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ABSTRACT

McCune, Bruce, ¥.A. “arch, 1979
B) tany

Comparative ecology of structural groups: compositional
patterns in the Swan Valley forests, Montana

tirector: James R. Habeck f%
1=

The compositional patterns of structural groups in the
Sian Valley are very weakly correlated. Evidence in
support of this wWwas derived from 1) correlations of
dissimitlarity matrices, 2) correlations ot stand placement
on ordinational axes, and 3) comparison of stand groups
defined by cluster analysis. +While one can roughly predict
tr1e composition of one layer based upon the composition of
another layer, different structural groups do not change
composition across environmental gradients at the same
"rate™ or in the same patterne.

Several reasons for this poor correlation are suggested.
The various structural groups are controlled by different
sets of environmental factors. Rates of biotic response to
disturbance differ between structural groups. Efssentially
random historical factors probably weaken compositional
paraliels between structural groupse.

Species richness was greatest in the bryoid 1laver,
decreasing sequentially in higher strata. Species
equitability was roughly the same for all structural
groups. Beta diversity paralleled species richness for all
st ructural groups except for epiphytes. Epiphytes had a
high alpha diversity but low beta diversity. Differences
in spacies diversity between structural groups were related
to differences in the degree of environmental
di fferentiation at the levels of each structural group.

Independently defined types for structural groups were
not related by either a simple hierarchy or a one-to-one
correspondence. Groups defined by cluster analysis did not
correspond strongly with a regional system of habitat
ty pes.

Bryophytes and lichens are of QJquestionable utility as
indicator species for purposes other than air pollution
indication. The statement that bryophytes and lichens are
more sensitive {narrovwer tolectance ranges) to their
epvironment than vascular plants 1is apparently without
substantial support except with respect to air pollution.
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CHAPTER I
INTRODUCTION

A. The existence of compositional integrity betueen
structural groups is an implicit assumption of many
vegetation studies. Plants of one layer are generally
considered to be faithfully associated with other layers.
For example, we often think of douglas fir in western
Montana as having certain characteristic shrub and herb
associates, the assemblage of species being determined for
the most part by the environmental characteristics of the
site. While this is certainly true in part, I believe that
this line of reasoning has been invoked to an unrealistic
degreee. This research was directed towards two probleas
that result from overextending such deterministic
explanations for observed patterns in veqetation.

1. Compositions of forest Llayers are not
ne cessarily correlated With sach other within the
hyperspace of environmental gradieats.

2. A given site may be capable of supporting
different communities of shade tolerant plants depending
upon the history of disturhance and dispersal events.

The first problem allowed a fairly rigorous approache.
Howev2r, the second prohlem arose in my mind as a
consejuence of my research on the first, and therefore, is
treated here in only an intuitive manner. Hopefully the

problem can be more rigorously attacked in the future,

83« The location chosen for this study was the Suwan
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Valley in northwestern Montana. This choice was made for
two main reasons:

1. A thorough study of the wupland vascular
vegetation of the area by Antds (1977) 1laid a solid
grouniwork for further research. His work provided
valuable 1insights into the important tactors controlling
compositional patterns and community dynamics.

2, The upland forests on the wvalley floor and
lower slopes have a low enough beta diversity to allowm
me aningful approach to the objectives of this study.

Ce It was also of interest to me to compare
descriptive community parameters as applied to structural
groupsSe Diversity parameters included were species
richness, equitability, and beta diversity.

D« An understanding of coaaunities 1is necessarily
dzpendent wupon an understanding of the ecological behavior
ot species. Thus, as far as was py>ssible, I have attempted
to add to our knowledge of the ecology of the macrophytic
species occurring in the Swan Valley, particularly the
br yophytes and lichens. At thes same time, 1 attempt to
relate the distribution of bryophytes and lichens to that
ot vascular plants.

£« Bryophytes and lichens are frequently considered
to be sensitive indicators of environment (Lambert and
Maycock, 196B; Stringer and Stringer, 1974; Shacklette,
1961; Scott, 1970; Phillips, 1951, Jesberger, 1973;

Cantlon, 1953; Culberson, 1955). This has been shoun
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repeatedly 1in the numerous studies relating air pollution
to the distribution of lichens and bryophytes (Ferry gt
al., 1973; Hawksworth and Rose, 1976). However, it is
unclear whether or not species 1in these groups have
narrower tolerances along other environmental gradients. I
approached this problem by comparing estimates of beta
diversity of structural groups in the Swan Valley forests.
Fe Studies directed at the above objective allow the
approach of another objective: evaluation of structural
groups, as well as 1individual species, as to their
usefulness in defining community types and assessment of

their value as indicator species.



CHAPTER 1II
LITERATIRE REVIEW

Comparing the ecology of structural groups has been
part of quite a few vegetation studies in North America. A
comparison of compositional patterns has been discussed by
Phillips (1951), wWhittaker (196)), Lambert and Maycock
(L968), Hoffman and Kazmierski (1969), and La Roi and
Stringer (1976)., Although a consensus does not exist, the
strength ot compositional parallels between structural
groups has been seriously questioned (Gams, 1918; Gleason
1926, 1939; Cain, 1936; Lippmaa, 1939; Wwhittaker, 1960;
McIntosh and Hurley, 1964; Daubenmire, 1968; Hoffman and
Xazmiarski, 1969). Their doubts are opposed to the
viewpoint of communities as having compositional
integrity--an organismal or quasi-organismal nature of
plant communities (Clements, 1935; Tansley, 1935). I
attempted to approach the problem quantitatively through
statistical comparisons of similarity indexes. Comparisons
were made between all macrophytic jroups.

