and duration. ©Snow accumilation increas-
es with altitude so that near the tree limit mountain hemlogk_can grow only on
prominences or ridges where snow accumulation is less; or on Warmer exposures
where the snow melts more quickly.

(7) Most of the zonal features of the vegetation can be related to
the intensity, quantity ancd duration of snow. Small-scale biotic monation and
distribution of associations are closely related to topography through its
influence on snow duration (Figures 16, 17 and 29).

(8) On the unforested associations in the upper subzone Wwhere snow
is thé dominant environmental influence, autogenic changes are slight. Only

. when mountain hemlock reaches a hoight greater than the May and June snow levels
(5 to 10 feet) can this species have an influence by hastening snow melt and
lengthening the growing season. This influence is best developed around the
sporadic clumps of larger trees in the upper subzone. The coibined influences
of snow interception by the crowns and greater melting near the clumps because
of greater heat absorption result in an important lengthening of the growing

season around these clumps (Plate I, D). Subalpine species which require a
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snow-free season of at least three months, such as Vaccinium membranaceum and

Rhododendron albiflorum, are largely confined to such biotically created open-
ings in the snow cover or to exposures which favour early melting of the snow.

(9) There are strong altitudinal influences on tree growth in the
Subalpine Zone. Site index is nearly always less than 100 feet at 100 years,
and is often less than 50. Although tree heights are much recduced with in-
creaéing altitudg, diameters at breast height do not show a proportionate de-
crease. The result is a marked increase in taper of tree trunks with increas-
ing altitude (Chapter III),

(10) Snow creep, particularly on steep slopes, ceuses many trees in
the small diameter classes to have a basal smow-crook. Ilountain hemloclk and
yellow cedar ate most strongly affected by this deformation probably because
they retain more branches near the ground than amebilis fir does. These lower
branches provide a greater surface area against which the forces of snow can
act (Chapter ITI).

(11) On the basis that a fully turgid plant is in the most setis-

actory condition for growth gnd other physiological responses (Kramer ond
Kozlowski 1960), amabilis fir growing on an exposed rock outcrop area at 4000
feet in the upper subzone is more vigorous than that in e more heavily forested
site at e lower elevetion (Figure 24). This stetement is besed on relative
turgidity readings of needles from brenches near ground level. In the coastal
Subalpine Zone, melting snow provides soil moisture often into July and pre-
cipitation is sufficient during the remainer of the growing season so thet
eyen trees growing on shallow soils of sites with no permaznent seepage can
maintain e high relative turgidity. By contrast, root competitiom may be such
for trees in a shaded forest stend that they actually have relative turgidity

values lower than open-grown trees on supposedly drier sites (Chapter III).

These relationships should be tested further by measurements from the upper
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free crown where the influences of suppression and “shading could be eliminated.
(12) Early stages of vegetational development are still evident on
several typés of initia in the upper subzome because of the relatively short
time since glaciaﬁion and because of limitations in vegetational aevelépménﬁ
imposed by the long annual duration of snow.
(13) Most early stages of vegetation appear to develop towards the

Phyl}oddce ~ Caggiope association., At cltitudes of 5000 or SSOO feet and over

{Alpine Zone) this will remain as the successionally most edvanced association
on mesic habitats where the relief is flat or convex and without seepagé. In
contrast, this same association occupies concave topographic positions with

temporary seepsge in the Subslpine Zone. As a result of its occurrence on two

distinct topographies in the two bioclimetic zones, the Phyllodoce - Cassiope

association is chionophobous in the Alpine Zone but moderately chionophilous
in the Subalpine Zone, when considered in relation to adjacent associztions.
Hovever, in the two different zones snow duration is actually approxinmately
the same for the association because of the different topographic positions
which it occupies. These differences indicate that topography is not always
reliable ag a basis for ecological classification unless the influences of
macroclimate are also taken into account.

(14) The Vaccinium membramiceum — Rhododendron association most

closely approximates !'climax! conditions in the upper subzone (Figure 30)s
In altitudes where it is best developed it occupies mesic habitats (Plate 111,
C), but near its upper limit in the Alpine Zone this association bedomeé a
'topographic climex' (Daubenmire 1943) restricted to warmer exposures or to
ridges between the areas of Phxilodooe and Cassiope (Plate I, E),

(15) Some species from the Coastal Western Hemlock Zone occur in
the Jower subzone in combimation with characteristic subalpine species. This

combination of species floristically differentiates the lower subzone from the
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adjacent Western Hemlock Zone and from the upper subzone (Table VI)., The mesic

Vaccinium alaskaense association is the most representative of 'climax' develop-

ment for the lower subzone. However, even if a distinct 'climax' association
is recognized for the lower portions of the Subalpine Zone, there are no tree
species limited specifically to this subzone so that it cannot be easily desig-
nated as a separate bioclimatic zone.

(16) In the lower subzone, early successional stages which have lead

to the Vaccinium alaskaense association are more obscure than are early stages

in the upper subzone. The pregsence of subalpine and alpine herbaceous species
in Lysichitum sites of the lower subzone indicate that this association is a

more highly developed and forested counterpart of the wet Leptarrhena - Caltha

association of the upper subzone (Table VIII).

(17) The ability of certain species to transcend their usual alti-
tudinal range along mountain streams or op slopes of abundant seepage (Table
VIII) indicates that edaphic controls may sometimes over-ride the influences
of macroclimate and altitude, This is also one reason why much of the Sub-
alpine Zone is a mosaic of subalpine and alpine asgsociations.

(18) Floristic data collected in this study are presented in the
appended synthesis tables. As suggested by loore (1962) these tables, as pre-
sently organized, are merely working hypotheses to be tested by further work,

(19) tHensurational data indicate that subalpine areas in south
coastal British Columbila are of limited use for wood production. Extreme in-
accessibility further limits utilization, with the result that recreation and
watershed management are the princible land-uses for the area. Subalpine areas
are particularly important for watershed protection because mountain hemlock
grows mainly in arcas of high watershed value (Dahms 1958) and natural mountain
hemlock forests have a spacing which is thought to be optimum for snow catch
and snow release (Church 1942). For these reasons alone, an understanding of

ecological conditions in the Subalpine Mountain Hemlock Zone is important.
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Checklist of Vescular Plants from the Subalpine Zone
Checklist of Lichens from the Subalpine Zone

Checklist of Bryophytes from the Subalpine Zone
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Checldist of Vascular Plants from the Subalpine Zone,
(collected from 2900 feet to 6000 feet above sea lovel
betweeg latitude 49°22' and 49° 56' and longitude 122° 56‘
to 123 12!'; north of Vancouver, B, C.)

Species are grouped into major life=form categories for three approximate
altitudinal levels: (1) Species of lower elevations that occur also in the
lower portions of the subalpine zone; (2) subalpine specics; and (3) species of
the subalpine-alpine transition., These three categories are not pre01sely de-
fined, so that the placing of a specics in one does not necessarily precluce its
occurrcnce in another. Nomenclature and authorities for the names are those
given in the manuals thit were used for identification. Publications that were
used for this purpose are listed in a separate section of the bibliography.

(1) Species of lower elevations that occur also in the subalpine zone:
MACROPHANEROPHYTES  (MP)

Abies amabilis (Dougl.) Forbes

Picea sitchensis (Bong.) Carr.

Pinus contorta Dougl. ex Loud.

Pinus monticola Dougl.

Pseudotsuge menziesii (Mirb.) Franco
Sambucus pubens llchx.

Taxus brevifolia Nutt.

Thuja plicata D. Don,

Tsuga heterophylla (Raf.) Sarg.

NANOPHANEROPHYTiS - deciduous (NPd)

Alnus crispa (Ait.) Pursh. seps sinuota (Regel) Hult.
Amelanchier alnifolia (Nutt.) Nutt.
Lonicera utahensis S, Wats.

Menziesia ferruginea Smith .
Oplopanax horridus (Smith) iMiqs

Rikes bracteosum Dougl,

Ribes lacustre (Pers.) Poir.

Rubus spectabilis Pursh

Vaccinium alaskaense Howell

Vaccinium membranaceum Dougl: ex Hook.
Vaccinium ovalifolium Smith

Vacecinium parvifolium Smith

CHAMAEPHYTES (CH)

Cornus canadensis L.
Gaultheria ovalifolia Gray
Kalmia polifolia Wang.,
Linnaea borealis L.
Lycopodium clavatum L.
Lycopodium selago L.

Moneses uniflora (L.) A. Gray
Pyrola secunda L,

Rubus pedatus J. E. Smith



Selaginella wallacel Hieron.
Vaccinium uwliginosun L,

HEMICRYPTOPHYTES (H)

Adenocaulon bicolor Hook.

Adiantun pedatum L.

Agrostis aequivalvis Trin,

Agrostis alba L.

Agrostis exarata Trin.

Agrostis idahoensis Mash ’
Agrostis scabra Willd. var. germinate (Trin.) Swellen
Agrostis thurberiana Hitche.

Anaphalis margaritacea (L.) B. & H.

Athyriun filix-femina (L.) Roth.

Blechnum spicant (L.) Roth.

Botrychium multifidum (Gmel.) Rupr.

Boykinia elata (Nutt.) Greene

Calamagrostis canadensis (iichx.) Beauve.
Campanula rotundifolia L.

Carex ablata Bailey

Carex aquatilis Wahl,

Carex hoodii Boott.

Carex laeviculmis Meinsh.

Carex physocarpa Presl.

Claytonia sibirica Pursh

Coptis asplenifolia Salisb.

Dryopteris austriaca (Jacq.) Woynar

BElymus glaucus Buckl.

Bpilobium angustifolium L.

Galium triflorum Michx.

Goodyera oblongifolia Raf.

. Heuchera glabra Wilid.

Hordeum brachyantherum Nevskl

Juncus effusus L.

Juncus filiformis L.

Luzula parviflora (Ehrh.) Desv.

Melica smithii (Porter) Vasey

Mirmlus guttatus DC. var. depauperatus (Gray) Grant
Mitella breweri Gray

Mitella pentandra Hoolk,

Osmorhiza chilensis H. & A,

Petasites frigidus (L.) Fries var. palmatus (Ait.) Crong.
Pleuropogon refractus (Gray) Benth. :
Polypedium vulgare L. ssp. columbianum Gilbert
Polystichum munitun ({aulf.) Presl.

Stellaria crispa Cham, & Schl,

Tiarella laciniata Hook.

Tiarella trifoliata L.

Tiarella unifoliata Hook.

Tofieldia glutinosa (Michx.) Pers.

Irisetun cernuum Trin.

Viola glabella Nutt.

Viola orbiculata Geyer

Viola palustris L.
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GEOPHYTES  (G)

Clintonia uniflora (Schult:) Kunth,
Corallorhiza mertensiana Bongard
Dicentra formosa (&ndrs) Walp:

Equisetunm arvense L,

Equisetun palustre L, . :
Gymnocarpium dryopteris (L.) Newm.
Habenaria dilatata (Pursh.) Hook.
Habenaria saccata Greene

Lilium columbianum Hanson

Listera caurina Piper

Listera cordata (L.) R. Br.

Lysichitum americanum Hult: & St. John
Maianthemum dilatatun (Wood) Nels: & McBs
Nuphar polysepalum Engeln,

Streptopus amplexifolius (L.) DCi
Streptopus roseus Michx,

Streptopus streptopoides (Ledebs) Fi & Ri
Veratrum eschscholtzii A, Gray

Subalpine species:
MACROPHANEROPHYTES (MP)

lbies lasiocarpa (Hook.) Nutt.
Chamaecyparis nootkatensis (D. Doni) Spachi
Pinus albicaulis Engelm,

Tsuga mertensiana (Bong.) Carr:

NANOPHANEROPHYTES + Qeciduous (NPA)

Cladothamus pyrolaeflorus Bong.
Rhododendron albiflorum Hook,

Ribes acerifolium Howell

Sorbus occidentalis (S, Wats.) Greene
Spirgea densiflora Nutt.

Vaceinium deliciosum Piper

CHAMAEPHYTES  (CH)

Gaultheria humifusa (Grah.) Rydb,
Lycopodium sitchense Rupr.

HEMICRYPTOPHYTES (H)

Agrostis rossae Vasey

Caltha leptosepala IC.

Carex illota Bailey

Carex mertensii Prescott

Carex phaeocephala Piper

Carex rossii Boott.

Carex spectabilis Desv,
Cheilanthes gracillima D. C. Eaton
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Cryptogramma crispa (L.) R. Br.

Epilobium latifoliun L.

Eriophorun angustifolium Roth.

Hippuris montana Ledeb.

Juncus drummondii L, Meyer

Juncus nertensianus Bong.

Nephrophyllidiun crista-galli (Menzies) Gilg.
Osmorhiza purpurea (Coult. & Rose) Suksd.
Polystichun lonchitis (L.) Roth.

Saxifraga mertensiana Bong.

Scirpus caespitosus L. var. collosus Bigel.
Senecio triangularis Hook.

Trientalis arctica Fisch.

Veronica serpyllifolia L, var, humifusa (Dickson) Vahl.

Species of the Subalpine-alpine transition:
NANOPHANEROPHYTES - deciuous (NPd)

Salix commutata Bebb,

" NANOPHANEROPHYTES - evergreen (NPe)

Cassiope mertensiana (Bong.) G. Don.
Juniperus communis L., var. montana Aite
Phyllodoce empetriformis (Siith) D. Don.
Phyllodoce glanduliflora (Hook.) Coville

CHAMAEPHYTES  (CH)

Antennaria alpina (L.) Gaertn. var. media (Greene) Jeps.

Empetrun nigrun L.
Luetkea pectinata (Pursh.) Kuntze

Penstemon davidsonii Greene var. menziesii (Keck) Crong.

Penstemon procerus Dougl. var. tolmiei (Hook.) Crong.
Phlox douglasii Hool,

Saxifraga tolmiei T, & G,

Sedun divergens S. Wats.

Sibbaldia procumbens L.

Vaceiniun caespitosum Minhx.

HEMICRYPTOPHYTES (H)

Anemone occidentalis Wats.

Athyrium alpestre (Hoppe) Rylands

Arnica latifolia Bong. var. gracilis (Rydb.) Crong.

Arnica latifolia Bong. var. latifolia Urong.

Carex nigricans C. i, Heyer

Carex preslii Steud.

Carex pyrenaica Wahl,

Castilleja hispida Benth.

Castilleja parviflora Bong. var, albida (Penn.) Owenby

Deschampsia atropurpurea (Wahl.) Scheele.

Epilobiun clavatum Trel,

Erigeron peregrinus (Pursh.) Greene ssp. callianthemus
Crong. var. angustifolius (Gray) Crong.

(Greene)
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Erigeron peregrinus (Piurshi) Greene ssp. calliantherus
’ Crongs vars scaposus (Ti & G;) Crongs

Hieracium gracile Hook.

Juncus parryi Engelm.

leptarrhena pyrolifolia (D: Doni) R. Br.

Lupinus arcticus S. Watss

Luzula wahlenbergii Ruprs

Mimlus lewisii Pursh.

Oxyria digyna (L.) Hill

Parnasgia fimbriata Konigi

Pedicularis bracieosa Benth,

Pedicularis ornithorhyncha Benth«

Phleun alpinun L.

Poa arctica R. Br. - ,

Potentilla flabellifolia Hook.

Ranunculus verecundus Robinson

Saxifraga arguta D, Don

Saxifraga ferruginea Grah,

Saxifraga lyallil Engler

Trisetun spicatum (L.) Richt.

Valeriana sitchensis Bong.

Veronica wormskjoldii R. & S,

GEOPHYTES (G)

Epilobium alpinu:. L.

(Greené)

,,,,,,
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Checklist of Lichens from the Subalpine Zone

(Nomenclature and authorities taken from the second
checklist of lichens of Continental United States and
Canada, by Hale and Culberson, 1960.)

Alectoria ochroleuca (Ehrh.) HWyl.
Alectoria pubescens (L.) Howe
Alectoria sarmentosa Ach.

Caloplaca sp.

Cetraria glauca (L.) Achs »
Cetraria hepatizon (Ach.) Vain
Cetraria islandica (L.) Ach,
Cetraria stenophylla (Tuck.) Merr.
Cladonia bellidiflora (Ach.) Schaer.
Cladonia carneola Fr, ‘
Cladonia chlorophaea (Florke) Sprengs
Cladonia coniocraea (Florke) Sandst.
Cladonia deformis (L.,) Hoffm.
Cladonia ecmocyna (Ach.) Nyl.
Cladonia gracilis (L.) Willd.,
Cladonia pacifica Ahti

Cladonia pleurota (Florke) Schaer.
Cladonia rangiferina (L.) Web,
Cladonia squamosa (Scop.) Hoffm.
Cornicularia californica (Tuck.) Du Rietz
Cornicularia divergens Ach.
Crocynie membranacea (Dicks.) Zahlbr.
Dermatocarpon miniatum (L.) Mann.,
Icmadophila ericetorum (L.) Zahlbr.
Lecanora sp,

Lecidea sp,

Lecidea granulosa (Ehrh,) Ach.
Letharia vulpina (L.) Hue

Lobaria linata (Ach.) Rabenh.
Lobaria oregana (Tuck.) Mall. Arg.
Mycoblastus sanguinarius (L.) Norm,
Parmelia enteromorpha Ach,
Parmeliopsis hyperopta (Ach.) Vain.
Peltigera aphthosa (L.) Willd.
Peltigera canina (L.) Willd.
Pilophoron hallii (Tuck,) Vain.
Rhizocarpon geographicum (L.) DC.
Solorina crocea (L.) Ach.
Sphaerophorus globosus (Huds.) Vain.
Stereocaulon tomentosum Fr,
Umbilicaria phaea Tuck.,

Umbilicaria torrefacta (Lightf.) Schrad.



(1)

(2)

(3)

Checklist of Bryophytes from the Subalpine Zone

Nomenclature and authorities taken from Grout (1940), Ancdrews
(1940) and Lvans (1940). Species grouped by growth-forms ac-

cording to Gimingham and Birse (1957).

Cushions (c):

Andreaea blyttii Schimp.
Andreaea nivalis Hook,
Andreaea rupestris Hedw.
Grimmia alpestris lees
Grimmia apocarpa Hedw,

Tall turfs, branches erect (Te):

Bryum sandbergii Holz.

Dicranum bonjeani De Not.

Dicranum fuscescens Turn,

Dicranum muhlenbeckii Bry. Eur,

Dicranum scoparium Hedw.

Drepanocladus aduncus (Hedw.) Warnst.

Drepanocladus exannulatus (Gumb.) Warnst.

Drepanocladus fluitans (Hedw.) Warnst.

Hygrohypnun ochraceum (Turn.) Loeske

Mnium affine Bland.

Mnivn nudum Willianms

Mnium punctatum Hedw.

Mnium spimdosun Bry. Lur.
Oligotrichum aligerum Mitt.
Oligotrichum parallelum (Mitt.) Kindb.

Plagiochila asplenioides (L.) Dumort.

Pogoratum alpinum (Hedw.) Rohl.

Pogonatum contortum (Schwaegr.) Sull.

Pogonatum urnigerum (Hedw.) Beauv.

Polytrichum commune Hedw,

Rhacomitrium aciculare Brid.

Rhacomitrium canescens Brid,

Rhacomitrium heterostichum (Hedw.) Brid.

Rhacomitrium patens (Hedw.) Huben.
hacomitrium varium Lesq. & Janmes
Scouleria aquatica Hook.

Tall turfs, short divergent branches (Td):

Canpylium stellatum (Hedw,) Lange & C. Jens.
Philonotis fontana (Hedw.) Brid.

Sphagnun compactum DC,

Sphagnun girgensohnii Russow

Sphagnun magellanicum Brid.

Sphagnum mendocinum Sull. & Lesq.

Sphagnunm robustum (Russow) Roll

Sphagnum squarrosun Pers.

Sphagnun teres (Schimp.) Angstr.
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(5)

Short wurfs (4):

Mulacomnium androgynum Schwaegr,
Aulacomnium palustre (Web. & Mohr) Schwaegr.
Bryum spp. v_

Buxbaumia indusiate Brid,

Dichodontium olympicum Ren. & Card.
Dicranella heteromalla (Hedw.) Schimp.
Dicranella squarrosa (Schrad.) Schimp,
Dicranoweisia crispula (Hedw.) Lindb.
Dicranum strictum Schleich.

Diplophyllum albicans (L.) Dumort.
Diplophyilum obtusifolium (Hook.) Dumort.
Diplophyllum plicatum Lindb.

Diplophyllum taxifolium (Wahlenb.) Dumort.
Ditrichum montanum Leiberg

Kiaeria blyttii (Schimp.) Broth.

Kiseria falcata (Hedw.) Hagen

Kiaeria starkei (Web. & Mohr) Hagen
Marsupella sparsifolia (Lindb.) Dumort.
Marsupella ustulata (Fuben.) Spruce

Oligotrichum hercynicum (Hedw,) Lam. & De Cand.

Pohlia drummondii (C, Mull.) Andrews
Pohlia nutans (Hedw.) Lindb.
Polytrichum juniperinum Hedw,
Polytrichum norvegicum Hedw.
Polytrichum piliferum Hedw.

Mats (M):

Bazzania ambigua (Lindenb.) Trevis,
Bazzania tricrenata (Wahl.) Trevis.
Brachythecium asperrimum Mitt.
‘Brachythecium plumosum (Sw.) Bry. Dur.
Brachythecium washingtonianun (Eaton) Grout
Cratoneuron commutatum (Hedw,) Roth
Hookeria lucens (Brid.) Smith

Hypnum circinale Hook,

Hypnum dieckii Ren. & Card.

ilypnum subimponens Lesg.

Plagiothecium denticulatum (Hedw.) Bry. Eur,
Plagiothecium elegans (Hook,) Sull.
Plagiothecium piliferum (Sw.) Bry. Eur.
Plagiothecium pulchellum (Hedw.) Bry. Eur.
Plagiothecium sylvaticum (Brid.) Bry. Zur.
Plagiothecium undulatum (Hedw.) Bry. Zur.
Porella roellii Steph.

Scapania americana K. Mull.

Scapania bolanderi Aust,

Scapania uliginosa (Sw.) Dumort.

Scapania umbrosa (Schrad.) Dumort.
Scapania undulata (L.) Dumort.
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(6)

(7)

(8)

Thread-like forms (Mb):

Barbilophozia barbata (Schmid.) Loeske
Barbilophozia lycopodioides (Wallr.) Loeske
Blepharostoma trichophyllum (L.) Dumort.
Calypogeia necsiana (Massal, & Carest.) K. Mull,
Calypogeia trichomanis (L.) Corda

Cephalozia lammersiana (Hueb.) Spruce
Cephalozia leucantha Spruce

Cephalozia media Lindb,

Eurhynchium stokesii (Turn.) Bry. Eur.
Gymmomitrium concinnatum (Lightf.) Corda
Gymnomitrium varians (Lindb.) Schiffn.,
Harpanthus scutatus (Web. & Mohr.) Spruce
Heterocladium heteropteroides Best
Heterocladium procurrens (Mitt,) Rau & Hervey
Isopaches bicrenatus (Schmid.) Buch
Leiocolea obtusa (Lindb.) Buch

Lepidozia reptens (L.) Dumort.

Lescurace baileyi (Best & Grout) Lawton
Lescuraea patens (Lindb.) Arn. & Jens.
Lescuraea radicosa (Mitt,.) toenkeils
Lophocolea heterophylla (Schrad.) Dumort.
Lophozia alpestris (Schleich.) Evans

Lophozia incisa (Schrad.) Dumort.

Lophozia porphyroleuca (Nees) Schiffn.

Nardia scalaris (Schrad.) S. F. Gray
Orthocaulis binsteadii (Keal.) Buch
Orthocaulis floerkii (Web. & Mohr,) Buch
Orthocaulis kunzeanus (Huben) Buch
Plectocolea obovata (Nees) litt.

Pleuroclada albescens (Hook.) Spruce
Pseudisothecium (= Isothecium) stoloniferum (Hook.) Grout
Pterigynandrum filiforme Hedw.

Ptilidium californicun (4ust.) Underw. & Cook
Ptilidium ciliare (L.) Nees

Ptilidium pulcherrimum (Weber) Hampe

Radula complanata (L.) Dumort.

Thalloid mats (Th):

Conocephalum conicum (L.) Dumort.
Moerckia blyttii (Moerck) Brockm,
Pellia epiphylla (L.) Corda

Pellia neesiana (Gottsche) Limpr.
Riccardia multifida (L.) S. F. Gray

Wefts (W):

Antitrichia curtipendula (Hedw,) Brid,
Calliergonella cuspidata (Brid.) Loeske
Hylocomium splendens (Hedw.) Bry. Eur.
Pleurozium schreberi (Brid.) Mitt.
Rhytidiadelphus loreus (Hedw.) Warnst.

Rhytidiedelphus squerrosus (Hedw,) Warmst.,
Rhytidiopsis robuste (Hook.) Broth.

141



APPENDIX II

Multiple regression analyses of the incidence of basal snow-

crook on amabilis fir, mountain hemlock and yellow cedar
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Multiple Regression Analyses of the Incidence of Basal
Snow-crook on Amebilis Fir, Mountain Hemlock and Yellow
Cedar.

The following veriables were considered:

Xl - gteepest slope on sample plot; in degrees
X5 = elevation, in hundreds of feet

X3 - length of slope above, coded:

1 - no slope above

2 - 1 chain or less

3 =~ 1 to 2 chains

4 - 3 to 4 chains

5 - 4 to 10 chains

6 - over 10 chains
4, - Dbasal area per acre, in square feet
X5 ~ crown closure of A layer, in percent

X¢ - aspect, coded according to amount of heat received. Chapter
21 and Figure 99 (Geiger 1957) were used for this purpose,
The divisions shown for a clear day in Figure 99 were coded so
that the coldest north slope had a value of 10 and the warmest
southwest slope a value of 95,

X7 ~ duration of snow, in weeks

Y - percentage of trees, in the lO-1nch diameter class or less,
with bazal snow-crook.

Only sample plots that had at least 10 trees in the 10~inch eclass
or less and which had uniform slope were used. Thirty-three sample plots
fulfilled these requirements for amabilis fir, and the same number was used in
the analysis for mountain hemlock and yellow cedar. This allowed use of the
same programmed computer instructions for both analyses.

For amabilis fir, the regression equation is:

Y =, 5728%1 - .6168% + .3492X§ + .0337XZ - .3556X5

+ W0255%6 + 1.5400%) ~ 24,189

Correlation coefficients show that steepness of slope (Xl) is correlated
with the percentage of snow-crook at the .0l level of probability, and basal
area (X4) abt the .05 level. The regression equation for the most important
variable, steepness of slope, is Y = 5.465 + .6896X;.
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The table below summarizes the correlation matrix for amabilis
fir:

Independent Variables

1 2 3 4 5 6 7

X1 - N N N N N N
2 - N N N Nk
3 - sl Hol N N
4 - BeK N N
5 - N N
6 - N
7 —
Y 33 N N % N N N

N -~ not significantly correlated
* - gignificantly correlated (.05 level)
#®¢ - highly significant (,OL level)

Amongst the independent variables, elevation shows a high correlation
with duration of snow, as one would expect in the Subalpine Zone. Length of
slope above g sample plot is positively correlated with basal area and crown
closure, since the most productive stands usually occur on lower or mid-portions
of seepage slopes.

For mountain hemlock and yellow cedar the regression equation and
correlation matrix are as follows:

Y -~ |877OX1 - 2. 5326X2 + .2310X3 - 50281_-}{4 + 90122X5

+ W17484g + 5.0545%, ~ 59.150

Independent Variables

1 .2 3 4 2 6 1

L1 - N N R N N N

2 - N I N N e

3 5 PIS sk N N

b - ® N N

5 - N N

6 - N

4 -
Y i N N N N N

For these species, only steepness of slope was significantly cor-
related with snow-crook. The regression equation for this variable alone is
Y = 20.491 + 790647,



APPENDIX III

Table XIII
Table XIV
Bxplanation and Legend for Synthesis Tables

Synthesis Tables I to IX
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ﬂife-fom distributions by number of species and by total cover
Columna 9 to 15

TABLR XII1

degree for each association (colurms 1 to 8),
show a further breakdown of humicolous bryophytes (eolunr 8) into
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growtheforms
1 2 3 b 3 6 7 8 9 10 1 12 13 WU 15
Pm Pnd Pne Ch G H L B Sum Te W M t M T4 T™h
Subalpine Lysichitum associations
No, species 7. 8 - 6 12 33 ° 6 114 10 S 13 2 10 & 2
% 601 7.7 - 503 10.5 ”09 108 hho? 5.8 !Juh 11-!3 108 8.8 3.5 1.8
Tote cove doge(900 185 - 53 388 6 - 66 218 04 184 13 - n oy
£ o3 Teb - 2,2 16,1 10,2 - 2.8 126 7e5 0.5 = 2,9 2.2 0.8
Subalpine Oplopanax association:
No, species |6 10 = 6 10 15 2 2 78 7 3 7 L 7 - 1
£ 7.7 128 = 77 12,8 19,2 2.6 37,2 9.0 3B 90 S 9.0 = -
Tots cov, dege 48 2652 = 37 132 122 - 265 1156 1% 177 k4 1 13 - 1
£ 0.1 2,8 = 302 1l 10,6 - 22,9 16 6,7 043 = Ll - -
Streptopus asseciation:
No, specles |6 9 1 7 9 19 h9 101 10 3 16 5 11 2 2
£ 5.9 8.9 L0 6,9 B.9 18.8 1.0 MBS Ye? 3,0 15.8 1,9 10,9 20 2,0
Tot. cov, deg,| 4105 755 = 24 125 430 - 011 [ so20 o2 4m k3 1 s2 10 33
% 47,9 15,0 = S8 2,5 8.5 - 20,2 80 943 0.9 = 1,0 042 007
Vaccinium alaskasnss association:
0. speciss 1 l b 6 2 32 61 7 3 11 ? 9 - -
. & 6,6 131 16 6,6 6,6 9.8 3.3 525 11,5 L9 1839 3.3 1.7 - -
Tote cov, deg.|2158 L% - ' 35 12 2 2 591 2926 308 227 LS 2 Q - -
% 52.0 19,1 - .6 0.6 02 0,1 2%, 14,5 10,2 2,0 = Ot = -
Cladothamms assnciation:
0s 8pacies 5 2 6 3 9 9 36 78 9 3 13 6 L 1 -
% 6 10,2 2.6 7.7 3.8 1.5 1.5 U6.2 11,5 3.3 15.7 7.7 5.1 13 =
Tote. cov, deg.|/1625 1659 253 103 2 15 s3 1173 4883 68l 382 91 1 2 - -
4 333 0 5.2 21 - 0.3 11 Al Uah 768 169 03 = = -
Yaccinium membranaceum - Rhododendron association:
0. Speciss: 8 2 53 3 2 6 3 b - -
% 11,3 151 3.8 7.6 5,7 1.9 151 39,6 11,3 3.3 113 S.7 Te6 = -
Tot. cov, dege[1127 835 73 18 = - 6 277 2336 193 51 33 - - - -
% 48e3 35.8 3.1 0,8 - - 0,2 11,9 8,3 2.2 1,5 = - - -
Dwarf Tauga association:
No. species |3 5 2 b 1 11 » 65 8 2 9 8 1 - 1
% b6 7.7 3.1 6.3 1.5 16,9 15, hLh.7 123 3s1 138 12,3 1.5 = 1.
Tote cove dege(766 95 615 200 1 112 32 579 2,00 20 9 b B+ SR - 10
£ 32,0 Lo 2.6 8,3 - Lhe?7 1.3 21 121 Oi 8,0 3.3 = - Oolt
Yaceinium deliclosum association:
0. speciss 3 3 2 ? 1 S 7 15 38 S 1 S 3 1 - -
g 7.9 7.9 503 5-3 2-6 13.2 )aob 39-5 13.2 206 13.2 7-9 206 - -
Tote cove dage[66 8 264 22 - 2 ¥2 1106 2 9 7L - - -
% 6.0 33,2 239 2,0 = - 2.2 328 2002 5.3 6e7 04« - -
llodoce ~ Cassiope association:
Ey—wm'pecﬁ 6 3 I 1 1 2 66 6 2 9 7 3 - -
% 6-1 9.1 h.S 6.1 105 16-7 15.1 uoo 9-1 3.0 1306 1006 ’-1-5 - -
Tote cov, dege[Lils 265 1500 219 = 9 L8 880 3065 w6 38 21 165 - -
3 L7 8,6 19,0 7,1 = 0s3_ 1e5 28,7 oS 1e2 Te5  Sek = - -
Carex nigricans association:
No. species 1 1 2 L - 6 1 10 2 ? - L 3 - 1 -
% L L0 8.0 16,0 - A0 La0 L0 8.0 = 160 12,0 = U0
Tote cov, dege|= - 1 11 - 504 - 372 888 % - 10 86 50 =
% - - - 1,2 - 5647 = 42,0 29 = 1ol 32,3 = 56 =
Laptarrhena - Caltha leptosepala association:
0, Epecies (3 - § 2 b % - 4 % 9 3 1 2 I 2
[‘ h.o 6.6 2.6 5. 3 709 380 ? - 35.6 11.8 206 'Joo 6.6 206 50 3 ?06
Tote cove dege(10 10 = s 131 1812 - 789 1957 3% 1 3 52 8 132 8
% 0.5 0-5 - 0-2 6-7 5108 - b003 1701 1?08 0.1 207 ooh 607 ooh
E_rlo_%ggﬂ* - assoclation:
0. 8pscies |- - - 2 k 15 = 17 B 3 H L 2 3 L -
’ - - - 5.3 1005 3’3-5 - “308 Te9 503 1005 503 7.9 10.5 -
Tote cov. deg, = - - 1 10 545 = 319 935 85 7 1 1 % %0 =
% - - - 001 1.1 5803 - h0‘5 9.1 ooa - - 2.7 27.8 -
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Explanation and Legend for Synthesis Tables

In some cases more than one association appears on a synthesis table,
mainly for typographical convenience, In the case of the Polytrichum
norvegicum association and the Saxifraga tolmiei association, which were
not studied by sufficient plots, a grouping is made with the Carex nig-

Plot locations are designated by the following abbreviations:
R. M. - Round Hountain (Paul Ridge), Garibaldi Park
G - Grouse Mountain
H, - Hollyburn Ridge
S5.M, = Seymour HMountain

T

Dia. H. - Diamond Hdead area, Garibaldi Park

Landforms are numerically coded:
1 - concave
uniform sglope
convex (ridge)
flat to undulating (rock outcrop)
complex

Wb W
-

Wind exposure was estimated on the basis of topographic position. An
exposed ridge was given a high value on a scale of 10, whereas a protected
ravine would have a rating of 5 or 6. Three values appear in the Synthesis
Tables: A, exposure of the tree layer to the wind; B, exposure of the
shrub layer; and O, exposure of the herbaceous and low woody layer.

Estimated coverage, in per cent, is given for each layer and each sub-
layer in the vegetation and for decayed wood ané rock. Average coverage
by each layer 1s summariged for each association in Table XIV.

A quadrat 1/2m. x 1/2m. was located in each corner of the rectangular
sample plots. All coniferous seedlings were tallied on these, to give
an estimate of regeneration per sguare meter.

Species are grouped by layer and sub-laver, usually in decreasing order

~of presence and decreasing order of total cover degree. In some cases,

differentiating species are grouped to indicate subassociation differences.

Specles ratings are given by three figures (eege 4ate2 oY 6,742.)

which represent species significance, sociability and vigour. The species
significance scale and its appropriate cover degree ratings are stendard-
ized with those of Orloci (1961) to sllow direct floristic comparisgons
between the two bioclimatic zones.



he following sceles were used for floristic evaluation:

10.

|

Species Significance Corresponding cover
degree in %

+ Very sparsely present, dominance very small 0

1 Sparsely present, domlnance small 0

2 Very scattered, dominance small 1

3 Scattered to plentiful 5

J, Often, domimence 1/20 to 1/10 of plot 10

5 Often, dominance 1/5 to 1/4 of plot 25

6 Any no. of 1no¢v1auals, donlnance 1/4 to 1/3 33

7 n nooW 1/3 o 1/2 50

g n noon " 1 1/2 to 3/4 75

9 n n o n n over 3/ 95

o n nmom " I 100% of plot 100
Sociability

+ Growing singly

1 Grouped or tufted, groups up to 16 sg. cm.
2 Group larger, up to 1/16 sq. m.

3 Group, 1/8 to 1/4 SQe M.

L oM 1/3 to 2/3 n 0 Vigour

5 n 1 to 2 sq..m.

6 0 5to 201 0 -~ none

7 w25 t0 501 -n + - poor

g n 100 neon 1l -~ fair

9 1 200 to 250n n 2 - good
10 At lezast 500 sg. m. 3 -~ excellent

Five presence classes are used:

species which occur in 81-100% of the plots (constants)
species which occur in €1-80% of the plots

species which occur in 41-60% of the plots

species which occur in 21-40% of the plots

species which occur in 20% or less of the plots (sporadics)

Howdwu,m
1

Sporadic species are listed separately, by vegetation layer at the end
of each table with a notation of their floristic rating and the plot on
wiich they occurred,

Fidelity is given only for the layer in which a species shows the highest
total cover degree. For example, Abieg amsbilisg is normally rated only
in the A layer.

Total cover degree was calculeted for each species on an association by

totaling the cover degree values of the species significance ratings on
each plot.

Life~forms (and growth forms for bryophytes) are abbreviated according
to the descriptions in Chapter V.



SINTHRSIS TABLLE I

Cladothamnus assoclation ( Tsugeto = Cladothammstunm)

Hygric subasgociation

Lithic subassociation

ook Wy a8 A A w1 7w
1/s 1/ s 15 s 1/5 15 /5 s s 1/5  1/5
20/9 22/7 1/c B/7 2/y 10/8 /8 L5 1B 9/7 /7 /8
1960 1961 1961 1959 1959 1959 1§59 1959 1959 1961 1959 1959

SM SM sM SM M sM SM SM SM M
h9 2 b9 23 L9 22 L9 22 49 22 L9 22 L9 23 L9 23 L9 22 L9 23 L9 23 L9 23

Flot number n 03 0 % L2
' .
Flot size (acre) /s 18 1/5 1/5 1/5
Date 22/6 39 /8 99 /1
1959 1959 1959 1959 1560
Locality (see legend) SH SM SM SM SM
Latitude Lo 22 L9 22 L9 22 L9 23 L9 22
Longitude 122 57 122 §7 122 57 122 57 122 57
Landform (see legend) 2
Slope above (est, ft.) hOO 60 hOO 50 IJO
Area of assoc, (acre) 1 1 1/2 1
Altitude (ft.) 3380 3510 3380 355 320
Aspect S26E  NBOE SW Sl(ﬂ 380w
Slope (degrees) % 22 10 8
t4nd sxposure (A=B=C) 6-5-2 7-5-2 6-3-1 5-6-!; 86ls
Snow cover (months) 7 7 %
£ coverage:
By vegetation layer & 15 17 )35 s )B
Ay 35 20 ) )
A3 15 15 15 3 20
A 50 4o Lo 60 %
By 20 50 17 50 20
B, 90 65 69 75 90
B 95 95 80 85 95
[ 10 7 20 10 35
Dy 70 Il 60 ko .
Dy, 3 I 7 2
br 5 1 1 1 -
D 78 76 68 L2 8o
By decayed wood s 1 10 N 4
rock 7 2 2 b} -
Tallest tree an plot (ft.):
Western hemlock - - 73 - -
Mountain hemlock 92 72 8 102 7k
Amsbilis fir 87 70 77 72 7h
Tollow cedar 83 77 66 6 70
Regeneration (no./sq. meter)
Mounbain hemlock - - - 7 -
Amabilis fir - - - ? 13
Yellow cedar - - - ? 1
Total soil dapth (cm.) 82 » 59 7 33
Depth to bottom of Ay (em.) b)) 13 a 9 12
Depth to sespage, 3f rresent 80 - - - -
Sub=
A layer: layer
Tsuga mertensiana 1| Se*e2 he7d ) 2 ).,
¢ 2| Buve2 5601 15702 5,702 )3e%e2
be6e2 30ted Ue6e1 LaT.1 Le7.2
No. trees over 3 in./acre 125 195 120 135 105
Basal area, sq. ft./acre 156 185 111 184 116
Oross volume, cu. ft./acre Bhk  BTS 19k6 6L AN
Abies amabilis 1 +e2 4.2 - )
2] +2 4 ;5'7'? Lig+e2 Yotel
30 leve2 Li60) 3.4,1 G701 1,401
Noe. trees over 3 in./acre 90 180 80 165 70
Bssal area, sq. ft./acre n ho 3 7 23
Gross volume, cu. ft./asre 9% 558 1m7 1290 38

123 os 123 1 12? S7 1?( 57 121 57 122 56 122 57 1?2 s7 1?? %6 12? 57 1,2!‘56 1;1(5'){
3 2