Diversity relations of structural groups have been
compared by ®hittaker (1956, 1360, 1965, 1970), La Roi
(1967), Auclair and Goff (1971), Zobel gt agl. (197%), and
Achuff and La Roi (1977). In general, diversity of
structural groups 1is poorly correlated between groups.
Previous North American studies have included discussion of
the factors controlling diversity of forest structural

groups, but 1in none of these studies have all the



macrodhyte groups been included.

Studies of interactions between structural groups are
many =-- too numerous to list here. Literature relevant to
specific interactions Will be brought out in the discussion
below.

Prior to a study by Antos (1977), the vegetation in
the Swan Valley had been studied only superficially. His
work identifies the important environmental gradients
wi thin the tolerance range of ADies grandis and discusses
the dynamics of the vascular vegetation, geographical
relationships, and management iaplications. Antos
concluded that site moisture is the primary physical factor
controlling community composition in the Swan Valley but
that temperature sets the upper elavational limit for Abjies
qcapdis. He also proposed that high intensity replacement
burns initiate the second major compositional trend. The
nigh frequency of burns results in a mosaic of seral
comnuirities as the natural state of the vegetation. More
ot Antos” conclusions concerning the SwWan Valley vegetation
are included in the descripotion of the study area. The
literature review in Antos (1977) should be consulted for
summaries of the observations of early visitors to the Swan
Valley. He also included accounts of the relevant and moce
tacent literature from nearby areas.

Probably the most important Wworks that allow the
reader to put the Swan Valley vegetation into a regional

perspective are Antos (1977), Habeck (1967), Pfister gt 3l.
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(1L977), and Ross and Hunter (19/6). This perspective is
davelaped briefly in the description of the study area
be lowe.

Most of the studies including bryophytes 1in the
ndrthern Rockies do not deal extensively with ecological
relationships. Reports on bryophyte ecology in this atea
are limited to ecologically annotated lists (Hermann, 1969;
Hong, 1975, 1977), and a few ecological studies (Cooke,
1955; Ae Steele, 1974, 1978; McCune, 1977), and
ecological notes in a regional flora (Lawton, 1971). Some
liverdort specimens from the SWan Valley are cited by Hong
(L9068, 1975, 1977).

The lichens of the Swan Valley are poorly knoun
taxonamically, much less ecologically. Published floristic
reports of lichens 1in Montana are mainly 1limited to
scattered specimen citations in the literature. An early
list of cryptogams from w»ontana included some lichens
collected in the Swan Valley (Harris and Harris, 1904).
Imshaug (1957) published keys and range maps of wastern
alpine macrolichens, incliluding two collecting sites in
Montanae Ecological studies 1including 1lichens in the
northern Rockies are few (Flint, 1932; Cooke, 1955;

Habeck, 1963; Bamberg and ¥ajor, 1968; #cCune, 1977).



CHAPTER (11
STUDY AREA

A comprehensive description of the geography, climate,
geology, and soils of the Swan Valley may be found in Antos
(1977); these features of the area are briefly described
be low.

Seology: Figure 1 depicts the major geographic
features of the Swan Valley and its surroundings. The
valley was formed by high angle block faulting and was
subsequently altered by continental glaciers in the valley
and mountain glaciers in the Missi>n and Swan Ranges. The
bedrock 1is Precambrian mudstones to sandstones showing
various degrees of slight metamorphisme. Much of the
bedrock 1is calcareous although non-calcareous strata are
common. Glacial till mantles the lower slopes and valley
floore. A sectional view and surface geological map of the
area are shown in Figure 2.

Soils: Soils in the study araa were derived primarily
from partially calcareous glacial till and volcanic ashe.
Little profile development has occuarred in these immature
soils. Antos (1977) reports a typical soil profile under
grand fir stands as having a 2-6 cm mor humus layer on the
surface, an intermittent ash-gray A2 horizon less than 1 cm
thicky a loose, 1low-density reddish brown andic (Bir)
horizon, wusually 15-25 cm thick; and underlain by greyish
rocky till sometimes showing some horizon development. The

andic horizon 1is iaportant in that it 1is relatively



Figure 1. Study area Stand locations are indicated by
triangles.
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natrient :ich, has a high water holding capacity, and a
high cation exchange capacity. Antos (1977) also suggests
that the soils influence the vegetation primarily through
moisture effects, nutrient status being generally good as
compared with many coniferous forest soils.

Cilimate: A north-south climatic gradient exists in
the Suan Valley. The north end of the valley is relatively
moist, as a result of orographic effects and the position
of prevailing storm tracks. Sincz2 the Mission Range crest
falls from about 2700 m at the south end of the wvalley to
1100 m in the north, the effectiveness of the range as a
moisture barrier decreases nor thwarde. Mean annual
precipitation at 1low elevations 1in the Swan Valley is
roughly 75 cm, the winter months aad June heing relatively
wet, while rain in the summer months averages only 3-S5 cm
per monthe Snow accumulation records do not exist for the
Swan Valley lowlands. However, a snowWwpack over 1 m deep
may be typical for much of the study area (Antos, 1977).
M2an January and July temperatures are approximately -5%C
and 17%C respectively. Fiqgure 3 summarizes climatic data
for Swan Lake (elevation, 960 m). Antos (1977) should be
consul ted for further climatic inforaation on the Swan
Villeye.