4
6o - - - - -
1 3/2. 1/3 1,/: 1/3 2 1 1/3 2 /s 1/2 1/k
L2200 3220 0 330 WO W30 3600 3730 300 Lo7s 3860 %so i
s w smw SISE  SowW N20‘E ?5 S1W soss ssw slsoh :
15 10
9-6; e-h-l 8-5—2 7-6-1 7-!;-2 6-«_';-2 1-6-h 8-7-3 6-6-3 9-8-5 7-7-3 8—7-h i
* :
) ) ) 3 ) ) ) 5 ) 1)
LI AR L U IS D LS LD LD VARSI W :
40 Lo 12 10 1 10 3 2 ) ) ) ) :
50 K63 35 20 23 12 12 10 10 15 7 15 ;
50 Lo 3 30 2 20 10 7 3 Lo 10 8 '
10 85 80 80 88 LS 60 60 50 60 Lo (13 .
85 90 90 %0 92 6o 60 65 1 90 Lo 60 i
5 5 30 g 20 60 80 70 s ko] % 65 :
(1] 60 8s 90 50 50 75 50 60 Lo ko 65
b 1 2 3 1 1 1 1 1 1 1 1
2 1 1 L L 1 1 15 1 17 3 L
55 62 88 96 55 50 76 65 61 52 75 70
6 3 b 3 1 1 b 1 I 2 1 1
L ? 1 5 6 1 30 7 2 % 50 6
- ) - - - - - - - - - - :
70 78 72 72 78 90 73 h 7 sh 3 59 i
61 63 56 50 % 67 60 3 3 15 2% sy
-3 72 81 60 66 56 ks % L6 15 15 19
- 3 - - - - - - - - - -
16 7 1 - - - - - - 1 - -
- 13 2 - - - - - - - -
92 ? 26 -1 u2 37 b7 35 L3 ? ke 33
18 ? ? 7 13 15 - 6 2 ? 10 S
- ? ? - 4o - %0 - - ? - 10 _
i ) ' T Pres, Fid, Tot. Life-,
ceds form ;
|
Jooer Jeusaz Jsuree 2rid Jsi6 Juurad Jouvaz Juutio 002 3L o fsaa| 7B R
BaTel 50702 hoTa2 16,2 36,1 3ura2 4.2 +43 Yete2)7 70301 |
Uo “15 170 165 105 65 1 65 s 60 75 70 :
152 13 13 118 118 8, 99 100 & 102 66 65 %
%86 2807 273k A%k 2359 2024 2A36 1540 1278 1422 8N 986
Nva ) )34 - - dea ). - - - - ) 5 122 R |
pretel ghave2ghtel Ly gt w2 L - ) 1 |
S BTl 2001 Lotel = 240 42 Lt )2 O 2l ; !
W6 126 1o BS 110 80 60 4 60 2 1 18 |
126 0 ¥% 19 13 n 1?2 12 U 3 ) 12 ! —
ol 6% w6 188 S7 606 13 98 82 19 96 137 | U
,,,,,,, _ 2r ;X 9 bl P4

contimed



SINTHESIS TABLE L Cladothamrmus assoclation, continued

Hygric subassociation

Lithic subassociation

Flot number o 03 20 2% Lz 19 2 08 A % 12
Sub= 7 ; Tttt h T CT
A layer, continued: layer ‘

Chsmascyparis nootkatensis 1 - letad ) - ) - - - - - - -
< 2 6u7.2 = )WL 5 )lete2 241 )Y o - - - -
3 Le*e2  tel  *1 24,1 2.4,2 e 1ot b1 42 e Yete2 -
No, trees over 3 in.facre | 115 120 110 160 100 120 75 ] 50 35 30 % Lo

Bagal area, 5Q. fte/acre 1% 75 57 66 7% 48 8 5 7 5

_Gross volume, cue fto/acre

3ol 159 920 Boo 1076

Totals, incliding sporadics:
No. trees over 3 in./acrs 335 b9 ;3 W60 275

53 %
_6s0  ® 60 6 A sz by

B0 20
190 157 170 119 118 8 110

106 o'l
292 2809 3390 2350 2059 1hS2 1450 1156 113

36,1 3.6.1
6

6

7

7

- 1.5.3 -
265¢3 TeTed 1lebe2 =
Bo7e+ habal 351 2.6
Zetel 3,601 L.7.1 L5
6.7.2 he6.2 16,2 =
2,601 Ul6.1 2,6,2 2.6
3.6,

5

i

+

8

3.5.1 k.61 3.6.2

2.5.2 6.7.3 3.6.2
211 2.5.1 - 3,6.2

3
[ad ]
~
B
o
.
]
w
b

1o
.
~
]

]

2
1
2.§.2 2.§.1 late2 1,
- - L2 b

S née

. e

20 180 145, 130 105 135

Pres, Fide Tot. Life-

ceda form
8o P

B
L RS IS N g
N
b
o
.
-
w
s
r
.
<]
&=
h
*
.
+
w
b
O
.
+
LR it )

A\ a2 LA

(g [ X IV AV, S, S, AV SV, SV UV, UV, 3
NN

g ¥ 3E ¥

&
? IR ER E FE P HR 7

119

+.

+

-

LI I B I BN A

20%03. 3,602 So7e2 566.2 UhaTe? Lebe2 2,401

Zotel 2e%e? 365.2 Lole? 3301l 25,2 tet 1,2.2

1otel letel 2%el L1a%e2 letel 1e%,2 ot -

.32 2, *2
- 1 .+
1.402 2.5.1 -
1.3, - - -
+, + + - -
- - - - - 205.2 - -
2 - - - -

14202 3,641 8

- h.b.2 8

aet 2l 7

- - 5

- - 3

1,21 = 202

Basal area, 5q. fte/acre 335 300 230 3 2l
Gross velume, cue fte/acre 78k2 5892 L3727 %65k 615
B layer:
Tsuga mertenstana 1 heba2 Bebel 3u7.2
2 {1.601 L6l 1.6.2
Vacciaium membranaceum 2 | 64743 Fe7e2 ho5.?
Cladothamms pyrolasflorus 1 - - -
2 | 54642 SeTe? 50743
Chamascyparis nootkatensis 1 ! L.A.1 6,71 3e742
2 | 2.6.1 L6 26,2
Vascinium alaskaense 2 | 6.7.2 3e742 7.3.3
Ables amabilis 1 | hbe2 S.6.1 3.7.2
2 1 26,2 bbbl 2.6.2
Manatesia ferruginea 1 : = - +e3
2 | 2.6.2 26,2 L.6,3
Vaccinium ovalifolium 2 i 26,1 o702 145.1
Sorbus occidentalis 1 - +e2 +.3
4 +e2 2502  +e2
Vaccinium deliciosun 2! - - - - 26,2
Rhododendron albiflorum 1 - - - 25.3 -
2 . 26,2 - - 6,7.3 -
Pimus monticola 2 - - - - +.1
C layer:
Vaerinium membranaseum 2ete2 25%s)l hiSe? 3.b.2 2,3.2
Rabus pedatus 20302 2302 be3e2 24402 Ue3e3
Ables amabilis tat  2atel 24,1 2.te1  2etel
Cladothammus pyrolasfiorus *el 1e*e? 24362 2tel Zote?
Sortus occldentalis - tol  20t.t Lete? +ot
Vaccinium alaskasnse 2otel  2etdl heSe2 2,L.2 L.Ne?
Tsuga mertensiana .- - 2e%e? letel -
Gaultheria humifusa - 2ete? *al 1,162 letel 2,22
Vaccinium ovalifolium L - 14442 - 3402 -
Chamaecyparis nootkatensis v - - 1.4.1 - -
Menzilesia ferruginma Po4el 1ete? - - 2ete?
Blecnmum spicant tot Llete2 - - +,*
Cormus ca adensis - - 14462 - letel
Jeratrum eschscholtazii +.l - 24542 4.4 4ot
Goodyera oblongifolia - +.1 - - -
Phyllodoce empstriforais letel le*e2 2,3.2 1le%el 1,21
Yaceininm dsliéiosum - - - 26,2 2.5.2
Cassiope mertensiana - - - *e -
Instkea pectinata - - - +e2 -
Sa ex nigricans . ;- - - - -
Lycopodinm sitchense i - - - - -
D layer (humicolons): |
" i
Dicramum fuscescens i 5602 5.6.2 5,6,2 2.5.2 7.6.3
Rhytidiopsis robusta 164643 6,742 56,2 5.7.2 LeS.2

7463 Lle21 6.Le?

MR W AW ETULA A W W W w T ET B

R S ESEARNESE N o

2,5.2 = 6,602 S.he3 23,2 Lube?
bolie? 5.5.2 hohe? 3462 hLe3e?2 LeS.2 32,2 S.3.2 L.6.2

NN

110 Pnd
5  Ch
16 P
6 Pnd
1 Pnd
2 Pnd
18 Pa
18 Ch
S Pad
2 P
1 Pnd
1 H

6 Ch
I [}

- B
166  Pne
226 Pnd
87 ns
22 ©Cn
8 H

1 Ch
395 Te
né w

1%



SYNTHESIS TABLE I, continued

Hygric subassociation

Cladothamnis association

Lithic subassoclation

Plot_mumber o)1 03 0 % L2 100 1wh L3 1% 2 08 24 8 09 12k 12 27
8. Fid, Tot. Life-
D layer (lumicolous), continued: ceda form
Dicranum scoparium - k.2 heb.2 6,7.2 1.1.1 - - 1002~ Te6a3 b6.1 7.703 Te8.2 1.3.2 = he342 647,31 b 2 256 Te
Orthocaulis floerkii 402 2162 1622 203.2 2.5.2 3e2:2 - Ue3e? 26202 2422 U262 5e2.2 Ue2.2 1e+e2 holie3 142.2 Le3e2| S 2 70 Mt
Lophocolea heterophylla 1032 1elo?2 10242 1l.1.2 - 1.1.2 - 1.2,2 1.2,2 1.1.2 - - - - - - - 3 2 = Mt
D plophyllum taxifolium 1e362 lele? 16262 14262 1e3e2 1.1.2 - 1.1.1 - 1.1.2 - 1.21 - 1.1,2 - - 1.2 L 2 - t
Abjes amabilis l.+el - lotel 1le+ol letel Totet Lo*edl 2,%,1 letel +.1 - 1.+.1 - - - - 2.+,1| b 1 Pm
Cladonia bellidiflora +o1 letel +1 1l.1,2 - lo+e* - 20202 1o1e2 1o1e? 2e%e2 Lelle? 2:302 2,442 14102 1late2 3.2,2| S 2 19 L
Rhytidiadelphus loreus 303¢2 3¢5¢2 he5.3 heSe2 3.3.2 e 1e21 Le3.2 = 3?2 2,342 - - 2el162 14142 - - L 2 52 W
Lescuraea baileyi - 1.3.2 - lele? 20202 1.+.1 451 3.3,2 - 20202 1edo? 1ale? 142602 1edo? 1,162 - - L 37 Mt
Cephalozia media Zolte? 1e222 1a1e2 2,102 - - - - 1e2s?2 1o3e? - 1.1.7 - 1.Js? - - - 3 2 2 Mt
Blepharostoma trichophyllum 1022 lele? 1e2s2 1lole? - - - - 1a20? 16262 - - - - - - - 4 2 = Mt
Chamaecyparis nootkatensis O - +.1 = letel = 1o%s) - 2.+e) - - - +). - - - - 2 1 Pn
Plagiochila asplenioides Te3e2 1e302 362 41 = - - 1432 - - - - - - - - - 2 2 5 Te
Ptilidium californicum 1632 - - 1.1.2 - 1,142 - - - 1.J02 1,22 1,1.2 - - - - l.d.?] 3 2 - Mt
Plagiothecium elegans 1ole2 10202 2,542 26242 - 1a20” - - - L1eded 1262¢2 le?e? Lla24? - - - le2e21 3 2 1 M
Heterocladium procurrens 1le2s2 - - le2:2 - - - lete? leZe? 1o2e? - - - - - - le%s2| 2 2 - Mt
Maium spinulosum 1.3,2 1lele2 - l.1.2 - - - - 1edad 1,22 - 1l.1.? - - - 1.1e? 1lo2.2] 3 2 - Te
Cladonia squamosa - - - - - - - - 1.1.2 - 1.2.2 h.2.? - - 1.le? 2:72.2 1la3.?2| 3 2 1 L
Cladoria rangiferina - - 1,11 - 1.%.2 - - 1.1,? +1 1ol 3,30 4+l lale) 3.32 1l.1.1 - l.2.2| b 3 10 L
Rhacomitrium heterostichum - - - - - - 7 - - 1.2 - = 3.Le2 143,27 = 1.3.2 3432 2,3,2) 2 2 11 Te
Pleurozium schrsberi - 1.1.? 3-'5.? - 2.161 - tot 142,272 1o302 - 3.b.2 - - 20202 2002 2.3.2 labio?f L 3T 1L w
Kigeria blyttii - - - 12?2 = - - - - - - 2,91 L5272 - - - 2L, 2 1 172 ¢
Rhacomitrium canescens - - - - - - - 352 - 232 - 33 - L2 - 2.3,2 2 2 1f Te
Lepidozia reptans - 23,2 - 1.1.? - - - - - 1.1.2 - - - 1.162 - - - 2 2 1 Mt
Brachythecivm sp. s lele? - - - - - - Je?e? - 2.16? - 1s2.? - - - - ? ? - M
Bryun. 8pe - - e2e? le2? - 1.J.? - - - 12?2 - l.de) lele? - le2e? - l.le2| 3 2 = 1
Vaceinium spe 1o+l - - - +.1 - letel - - - Lo*ol - le*al - lot.t -  leted| 3 - Pnd
Crocynia membranacea - - - 1.1.2 - - - - - - - 2e10? 1ele? 11,2 - 1.1.2 1l.1,2f 2 2 1 L
Cladonia pleurcta e  ldde? - - - - - - - - 1.2 3.hk.? - 3.te? 1,101 - 2.2.2| 2 2 11 L
Speradic species:
A layer: C layer, continued: D layer (lumicolous), continued:
Pm Tsuga heterophylla 20(+.?); 104({L.+.1) Ch Penstemon davidsonii 12(+.?) Mt Lophozia alvestris 21(1.1.2)
Pn  PAmus monticola 08(+.+) Mt Lophozia incisa 26(1,1.2)
B layer: Pnd Rhododendron albiflerum 104(1.+,1) t Marsupslla sparsifolia 21(Z.2.2); 2u(1.h.2)s
Pm Tsuga heterophylla 01(+,1) H Saxifraga ferruginea 12i(+.1); 12(+,?) 27(2:3.2)
Te Mnium panctatum 03(1.+.1); 20(2.+.+); 26(1.+.1)
C layers D layer (mumicolous)s M Plagiothec. undulatum 01(1.3,2); 03(1.1.2); ZL(*+.+)
H Agrostis aequivalvis 09(+.1) Mt Anastrepta orcadensis O1(1l.+,2) Mt Plectocolea obovsts 03(2,1.2)3 27(ke3,2)
H Carex lasviculmis 20(1,1.1) M  Bazzania tricrenata 01(1e2s2); 20(2.5.2); 19(1elte?) Te Pogonatum alpimum 26(1.1.2); 19(1e142); 20(1e142)
G Clintonia uniflora OL{2.+.,1); L3(1.+e2) Mt Calypogeia neesiana 26(1.1.2) t Pohlia sp. 12h(1.1.2)
H Cryptogramma crisps 12(1.1,} L Cladonia gracilis 08(1.1.7); 09(2,142); 12(1e3+2); t Polytrictum juniperinum 09(+.1)
H Deschampsia atropurpures 2i(+.1); 28(+.1); 12(+.+) L C. coniocraesa 12(1.1.2); 2.(1.2,2) 27(1e3:?) Ch Rubue pedatus O1(l.+.1)
H Hippuris montana 2(3.6.2); 28(2.5,2) Ch Oamltheria mumifusa 01(1.+s?) Pnd Sorbus occidentalis 17(+.+)
G Listera caurina 0}(+,1); 20(+.+); 10L(1.+,+) Te Bryum sandbergii 26(1.3.2) Td Sphagmm plumulosum 42(1.1.2)
M Hypwm cireinale 20(1,3.2); 26(1.102); 2(1.144) Pm Tsuga mertensiana 43(+.+)s 10L(+.+)
L Lobaria linata 26(+,1); L3(+.1); 2A(1.2.2) L Peltigera canins 27(1l.1.)

241



SYNTHESIS TABLE II

Vagoinium alaskaense association (Abieteto - Tsugetum mertensianae)

153

Flot number 123 106 15 16 50 % 29 83 82
: Flot size (acre) s /s /s 15 s s s 15 1f5 [
Date 1/io /7 /R 18/1 /1 &/ 11/9 22/8 22/8
1961 1951 1959 1959 1960 1959 1959 1960 1950
Locality (see legend) SN H SM SM SM SM M RM RM
Lt 4tude b 22 ho A Lo 22 L9 22 L9 22 L9 23 L9 23 L9 L6 L9 L6
Longitude 122 57 123 11 122 57 122 57 122 57 122 57 322 57 123 02 123 02
Landform (see legend) 2 2 2( 3(5)  3(5)
Slope above (est. ft,) ’400 %00 hoo- 150 500 - -
Area of smgoc. (acre) 1 b 1 1 3 1/3 1/2 1/2  1/2
Altitude (ft.) 56 3430 3200 3275 3050 3625 3700 L5ho  LS30
Aspact S60E" S30W  S1ITW New SS0E SéoW  STM ?
Slope (degrees) 17 5 15 35 b Le2o
Wind exposure (A=B-C) balim? 623e3 6aCa2 5-11.-1 7-6-b 7-5-2 7622 823-2 8-3-2
Snow cover (months) 7 % 7 i & ) 8 8
% coverage:
By vegetaticn layer A4 20 70 % 15 8 35 % Lo ho
2 50 ho 22 15 60 % 20 3 18
Ay Lo s 28 4o 40 10 20 - 16
A 95 95 6g 50 85 60 50 60 A0
B is b2 0w ho 30 ko 3 2
B, 80 8 hs fo 20 30 us hs he
B 95 12 50 99 50 3] 8¢ L8 L7
[+ 15 12 6 8 6 5 10 4 i
D, 80 s 60 65 70 50 % 35 Lo
ol 8 ¥y 18 B8 02 8 5 15 18
DR - 1 - 1 - 4 1 b ?
D 08 8 65 90 90 62 30 50 s7
By decayed wood 10 15 = % » 10 10 30 2
By rock 1 1 - 1 - 1 s 3
Tallest tres on plot (ft,)
Western hemlock - 128 10k - - - - - -
¥ountain hemlock 99 138 102 29 A7 115 94 12 119
Amabilis fir 23 12 88 82 70 76 92 126 104
Yellow cedar 7 - - 89 10 90 32 - -
Regeneration (no./sq. meter):
Mountain hamlock - - ? ? 60 ? ? - -
Amabilis fir 2 118 ? ? 2 ? ? Y 9
Yellow cedar 1 - ? ? 1 ? ? - -
Total soil depth (om.) ? ? 61 42 102 100 34 55 67
Depth to bottam of Ay (cme) ? ? 20 10 35 20 13 13 10
Depth to seepage, if present ? ? - - - 80 - - -
A layer: Sub- Pres., Fid, Tot, Lifee
laysr eade form
Tsuga mertensiana 1 (Lot 5ete? Su*e3 LeTe2 = 6,802 5,742 5,743 To7ed 5 2 388 Pm
2 [hetal 442 Lote? 402 UuTe? 5,742 54742 1e*e? 5.7.2
Setsl & UaTe? HeTe?  +u% Lotel 50702 = lLete?
No, trees awer 3 in./acre 130 15 90 130 60 100 195 30 85
Basal area, 8q. ft./acre 92 128 163 151 3% 30, w6 17 213
Gross volume, cu. ft./acre 2178 U380 4850 L5, 1023 10218 8720 5790 11008
Abies amabilis 1 - 1 4,2 - - «  hete? 6,742 Lotel € 2 187 Pm
2 - 7.8.2 4,1 .? Totot lietsd 442 6,702 1o+.+
3 = hB,2 let,1 L.7 20404 16,1 16,1 - 14,4
No. trees ovor 3 in./acre - 105 8¢ 00 105 185 ino 70 25
Basal area, sq. ft./acre - 161 ho Lo 23 91 115 > Lo
Gross volume, cu. fte?acre - 769  shkh 8k2 376 179k 2050 106h0 W
Tsuga heterophylla 1 41 7a90l 2es2 = 34te2 = - - - 3 2 13% P
2 | SeTel  *o1 Le742 4.1 bo71 - - - -
o*ol - +02 Lletol 5.7.1 - - - -
No. trees over 3 in,/acre 85 25 75 20 4 - - - -
Basal ares, sq. ft./acre 66 20 111 8 138 - - - -
Gross volums, cu. ft./acre 12%2 8802 820 145 3822 - - -
Chamascyparis nootkatensis 1 |L.+,2 = - 2otel 24,2 +,1 - - - 3 2 102 Pm
2 | SeTe? - - Lete) To7.3 - - - -
3e%el - - - Lete? +.1 +.1 - -
No. trees over 3 in,/acre 119 - - 35 % ho 20 - -
Basal area, sq. ft./acre 156 - - 131 205 56 2 - -
Gross volume, cu. ft./ecre 27% - 3498  LB872 118L 12 - -
Totals, including sporadics:
No, trees over 3 in./acre B0 1S 250 285 335 3% 626 100 110
Basal .area, 5q. ft./acre 3 529 AL~ 3y ks sy k63 ko 313
Gross volume, cu. ft./acre 628 21150 BALh 10109 10093 13166 10782 16430 1239
B layer:
Vaccinium alaskasnse 2 | 7.7¢3 L.6.2 Se6e3 8.9.2 ho603 30562 LaTe? 5.6.2 46,2 5 2 220 Pnd
Abies amabilis 1 fhetal 3a+0) Li6e? 3,601 5.6,1 5,701 6,701 3u%e? lot.+ 5 188 Pm
2 | 30%vel Lobal 36,2 46,2 1,602 Lube? Lebel L.S.2 LS.2
Tsuge mertensiana 1 15601 = 36,2 3,601 Lo6.2 ko701 Li6e? 241 - 5 88 Pm
) 2 1Tetel = 2,442 Fpta]l 1et,1 Le6.2 3ete]  2,5,1 14,4+ )
Vaccinium membranaceun 2 [Letel 1o%02  +#o1 2,5.2 = 16,2 5,7.2 5.7.3 5.7.3 S 2 8 Pnd
Menziesia farruginea 2 66,3 - +,1 3,6,1 2,6,3 h6.2 L,7.2 +1 - b 2 $9 Pnd
Vaceinium ovalifolium 4 - = 1,51 1,51 =  1.5.1 Lebe? Lhel Lot.+ L 2 10 Pnd




SYNTHESIS TABLE 1I, continued

Vaccinium alaskaense association

154

Sporadic species:
A layer, nons
B layer, none

C layer:

H Carex nigricans 82(1,6.+); 29(1,5.+)
Pm Chamaecyparis nootkatensis 50(1,+,+)

Pnd Cladothamnus pyrolaeflorus 16(1.+.1); 29(1.+.1)

Ch Inetkea psctinata 29(2.L,2)
Pnd Rhododendron albiflorum 25(+,2)

Pnd Rubus spectabilis 25(+,.+)

H Streptopus amplexifolius 29(+,1)
H Tiarella unffolista 29(+,1)

Pnd Vaceinium ovalifolium 25(1.3.1); 29(2.+.2)
G Veratrum eschscholtzii 29(+,1)

.
)

Plot number 123 106 15 16 50 x 2% 83 82 |Pres, Fid. Tot. Life-
Sub= T c.d, fornm
B layer, contimued: layer
Tsuga heterophylla 1 etel 4t L2 41 L6 - - - - 3 2% Pm
2 ot ot 2,2.2 +a1 Letel - - - -
Chamaecyparis nootkatensis 1 Lobad - - Letal 2.%e1 2,71 lotel - - 3 17 Pn
2 3etel - - letel Lete? 1latel Lo+l - -
Sorbus occidentalis 1 - - - - +e3 - +e3 - - 3 2 - Pnd
2 - ot - +od - letsl 1.+62 - -
Cladothammus pyrolasflorus 2 - - - 1,51 = 1,5.2 La7.2 - - 2 2 10 Pnd
Rhododendron albviflorum 2 - - - - = hh5,2 14e2 = - 2 2 10 Pnd
C layer:
Rubus psdatus o302 Ha3e2 2.2.2 30362 20462 2342 3.3.2 1lu%ad - 5 2 33 Ch
Vaccinium alaskaense 2e%s1 2002 Jate? 3.202 2.%02 201 2,3,2 2,327 1e3e2 [ 5 16 Pnd
Abies amabilis Lotol 30702 30%e? 20te2 Lo*e2 24%,1 24%s1 letel 2,5.1 | § iy Pm
Vaceinium membranaceum Totel 4ol = 21,2 = 342 3.3.2 2,3.2 2.3.2| L 13 Pnd
Clintonia uniflora Lefa3  +et 20302 Lo1a2 "20%e2 = 24,2 = - L 2 13 ¢
Blechnum spicant +al - - ol 2etel 24,4 +o1 - - 3 1 2 H
Menziesia ferruginea - - - ol 2s%42 letol 1letal - - 3 1 Pnd
Cormus canadensis 2¢*ad - - +41 Lle+e2 - - - - 2 2 1 Ch
Tsuga mertensiana - - - 1,+.1 - *ol 1e+e2 lotel - 3 - Pm
Goodysra oblongifolia 1e+.3 - - - 1l.%.1 +e2 - - - H 2 - H
Pyrola secunda .2 - - ATY U PL2S § - - - - 2 2 - Ch
Streptopus streptopoides - +,1 +ol - +e2 - - - - 2 2 - H
Tsuga hetersophylla - latel 24%.2 - lete2 - - - - 2 - Pm |
Corallorhiza mertensiana - - - *e2 +el - - - - 2 2 - G i
Listera caurina - - - +el ot - - - - H 2 - G
Sorbus occidentalis - - - +.l - +ol  letel - - 4 - Pnd I
Phyllodoce empetriformis - - - 1o+el - 1,21 1,3.2 - +o+ | 3 1 - Pne
D layer {mmicolous):
Rhytidiopsis robusta TeTo3 20362 5.503 5.5¢2 Te603 34542 Lohe2 3.2.2 2.3.2 | 5 2 172 W
Abies amabilis Lotel 2etel 1o%el late2 2,461 +ol Latel Letel - 5 2 Pm
Dicramm fuscescens 1e102 36362 - 8.9.2 6.5.3 - 2,22 5.5,3 6.7.3 | L 2 172 Te
Rhytidiadelpms loreus Slin? = . 54642 Le21 3.2 4.2 11,2 0 = - k 2 55 W
Blepharostona trichophyllum 10202 +e2 = 2602 442 L.1.2 3.3.2 ll.2 - b 2 6 Mt
Cephalozia media 1.2 1l.1.2 - 1,22 1.1.2 l.1.2 3.3.2 1l.1,2 - L 2 s Mt
Calypogeia nessiana ' - 1.3.2 +02 1.1e2 20302 1lele2 20242 Lle2.2 - L H 2 Mt
Lophocolea hsterophylla . Y-} - 1l.1,2 1l.1l.2 1l.1,2 - 24242 - 1,1,2 | L 2 1 Mt :
Lepidozia reptans i Llele? 1le242 lele? - 1lele2 1o2.2 - - 1l.1.2 | kb 2 - Mt :
Dicramum scoparium , Sele3 = 56,2 = 11,3 6.7.3 762 - - 3 2 133 Te |
Orthocaulis floerkii I - - - - - 1.1.2 1.3.2 ho3.2 hoh,2 ! 3 2 0 M 1
Flagiothecium elegans [ = 1422 = 1242 2.2.2 2.2.2 = 2,221 3 2 3 M
Hypaum eircinale - - 2302 - 1e3e2 Le3e?2 2.342 lele? - 3 2 2 M !
Cladonia bellidiflora - - - - *ot 14462 +ol 2,102 2,2.2 | 3 2 2 L
Mnium spinmulosum 2:3.2 - - 1e2.2 14342 1.3.2 - - - 3 2 1 Te
Ptilidium pulcherrimuim - - - - 1ele2 1.1,2 1e+42 - 1.1,2 ; 3 2 - Mt
Vaceinium sppe - +ot 442 1.,1,2 - +ol - - - 3 - Pnd
Lophozia incisa - - - - - - +e2 = L2 2 2 10 Mt
Plagiothecium undulatum 232 = - - 2,542 = - - - 2 2 2 M
Bazzania tricrenata 2023 - 26242 - 12,2 - - - - 2 4 2 M
Kigeria blyttii - - - - - 22,2 2.3.2 = - 2 1 2 ot
Maium punctatum - - 2¢3.2 1ls.2.1 1,1,2 - - - - 2 2 1 Te
Flectocolea obovata - - - - - 2¢1e2 1l.1.2 - - D 2 2 Mt
Bryum sp. - - - - - +e2 23,2 - - 2 4 1 Te
Chamascyparis nootkatensis 1.+.1 - - - +.1 - - - - 2 - Pm
Cladonia coniocrasa - - - - - - 1.1.2 Llete? - 2 H - L
Bryum sandbergii - - - - = LleSe2 = 1,41 - 2 2 = Te
Scapania bolanderi 1.1+ - - - - - - 1.1.2 - 2 2 - M
Brachythecium sp. L1e3e2 - - - - 1.3.2 = - 1,2.2 1 2 2 - M
Pleurozium schreberi 1ele+ - - +e2 - - - - 4t | 2 2 - W
Lescuraes baileyi. - - - - +ot 12,2 1.1.2 - - 2 2 - Mt
Plagiothectum denticulatum 1,1.2 - - - g2 - - - 102,2 | 2 2 - M
Tsuga mertensiana 1o+el lotel 1,+,1 - - - - -- - 2 - Pm
Diplophyllum taxifolium 1e302 - - - - +e2 1.1 - 2 2 - t

D layer, mmicolous

M Bazzania ambigua 83(1.1.2)
Mt Burhynchium stokesii 50(1.1.2)

M PFlagiochila asplsnioides 123(1,5.2)

Te Rhacomitrium heterostichm 82(1.1,2)

Pm Tsuga heterophylla 50(1.+.+)



SYNTEESIS TABLE I1I

Streptopus association (Abieteto - Streptopetun)

Typical subassociation
(subassoc. abietetoso - streptopetosum)

Degraded subassoclation
(subassoc. chamaecyparetosum)

_Plot mumber 13 1 17 51 8o 37 Ly 107 102 103 36 66 Joxd 02 10 1 12 06
Flot size (acre) /5 1/5 1/5 1/5 1/5 i/5 1/5 1/5 1 /5 1/5 15 15 /5 V5 175 1/5 1/5 /%
Date 16/7 /8 22/7 8/ /8B 98 19/7 /7 B/7 /5 20/5 9B 8/8 12/8 8/8 1/8 20/7 11/9 13/8

1559 1959 1959 1960 1960 1960 1961 1961 1960 1960 1960 1960 1960 1959 1959 1959 1960 1561 1959
Locality (see legend) SM SM SM SM M RM SM H SM G [t} M RM SM SM sM SM H SM
Latitude L9 22 L9 22 L9 22 k9 22 ko k6 Lo k6 L9 22 L9 2 L9 22 L9 23 h9 23 Lo b6 L9 L6 b9 22 49 22 U9 22 49 22 L9 A L9 22

Longitude

Landform (see legend)
Slope above (est. ft.)
Area of assoc. (acre)

Altitude (ft.)
Aspect
Slope (degrees)
Wind exposure (A=B=C)
Snow cover (months)
% coverage:
By vegetation layer A3

SFPP O NP T

By decayed wood
rock
Tallest tree on plot (ft.):
Western hemlock
Mountain hemlock
Amabilis fir
Yellow cedar

West,, or mtn. hemlock
Anabilis fir
Yellow cedar

Total soil depth (em.)
Depth to bottam of Ap (om, )

Regeneration (no./sq. meter)

Depth to svepage, if present

L 22 57 122 57 122 57 122 58 123 03 123 03 122 57 123 11 122 58 123 05 123 05 123 03 123 03

2 2 2 1-(2) 2 1-(2) 2 2 2 2 2 2 2
250 300 1500 500 150 250 300 Loo 40O 300 LOO 200 600
2/3 2 1 14 1 /2 /2 1 I 1/2 1 /2 3/
3070 3025 3050 3280 L4360 L120 3330 3500 3330 372 3720 L300 3780
N70W S80OW N79W S15W NLOW NSOW NBOW NBOW  S1OW W ) NBOW w

19 20 4o 0§ 10 15 20 33 17 3L kY % 10
Se2e} 7ah-2 6-himl 7-5=2 6=31 7-6-3 7-5-2 6-3-1 7-5-2 B8-5-3 B8a5-3 86k 8-L-2
& 6 7 8 6% 7 7 7 7 7 6% 7

15 20 20 35 30 k4 % 55 12 20 50 35 30
60 60 20 15 15 30 % 15 Lo 20 30 2 ks
) 1 % 20 20 8 20 20 30 Lo 30 15 20

70 70 50 60 55 65 55 80 75 65 85 65 85

5 10 7 10 so 20 Lo N 20 8 5 10 -

75 70 60 10 5. 50 50 ko 40 20 20 % 35

7 5 65 15 85 60 80 L 55 ] 35 35

75 50 Lo 55 30 s 50 Lo Lo Lo ks 18 10

55 3 5 70 60 50 8o 5 35 % 10 Lo 55

2 10 30 8 18 5 7 1 20 9 5 6
- - 1 1 2 - - S 1 1 - - -
57 35 85 i} 80 55 87 6 55 35 15 hé 63
10 % 35 15 35 15 15 2 x 10 10 15 %
- - 1 1 3 1 1 1 3 2 1 - -
18 170 116 119 n 16 - - 1 - - - 12
- - 1% 11 18 13 132 1M 12 Ul U1 16 -
16 170 120 127 151 157 13 12 112 13 168 W6 18,
- - 122 - - - 92 - 13 - - - 1%
? ? ? 60 1 - Iy2 18 L8 1 L - 3
? ? ? LS 19 68 18 82 % 23 19 33 59
? ? ? & - - - 9 - - - - *

gﬁ 78 7h 70 105 104
35 70 72 -1 2 -

122 §7 122 57 122 56 122 56 123 11 122 57
2 2%) 2 2 2 2

200 300 200 300 300 120
2 23 s 3 1 3/4
3260 3/00 3150 3220 3480 3330
S10E S104 SBOE S70BE S60E STOE
30 20 5 22 10
6-301 7-b=3 6-5-1 6-3-2 6-5-3 6-4-1
7 & 7 6% 7

5 7 12 15 10 %
75 30 65 LS LS 60
7 L 10 3 2 5

1 1 1 2 - 1
82 35 75 50 W7 65
10 6 15 5 s 10
2 2 2 2 - 1

- - - - 8 -
o 10 106 11 109 117
101 125 W2 1% 10 93
100 - 1% 122 17  uh
? ? ? - - ?

? ? ? 152 23 ?

? ? ? - 2 ?
86 90 72 % ? 61
% Ll 10 8 ? 15
- 65 - 59 ? -

No, trees over 3 in,/acre
Basal area, sqe ft./acre
Oross volume, cu. ft./ac

ks 50 100 50 135 135 180 135 70 185 150 1o 50
12, 239 9% 128 266 La 204 k1 V. 123 8 x4 135
6573 13014 3502 6220 13537 16426 7653 11389 20890 1318) 923

Remarks rede
o]

Sub~

A layer: layer Pres. Fid, Tot, Life-
Cede c.ds form

Ables amabilis 1 |Se*e3 5ete3 bLete3 60702 6,8.3 64803 Lete? 4ot 34402 5,8.3 7.8.3 6.8.3 93 5e702 ha7e3 Le+e3 41 43

2 Dpary 6803 = 2si2 402 6,8.2 3.7.2 5.8.3 3,402 5.8.3 6.8,3 5.8.3 S.7. 402 64742 SaTe? LeTe? 3e%el 2u402 30 5 2 918 Pm

3P 4ol UeTa? 347¢2 5u8e3 Uete? 5,702 5.8.2 5.7.2 6.7.2 6,7.2 LeBu2 - oTel 3ete2 Lo+l 2%l S5eTel 3e*e2

170 150 120 80 51 15
és 26 170 1p2
Lh96 1864 820

2% 9953 6842

e o s o o continued ——

Gat



SINTHESIS TABLE III, continned Streptopas association

Typical subassociation Degraded subassociation
Flot rumber 13 1h 17 S1 85 37 uh 107 3L 102 103 36 66 Subassoce 07 02 10 11 125 06 Subsssoc. Entire association
3, Chail S, Char] Prea. Fid, Tot. Life-
Subef Codef Ceotde cods form
A layer, continued: layer
Tsuga mertensiana 1 - - 403 3ete2  +43 lotet Bete3 B8,9.3 3u%.2 hete3 4¢3 Lite2 - | L 25 | he702 lote2 = = Sete3 S.7.3] 5 30 S 2 h32 Pm
2 - e 3etel 3ete? Soted Lita? 5.7.3 = 5,702 442 - - - Leto2 3a%e2 3aTe2 3Jutel lLate2 2.+42
3 - = 3ete2 3,7.2 - = 24,2 = 3.4,2 hi7.2 ki7.2 - - be7e?2 5u7.1 La7el ha7.2 La7.1 L.7.9
No. trees over 3 in./acre - - 55 60 50 15 60 35 50 85 70 el - 105 10 85 115 70 115
Basal area, sq. ft./acre - - 92 8l 96 56 46 335 97 330 136 B - 208 183 87 o 206
Gross volume, cu.ft,/acre | - - 2718 3172 hWhoz 269 8991 15090 3236 8153  Lloh 1316 - 6088 5111 3489 2564 3776 S873
Chamaecyparis nootkatensis 1 = - 3t - - - 401 = 2443 - - - - | 2 9| 2e%e2 = he7e3 hete3 5.8.3 Le74d 5 17 3 2 13 ke
2 - - k7.2 - - - +o+b = k7.2 - - - - - = 3utel he742 Let.2 4.2
3 - - 402 24,1 - - - P PES R - - - 20401 = 361 letel - +42
No. trees over 3 in,/acre | - - 45 [ - - 10 - b3 - - - - 70 - 60 ho L5 30
Basal area, sq. ft./acre - - 232 148 - - 96 - 208 - - - - 202 - 238 29L4 520 18
Gross volume, cu. ft./acre| - - 6960 500 - - 1336 - L9 - - - - AN - 7460  B138 10732 5534
Tsuga heterophylla 1 442 443 a2 24,2 = - - - 3.te3 = - -  heve21 3 27| = - -- - - -2 2 3 2 165 Pm
2 Yg.7.3 TeBe3 ATe2 3.2 - - - = 34,2 - - - ko741 - - - - 3t -
3 )" o 36,2 2,42 - - - - - - - - 5.7.1 +a2 = - - - -
No. trees over 3 in./acre 50 50 65 Lo 4 - - - x - - 65 5 - - - 10 -
Basal area, sq. ft./acre 3% 18 65 82 - - - - 76 - - - 120 b - - - 92 -
Cross volume, cu. fto/acre 11190 824 2014 2862 1 - - - 2687 - - - Lbos 56 - - - 1680 -
Totals, including sporadicss
No. trees over 3 in./acre 95 100 265 155 190 15§ 20 170 170 210 220 165 1k 350 265 265 235 380 260
Basal area, sq. ft./acre |LL3 403 k35 k2 382 478 &6 L98 LSk 6LL 617 2 337 k79 W60  SkS  L70 835 . 259
Gross volume, cu, fte/acre |20763 21258 1519k 127sk 17940 18899 17980 1971k 13h1ly 195h2 24988 1LL8O 15515 h17hs 15072 17791 15198 18052 12227
B layer:
Vaccinium alaskaense 2 [BoTe3 TeBe2 64802 hebol LUubu2 5,742 64702 64742 5.7¢2 5.6e1 5.6,1 Lol 5,702 5 29| 5.702 5.6.2 habe2 5.6.3 74763 5.6420 5 27 5 2 53 Pnd
Abies amabilis 1 |2tel 26+e2 30642 2,601 5,702 Le7e? 54642 Lhe6.2 La7u1l Lebe2 24401 bhetol = | 5 19| S.7.1 Lebo2 Lebol Libel S.6,1 36,1 5 35 5 426 Pn
2 [S:601 5,742 Ue6.2 Li6,1 Lab,1 Le6.1 latel 2,6,2 24%01 3etol 24,1 Lete2 La6.1 5o7el letel 6,701 Libel 2.+.1 ho6.1
Tsuga mertensiana 1] - o 2e%el Uu742 5702 24%e2 hub.2 2401 30ta1 2261 3,642 LuSu1 = | b 11| 2601 3.6.2 2.5.1 3.641 2.+.1 2.6.1) 5 11 5 176 Fm
‘ 2| - = 30602 L1otel Ue6el Ueba2 hetal 20401 24401 Lo+ Letot 34,2 - bebal 24tel Sa7el 35,1 loto+ L6l
Menziesia ferruginea 2 [late? 1a5e2 2642 Letel = 1o+l 1,542 +1 3,623 2,5.1 = - 241 L 1 2542 1e5.1 lotel 3,542 heSe2 letelf 5 2 5 2 % Pod
Vaccinium membranaceum 2 | = e 2642 e 5,603 2,41 1.4,2 3.5.1 4,1 2+.+ 34,1 2,51 - | b 4130602 Lletel 2,502 34542 3e5e1 26,2 5 3 L 2 56 Pnd
Tsuga heterophylla 1 (3401 LeTe2 2401 34,1 4.+ 141 - - letd - - 241 - | L | - 1 - - - - 11 - 3 3L Pm
2 251 Le7e2 1etel - I P R - 14+l - - 24,2 = - - - - - -
Jaccinium ovalifolium 2 13.502 2,52 4.1 14,1 lote+ Lo+l - L,5,2 - - - - 151 U4 - - I PR 25 SR S R -2 = 3 2 6 Pnd
Sarbus occidentalis 1 - - - _ 42 - - - +.2 +43 - - - - L - - - - - - - 3 - 3 2 1 Pnd
2 Leta2 = 1t 1l 4,1 4,1 - = 1.4,2 2,5.2 4,1 = ERE P | - LA S TS SR 1 - .
Rubus spectabilis 2 {ha7e2 1.5.2 = - = 1.t - +41 = 2.5.1 25,2 - - |3 2| - - - - - - |0 = 2 2 12 Pnd
Cham, nootkatensis 1 - - - - - - 1.+.1 4.+ - - - - - ? 1| 3.6.1 - +ol 4o 1,4,1 +.1 5 1 H 11 Pm
2 - - - - - - 14,1 4.+ 35,2 - - - - 2,601 = 1a5.1 Letel Lo+t 4.4
Cladothamms pyrolaeflorns 2 - - - - - - - - - - - - - 0 e[ 14542 1e+ad +1 +e2 2,643 - 5 - 2 2 1 Pnd
Rhododendron albiflorum 2 - - - - - - - - - - - - - 0 - - - +,1 - b.6.2 - ? 5 1 1 10 Pnd
Oplopanax horridus 2 - - - - - - - - - .t +,4 - Lat.4| 2 - - - - - - - [} - 1 1 - Pnd
C layer:
Rubus pedatus 84843 54742 647¢3 24302 54362 Lolte? 5643 L.6.2 2,2.2 0a302 Le3e? ha22 1ol 5 18| Lhe5e2 3.5.2 ha5e2 Lhebe3 bohed 3.6020 5§ 8 s 2 235 Cn
Blechrum spicant BeSe2 2,642 La6a2 7.8.2  +.4 o L6l 1et.l 5.6,2 2441 1.+l 4.+ 25,1 S 9| heSe2 3ehiel 4.+ 2.5.1 UoS.d LeTe2l 5 7 S 3 U8 H
Streptopus roseus Lete2 Lotal 3ulie2 244,1 2,442 L.5.3 1.+.2 6.6.2 1a+,1 5.3,2 5.3.2 1,51 3,5.3] S 8 2441 - 2ete2 2b43 2,he2 2te2} 5 1 5 3 110 H
Vaccinium alaskaense +e2 34642 Le202 Lletat 2,3.2 letal 30342 3e%e2 34302 3e%e2 3ate? 3etel 11,2 & L] 3e502 2e%e2 Le542 34542 1etel 3,502/ 5 k4 5 72 Pnd