Vegetation: The Swan Valley is predominantly forested
with the exception of wetland and aquatic habitats. In
m3a ture forests, Abies grapdis is the most abundant tree on

modal wupland sites. On drier sites ?seudotsuga mepnziesii
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vand Pipus pondecpsa are more proainent while moist sites
frequently support Thula plicata or laxus brevifolia. At
higher elevations and in trost pockets dominance shifts to
Aies lasiocarpa and Ricea engelmannii. GEibnus contorta and
Lactix occidentalis are the most impdortant seral trees.
Baoulus tremuloides and P. Ltrichpzacea frequently dominate
the river bottoms and other areas with easily accessible
grouni water. Pinus wonticela is a frequent, although
gznerally minor, component of aoist forests at 1lower
elevationse.

Shrubs are a common understory component and
occasionally reach dominance. 33lix scoulerjana, Sheperdia
canadensis, and Acer glabrum are important components of
young stands. Yaccinium glpbularz increases in importance
in dry old stands. 0ld stands on moist sites are conducive
ty Yeaziesia  ferrugipea. Besa  gympocarpa, Spiraea
e2tulifolia, Pachistima myrsipiltesr and Acer glabrum occur
ia r1early all stands although the first two become
ralatively infrequent in wetter stands.

Herbs vary from nearly absent to abundant in the Swan
Valley forests. Tightly closed canopies or dense shrub
1ayers reduce herb cover greatly. Coasiderable diversity
and variation exists in the herb laver. Adenocaulon
pigolaz, Clinotonia uniflora, Qis2erus bhookeri, Goodvera
p2longifolia, several PRyrola species, Smilacina stellata,
¥iola orbiculata, and Xerophyllum Lenax are  frequent

m2mbers of the herb laver.
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Fhe moss layer is highly variable in both total cover
and composition. Brachythecium species, Rhytidiadelphus
triguelrus, Rbytidiopsis robusta, Yniur spioulosum, BSryun
saddbergil, PBleurozium schreberir, and Ricrapua scoparium
arte most trequent. The large foliose lichens Peltigers
¢canina and PRe. leucophlebja ar2 often present in this
Layer.

Epiphytes are typically well developed in all but the
youngest stands. Lichens predominate in this structural
group although the bryophytes Qicrapum tauricum and
ptilidiup pulcherrimum are common in wetter stands, In
ajdition, epiphytic Qrithotrichum species are found in
daciduous riparian communities. Species of @Bryoria.,
alectoria, Hypogympia, and Qarmeligosis as well as
Blatismatia glauca and Parmelia sulcala are generally the
most abundant components of this structural groupe.

The Swan Valley is interestinjy pnytogeographically as
many species associated with moist Pacific air approach
their eastward range limit in the area (eg. ZIhuia plicata,
Axies grandis, Taxus brevifella, and Isuga helerophylla).
snile species with west coast atfinities are well
represented, boreal elements also make a significant
contribution to the flora (Habeck, 1967).

Anthropogenic influepces: Gentle terrain in the Swan
Valley and good growth of trees have promoted intensive
logging of the area. Much of the old growth timber has

already been removed., Other anthropogenic influences are
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relatively minor except for fire suppression. Records of
early visitors to the Swan Valley indicate that fire
contributed significantly to the wvegetation mosaic. The
impact of fire suppression is not clear; 1loss of habitat
for seral species may occur, but clearcuts may offset to a

degree the loss of habitat incurred by fire suppressione.
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CHAPTER IV
METHODS
A. Composition sampling: Froaom the 56 stands selected
by Antos for his study (1977), I chose 42 for further work.
Tne stands were chosen in Antos® study to rtepresent the
range of communities and environmental conditions in which
AR:les grapdis is found in the Swan Valley. Only stands
free from direct human influences Jdere inCluded. Cover
data for vascular species were obtained by Antos, while I
revisited his stands, sampling epiphytes and the moss
layer.
Antos outlined his sampling procedure as follouws:

A 375 square meter circular plot was 1laid out in
each stand. The canopy coverages of each wvascular,
understory species in the plot were rtecorded by the
following classes (Pfister et al. 1974, as modified
atter Daubenmire 1959): T=0-1% coverage, 1=1-5%,
2=5-25%, 3=25-50%, 4=50-75%, 5=75-95%, 6=95-100%, if a
species was in the stand, but not in the plot, a "+¥
was recorded. For tree species in the plot, canopy
covarage classes were recorded separately for each of
the three diameter size classes (K1) cm deb.h., 10-~30
ci debeha, and >30 cm debe.he.) using the same systen.
In addition, all trees in the plot were tallied by 5
ce diameter intervals. Trees less than 1.4 m tall
were counted in the entire 375 sjuare meter plot.

Isually a number of trees uere c¢ored to obtain
stand age as Well as the ages of smaller trees in the
understory. In general, at least o2e individual of
each species in the overstory and various sized
individuals of understory trees (especially grand fir)
were bored. G&Grand ficrs too small to core w€Were cut at
the base to optain age. 1In all cases the increment
cores were taken as close to the ground level as
feasible. The diameters and heights of all trees
sampled for age determination were racordede.