e s s o s continued g



SINTHESIS TABLE 1II, continued

Streptopus association
Typlcal subassociation

Degraded subassociation

Plot number 13 i 17 S1 85 37 W 107 A% 102 103 36 ‘66 Subassoc. 07 Q2 10 1 12 06 Subassoce Entire association
a8, Char . S« Char{ Pres. Fid. Tcte Life-
C layer, continued: cede code . ceds form
Abjes amabilis 3etel 2442 2ol Latel 2,441 La+,l 2+el 2402 3t 2ot L 50 3 [3etel Jetal 3etel JeteP 2%0l 24014 52 s 63 M
Veratrum eschscholtzii - - Tate2 +el 2,be2 2442 +a+ ot Latld +1 5 = |l.tel 1o%ad +.1 +ol 0t 143 5 - s 2 7 ¢
Clintonia uniflora 2.3.3 3.5.2 .63 - - 2.2,2 1e*te2 lete2 = 3.5.4 b S {be6e3 3.k.2 - - Le3.3 5.7.3 b 12 L 2 97 @
Streptops streptopoides  [7.643 L.5.2 = 1a+e2 2.+l 4,1 3022 3.3.2 241 1.3.4 5 6 - - - - 41 - 1 - L 3 78 H
Vaccinjum eum - *  lete? 34302 2.%e? Letal 2okt 240+ 2,2,2 1.+ b 1 1h.5.2 *a] 3.542 1e%e) 1etel 35.2 5 3 } L 29 Pnd
Tiarells unifoliata Lete2 421 Lete? 204e? 2,502 = 5¢302 5.2.2 L2 140 b 6 - = latk - ~ oy =1 - .3 2 ST H
Tsuga mertensiana - - - 3utal e lLated 1at+a+ +al 1,41 - 3 2 34l 2.%.) 2,01 - 4o 2.3 5 2 3 23 Pm
Tiarella trifoliata hella? 345.2 442 - letd - Late? 20%e? loto? 2.4 L 2 - L T | - - - 1 - 3 2 1 H
Athyrinm filix-femina 2 b - 444 3be? 247 - -1k o1 - - - L S 3 2 7 H
Menziesia ferruginsa - - - - - - 1.4 2 - LI R PR § - lete?d 5 1 3 S Pnd
Streptopus amplexifolius “«  1evd - +ot 4t - - | n - - L2 B - ?2 - 3 2 1 H
Listera caurina 41 - - - - - - - levod 2 - Letal +ed 42 +1 S5 - 3 2 - G
Sortus occidentalis 1.+.4+ +od - LT PR - - - L+ 3 - - +al - lev) 3 - 3 - Pnd
Gymnogarpium dryopteris = 3643 e 1ip = 14,2 k62 16,2 - |3 3 - - - - 10 - 2 2 2 G
Cormus canadensis - - - - 2.2.2 - - - 2.+ 3 - - - - - 1 s 2 H 3 ¢h
Tsuga heterophylla - - - - - - - loted - 2 1 - - - - 0 - 2 3 Pm
Lysichitum americanum - - - - - - - - - 2 - - +0 - - 1 - 2 2 1 G
Carex laeviculmis - - - - - - - - - |2 - 16,1 4ot - - 2 = 2 2 =~ H
Rubus spectabilis - 1,44 - - - - +,1 - - 2 - - - - - 0 - ? - Pnd
Chamaecyparis nootkatensis - - Lo+ ? - 1.+a] - - - - 1 - - Y4 e 4,1 3 - .2 - Pm
Cladothamms pyrolasflorus - - - - - - - - - 1 - 4o+ - +,1 bl - ? - Pnd
D layer (mmicolous); .
Rhytidiopsis robusta &, 3ali. - g 1 [8.6.2 LeS.?2 7.6.7 hubs? 5.5.2 S 3 s 2 312 W
Abies amabllis *e 2.%e? 1atal kL 1 402 Letel 24ta] 2,401 2.t,1 s 1 5 10 Pm
Dicramun fuscescens e 3.3.2 2.2.2 S 12 [6.5,2 222 = 23,7 5.5.3 L 15 L 2 192 Te
¥ntum mudum - 1.2, b.b.2 b10 1.3 = 2h.? 1,5,2 122 s - L 2 99 Te
Rhytidiadelpins loreus - - 1.1.2 h 8 heSe2 LoS.2 2.5 12 331 5 5 L 2 9% W
Plagiothecium elegans 1. 2.2 - L1 1e22 2032 1032 1,103 1,22 5 = b 2 12 M
Hypmm circinale - 1.2, 1 1.102 L 1 |le2.2 14242 - - - 2 - L 2 Z M
Calypogeia neesiana - - 1.2 1.2.2 L o= 12,32 11?2 = 1,22 - b - L 2 8 M
Cephalozia media 2.2 - - - - b = 12,2 1,22 23,2 11,1 11,2 5 1 b o2 7 m
Diplophyllum taxifolium - 122 - - - - I = (1.1e? 1,147 la2e2 =  1,2,2 5 - b 2 - H
Plagiothecium denticulatum - 1e2 342 = - 3023 bod2 L 3 - Lbie?2 = - 11,2 2 - 3 3 a4 M
Mnium spimulosum 1.1, - - - L2 - - 2 - 2.2 - 3be2 - 1,22 L1 3 2 6 Te
Lophocolea hetarophylla 143,72 - - - Ll - - 3 - = 1e2a2 322 1,103 L2.? 5 1 3 2 6 M
Dicramum scoparivm - - 2.5.2 - N - - - 2 1 - Su6.2 L.5.2 - - 3 2 H 2 10k Te
Blepharostoma trichophyllum - - - - - - - 2 = {lele? 1e2s2s 263a? - - 7 § 2 2 7 M
Baszania ambigua - et - 332 - - - - - Ll.? - 21 2.2 - - - - 2 - 2 3 5 M
Lepidozia reptans 1e202 2.2.2 lel,2 - - - - - - - - - - 2 - [|lala? 24342 11,2 - - L - 2 2 3 m
Flagiothecium undulatum 20362 - - - - lale+ - - - - 2 - - - - l.d.1 1.361 - 2 - 2 2 2 M
Chamaecyparis nootkatensis - - - - - - 1etad e - - - - - 1 - +.1 - - 4.4 2.+, - 3 - 2 1 Pm
Tsuga mertensiana - - - - Letor Lotal 20401 1.4.2 = - - - - 2 - - +1 1.+l - o+ - 3 - 2 1 Pn
Bryum sandbergii - - - 1.1.1 - - 25,2 ~ - 1e2e2 1o2:2 1.2.2 1l.1,1} 3 - - - - - - - 0 - k4 2 - Te
Plagiochila asplenioides - - - 1.1,2 - - - - - - - - - 1 -~ [ledu? - Le2e? - 1.2 L1.2[ b - 2 4 - Te
Bazzania trierenata - - 1.2 - - 122 - - Ll.?2 - - - - 2 - - 12,2 - - 1e22 o142 3 = 2 2 - M
Scapania bolanderi - - - 1,1.2 - - - - - 1,10+ 1.1,) - Ll.+| 2 - 1l.1.2 - - - - l.le2] 2 = 2 2 - M
. o : a @ >
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SYNTH=SIS TABLE IV

Leptarrhena - Caltha leptosepala association (Leptarrheneto - Calthetum leptosepalae)

Eriophorum - Sphagnum association (Eriophoreto - Sphagnetum)

Plot number 87 52 70 3 19 93 88 81 78 8L 86 105
Plot size (acre) 1/60 3/80 1/90 1/40 1/20 1/k0 1/60 149 1/2 1/20 1/20 Lf40
Date /8 6/ A/ 30/8 118 A /8 23/8  25/8 /8 29/3 /1
[ 1960 1960 1960 1960 1960 1950 1960 1960 1960 1960 1960 1961
Locality (ses legend) R¥ RM RM RM RM G RM RM ™ RM HM H
Latitude L9 b6 L9 LI Ly b6 ko L6 L9 k6 hy 2h L9 Lb Lo 46 49 b6 L9 L6 k9 k6 L9 2
Longitnde 123 03 123 02 123 02 123 02123 02 123 05 123 03 . 123 02 123 02 123 03 123 03 123 11
Landform (see legend) 2 1 1 1 1 1(2) 2 1 1 2 2
Slope above (est. ft.) 300 along along along 150 along 300 - - - 180 300
stream stream stream stream
Area of assoc. (acre) 1/25 1/10 1/60 1/25 1/20 1/30 1/k0 /7 110 144 1/3 1/20
Altitude (ft.) 4060 L4735 LBOO L680 LSS0  h2o0 koo k600 L4600 kL350 L4310 3450
Aspect W NBOW Nhow Show S60W  SLOE  S30% flat flat flat N W
Slope (degrees) 9 6 N 9 10 U 2 0 0 0 b 10
Wind exposure (A=B=C) 0=D=b 0=0=6 O0=0=f 0=0=5 00«7 O0=0=5 006 0=0u5 0ul=5 O=D=b 0-0-6 0-0=6
Snow cover (months) 8 9 9 9 8% 8% 8 8k 8 8 3
€ coverage:
By vegetation layer By - - - - 8 - - - - - - -
B, - 1 - - 10 1 - - - - - -
B - 1 - - 15 1 - - - - - -
o] 95 60 85 85 98 95 90 75 90. 90 90 98
Dy 80 95 90 90 70 85 85 50 95 80 20 90
By decayed wood - - - 3 - - 3 - 3 - -
By rock - - - - - - - 1 - - - -
By open water - s - - - - - % 5 - - -
Regeneration (no./sq. mster) none none
Total soil depth (em.) 67 ? 0 3% Lo 55 80 ? . 85 ? 8k ?
Depth to bottom of A, (cm.) 66 ? 18 % Lo 28 6l ? 85 ? 83 ?
Depth to seepage, if present 20 ? 32 2 ? 22 68 ? 36 ? 83 ?
Fres, Fid. Tot, Life- Fres, Fid. Tot, Life-
B layer: ce.d. form C layer: cede form
Salix commtata - Yot - - 1.5.2 = - 2 L - Pnd ||Carex aquatilis. BaTed = 2,37 T.6.2 8,73l L 5 201 ¥
Erinphorum angustifolium| =  he3.? 8,8,2 ToTel 2.21{ L4 S5 136 H
C layer: Deschampsia atropurpurea| =  lotel 3,27 2,3.2 = 3 ¢ 6 H
. Veratrum eschscholtzii - +at let,d - 4t 3 1 - G
Leptarrhena pyrolifolia 2eted Te6e2? 6.5.3 6.h.2 5.4.3 7.6,3 6,b.3] 5 4 225 H ||Carex nigricans = BuRe2 = 18,2 - |2 2 79 H
Erigeron peregrimus 2ete? Ue302 Tohe? Le2.2 64602 Sube3 3,3.2f 5 L 13U K |{Carex spectabdlis = 5¢3e7 5.5.2 = - |2 2 5 =&
Caltha leptosepala 6.1e2 3.2.2 5.3.3 6.he?2 Lebe? 5.3.3 6.5.2] § 5 164 H |[!Equisetum palustre e Lletel = 3t) e 2 2 5 [}
Parnassia fimbriata S5e3¢3 S.lie? = 5.3.2 3b.2 3.3.2 S.he?| S L 110 H |[Tofisldia glutinoss - = le*e? 3e*e? = (2 2 5 G
Carex spsctabilis 33,2 1lade2 - +.+ bobi.2 3.2.2 4.3.2] 5 3 30 H [|Calamagrostis canadensis| = e le*e? = 2,22 2 2 1 H
Carex nigricans - = 5.5.2 5.6,2 2.3.2 7.7.3 2.3.7] L 2 102 H ||Agrostis asequivalvis - - e lete? 2.22{ 2 2 1 H
Bpilobium al pinum - 3021 latel 2,242 Letel 3.2,2 - | T b ] [t} Inetkea psctinata - 2e%e? - - 4l 2 2 1 Ch
Deschampsia atropurparea - 2e%el lo4*e2 442 Lletel 2.%.2 - b 2 2 H Hippuris montana - lo*o). - - lo%? 2 1 = H
Pryllodoce ampetrifornis e letal 1.2,2 1he? 1,37 4+ a h 1 - Pne ||Scirpus caespitosus Le*o? =  lote? = - |2 3 = H
kitella pentandra - Lete? lete? loted 1ots? 1.%42 - Yy 3 - H
Equisetum palustre Lalte? he2e? = 3702 Te7e3 = Skl 4 b 100 G ||D layer (tumicolovs):
Agrostis asequivalvis = 21e?2 = Llete? = Sl 14,2 3 2 % H
Veratrun aschscholtzii - - tot  Het 55,2 4+ a 3 2 2% G ||Drepanocladus aduncus [7.6.2 3.3.2 = Le2? 23,2/ 4 2 66 Te
Luetkea pectinata . 1422 342,27 lete? = +e? - 3 2 5§ Ch [|Sphagmum plum).osum 2602 6.6,3 6,67 = - [3 3 67 ™
Juncus mertensiams - 1.1.2 - 22e2 = lete? 24207 3 3 2 H |[|Scepania vliginosa - he3e? 3e2.2 hoZ.? - 3 3 % M
Valeriana sitchensis - - = 232 262  *e? 1e%2| 3 2 2 - H ||[Polytrichum commune- @  heSe3 222 e« 342/ 3 3 16 Te
Vaceinium deliciosum - - ot et 15,2 4t - 3 1 - Pnd || Mnivm mdom = 2307 222 2,22 = |3 2 3 Te
Petasites frigidus o 56,2 4.4 3,2,2 - - - 3 4 30 H [lCalliergonella cuspidata|2,2,2 = = 2,22 = 1,3.2[ 3 3 2 W
Arnica latifolia - bo3.2 1.3.7 - 1et,? - - 3 3 19 H ||Sphagnun mendocimum - - 74602 - 84743 2 3 1% 14
Hippuris wontana o 34302 2,22 - = - 1,2 = 3 2 6 H ||Sphagmm squarrosum @ 66,3 - 53?2 e |2 2 858 ™™
e o o000 e ocontimed e e oo e s o contimed
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SYNTHESIS TABLE IV, contimied

Leptarrhena -~ Caltha leptesepala association

Flot mumter 87 52 70 73 79 g 88 Pres, Fid, Tot. Life~
o - c.d. form
C layer, contimued:
Juncus drummondii - 2e1e2 1ade? 1.3,2 - - - 3 2 1 H
Habenaria saccata 4.2ttt e 1,2,2 - = let3 | 3 2 - G
Viola palustris - - - = 26272 = 5.3,2 2 2 26 H
Senecso triangularis - - - 3.ke? helde3 - - 2 2 15 H
Tofieldia glutinosa 204e? = - - 14,2 = 342 | 3 3 6 G
Carex 1llota - - - +Jd  2.+.1 - - 2 2 1 H
Agrostis tihurberiana - - ot - lete? - - 2 2 = H
Veromica serpyllifolia - - 1o+l - - Lle*e? - 2 3 - H
Cassiope mertensiana - - +ot .+ - - - 2 1l = Pne
Chamascyparis nootkatensis +.+ - - 4ot L+t - - 3 1 - Pn
_Carex ablata lete? = - - +ol - - 2 2 - H
D layer (humicolous):
Rhytidiadelrhus squarrosus 708.3 5.3.2 6,0.2 Lh.6,2 6,32 5,3.2 8.7.2 | S L > W
Drepanocladus aduncus 6,503 6,3.2 Tohed 6.6.2 10202 Te€e? Lolie? | 5 b 209 Te
Philonotis fontana he3e? 6,602 ha3.2 6.6.2 6.le? 1.2.2 = 5 b 119 Td
Mnium nudum 20262 Uede? 1422 = 5.2,2 = - 3 2 3% Te
s Plumlosum - - - 1.2 1de? Loz - 3 2 1 T
Moerckia blyttii - 2:142? - 2e%e? 3ate? - - 3 2 7 Th
Bryum spe 2202 S.le2 - - 22,2 = - 3 2 2T Te
Bryum sandbergii 2022 20242 = - - - SeTe? 3 2 7 Te
Cratoneuron commutatum 1022 3.2.2 = 222 = - - 3 3 € M
Dicramum fuscescens - 2,342 2.242 - - - - 4 2 2 Te
Campyllivm stellatum 2622 - - 2.%2 = 2622 - 3 3 3 Td
Scapania uliginosa - 26262 20242 - - - - 4 2 2 M
Marsupella sparsifolia - le3e? 2,242 - - - - 2 2 2 t
Abjes amabllis ot - - - - - .+ ? 1 - Pn

Sporadic species:

3 layer:

Pn Chamaecyparis nootkatensis 79(h.6,1)

Pnd
Pm
Pnd

Rhododendron albdflorum 79(1.6,2)
Tsuga mertensiana 95(+.+)
Vaccinium deliciosum 79(1.+,2)

C layer:

- - QAQOAXQO T
n;.:f -4 ¥

Pnd
Pnd

Agrcstis idahoensis 87(1.+,2)
Calamagrostis canadensis 88(5,6,3)
Ertophorum @ gustifolivm 87(1.2.2)
Gsultheria humifusa 88(+,1)

Habenaria dilatata 88(1.+,3); 87(+.2)

Hordeurm brachyantherum 95(3,32,2)
Lycopodium selago 52(+,1)
Lysictitum americanum 87(+.+)
Mimilus lewisii 52(3.4.2)

Rubus pedatus 79(+.+)

Saliz commtata 79(L.5.2)
Saxifraga arguta 52(3.3.2)
Scirpas caespitosus 87(8.7.2)
Sortus oceidentalis 95(+.+)
Vaccinium membranaceum 95(1,3,+)

D layer (humicolous):

Pm
Mt
t

Abies amabllis 88(+.+)
Anastrepta orcadensis 70{2,2,2)
Aulacomnium palustre 73(5.6.2)

W Calliergonella cuspidata 70(1.2.2)

Mt

Cephalozia leucantha 52(2.1,2)

Pn Chamaecyparis nootkatensis 87(+.+)

Th
t

Te
t

Mt
t

Te
Te
Te
Td

Conocephalum conicum 73(2 2 2)
Dicranella squarrosa 95(1.2.2)

Drepanocladus exanrulatus 73(14%2,2)

Klaerts falcata 70(1.1.1)

Lophozia porphyroleuca 52(2.1.2)

Pohlia sp. 52(5.L4.2) :
Polytrichum commne 95(2.3,2)
Rhacomitrium canescens 95(6.k.?2)

Rhacomitrium heterostichum §2(1, 2,2}

Sphagmum squarrosum 73(1. 2. 2)

Ertophorun - Sphagmn sssocistion

Sporadic species:

C layer:

:I::t::!:ﬁg:l:m:l!

Agrostis thurberiana 78(1.+.1)
Agrostis idahoensis 8L4(1.+.?)
Caltha lsptosepala 86(5.+.2)
Saultheria humifusa 105(1.4,2)
Streptopus roseus 105(1.+.2)
Trientalis arctica 105(5.4.?2)
Viola glabella 84(2,+.?)
Viola palustris 105(5.5.2)

D layer (humicolous):

Mt
M
M
M
Mt
Mt
+
t
W
Td

Anastrepta orcadensis 8L(1.1,2)
Calypogeia trichomanis 86(1.1.2)
Cratoneuron cammtatum 86(1.1,2)
Hypnum circinale 86(1.1.7)
Leiocolea obtusa 81(1.1.2)
Orthocaulis floerkii 78(2.2.2)
Pohlia sp. 105(2,3.2)
Polytrichun juniperirum 84(1.1.?)
Rhytidiopsis tobusta 78(3,3.2)
Sphagmm megallamdcum 8L(kL.k. 2}
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SYNTHESIS TABLE V Subalpine Lysichitum association (Chamascypareto - Lysichitetum) Subalpine Oplopanax association (Thuleto - Oplopanacetum abistetosum amabilis)

Plot mumber 1B 126 1277 by 128 A 89 92 91 35 38
Plot size (acre) s 15 /5 1/5 15 1/5 3/40 /s /5 1/5 1/5
Date 2/1  12/9  13/9 2‘577 13/9 29/7 w/8 8/3 12/8 28/8 12/8
1959 1961 1961 1960 1961 1960 1960 Sporadic s Lysichitum assoce 1960 1960 1960 1960
A layer:
Locality {see legend) SM H H SM H SM RM Pmn Pimus monticola L49(+.3) RM RM RM RM
Latitude k9 22 49 23 49 23 K9 22 L9 23 k9 22 L9 L6 Pr Thujs plicata 128(5.7.+) o L6 49 46 h9 L6 W9 LS
Longitude 122 57 123 11 123 11 122 57 123 11 122 57 123 03 3 layer: 123 03 123 03 123 03 123 03
Landform (see legend) 12) 2 2 2 2 1-(2) ? Pnd Rhododendron altdtlorum 89(+.+) 1-(2) 1-(20 1-(2) 1-(2)
Slope above (este fte) 1500 1000 500 500 1000 1000 350 Pn Taxus brevifolia 178(2.6.+) S00 600 1500  L0O
Area of assoc. (acre) b7/ VS VA VSR V2R VS V. Po Thuja plicata 128(+.+) /3 /5 1/2 5
. C layer:
Altitude (ft.) 3000 2900 2930 2900 2970 3050 4060 e Agrestis alba 128(+.1) 3770 3865 k030 3575
Aspect N7OW S60W ShOW SWOE W SBOW  N3OW H Arnica latifolia Ll(L.l.2) NBOW  N6OW  NSOW S10E
Slope (degrees) 27 7 15 20 % 10 H Roykinia elata 128(+.2) 17 19 2 18
Wind exposure (A=B=C) beliwd Sw2al 5e202 7-5-3 621 7-5-2 B-6-L H Caltha leptosepala 89(5.643) 8-6-2 7-6-3 7-5-3 7-2-1
Snow cover (months) 7 é 6 6% 6 6% 8 H Carex phyRocarpa 128(+.2) 6 & 7 6
# soverage: ion 1 A 10 65 Lo 5 Lo ) ) o e md”nogl?shll,“;l) ) 20 ) 30
By vegetation layer Ay G  Equisetum palustre 89(5.Le3
A7 8 ) 3 15 ko )5 )P ¥ Geltum triflorum 128(1.1.2) )35 15 )5 b
A3 %) 20 45 30 30 15 G Haberaria dilatata 89(+e3) 10 10 8 3
A N 75 60 80 80 55 30 H Hippiris montana 89(1e+el1) hs Lo Lo 80.
By 10 2 20 28 35 18 25 H Juncus mertensianus 89(5.7.3) 20 2 10 2
By 65 Lo 20 30 30 i 30 H  Polystichum munitum 127(+.+) 75 70 70 Lo
B 65 6% 35 50 oS LS Lo Pnd Sorhus occidentalis 128(+.2) 8y 72 80 L2
c 65 65 65 60 65 75 70 H  Tisrella lacinista 128(+,1) 60 40 50 60
DH 65 80 80 75 70 60 85 B Trientalis arctica 128(1.+42) 60 80 70 50
Dy, 20 8 15 20 3 L 3 D layer (lumicolous): 10 3 10 6
Dy 1 2 - - - 1 - Mt Cephalozia lencantha 125(2.1..2) - - - -
D 85 90 95 95 73 65 88 +t Diplophyllum taxifolium 18(1.1.2) 70 83 8o 56
Mt Lophozia porphyroleuca 41(1.1.2)
By decayed wood 3 10 20 % 6 S 6 Mt Peilidtum californicum 49(1e2.2) 20 15 2 %
By rock 1 2 - - - 1 - L Cladonia coniocraea 18(1.1.2) - - - -
Tallest tree on plot (ft.): M Cratonsuron commutatum B9(2,2,2)
Western hemlock 128 111 Sl - 113 - - Mt Blephar. trichophyllur 49(1.1.2) 135 102 112 160
Mountain hemlock 1o 97 8 100 108 97 91 Pn Thuja plicata 128(1e*e2) - 13 13% -
Amabilis fir 104 107 43 75 7h 92 23 L  Cladonia tellidiflora 89(l.+s2) 15 w2 124 136
Yellow cedar 107 111 86 87 - 92 S9 Pm Tsuga mertensiana hl(Le+el) - - - -
Wastern red cedar - - - - 99 - - Mt Orthocaulis floerkii 89(2.+.72) Sk - - 128
Douglas fir - - - - - - - ¥ Scapania ulipinosa B9(Le5.2) - - - 170
Sitka spruce - - - - - - - W Rhytidiad. squarrosus 89(S.h.?) 158 - - -
Regeneration (no./sq. meter) Td Fhilonotis fontana 89(Le6.2)
West, or mtn. hemlock ? 6 100 672 6l 56 - Mt Heterocladium mrocurrens 128(1,2.2 31 11 8 1
Amabilis fir ? 300 107 10 2 10 - Te Drepmocladus sduncus 59(3.le2) 72 18 37 12
Yellow cedar ? 9 S5 1 4 S - t Dicranella squarresa £9().2.2) - - - -
W Hylocomium splendens L9 {(+.+)
Total soil depth (em,) 00 ? ? 72 ? 9l 100 Te Hygrohypnum ochraceum 89(342.42) 67 [+ 72 102
Depth to bottom of Ay (em,) 28 [ LS ? 6l 65 M Hookeria lucens 126(1,1,1) 10 15 2l 9
Depth to smepage, 1€ mresent 50 ? ? 50 ? 66 10 - 25 s6 -
Pres, Fid. Tot. Life Pres, Fid, Tot, Life-
A layer: Sub~ code form Sub- cod, form
A 6ura2 S Yona) g 6 : ) Ve o, €102 S 6
Chamaecyparis nootkatensis 1 - ote? 54742 - - 2 161 Pm Tsuga heterophylla 1 - a2 2 161 Pn
262 = Gi7m2 Lebaz - YeTe3)Sese2 & 2[Yae*e2 7,1 )57e2 §lsi2
3] +e2 = = 572 = 3.7.2 5.6,2 3| 2.+¢2 LoTel 3,402 -
No, trees over 3 in./acre F3 % 50 120 - 65 213 30 40 ko 110
Basal area, 89, ft./acre Sl %6 110 136 - 113 139 64 68 131 358
Gross volume, cu, ft.7acre {1531 3160 2620 2379 - 2842 2338 208 193h  Lh28 1215h
Tsuga heterophylla 1 442 6441 G.7.4 = bgt.+ - - 5 2 12, Pm ||Abies amabilis 1 )s 7,2 S5e7e2 )5 72 " 5 2 81 Pm
2l = dhq ter Bele2 4t letur - DASRAS ORI Eads +a1
3l1lets2 ) ot 34642 Satat - - 20492 = 3ete2 =

e e » e ¢ oo continued e 0o e o e 2 o comtimed
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SINTHESIS TABLS 7, contimued

Subalpine Lysichitum association

Sudbalpine Oplopanax association

Plot_number 18 126 127 L 18 41 89 92 91 33 »
Pres, Fid. Tot, Lifed Pres. Fid, Tot, life-
Tsuga heterophylla, contimed c.de form Abies amabilis, contimed cede form
No, trees over 3 in./acre 35 65 35 80 95 20 - 50 35 LS s
Basal area, sq., ft./ acre 77 8L 97 s 100 23 - 129 13 65 1
Gross volume, cu. fte/acre | 2676 2948 26Lo 279k 2223 156 - 6398 6816 2467 ko
Ables amabilis 1 - 41 - - - )h 743 -1 5§ 2 113 Pn Thpja plicate 2 - - - 341 3 3 S
2 +e2 )g, 701 = 4,1 5,7.1 )" - 3 4l - SN
3 - ) Setet 3ot l Ua7e? 3701 -
No, trees over 3 in./acre 55 1% 90 40 90  1n0 - 5 - - 20
Basal area, 8q. ft./acre Pt 52 Uy 2 60 - g - - %
Gross volume, cu. fte/ascre | L82 1526 1su 872 770 1835 - 104 - - 190
Tsuga mertensiana 1 [heto?  +el 42 2,443 +,2) S 2 b8 Tsuga mertensiana 1 = le*ted ) - 3 2 S Pm
& s | eon vy ooes JheTe2 ;2.+.1 B 3| 2 e 3?7 L
Bo6.1 12T 1 Toei2 e K7L 4t
Ko, trees over 3 in./acre 85 % 5 60 3% 1S ho - 15 S -
Basal area, sq. fte/acre 172 % % 52 A 68 126 - 61 1% -
Cross volums, cu. ftefacre [S854 770 692 1326 850 130 3N - 2809 U590 -
Totals, including sporadics: Picea sitchensis 1 wo ° - 240/ 3 b 1 M
No. trees over 3 in,/acre 200. 230. 200 335 Z1S 300 25 2 12 - - -
Basal area, 8q. ft./acre 32 27 A48 381  Lhoo  26L 270 5 - - -
Oross volume, oue ft./acre 10743 8408 6106 9869 9596 5963 5530 5530 - - -
B layer: Totals, including sporadies:
Noe trees over 3 in.facre 90 90 90 15§
Vsccinium alaskaense 1| = - - - 16,3 = - S 2 130 Pnd Basal area, sq. ft./acre | 251 %3 31 S79
2 |TeBe2 Sebel 5s602 LaTe2 Le7e3 Lebe2 14342 Oross volume, gu. ft./acs 11450 11559 11458 26259
Abjes amabilis 1 [36662 Le6e2 5.60) 24+l Lotel Lhe7.2 344l 5 93 Pe -
2 (36662 Ftet 3601 Uebe2 2utet 240l Lot B leyer:
Chan, nootkatensis 1 [Letel Letot Loter Lebe2 Lotot 1o+e2 35,6421 5 61 Pm
2 4l = Lletet 1otad 1o4ed leta) 506,2 Oplopanax horridus 1 ] 26e3 43 = - S S 135 Pnd
Tsuga mertensiana 1 {Ze%e2 1e*e? 2etet Lebe2 Leb6,2 Lo742 - 5 3% P 2 164702 790l TaTe2 2.5.2
2 {26602  tet @ 2,442 4,1 Zete2 24,1 Vaccinium alaskaense 2 |h.6e2 5.6.2 5.6.2 Leb,2] 5 2 70 Pnd
Menniesia ferruginea 1! - - - - 3643 = - § 2 33 Pnd| |Ables amabilis 1 [ 3601 4.+ hLeTe? 1| 5 60 P
2 {10502 helie? 2,602 2.5.1 Lo7.3 36,2 2,li.1 2 | 3601 3etel 3,41 SuTell -
Tauga heterophylla 1 [26402 20%02 1etet Lebo? 304+ 1i4,) - S 22 Pm Vaccinium oralifolium 2 | 2,102 35,2 leted 2e%.4| 5 3 7 Pod
2 [1e642 1e*e] Lletet 3602 1etet 1,41 = ) Vaccinium 2 [ Lleled 1e%,2 1be2 44 5 2 - Pnd
Vaocinjum ovalifolium 2 [Le5e) = - = 1,52 25.1 30,1 3 2 6 Pnd| |Lonicera utahensis 2 | (+02) La*e2  +al 1402 5 S -  Pod
CIadothamms pyrolseflorus 1 [ - - - - 403 43 3 2 S Pnd| |Ribes bracteosum 2 | 36.2 = 251 1t b S 6 Pnd
2 |[4etsl = - e Lete? 3,602 & Sortus occidentalis 1 [1.4.3 = - - b 2 1 Pnd
Taccinium membranaceum 2 |1e5el = b - - 25,2 2002 3 2 2 Pnd 2 | 2503 letel = 4o+
Rubns spctabilis 4 +.1 - - 1,51 26,2 1.6.2 - 3 2 1 Pnd Hengiesia ferruginea 1 | 2,+,3 - - - N 2 3 Pnd
Sorbus ocoldentalis 1 = - - - +3 +3 - 3 2 1 Pnd 2 | 2603 20462 = letet
2 - +ot - Lo ? 2,443 - Tsuga mertensiana 1 | 2.+ - - - 3 3 P
) 2 | 2401 = 241 =
C layer: Rubus sp otabilis 2 | habe2 - 2%l - 3 3 11 Pnd
lysichtum smericermum 6.8.2 5.6.2 7802 64602 7.8.2 7.7.2 5.6,20 5 L4 266 o C layer:
Rubus pedatus Be30? Dle3e3 4e6e2 Lede3 2.2.2 3ule2 1.4,2) § 2 L6 Ch
Clintonia unifiora 30503 helte3 3503 he3e? 2.3,2 3be2 = 5 2 % @ Athyrium £ilixeferina 5.1.3 Le6o2 S.Te2 152 5§ 3 60 H
Cayex lazeviculmis tel - 401 1621 4+ ¥+ 6,720 S 3 33 H Gymocarpium dryopteris oSe2 5642 helie? 3be2] 5 3 S0 @
Veratrum eschscholtzii 30302 Lotet Lotel 2% Lota2? LeSe2 3.h.2 5 3 2 ¢ Streptopus roseus 50"-1 30".2 h.5-? 3.6.3] 5 2 W o
Blechmn spicant Bebe? 3,5.2 281 2,51 24,2 1lke?2 - 5 2 18 =& Tiarella unifoliata 3,3,2 bolie? 3.3:2 322/ 5 3 2% H
Athyrium filixefemina 4ol 4t 2402 = 25,2 k6.2 36,20 5 2 17 H Clintomia uniflors eSe2 lote? lo*s2 hebe?] S 2 20 @
Streptopus roseus 30303 lete? 2.%.2 - 2022 36302 2.3.2| S 2 13 ¢ Viola glabella 30302 3653 3033 2 s 3 1 H
Streptopus amplaxifolins 3.2 4.t 4.3 Lete]l 14402 Leted 2,462 5 2 6 6 Ables amabilis 2e%el letel 3.%a) Jetd| S 11 M
Vagcinium alaskaense 1e26? Lo*e2 Yotel Jele? lotet 20402 lo*e2| 5 6 Pnd| [Oplopsnax horridus 30562 2e%el Lletel la%e2| § 6 Pna
Ables amabilis 20362 2e%et 2ute)l  2e%e]l 142 1otad 2,41 S L Fm Streptopus smplexifoliuns 3.lie 26%s3 Lle*e? lete?| S 3 6 @
Cormus canadensis 102:2 Yo*e2 La*e? 26%02 13902 2,462 = 5 2 2 ¢h Rubos pedatus 3,302 1e502 Le2e2 2%2| S 2 6 on
Teugs heterophylls Loia3 2e%et 2ate]l 4t 14%,2 14t = [1 2 M erstrun eschacholtsii 3002 letel 241 41 S 2 s @
Mensiesia ferrugines 40l 1e%e?2 ot Ht 24,2 4,4 S 1 Pnd Pyrols secunds - 20362 Lete? lo3e? 202,2] S Q 2 Ch
listera cardata 4,2 b 2] 4) 4,2 42 e s 3 - G Osmorhiss purpures 20tel lote2 2342 4e2| 5 3 2 H
Coptis asplenifolis 20502 UeSed Lebe3 = 3,402 2,32 b 5 ¢ H Tiarella trifolista Yote2 202 2102 1lots2] S5 2 2 H
o oo o s Oomtimed s e oo 00 o oontimed
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SINTHESIS TABLE V, continued

Subalpine Lysichitum association

Subalpine Oplopanax association

g2 91 35 38 Pres. Fid, Tot. Life-
ceds form

C layer, contimued:
Vaeccinium alaskaense 2e%e) 1letel Lo*a?2 24%62( 5 2 Pnd
Strasptopus streptopoides 2e%e?2 14tk lot.t late2} S 2 16
Vace ininm membranaceum Jo*tel Tete? Letel 1.+, | S - Pnd
Listera savrina +ol +.1 +ot “1( 5 ? - G
Cormua eanadensls 20402 22,2 = Sh3| L 2 27 Ch
Valeriana sitchensis 24,1 30342 NheBe3 - b 2 15 H
Hahenaria saccata 3e*e3 - +a3 2| b 2 S G
Sorbus occidentalis 2:+02  +J = le+ol L 1 Pnd
Lycopodinm clavatum 4.4 1.+a2 - 1.+ b 3 - Ch
Ribes lasustre I - +.4 3 3 5 Pnd
Linmeea borealis 2343 - - 2.3.3 3 2 2 Ch
Tsuza heterophylla - - latal  letel 3 - Pm
Claytonia sibirics 1.+e3 - 2.%el - 3 2 1 H
Rubns scectabllis - lat+e? +e2 - 3 - Pnd
Ribes bracteosum - - +e2 1,4,2| 3 - Pnd
D layer (mmicolous):
Rhytidinpsis robusta Lhe6e2 N.5.2 L2 6.5,2] S 2 66 W
Dicrammm fuscescens 3.5¢2 3e5.2 Johe?2 he3.2| 5 2 2% Te
Abies amabilis 20+,1 1.+.1 3+l 3t1| O 11 Pm
Hyymum circinels 263.2 21?2 2.3.2 3.2,2| § 2 8 M
Scapania bolanderi 2142 2.1,2 1lele2 2,11 S 3 I M
Tsuga heterorhylla 41 Letel 1,41 l.+1{ § - Fm
Mnium nudum = T6e2 Te7e3 2.3.2] b 2 101 Te
Bryum sandbergii laSe? 14102 14302 - L 3 10 Te
Eurhynchim stokesii 20202 24242 lule2 - L 2 2 Mt
Mnium penctatum 6,643 = 11,2 = 3 2 33 Te
Rhytidiadelptus loreus ho3e2 2.3.2 - - 3 2 11 W
Cephalozia media - - l.le2 2,2.2) 3 2 1 Mt
Calypogeis neesiana - 1,1.2 1,1,2? - 3 2 - Mt
Moerciria blyttil - 2e2¢2 14242 - 3 2 1 Th
Cladonia comiocrasa - 1otot - Totet| 3 2 - L
T ja plicata +1 - - +o+ 3 - P
Philidiom californicum 1.1.2 - 1.1,2 - 3 2 - Mt
Piplophyllum taxifolium lale? - +e2 - 3 2 -t
Plagiothacium undulst un la202 - +,2 - 3 2 - M

Sporadic spscies:

A layer:

Pm  Pssudotsuga menzissit 38(L.+.1)

B layer:

Pnd  Ribes lacustre 92(3.6.2)

C layer:

D

Plot number 18 1% 1z7 by 128 Y] 89 |Pres, Fids Tot, Life«
ceds form
C layer, contimed:
Qymnocarpium dryopteris 2562 2.5,2 = - 342 he5.2 42,2 L 2 17 G
Tiarella unifoliata 402 = lete2 4,2 3.5.2 2.2,2 = L 2 6 H
Tiarella trifoliata LeSe? = la*e? 143+2 3562 4,2 = k 2 S H
Streptopus streptopoides 1e+e? - Letel 24%42 2e%e? 24342 - L -4 3 H
Habenaria saccata +.1 - +1 - 462 late3 2.%02| L 3 1 ¢
Cham, nootkatensis - = Tete2 w1 Tetet Letld 2402 b 1
Valeriana sitchensis - - - - hoSe2 hoSe2 23,20 3 2 2 H
Viola glabellz - - - - hebi3 2.5.2 3.h.2| 3 2 16 H
Parmassie fimbriata - - - = 1e22 2a2,3 bJbe?2f 3 2 10 H
Senecio triangularis - - - = 1.t 14,2 33,20 3 2 5 H
Rubus spetabilis - ot - - ot +e? - 3 - Pnd
Majanthamum dilatatum - +o1 1.+,1 - lete? - - 3 2 - @
Mitella pentandra - - - - late? +el letel| 3 2 - H
leptarrhena pyrolifolia - - - - - lete2 5.3.3] 2 1 % H
Epilobium alpinum - - - - - +.1 3.2.2] 2 2 S G
Linmaea borealis - - - 2he? - +e - ? 2 5 Ch
Erigeron peregrinus - - - - - lotal 3.3.2] 2 1 ¢ H
Narhrophyllidiun cristaegalli| - - 2,5.? = 23.2 - - H 3 2 R
Agrostis aequivalvis - - - - - tot 2.+, 7| 2 2 1 H
Goodyera oblongifolia - - - +o1 +1 - - 2 ? - H
Osmorhjza purpurea - - - - +ob o lat,1 - 2 4 - K
Ssxifraga arguta - - - - le+a?2 - 1.+l 2 2 - H
Lycopodium clavatum - - - ot +a?2 - - 2 2 - Ch
Carevr <osctabilis - - - - - tor 1,+,2 2 2 - H
Jaultheria ovalifolia - - - - - +e2 V1,22 2 2 - Ch
Pyrola secunda - - - 1p+,1 +,1 - - 2 2 - Ch
Malica smithii - - - - - ot 14492 2 2 - H
D layer (mmicolous):
Hndnm rxdum Su643 Ge5e3 6,743 5oFed TuTe3 64643 = S 3 151 Te
Rhytidiadelphus lorems 322 5.6,3 he6.3 5,342 S.6.3 3.h.2 2,3.2) 50 3 96 W
Rhytidiopsis robusta 2.3¢2 LaSe2 2,3,1 6.6,2 kL.5.2 3.he2 - 5 2 60 W
Plagiothecium nndulatum 26302 Lube?2 5,602 2.2.+ U.3.2 .+ - s 3 W1 o
Sphagnum squarrosim - 6.2 35,3 25,3 3603 3.5.2 1.2.2] § bk Ll T4
Dicramm fuscescens 30302 30302 2,31 Lole? 3,302 3.3.2 3.3.2] 5 2 b Te
Pellja epivhylla 2,202 1a202 1262 24542 202.2 hLeSe2 24,2 5 3 18 Th
Abies amabilis 2etel  Zatel 24ts1  2ut.l lat,l 1a4,1 - s L Pm
Flagiothecium slegans 30302 L1a3e2 22,2 = 2,22 +.+ = L 2 7 M
Mninm spimlosum = 34302 2022 1422 3.2 - 1.2.2[ L3 5 Te
Tsuga heterophylla - Letet Lot 3,1,+ +.1 - - 3 S Pn
Brachythecium asrerrimm - - 20202 22.2 222 - - 3 2 3 M
Lophocolea heterophylla +,2 - - 24142 - 1,1.2 - 3 2 1l Mt
Caphalozia media 1l.1.2 2.1.2 - 1.1.2 - 1.1.?7 - 3 ? 1 My
Chamascyparis nootkatensis - +ot +, 4 ot *+ - - 3 - M
Plagiochila asplenioides - 1.1.2 - 1.1.2 - 1.1,2 - 3 d - Te
Lepddozia reptans 1e2.2 le21 - - - 1a24? - I .2 - Mt
Scaania bolanderi - l.1.1 - 1.l.2 = ot - 3 2 - N
Calypngeia trichomanis - 1l.1.2 1,1,2 - - 1.,2° 22,2 3 2 - Mt
Mndum punctatum - - - - - L.t 7.6.3 2 2 50 Te
Drepanocladus fluitans - - - - - 1e1,2 Lo3.2| 2 2 10 Te
Burhynchium stokesii - - - 305.2 3e3.2 . - ? 2 10 Mt
Campyllium stellatum - - - - - 2 2022 2 ? 2 Td
Conncephalun conicum - - - - 2¢342 22,2 2 3 2 Th
HYypnum circirale - - - - - 222 2 K4 2 M
Dicramm scoparium - - 2¢2.2 14342 - - - | 2 2 1 Te
Pleurozium schreberi - - - ot - 24242 = 2 2 1 W
Bagzania ambigua - 223 - Yolo2 - - - 2 2 1 M
Sphagmm girgensohnit 26,2 = e 12,2 = - - 2 3 1 T
Cephalozis lammevsiana 1022 = - - - 1422 - 2 - M
Plagiothecium denticulatum - +e2 - 1.1.2 - - - 2 2 - M
Hypram dieckii 1622 = 1422 = - - - 2 3 - M
Brynm sandbergii - - - - - 1.3,2 1.).2} 2 2 - Te
Calypogela neesiona 1l.1.2 - - - - 1.1,2 - ? 2 ~ Mt

Adenocaulon bicolor 38(+.1)
Agrostis alba 92(1.+,1)

Carer lasvienlmis 92(1.+.1)
Corallorhiza mertensiana 38(+.+)
Inzula parviflora 91(+,1)
Lysichitum americanum 92(1e+.+)
Mitella pentandra 92(l.+.1)
Moneses uniflora 38(1.+,2)
Polystichum munitum 38(+.+)
Psendotsuga menziesii W(+.+)
Samburcus pubens 92(+.1)

Senecio triangularis 35(2,4.2)

C layer, continued:
H  Stellaria crispa 92(+,1)
Pm  Thja plicata 33(+.1)
Pnd Vaccinium ovalifolium 91(+,2)

1z yer (umicolous):

Mt Lophocolea heterophylla 92(1.1,2)
M Plagiothscium elegans 91(2.2,2)

L Cladonia bellidiflora 92(+.+)

M Flagiscthecium denticulatum 35(+,2)
M Brachythecium asperrimm 35(1.1,2)
W Rhytidiadelpms squarrosus 35(+,2)
Mt Lophozia porphyroleuca 35(1.1,2)
Mt Heterocladium procurrens 91(2,2,2)
t Dicranella heteramalla 91{2,2,2)
M Baszania ambigva 35(1.1.2)

t Pohliz mutans 35(++2)

t Polytrichum junipesimum 91(1.1.2)
Te Pogonatum urnigerum 35(1,3.2)

M Hookerla lucens 91(2,1,2)

Te Pogonatum contartum 91(102.2)

Te Pogonatum alpimum 92 (+,2)
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SYNTHRSIS TABLE V1

Vaccininm membranaceum - Rhododendron association (Zsugeto -

Vaccinietun membranacel) -

163

Plot number 39 80 110 12 67 57 60 & 119
Plot size (acre) /s 15 1/5 1/5 1/5 1/20 1/10 1/10 110
Date 23/8 25/8 5/8 22/8 4/8 12/8 12/8 1/8 /8
1960 1960 1961 1961 1960 1961 1961 1961 1961
Locality (see legend) RM . H RM RM Dia, H
Latitude L9 L6 h9 46 h9 27 b9 h& L9 h6 h9 L8 U8B L7 L9 LT LY L9
Longitude 123 02 123 02 123 12 122 59 123 02 122 59 123 00 123 00 122 59
Landform (se? lagend)) g 5 3 ; 3 103 3 3 3
Slope above (est. ft. 7 7 - 7 - - - -
Area of assoce. (acre) 1 1 1 2 1/ 1/20 1/2 1/s 2
Altitude (ft.) héoo 4600 3880 L4700 L4BLO L850 5000 5060 5600
Aspect w flat S60E flat W ﬂ.at S SuoE
Slops (degrees) 2% Ly - % 6 10
Wind exposure (A=B=C) 8-5-3 86 8-5-2 Bbe3 B=3=1 9-8-7 9-7-3 9=7=3 9-8-7
Snow cover (months) 8 8% " 8% 8 8 8 8% 9
Y iy et Yo 15 g dae B M SO U5 )
By vegetation layer A 1
¥ oA T LD LN - S VWG IR WA 14
A3 ¥ 2 2 W 30 ) ) ) )
A ks so 80 50 65 70 80 80 10
By 5 2 7 2] 30 3 8 5 59
By 90 85 80 8 8 75 70 80 %
B 92 90 85 95 90 % 70 90 70
c 8 8 L 3 2 20 L 6 60
Dy o 70 8 Lo 65 8 5 2
DL L 3 1 1 L 1 2 2 1
Dy 1 1 2 1 1 - - - -
D bk 29 12 10 L 66 10 7 a
By decayed wood 8 6 3 3 10 10 20 10 10
By rock 1 2 N 12 1 - - - -
Tallest tree on plot (ft.) -
Western hemlock - - s7 - - - - - -
Mountain hemlock 82 83 75 103 81 82 72 63 k)
Amabilis fir 57 10 60 101 67 80 62 60 2
Yellow cedar 62 ? 58 - - - - - -
Ragensration (no./sq. meter):
Mountain hemlock - - 28 - - - - - -
Amabilis fir 1 - 1% - - 5 - - -
‘ Ysllow cedar 2 2 9 - - - - - -
f Totsl soil depth {cm.) 76 18 ? 75 Lo 61 Lk 57 50
! Depth to bottom of Ap (cme) 15 2 ? 10 1k 6 35 30 10
: Depth to seepage, if present - - ? - - - - - -
*
Remarks Alpine
- fir |Pres, Fid. Tots [4ife-
. A layer: Sub- c.de form
: layer
. Tguges mertensiana 1 )6 Se7.2 ) )h v 5eTe2 ToBol 7.8.1 6 8.1 ) S 2 601 Pm
: 2 D07e? 57,2882 34" 2020 o 2 Jnsa )h.7.1
3 080702 Lole2 3etel "5.7,2 5.7,2 )7e8e1 )78 j7e8.1
Noo trees over 2 in./acre , 155 120 180 105 %5 S5 120 105 170
Basal area, sq. ft./acre 188 24 264 17 23 ? ? ? ?
Gross volume, cu. ft./acre i 3153 5023 5152 3003 5060 ? ? ? ?
Abies amabilis 1) 1 ), .) 30l tl 4] 34 - 5 2 0 Pm
2 0T s )L S? Sl i deen ) -
3 hetel KaTed 3e%el SoTel Sa7,2 )7efel )5a¥ed §5i001
No. trees over 2 in/acre i 85 100 70 105 180 35 70
Basal area, sq. ft./acre i 43 53 2% 181 104 ? 2 ? -
Gross volume, cu. ft./acre | 57 997 360  Ws1 17 ? ? ? - )
| Chamaecyparis nootkatensis 15 !;h " - Jour - - - - - - 2 1 31 Pm
: h.“ 4+ 2ut.t hn’-l - - - - - -
No, trees over 3 in/acre Lo 30 ¥ - - - - - -
Basal area, sq. ft./acre 38 58 20 - - - - - -
Gross volume, cu. ft./acre 709 988 3% - - - - - -
Totals, including sporadics:
No. trees over 3 in,/acre 280 250 Nno 210 L35 90 155 175 230
Basal ares, sq. ft./acre 269 33 37 323 338 - - - -
~ Gross volums, cu. ft./acre Lhoo 7008 6581 Thsk 6901 - - - -
B layer:
Vaccinium membranaceum 2 Se6al 54643 14,4 TeTe3 7o7.2 8.8.2 5.7.3 8.7.3 h.b,1| S 3 335 Pnd
Tsuga mertensiana 1} 2607 Letel 2u40t Lo601 5,742 4ot Uo7l Ll 7,64+ 5 Wl Pn
2 = 26,1 = Letadl 3.t 1o, 2401 1etal L6+
Abies amabilis 1 | 360 hebad betor Le60d bo7.2 40+ o+ LbL - S 68 Pm
2 ot Latel 24,1 hetal Lot.t 2,41 Lot.+ 2,41 -
Rhododendron albiflorum 1| e 263 = 26,3 = - - - - 4L L 28 Pnd
2 | TeBe3 6.7¢3 8.7e2 6,703 7To72 « T8 <« 36,2
Vaccinium deliciosum 2 5643 26,3 - = 26,2 5,502 25.2 Ue6e3 1,330 b 2 63 Pnd
Vaceinium ovalifolium 2 | LeSel 30 41 e ot - - - - 3 2 15 Pnd
Sorbus occidentalis 1 - - 1.5.2 - - - - - - 3 2 1 Pnd
2 ot 4ot L1a+,? - 2e+el - - - R
- T e e v e+ . continued




SYNTHESIS TABLE VI, continued

VYaccinium membranaceum - Rhododendron association

164

Flot number 39 80 110 1720 67 ST 60 6: 119 | Pres, Fid. Tot. Life=-
Sube ced, form
B laysr, continued: layer
Vaccinium alaskaense 2 e 5607 5702 = - - - - - ]2 1 50 Pd
Chamascyparis nootkatensis 1 Letat 3etel 4ot - - - - - - 2 20
2 Lete? 3.601 lot+et - - - - - -
Menziesia ferrugines 2 - - 4.+ 15,2 - - - - - 2 1 = bnd
C layer:
Phyllodoce empetriformis 1e2e) lotet 1o?el 4ot 1032 Ba5.2 1,02 3,5,2 6.6.2] 5 2 LB Tne
Vaccinium deliciosum h.‘o]- hos.? - 10"'-’ 10’02 ’4060 2 2 2.2 2.6- 2 3. 30? S 37 Pnd
Vaccinium membranaceum 30202 3e3e? 2etet 2002 2e+e? Jota? 3e*e? 2302 Lolisl| S Y Pnd
Cassiope mertensiana 1.+ ot - - Letet 1o+t 1lo3ed +.+ 5,52 b 2 2% Pne
Luetkea pectinata 2et0l - - - Tatel 1o+el 143.2 letel 3623 L 2 1 Ch
Abies amabilis Letet 2u%e]l 2040l latot = Lyttt 2t L 3 Pm
Rubus pedatus 20%el 302,72  tet = - 141 - - 240 3 2 7 ©h
Tsuga mertensiana ot - - 4ot - - ot 4ot - 3 - Pm
Rhododendron albiflorum - 20tel Letot - - - - - - 2 1 Pnd
Chamaecyparis nootkatensis letel Lletel 41 - - - - - - 2 - Pm
Sorbus occidentalis 4ot Lot,t = - - - - - - 2 - Pnd
D layer (mmicolous):
Rhytidiopsis robusta Le3e? 3olie2 64603 2426+ 20202 1o21 2hel Llo3et = s 2 S W
Orthocanlis floerkii be3e? 3elie? 2,142 1olot Le3e2? 2,41 12,2 2,11 3.2.2] S 2 33 Mt
Dicramum fuscescens - a  6,6,3 Lo3,2 = 76642 U502 3.5.2 Luhod| L 2 118 Te
Cladonia bellidiflora - - 20102 lo*ot 2,242 = - 11,2 21,2 3 2 3 L
Crocynia membranacea lotel 1o+, - - 4.2 - +?2 - 2.2,2] 3 2 1 L
Cladonia carneola 1.+e) - - - 1e.+tel - +4? 2,242 - 3 2 1 L
Cladonia pleurcta letal 44,1 - - 1+, - +e? 21,2 - 3 2 1 L
Dicramum scoparium 5eSe? 5.5.3 - - S.6.2 - - - - 2 2 75 Te
Abies amabilis +o 4 - 2.+.1 - - Lo+.+ - - - 2 - Pm
Chamascyparis nootkatensis letel - 1.+, - - - - - - 2 - Pn
Ptilidium pulcherrimum l.de? 11,2 4.+ - - - - - - 2 1 - Mt
¥nium spimilosum ot 4.2 - - - - - - - 2 1 - Te
Plagiothecium elegans - - - 2101 - 1e2s2 - - - 2 4 - M
Hypoum cireinale 1.1.2 1.1.2 - - - - - - - 4 1 - M
Plagiothecium denticulatum - +e2? - - 1.1,2 - - - - 2 1 - M
Lescuraea baileyi - l.1.2 - - 1.3.2 - - - - 4 2 - Mt
Rhacomitrium heterostichum - - 1.3.2 1l.1.1 - - - - - 2 2 = Te
Cetraria islandica - 1.2,2 - - 3.2.2 3.1.2 - - - 2 2 - L
Brachythecium sp, - *+e? - - AT - - A Y4 - H 2 - M
Bryum sp. - - - - - 1.1.1 Lk.? - - 2 2 - Te
Pohlia nutans - 1.1,2 - - - - 1.1.2 - - 2 2 - %
Barbilophozia lycopodioides le24?2 1le2.2 - - - - - - - 2 2 - Mt
Cladonia squamasa 1.1.1. 1,442 - - - - - 1e2.2 - 2 2 - L

Sporadic species:
A layer:

Pm Abies. lasiocarpa 119(l.6.+)
Pn Pinus monticola 110(+.+)
Pm Tsuga heterophylla 110(+.+)

B layer:

Pm Abies lasiocarpa 119(L.6.+)

C layert

G Clintonia uniflora 39(1l.+.1)

G Corallorhiza mertensiana 110(+.1l)
Ch Gaultheria humifusa 110(1.3.?2)
Ch Lygopodium sitchense 119(1.2.2)
H Streptopus roseus 120(l.+.1)

Pnd Vaccinium alaskaense 110(2.+.+)
G Veratrum eschscholtzii 39(+.+)

D layer, mxicolous:

EEFLFFLEY

Blepharostara trichophyllum 67(1.+.+)
Cladania rangiferina 39(+.+)
Diplophyllum plicatunm 80(1.1.2)
Lophosia porptyroleuca 80(1.1.2)
Plagioctdla asplenioides 39(+.+)
Plevrozium schreberi 110(1,1.2)
Pogonatum alpirmm 80(1,2.2)
Polytrictum mliferum 119(1.12)
Stereocanlon tomentosum 67 (l.1.2)
Tsuga mertensiana 110(+.+)