Along With these quantitative vegetational
characteristics other attributes of the stand were
noted, such as the amount of insact damage and duarf
mistletoe infestation, extent of wildlife browsing and
trails, evidence of past fires, and degree of
windthrow. The physical parameters of the site such
as elevation, slope aspect and inclination,
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topographic position, axact location, and other
physiographic information that seemed relevant were
recorded. Nnly very cursory examination was made of
the soils in the plots.

In 1977, tWo years after the vascular plant data was
gathered, [ visited the plots, sampling epiphytes and the
MOS S layer, and measuring parcent canopy cover
photographically. Figure 4 shows the sampling arrangement
for each plot, as eiplained in the text below.

The BoSs layer Jas sampled with approximately 100, 10 x
300 cm quadrats arranged at regular intervals along three
transects through the original circular plot. Cover of each
spa2cies in each quadrat was estimated to the nearest 0.5

2 gere assigned a

dn?. Jccurrences with less than 0.25 dm
cover vaiue of 0.1 dmZ or 0.2 dm2. Individual values were
then combined to yield a single percent cover value for each
sp2cies for each plot. Quadrats falling on rotten wood or
rock ware excluded in order to standardize the samples as
much as possible.

Accurate sampling of the moss layer was complicated by
th2 tendency for many species to have low, patchy cover.
For tnis reason, the sample design was that of many
dispersed small gquadrats witnin each stand. For the most
part, species in the moss layer in the Suwan Valley were
readily distinguishable in the field #ith the naked eye or
hald lens. The single major exception to this was in the

moss genus Hrachythecium. 3. hyvlotgpetum was kept separate

while all other Hrachythecium species (3. leibergii, B.



Figure 4.

Sampling arrangement used for all stands. The large
circular plot was used by Antos (1977) for sampling
vascular plants. Tick marks on the transects represent
quadrat locations used for bryoid layer ampling. Photo
points for determining canopy cover are indicated by
""P'"".  All trees within the circular plot were point-
sampled for epiphytes.
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salebrasup, B. stackei, 4. collioum, and B. albicans)
were lumped in the data.

Quantification of epiphytes presents special problems.
The bulk of epiphyte biomass #as attached to branches, the
trunk generally supporting a 1lichen community with lower
biomass per unit area. However, only the trunk at breast
hei ght was used for epiphyte sampling in this study. The
couplications and inaccuracies iavﬁlwed in attempting to
" quantify epiphytes on branches dere deemed to be
insurmountable in the interest of reasonably rapid samplinge.
Thus, it should be kept in mind throughout this study that
the epiphyte sample may not be representative of that
structural group as a whole.

Epiphytes were point-sampled oa trunks at breast height
wit hin each <circular plot by wrapping a tape around each
tr2e over 12 cm DBHe Hits were thea recorded by species at
2.3 c® intervals alonyg the tape. Most plots Wwere sampled
with at least 1000 points although individual plots ranged
from 750 to 2000 points. Percent cover for each species in
each stand was calculated as the proportion ot hits on a
given specCies to the total number of pointé tor that stand.
Tr2e species and diameters were recorded during point
sanpling to allow evaluation of some aspects of
hos t-ediphyte relations.

Crustose 1lichens were excluded from the sampling
bec:ause of difficulties in field identification and

evaluation of whether or not a lichen thallus was actually
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present beneath a point. This problem arises from thalli
wnich are often barely appatrent or immersed within the bark,
the lichen“s presence evidenced only by scattered apothecia.

A single lichen genus, Bryoriia, prroved difficult in
saanpling. This large and often confusing genus was
recombined into the following groups for the purposes of
this study? sorediate thalli «ith the exception of B.
fremontii were comdined, most of the thalli being referable
to B. fuscescens. Be. fremontii +<as combined with B.
psa2udof:uscescens in another group. W®hile 3.  fremontii is
readily distinquishable trom all the others when it is
sorediate, it usually was esorediate and often difficult to
separate from B. pseudofuscescens in the field. Be
abyxreviata and B. c¢agpillaris were maintained as separate
entities in the data as they are generally distinctive in
aplearance.

Replicate samples of the bryoid and epiphyte groups
were taken for five stands, using tie same plot centers, but
orienting the transect axes at 45 degrees to the first
sanple. Replicates were made between one and two months
atter the tirst sample was taken. Dissimilarity betuween
rep licate 5amples was rather high, averaging 38% for
epi phytes and 32% tor the bryoid layer. Roth within-plot
inhomogeneities and sampling error contributed to this
dissimilarity between replicate samdles.

Canopy density was measured photographically using five

photo points per stand as illustrated in Figure 4. High
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sp2ed 35 mm black and white film was used for the most part,
setting the exposure to maximize depth ot tields Exposures
were made by holding the camera at ground level and pointing
tha 28 mm lens vertically. After >rocessing, the negatives
were projected by half-frames onto a 30 x 60 cm plane
divided into .5 x 1 dm rectangles. The area covered by the
canopy image in each rectangle was thea estimated to the
nearest 103%. The resulting 360 canopy cover values for each
stand were then averaged to arrive at a single canopy cover
value for each stand.

Nomenclature of vascular plants follows Hitchcock and
Cronquist (1973). Nomenclature of mnosses follows Lawton
(1971) in part and Crum et al. (1973) in part (see Appendix
A for a 1list of names with authorities). Nomenclature of
liverworts tollows Stotler and Crandall-Stotler (1977).
Nomenclature of lichens follows Hale and Culberson (1970)
except for the genera Bgryoria, E€istulariella, BRarmelia,
Ebhaeopbyscia, BRbizoplaca, and Xapthoparmelia which follow,
respectively, 8rodo and lawksworth (1977), Bowler and Rundel
(1977), +&sslinger (1977), ¥sslinger (1978), Leuckert et al.
(1)76), and Hale (1974) (see Appendix B for a list of names
with authorities).

Data analysis?: Species were assigned to structural
groups for the purpose ot comparing the compositional
patterns of those groups. Yost species Wwere easily
assignable to one of the groups as defined below, wWwith the

exception of those species intermadiate in form betueen
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herbs and shrubs. Hoody sub~shruds (Berberis repens and
Spiraea betulifolia) were placed with tae herb group as were
th2 smaller suffrutescent species (gg. Chipapbila umbellata
an1 Lianaea borealis).

The term "structural groups”™ is frequently used in this
report instead of the terms "layers™ or "strata. The more
generél term was chosen because thz2 epiphytic communities
did n>t have a planar forme The host of terms coined by
var.ious authors for coamunity fractions feg.
"aicrocoenoses® - ¥Korchagin (1964), ™"stratocoenoses" -
Bal logh (1958), and "svnusia"™ - Braun-Blanquet (1928)1 wuere
avoided because of ambiguities (3arkman, 1973) and certain
connotations associated with those terms.

Trees were defined as specims over 3 m tall at maturity
and wusually having a single woody trunke Species usually
having multiple ioody stems of shorter single woody stems
over L m tall at maturity were classified as shrubs. Herbs
included all other rooted vascular plants. The bryoid layer
was defined as the non-rooted ground surface layer including
bryophytes and lichens. Those non-parasitic species growing
on trees or shrubs are defined here as epiphytes. TIn the
Swan Valley the epiphytes are primarily lichens with only a
few bryophytes, the reverse bveing true tor the bryoid layer.
Fut ther restrictions on these groups were imposed by the
sanmpling methods (see above).

A stand dissimilarity matrix based on species cover was

constructed for each structural group using the
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dissimilarity index ot 38ray and Curtis (1957). These
matrices were then used to compare compositional patterns of
the structural groups by 1) correlatiang elements of all
matcix pairs, 2) correlating stand placement on polar
ordinations (Bray and Curtis, 1957) for each structural
group, and 3) by comparing stand groups defined for each
layer by agglomerative cluster analysis using the algorithm
outlined in Mueller-Dombois (1974).

The Bray-Curtis ordination technigque using percent
dissimilarity as the distance measure was chosen in
preferance to other ordination techniqueé. It has been
consistentiy found to be the best ordination technique in
comparative studies using sinmulated coenoclines (Xessell and
#hi ttaker, 1978; Gauch and Ahittacer, 1972; ¥whittaker and
Gauch, 1973).

The degree of internal association was calculated for
the bryoid and epiphyte groups. {ntortunately, similar data
was not available for the other groups. The average percent
similarity between replicate samples was used as a measure
of inta2rnal association.

A Pearson product-moment correlation matrix was
constructed for all scalar environmental variables measured
and for cover of all species occurring in five or wmore
stands. This matrix proved valuable as an aid to the
interpretation of the distributional patterns of individual
species and structural groups. In addition, constellation

diagraas for each layer were constructed from the
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correlation matrix to indicate species groups.

Alpha and beta diversities were calculated for each
structural groupe. Alpha diversity was derived in two ways?
the first using the Shannon index (Shannon and Weaver, 1949)
which combines species richness with an equitability
coaponent; the second, simply by averaging species counts
as estimates of species richnesse. Species counts are
emphasized in the results and discussion 1in preference to
tha Shannon index. Species counts ate more readily
interpretable; the Shannon index confounds species richness
anl equitability, and information theoretical indices are of
questionable 5iological significance (Hurlbert, 1971). The
equitarility component (Pielou, 1966) Was also computed
separately to allow comparison of the overall distribution
ot dominance in each structural group. Beta diversities
were estimated for each group by dividing the total number
ot species encountered in all stands >y the average number
of species per stand. This 1is the simplest and a generally
appropriate measure of beta diversity (mhittaker, 1960,
19/0). However, Bratton (1975) points out that beta
diversity may be viewed as a function rather than as a
single value. Her W“ork indicates tarat jeta diversity is not
necessarily constant along environmental gradientse. is
calculated in this study, beta diversity values 1indicate
only the average rate of change across environmental

gradients.
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CHAPTFR V
RESULTS AND DISTUSSIIN
A. Conpositional Correlations Betuzen [ayers.

Compositional patterns of structural groups were found
to be very weakly correlated with each sther. Several lines
ot evidence derived from species” cover values support this
conclusion: poor correlation of dissimilarity matrices,
weak correlation of stand placement on ordinational axes,
and wWidely divergent stand clusterings based on similarity

matricas.

Correlation of dissimilarity matrices: Table 1
presents r-squared and significance values tor correlations
of dissimilarity matrices for all group pairs. Iin wmost
cases the r2 values range between .03 and .14 with p<.00001.
A scatter diagram and simple regression line are shown for a
typical group paic in Figure S. It can be seen from this
graph that a stand pair that is 90% dissimilar in one layer
could be less than 15% dissimilar in the other layver and
vice-versa. Thus, knowing the similarity between two stands
tor onxe layer would allow ones to predictively say little
ab>ut the similarity between the two stands for any other
lay er.