165

SINTHESIS TABLE VII Dwarf Tsuga association(Nano-Tsugetum mertensianae)

typlcal subassociation luetkea subassocistion
(subassoc, nano-tsugetosum mertensianae) (subsssoc, luetkeetosum pactinatas)
Plot number 3 n3I IA £l VL ho 61 %9 74~ 100
140 1/20 140 140 1/L0
Plot stze (acre) 1/8 1ézo 1/!»3 1/40 ueg 57'9‘ 779 g{% 3@5 %o [Sroradic spectes
Date 4/8 16/8 22/ 20/9 17/ B layer:
1955 1961 1961 1960 1561 1960 160 1980 1960 1960 B CAeRt  ne pyrolasflorus 30(3.6.1)
+,
Locality (see legend) S  Gar, Oar, O BM o m o ome o om0 ) ud Vaociniun ovalifoliua 30(+41)
Latitude b9 23 L9 L8 L9 L9 U9 A L9 L7 L9 22 L9 L7 WO U6 L9 L6 L9 A H g; aptoant L0{+.+)
Longityde 122 57 123 00 122 56 123 05 122 59 172 57123 00 123 02 123 02 123 05 B B ereusica 30(+.1)
Landfor (ses legend) i 2 ? 2 B 2 2 2 2 2;0 H o Comex prrenates 30(+.1 so(1,01)
Slops above (est. fte) - 500 300 - 500 90 0 20 200 B amces e i1 (Yot il
krea of assoc. (acre) Y /2 140 1/ 10 Y5 1 Toys /s R ncus drumand S inos 30(s.+)
Altitnds (ft, W013 5000 5100 koo  L750 310 5050 k4820 4725 L230 | H  Pedic. ornithorymcha 121(+,1)
Aspact free) S80E E 5204 N6OW S1W N3E W N N5oW N5oB | H Saxifrega ferruginea 30(+s1)
’ I3 13 % 7 22 30 Ch Rubus pedatus 30(1.+.1)
Slops (degrees) 12 15 23 X 7 1 ) ( Loua)
Wind exposurs (A=3-0) 0=845 0a825 0a822 0=8.5 0-86 0-5al 065 0-5-5 0-7-5 O-6-40 n:’:;um: &w ;7 (ror)
inw cover (months) 7 8% 8 8 8% 7 8% 8% 8% 8% Mt Cal 8 “:‘ np: 69(2.1 295 100(+.2
% coverags: yPoge 2 .
1 - - - 2 Mt Cephalozia leucantha 69(1.+.+)
By vegata ion layer 31 gg ég ;’g eg 1 #€ % w2 8 | L Cladonia contocrass 69(3.+.2)
82 80 70 80 8% 60 58 50 10 20 10 { L Cladonia rangiferim 40{2.3,1)
c s 85 4 80 83 %0 %0 95 70 95 L Cotraria islandica 69(3.+.1)
D ;0 70 1 70 70 60 50 60 70 1 t Dichedontium olympioum §1(3.4.2)
DH 1 - - - - - - - - - Te Deramm scoparium 30( 2.3, 2}
] w1 > 10 - 1 - - 1 1 | L Lecidia grnmlos;h ?11‘(1.1;?)
6 £0 ? Mt Lophozla incisa 02?2
0 T 17 & o % » M ommomdtriua arins 116(1.7.7)
- - - - - - - - - 's Mnium m ols
2y docayad wood s 1 8w - 2 - = 31| v verats scalarts 1(1.3.2)
4 Te Oligotrichum parnlaltm(mou;l.?
one W Fleurozium schreberi L0(1,1,?
Asgensration (no./sq. meter): none n Te Pogonator-al pimem hou.?.?z ,
Total soil depth (cm.) L8 4 ? 5 o 60 5 ¥ 60 82 ¢ Polytrichum juniperimum 30(+e?
Depth to bmf,’.‘,, of A, (em,) 6 3 Z 5 5 tg S 12 s t?3 t Polytrichur norvegicum 69(1.7.2)
pt page, if pressnt - ? - - - - h
Dapth to seepege Subassociation Subassociation] Entire assoclation
Sub= Pres, Char, Pres, Char. | Pres, Fid. Tot. Lifed
B layer: laysr cede cede ceds form
Tsuga mertensiana 1 Sehel  5.5.1 5,601 Lat.+ 44| B 9 ‘ot - - - 1.5.4 S 37 s 2 640 M
2 | 70701 881 B.7.1 9.8.+ 8.7.+ Tebet ToTet Tabol S5.5.1 bakie*
Vaceininm deliciosum 2 | 25,2 24,2 b3 - - 13 & - - - 2t sl 2 - 2 15 Pnd
. 7aceinium membranaceum 2 - - - - |1 5 - - letet - ot 2 - 2 Pnd
Sorbus occidentalis 2 - 1,41 - - 2 1 - - - - 2+ 11 2 2 2 Pd
h yparis 18 1 - - - -2 1 - - - - - 11 2 1 2
2 e - - 24,4 = - - - |-
Abliss amabilis 1 - - - - 1 - - - - - - 2 - 2 1 - Pa
i ? - - - - o+ - - - + 4
! Pinmus monticola 2 - - - - |1 - ot - - - - - 2 1 - P
} C layer:
| Phyllodoce empetriformis 56602 5,743 5.5.2 5 B B47e3 74743 To6e3 1a21 = | L L3 S 2 35 Pne
| Cassiope mertensiana 20102 64703 heke? 5 2 6,3 7.5.3 -k ®» 5 2 299 Fne
| lnstlna psctinata 30542 Juhe2 24442 s L 3.2 34202 8.8.3| 5 2 S 3 168 ¢h
| Tsuga mertensiana 2e501 5.he2 2,41 s 12 +ot b2 l.+.4( 5 15 s 125 Pa
| Vaccinium delicinsun Se6e2 3be2 Lile2 s 8 2 ko3, 36,1 5 8 S 2 66 Pnd
' Deschampsla atropurpirea +ol lote2 4,2 5 - 1 1o+l 6,6,2 5 7 S 4k 3 H
, Lycopodium sitchense 30362 Lu5e3 3.3.2 5 k4 - 2 5 N 2 32 Ch
i Veccinium nembranaceum 2.5 letedl - 3 - -3 - Ly 2 2 Pd
Hippuris montana | - - - - - |0 1 6,6,3( 5 13 3 3 67 H
E Chamaecyparis nootkatensis i Letot - - - - 1 - - 3 - 3 1 Pm
| Sorbus occidentalis 1 1et,l - - ‘ot - 2 - Leto#| 2 - 3 - Pnd
| Meractum gracile | Lokl - +al - ++| 3 - - 1 - 3 2 - H
Carex nigricans - - - - - 0 - - 2 S H 1 10 H
Veratrum eschacholtzii ot - 1.4+ - - 2 - 24,2 1 1 2 11 a
Abies amabilis - - - 4ot - 1 - Leta+| 2 - 2 - Pn
1 Gavltbaria humifusa lebe2 = - 13,2 = |2 - - |1 = ? 2 e Ch
‘ Erigeron pesregrimus - +ot +o+ - - 2 - - ] - 2 1 - H
D layer (humicolous)s
Orthocaulis floerkii 20302 242.2 Se3s2 6,3.2| S 13 Se2.2 L.3.2 L.3.2 - L 19 s 2 143 M
Dicramum fuscescens le2:2 1.2:1 6,5,2 L.b.2| & n 3.2.2 3.2.2 S.3.2 - [ n 5 2 88 Te
Rhacomitrinn heterostichun 64502 = =~ hlie2 66,33 % 52,2 3,222 - - 3223 12 b2 11 Te
Cladonia bellidiflora 1,1.2 - - 1edet 3.2.2 3 2 26242 1.1l 2,+,1 - - 3 1 L 2 17 L
Kizeria falcata - %22 - k2 - 12 7 6102 3,22 2.2,2 = - 13 1 3 2 83 ¢
Kiaeria blyttil - 202.2 2,1.2 - 2342 3 1 - - - - ha,2} 1 10 3 2 13 ¢
Rhytidiopsis robusts 2.3.1 - - 24301 - 2 1 2,22 - 202.2 3e2.2 - 3 2 3 2 9 W
Crocynia mambranacea 2022 1e3s2 ldde2 - ko2l b 1 - - 2.2.2 - - 1 1 3 2 17 L
: Cladonia pleurota - 1.1.2 2.2.2 - - 2 1 - let.+ 1l.l,2 - - 2 - 3 2 1 L
Cladonia squamosa Lo1e2 1.1.2 LA+ - 1,22l k- - - - - - ]0 - 3 2 - L
Rhacomitrium varium - Te5e3 - 3.3.2 - 2 27 - - - - - 0 - ? 2 55 Te
i Lophozia porpiyroleuca - - - 1.2.2 - 1 - - - he2.2 5ut.2 - H 17 2 2 3% Mt
Rhacamitrium canescens Lhobe2 - - - < |1 10 - Sl,2 - - - 1 . 2 2 3% Te
Pellia neesiana - - - - - o - - - 1o+ hot.? - ? 4 2 2 10 ™™
Pohlia drummondit - ld,2 - - 3e302 2 2 - - - = 11,21 = 2 2 5 %
Stereocaulon tomsntosum Lle2 26%e2 = - - 2 - 312 - - - - |1 s 2 2 6 1
Marsupella sparsifolia 20262 242.2 - - - 2 1 - 2.3.2 - - - 1 - 2 2 3 t
Harpanthus scutatus - 20242 - - - 1 1 - 23,2 - - - 1 1 2 2 2 Mt
Plagiothecium denticulatum 1.l - - - - 1 - - 1. - - le2.2[ 2 - 2 1 - M
Diplophyllum taxifolium - - - L.1.2 - 1 - 1e2:2 - - - - 1 - 2 2 - t
Diplophyllum plicatum - - - 1.1.2 - 1 - - - - - 1l.1.2' 1 - 2 2 - t
Anastrepta orcadensis - - - - - 0 - « 1,2 - 1.1,2 1.,1.2{ 3 - 2 2 = My
Cladounia chlorophasa 1e1e2 1,1.2 - - - 2 - - - - - - ] - 2 2 - v
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SYNTHESIS TABLE IX

Brllodoge "~ Cassiope association

(Fnyllodoceto - Cassiopstum mertensianas)

167

Flot mumber 3 62 53 96 98 99 75 12 1% 10 23 u8 b1 s L6
Plot sise (acre) 140 Y2 110 140 140 140 140 140 140 140 1/5 10 1/k0 1/40  1/k0
Date 11/9 /9 6/9 /o 2/ 20/9 5/8 138 30 310 H/7 221 W5 A/1 AN
1959 1960 1960 1960 1960 1960 1961 1961 1961 1961 1959 1960 1959 1960 1960
Locality (see legend) sn o . Gar. SM SM M SM sM SM
Lauvudz ® ko 49 k7 L9 L8 h9 4 h9 2 h9 A L9 h6 ko 48 L9 23 h9 b9 22 b9 23 k9 23 k9 2 ko A
Longitude 122 57 1?3 00 123 00123 05 123 05 123 05 123 02123 00 122 57 122 51 122 87 122 58 122 56 122 §7 122 §7
Landform (see legend) 2 H | b L L
Slope above (este ft,) 120 60 900 300 ho 120 300 500 150 none none  none nonse
Area of sssoc. (asro) 1/2 2 15 /5 1/5 1/2 140 10 10 1‘/?0 1/3 1/?0 /2 110 /5
Altitude (ft.) 3/ 5100 4750 U370 LLoo k20 héoo Sots  Looo 950 %30 3ydo  Lio  Lkéoo koo
Aspact S 25w W NSOW NLOB flat N  NSO4 SBOE ShOW S604 flat NNOE N6OW ST0R  flat
Slops (degrees) 10 12 9 1w - % 9 i1 1 1 - 6 10 20 -
Wind exposurs (Ae8<C) Ou7e5 OuOub 0aOu] Owbel O=9eB 0=5a5 Om7-5 OwOb OwSe3 0=7-§ 6-§=2 0-0-8 0-8-7 0-9-8 0-9-8
Snow cover (months) 7% 8% 9 3} 8% 9 8 9 8 8 i) 7 8 8
% coverage:
By vegetation lzyer A - - - - - - - - - - S - - - -
By - - - - - - - - 1 - 1 - - 8 . 3
By 9 1 - 7 L 2 5 - 20 18 2% g 1 20 20
B 9 1 - 7 4 2 5 - 2 18 % H 1 % 20
c 90 50 90 90 95 95 98 96 90 90 60 90 65 50 80
Dy 3 45 10 70 50 80 65 60 85 Eo g0 15 Lo 0 30
iy i - - 5 - - . - - 20 g 15 0 3
D 39 L5 70 (i 50 80 65 60 85 sy 80 80 5 50 33
By dscaysd wood - - - - - - - - - - - - - - -
By roek 5 1 - 8 - 1 - - - 10 Lo 10 3%
Regenaration (nos/eq. meter) none
Total soil depth (om,) 55 32 » 61 L7 85 51 Lo ? ? 53 a 22 27 8
Depth to botton of Ay (om.)| 35 H 8 5 S 3 28 3 ? ? 13 3 7 8 16
Depth to seepags, if presenty 35 - - 4o - - 37 - ? ? - - - -
B layer: sm':- Pres, Fid. Tot. Lifee
layer code form
Tsuga msrtensiana 1 - - - - - - - - tet = 0l = - lbet  +efbh 2 68 M
2[20%01 bt = Betet 28,4 2ter T b6 = LS.+ Wb L6 LB+ . - 3.5+
Cham, noatietanain 1| - - -~ - - - - - - - 6.t - - - - |3 2 5 M
2l - -, - - - -  LsSa - Zetot 24%et W61 - 4ot 86,4 3.5.¢
Vaceinium membranaceum 2[3.5:1 - - 2630t lodet Llate+ - - o+ - 1l - 1.t - - 3 6 Pnd
Vaceinivm deliclosun 2|k.S. - . lete2 - - - = 1h6,3 ha6.3 1.3,2 1.3 - - - f2 30 Pnd
Sorbus occidentalis 2] = - - +,4 +4 - - - - - +q - - 4.+ +ot| 2 2 = Pnd
C layer:
Phyllodoce empetriformds  [8e7e3 8e9e3 76602 94943 94763 94963 74643 6.5.3 7,642 6.6.3 6,643 8,703 5.6.2 L.6s? 7.7.3{5 3 B4 Pne
Cassiope mertensiana 0563 1502 Ba7.3 6.5.2 74642 705.2 6,6,3 8.9,3 kSl Lu3e2 7.6.2 9.8,3 8.6.3 5.6.3 7.7.3|5 3 651 FPne
Vaccinium deliciosum TeTe2  #et 1 bt 3030 2et.t Babodl 2.3 7.6.3 6,603 ho3.2 3U.3 2.5.2 6.3 6.7.3[ € 2 209 Pnd
Luatkea pectinata 20302 Uu3e2 Ui3e? Sube3 ho22 ket.2 3e4,2 La2.2 Leto2 Se402 2,2,2 20,2 332 41 315 2 128 Ch
Lycopodium sitchense Be3e2 5,503 Selied Lotet 1a362  +ut = 55,3 = Lt 1,21 b3 4.2 - +¢( 4 3 86 Ch
Vaceinium membranaceum 26342 = LR AR S R X N - - 200l = Yot 1.2.2 3.5.2 2040+ b6, b 2 20 Pnd
Tsuga mertensiana Jetel 2etet = 2%t Dedet 2etet L4+ - CRE: X 2 T - |3 13
Daschampsia atropurpurea 1etel - +4l 2.t 2 1et.l LY L § et - - - - 2%l - - 3 2 1 H
Chamascyparls noctketensis - - - - +,+ - RS - - etat ‘4 - ot ot - 2 6 Pm
Carex nigricana - 32 - - 1k = 151 = b2 = 1,2 1,21 - - - {2 1 6 H
Rubus pedatus 1ete2 = - - - - - - Je%e2 1%l A1 - - 41 - |2 1 5§ Ch
Hipparis montana - - - 20202 Lotel 24%42 2 - - - - - - - - 2 1 2 H
Gaultheria mmifusa - lete2 L2 - 2 - «  lete2 = - - - - - - ]2 2 - ch
Carex spectabilis Lotat - - - - - . - - - - - PN § 1 - ? 1 - H
Sorbus occidentalis +ot - - ‘.4 +, ¢ - - - 4 - - - - - 4.4 2 - nd
D layer (mmicolous)s
Dicramum fuscescens 3e3¢2 = 6.b.? 3.2 5.5.3 7.5.3 65,2 = T.6. S 2 33Ul Te
Orthocailis floerkil 3,22 = 7.5 Lu3e2 bho3a3 6.4l3 DdL2 30101 5.8 5 2 188 Mt
Rbacomitrium heterostichum |3.2:2 Ylele* 6.5.2 Le3e? Le3.2 2002 - - 4 2 100 Te
Crooynia membranscea Lele? Le3e2 Lohe?  «  1,2,2 = 11,2 be33 = L 3 2 L
Kiaeria falcata e 5302 3.2,2 6,503 30302 31e2 e Si2 e 303 132 ¢
Rhytidiopsis robusta 2302 = - - - 302.2 8.2,2 = 21, 3 1 38 W
Brywn spe 342 - @ he22 1422 332 - - 3 2 2 &
Cladonia bellidiflora 2102 4ot k2 . 1,13 - - - 34t 3 2 17 L
Gymnomitrium varims = bie2 23,2 32 - - . 532 - 2 2 L3 4
Marsupella sparsifolia - - - - - - - - - 2 2 12 t
Rhacomitrium canescens - - - - - - - - - 2 2 Te
| “thacom
Sporadic spaciest
A layer: C layer, continuad: D lnyar (mmicoloua), sontinued:
Pm Tauga mertensiana 23(+.2) Pne Phyllodoce glanduliflora 112(1.k.3) Dicranum scoparium 33(5.4.3); 48(2.4.2)
Pm  Pipus monticola M (+.+) t Diplophyllum taxcdf, 9 (1.1.?5, 130{1.2,2)
B layer: Pnd Rhododendron albiflorum 62(+.+) Mt Oymnomit. conclmnatum 23(1.1,2)396(1.1.2)
Pm Ables anabilis 3h(+.+); 129{+.+) H Saxifrags ferruginea I(+.+) 23(' 2)3 LB(+.+) Mt Harpanthus scutatus 96(1.1.2)
Pnd Clado, pyrolastlorus h5§~ o+)3 96(1e344) Pnd Vaselntum ovalifolium LB(+. *S 99(+.+ ¥ HWypmm circimsle 75(2.2.2)
Pnd Menziesia ferruginea 23(+,1) G Veratrum eschscholtsil 23(*.15 Mt  Lescurnca balleyl 33(1.1.2); 129(2.1.2);i
Pmn Pimus monticola 23(+.+) 130(1.1.1)
Prd Vaccinium ovalifolium 99(+.+) D lsyer, mumicolcuas Mt Lophozia alpestris LS(1.1.2)
Pm Ables amabilis L6(+.+); L8(+.+)5 96(+. ~); 130(+.+) Mt L. porphyrolenea 96(2:1.2)3 99(2:1.2)
€ layer: Mt Calypogela neesiana 9621.1. 2); 99(1.1,2) M Pagiothecivm slegms 33(1.1. 2)
Pm Abies anabilis 96(1.+.+) L Cetraria islandica 129(2,+,2) Mt FPlectorolea obovata J1(2.2,2
K Caltha leptosepala 75(Le+s1) L Claionla grasills 23(1.1.2) W Pleurozium schrebert LS5(2,1, ?\, 18(24142)
Pnd Clado. pyrolasflorus LB(+.+); 96(1.+.+) L Cladonia fleurota 23(1,1.2); 53(2.3.2) 112(1,1,2) Te Pogonatum alpinun 23(1.2,2)
B Herastum gracile J1(2.%.1); 53('.1)£ 122(+.1) L Cladonia rangiferina 23(143.2); h6(3.3.2) t  Polytrictum norvegicum 62(1e+.+)
H  Junens drummondii 3L(s.+); L6(+.+)s bS(+.+) Cladonia squamosa 23(1.+43) %t Polytrichum pdliferum 23(+.2)
H Leptarrhena pyrolifolia 75(+.+) c Dichodontinm olymploum 53(2,1.2) Te Rhacomitrium varium 23(1.% %)
nd Vaccinium deliciosum 75(1.+,1)5 129(1e+,+) L

Steraocaulon tomentesum 3n{+e)}s 62{1.1.2);
112(31.3)
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APPENDIX IV

PLATE I
FLATE II

PLATE III



PLATE T

Excellent growth of amsbilis fir on a Streptopus association at 4000

feet; Paul Ridge; Garibaldi Park;

Deénse cover of Oplopanax horridus along a temporary mountain stream
near 3600 feet, Paul.Ridge; Garibaldi Park:

Sparse distribution of mountain hemlock in the upper subzone; AOOO
fest, Mount Seymour. The ridge in the upper right-hand corner is in

the lower subzone at 3300 feet.

Typical isolated clump of mountain hemlock in the upper subzone, 4600

feet, Paul Ridge, Garibaldi Park. The smow-free ring around the clump
(June 17) is occupied by small mountain hemlock, .yellow cedar, Rhodo-

dendron albiflorum, and Vaccinium membranaceum.

Near its upper limit the Vaccinium membranaceum - Rhododendron assoc-

iation occurs only on exposed ridges where snow accumulation is least.
5100 feet, Paul Ridge, Garibaldi Park,

Succession from (1) Phyllodoce - Cassiope to (2) dwarf Tsuga near the

"crest of a ridge where snow duration is reduced. 5000 feet, near Mam-

quam Lake, Garibaldi Parlk..



PLATE 1




PLATE 1T

Wet edaphic Leptarrhena - Caltha leptosepala association in the upper

subzone, surrounded by stunted yellow cedar. 4500 feet, Paul Ridge,
Garibaldi Park, '

Early stage of succession from open water towards Eriophorum - Sphagnum:

Drepanocladus exannulatus and Carex aqpatilis are main species. LéOO

feet, Paul Ridge, Garibaldi Park,

Invasion of (2) dwarf mountain hemlock onto a (1) Phyllodoce - Cassiope

area, 5100 feet, Garibaldi Park.

Well developed Phyllodoce empetriformis -~ Cassiope mertensiana assoc-
iation. 5100 feet, Garibaldi Park.

Primary succession of a Carex nigricans association towards Phyllodoce -

- Cassiope, 4800 feet, Paul Ridge, Garibaldi Park.

High sociability of Gymnomitrium varians on an unstable colluvial slope.

4800 feet, near Mamquam Lake, Garibaldi Park.



PLATE I1
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PLATE IIT

Mesic habitats at 5000 feet and higher occupied by Phyllodoce - Cass-

iope with sporadic clumps of mountain hemlock. On the warmer westerly
slope in the centre of the photograph, trees are favoured. Otherwise
they are restricted to prominences or ridges., Upper subzone, Gari-
baldl Park,

Deformation of mountain hemlock by snow-creep. July 7, 1962. 3800
feet, Mount Seymour.

lesic Vaccinium membranaceum - Rhododendron association of the upper

subzone., 3900 feet, near The Lions.

Small stream in the upper subzone occupied by Drepanocladus exannulatus

and Scapania uliginosa, and flanked by Philonotis fontana and Petasites

frigidus., With increased organic accumulations, these stages will de-

velop towards a Leptarrhena - Caltha leptosepala association,

Saxifraga tolmiei established below a rock where there is greater soil
sbability on a colluvial slope. 5000 feet, Paul Ridge, Garibaldi Park.

Secondary succession towards Gymnomitrium varians and Saxifraga tolmiei,

16 years after the removal of the sod covering in a Carex nigricans

association, 4900 feet, Garibaldi Parks



PLATE III