The assumption of independent pairs of values required
for Pearson correlations was violated to a degree. However,
I 30 not believe that the degree of dependence is large
enough to significantly atfect wmy results. =fach pair of

values is partially dependent on only about 10% of the other
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pairs. turthecrmore, the effect >f that dependence on the
correlation would probably be to increase the r-squared
val ues. Thus, my conclusion that the correlation is
remarkably poor is probably valid.

Heterogeneity within each plot and sampling error
weaken the correlation between dJdissimilarity values of
structural groups. However, these sources of variability
were 10t strong enough in themselves to account for the
observed independence of layerse. fhe 1iaportance of this
eftect was investigated by correlating dissimilarity values
based on replicate samples with dissimilarity values based
on averaged cover values from the original and replicate
samples. This correlation was stroag for the bryoid 1layer
(r2:,7), p<.005). Similar analyses sere not performed for
the vascular groups because replicate samples were not
obtained for those groups. However, if we assume that the
abdve copefticient of determination is typical for all the
stcuctural groups, and that it roughly represents the
mirimun strength correlation possible gJgiven only sampling
ertror and within-stand heterogeneity, my conclusion as
stated above stands: compositional patterns of structural

groups are very weakly correlated.

Correlation of stand placement on ordinational axes:
The weak correlation between compositional shifts of
structural groups is further supportted by correlations of
stand placement along ordinational axes (Bray and Curtis

(1957) polar ordination). A stand dissimilarity matrix,



Table 1. Coefficients of determination (r2) for correlations between
dissimilarity values of structural groups. {n all cases except the
one marked (*), p<1075.

iﬁ;te Bryoid Herb Shrub
Tree .14 .03 .08 .1
Shrub .04 .00* .08
Herb .09 .06

Bryoid .04
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Table 2. Coefficients of determination (rz) for correlations
between stand placement on an ordinational axis (moisture).
Significance at the .05 and .005 levels is indicated by (*) and (*%).

Eﬁ;te Bryoid Herb Shrub
Tree .01 .05 L1658, 363k
Shrub .06 [26%% | 3Qa
Herb .03 RYEL

Bryoid . 30%%

Table 3. Coefficients of determination (rz) for correlations
between stand placement on an ordinational axis (stand age).
Significance at the .05 and .005 levels is indicated by (%) and (*%).

IEDEI;'te Bryoid Herb Shrub
Tree .28%% Q9% L20%% 35%%
Shrub L51%% | 10% 2655
Herb L4 L15%%

Bryoid .01
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pr2pared trom cover data ot all vascular species, was used
as the basis for endstand selection. gtndstand pairs were
selected that provided a readily interpretable 2-dimensional
ordination, roughly orthogonal gradient axes, and a high
correlation between stand Aissimilarity and distance on the
ordination (r2=.62, p<.01). Moisture and stand age
gradieats are the primary factors corresponding to the tuo
oriinational axes, as deduced from plots of species and
environmental factors on the ordination {Antos, 1977). The
sane enrdstands were then used for stand ordinations based on
each structural groupe. Stand o»>sitions along a given
ordinational axis were compared for each pair of structural
groups by Pearson product-moment correlations of stand
dis tances on the axes.

Tables 2 and 3 show r2 and significance wvalues for
correlations between structural groups on the moisture and
stand age axes. In both cases, r2 values are low for most
pairse. Correlation of stand rankings on ordinational axes
had even lower r2 values. It is important to realize that
the resuilts from these cortelations are probably highly
dependant upon choice of endstands. I do not think that the
r? values for structural group pairs are worthy of
comparison with each other. The important point is that
they are generally 1low, indicating weak compositional
pataliels between structural groups.

It is notable that a pair of groups that is well

correlated on one axis is not necessarily well correlated on
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and ther axise. For example, trees and epiphytes had a
rel atively high corcrelation on the age axis but none at all
on the moisture axis. This 1implies that the moisture
gradient controiling tree distribution n1as relativaly little
direct control over epiphyte distributione The pattern of
eplphyte distribution 1is not, therefore, simply related to
ths moisture gradient that in part controls tree
distribution. 1 do not think that the cause for the
dit ference can be extracted trom these results: 1 merely
wish ¢to point out that distributional patterns of different
structural groups are evidently not controlled directly by

the same factorse.

Cluster analysis: Agglomerative cluster analysis of
oid stands (>150 yr since the last burn) was used as a
coaparative tool with only moderate success. in general,
group separation was onlvy fair. Group separation might have
bean improved by using a different computational algorithm
(kobertson, 1978). Nevertheless, those stand groups that
werte wall defined in one laver shoda2d little resemblance to
discernible groups in other layers (Figures & through 9).
Clusters were defined at the 60-~70% similarity level in most
cases. The dendrogram for the harb layer is not included
bec ause clusters were formed predominantly at low levels of

similarity.

Correlations of structural groups in the literature:

Th2 correlation between structural QrOups has rarely been



Figure 6. Cluster analysis of the tree layer compared with the Montana Habitat Types (Pfister, et al.,
1977) and stand clusters based on other structural groups. Stand groups for the tree layer are indicated
within the dendrogram; classifications based on other structural groups are shown at left.
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Cluster analysis of the shrub layer compared with the Montana Habitat Types (Pfister, et al.,
Stand groups for the tree layer are indicated

Figure 7.
1977) and stand clusters based on other structural groups.

within the dendrogram; classifications based on other structural groups are shown at left.
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Figure 8. Cluster analysis of the bryoid layer compared with the Montana Habitat Types (Pfister, et al.,
1977) and stand clusters based on other structural groups. Stand groups for the bryoid layer are indicated

within the dendrogram; classifications based on other groups are shown at left.
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Figure 9. Cluster analysis of the epiphyte groups compared with the Montana Habitat Types (Pfister, et al.,
1977) and stand clusters based on other structural groups. Stand groups for the epiphytes are indicated
within the dendrogram; classifications based on other groups are shown at left.
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Tp/Al Vg/Vg Rr/8h Thpl/Clun-Clun 52 ————eeeu Ps = Parmella sulcata
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4 = group not defined
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ap>roached directly.

Wnittaker (1960) found that ®Although percentage
similarities for the tree stratum and undergrowth- are
necessarily correlated, lack of any strict consistency of
these 1is evident in the data."™ He further stated that "This
fact is consistent with what has already been observed on
the lack of strong correlation between different strata and
community fractions." Daubenmire (1968) strongly stated that
“In tie northern Rockies, forest overstory and undergrowth
occupy the land independently.® #McIntosh and Hurley (1964)
reportad that “stands on guite different site types may have
similar understory vegetation as measured by the index of
similarity." VYet they state that understory and overstory
ordinations were significantly correlated at the 1% level,
using the Spearman rank correlation coefficient. Only the
ten most frequent understory plants were included 1in their
herb layer ordination. Bratton (1975) found that indirect
ordinations of understory and overstory vegetation along a
moisture axis had similar stand sequences but quite
dif ferent positions along that axis.

Several other authors have comaented briefly on
correlations be tuWeen structural groupse. Hoffman and
Kazmierski (1969) state that "a close relationship between
them Cepiphytes and vascular plaats] may break down under
scrutiny.” Yet they allow for the usefulness of herbaceous
species indicating conditions favoring certain epiphytic

conmuni ties. Phillips (1951 noted that Hepiphytic
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bryophytes are not always correlated with forest tree
climaxes.” His explanation for this is that tree climaxes
are distriputed over a wider variety of habitats. VYet he
later states that “Many bryophyte communities are much more
widely distributed than the tree species upon which they
OCCUl ee "

Although the independence of forest layers has been
opserved by ecologists striving to classify vegetation, that
awareness has not been satisfactorily incorporated into the
met hods and philosophy of classification. Recognition of
the independence of layers prompted a move towards separate
classifications by layers (Gams, 1918; Du Rietz, 19356;
Lippmaa, 1935, 1939; cain, 1938). This approach to
classification has largely been abandoned since their time.
Some recent efforts towards classification of forest
coumunities have recognized the independence of lavers
(Daubenmire, 1968; Pfister et al., 1977) but <classify the
vegetation wusing combinations of characteristic overstory
and understory vegetation. Daubenmimre (1968) Justifies
combining the 1ayers dith the reasoning that that method
allows the recognition of more ecologically distinct areas
than could be recognized on the basis of the understory or
oversty>ry alonee.

I suspect that the problem of poor correlation between
structural groups has been encountered more frequently than
is evidenced by the literature. The assumption that

structural groups are well correlated 1is, perhaps, a
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comfortable notion that many ecologists have not critically
examined in the past. For instance, Lambert and Maycock
(1)68) state "It is reasonable to assume that species of
lichens occurring in the wunderstories of stands of this
snifting forest complex Ca moistur: gradientl might also
show patterns similar to the tree species.”™ The view of
plant Communities as "super-organisms®™ (in a Clementsian
sense) may also have contributed to an unrealistic view of

the correlation between structural 3Jrou’se.

Why are structural groups poorly correlated? Three
lines of reasoning provide a tentativs explanation for the
poor cofrelation betuween structural groups. The first
suggests that the independence of cowmpdositional patterns of
structural groups are due to differances in the patterns of
environmental factors operating at different levels in the
forest. The second is based on differences 1in rates of
biotic response during successione. The third invokes a
degree of essentially random factors responsible for plant
distribution. These three, non-contradictory ideas are
exp lored belowe.

The environmental factor complex in a given location is
expressed differently towards each Structural groupe.
Overstory trees experience the gross macroclimate of a site
while successively lower 1layers experience environments
increasingly modified by other structural groups. Shrubs
and understory trees occupy an aerial space modified by the

overstory but might share a similar root zone. Herbs occupy
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an aerial environment drastically modified by higher layers,
including modifications of light, temperature, moisture, and
nutrient regimes. Soil factors are less likely to directly
aftect the bryoid layer. EGpiphytes are strongly dependent
on the host, both from the standpoint of immediate substrate
dif ferences between host species, and from differences in
microclimates induced by the hosts® canopiese. Specific
details ot some of these factor effects are discussed belowe.
The important point 1is that different structural groups
experience radically different factor complexes and I see no
reason why the factor complexes should vary in concert.
Therefore, it seems reasonable that coapositional patterns
ot structural groups are weakly correlated.

‘The rate of response by each layer of wvegetation to
fire differs between structural groups, weakening the
compositional torrelation be tween them. For instance,
middle aged stands (say 75 to 100 yr) will support a herb
flora stten quite similar to older stands on similar sitese.
Yet the shade intolerant pioneer trees still dominate the
overstory. Thus, the tree layer of that stand is similar in
composition to vyounger stands, while the herb layer is
already more similar to older stands. Achuff and La Roi
(1977) state that the faster recovery rate of lower strata
is due to their taster rates of maturation and turnover.
This is certainly supported by examples such as Larix
pcciideatalis, a pioneer species, persisting for hundreds of

years into late seral communities. However, the situation
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is complicated by several considerations. For instance,
dispersal rates may differ greatly bpetween structural groups
(can "climax" mosses immigrate as easily as ficlimax™
hetbs?). Differences in colonization strategies also
complicate considerations of maturation rates and turnover
(el the tendency for many shrubs to resprout after fire
while mnosses may be destroyed completely over small areas).

Essentially random distribputional accidents may also
contridute to the weak <correlation between structural
groups. Apparently, only a few authors have recognized the
influence of historical factors on the composition of
relatively stable communities (Palmgren, 1922; Kujala,
1925; Gleason, 1926, 1936; 3raun, 1950). 1 believe, as
did Gleason (1926, 1936), that ecologists have been somewhat
carried away with deterministic explanations of plant
distridution. Gleason (1926) gave due recognition to the
importance of essentially rcandom factors in control of
vegetation: %"Y...the vegetation of an area is merely the
resultant of two factors, the fluctuating and fortuitous
immigration of plants and an equally fluctuating and
variable environment." B8raun (195)) states that, "Climatic
control, although determining the relative positions of the
several major <climaxes, does not in 4general appear to
determine regional boundaries. [nstead, most of these
app ear to be determined largely by historical
factors--changing climates and physiography of past ages."

No doubt exists as to the validity of many environmental
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explaniations of plant distribution. dowever, as the width
of the environmental variation being considered decreases,
ths relative 1importance of random sources of variation
increases. These rtandom sources of wvariation include
dispersal ™accidents", variations in disease and fire
history, and variation in nearby propagule sources at the
critical times of earlier stand initiations. Distributional
accidents may be perpetuated to a degree through successive
fice cycles in the northern Rockies. The composition of a
regenerating stand 1is often largely dependent upon the
composition of the pre-burn stand (Lyon and Stickney, 1976).

The preceding paragraph points to a problem of scale
that arises shen comparing compositional patterns of
structural groups. It seems likely that the correlation
bet ween structural groups would increase with broader
geographic or environmental scale., That {is, as the beta
diversity of the sample increased, [ would expect the
correlation between compositional shifts of structural
groups to increase. This would be manifested by increasing
correspondence between stand groups as defined by cluster
analysis. Probably the most important reason why this might
be true is that the proportion of compositional wvariation
due to essentially random historical events would be
minimized relative to environmental differences. In the
Swan Valley the overall beta diversity was rather low. At
that scale of variation in comaunity and environment,

uncoupling of compositional patterns of structural groups



I
was rather pronounced. Essentially random historical events
may have contributed significantly to taat uncoupling.

I do not mean to imply that community composition is
unpredictable. On the contrary, cover of most species was
readily predictable from the cover values of species 1in
ano tner structural groupe. Prediction equations from
mul tiple regression analysis ¥ith coefficients of
determination near 1.0 were usually possible with ten or
fewer species as independent wvariables. Thus, while
compositional patterns may be predictable, structural groups
did not shift composition along environmental gradients at

the sane rate or in the same pattera.

Be Diversity.

Tae tolloswing section explores the difterences between
structural groups in alpha diversity, beta diversity, and
species egquitability in the Swan Valley forests. whi ttaker
(1960) states that '"diversity relations to environment are
claarly different for different community fractions and
groups of organisms.™ Control of floristic diversity is
complex and poorly understood (Whittaker, 1960, 1965, 1972)
and has been the subject of much study and speculation. VYet
it remains a community parameter of considerable interest to
ecologistse.

Pronounced differences in alpha and beta diversities
were found between the structural groups (Table 4).

Dit ferences in species equitability were slight.



Table 4. Species counts, beta diversity, and equitability
for each structural group.

average

species beta average

count diversity equitability
Tree 6.5 2.0 .64
Shrub 8.2 - 2.9 .60
Herb 20.7 4.3 .71
Bryoid 28.1 5.8 .72
Epiphyte 28.7 3.0 .73

42
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Alpha diversity: Alpha diversity was calculated here
as the mean number of species 1in a given layer for all
stands. Difterences in sampling methods used for vascular
and nonvascular plants complicate the comparison. Within
each stand, the area sampled for nonvascular plants was
considerably smaller than the area sampled for vascular
plants. To adjust for this difference, nonvascular species
lists for four stands were used to calculate a correction
factor (2.7 for epiphytes and 3.6 for ©bryoids). These
correction factors Were multiplied against the richness
values based on the smaller saaples, thus deriving a
coaparable estimate of species richness for the tuwo
non-vascular groupse.

Al pha diversity was greatest 1in the epiphytes. An
interesting trend is apparent: a high species count in the
bryoid layer, decreasing through the herb and shrub layers,
to the Jlowest value for trees. Similar results were
reported for vascular strata by shittaker (1960), La Roi
{(1967), and Zobel et al. {(1976), although Glenn—Lewin
(1975) found the lowest richness in the shrub layer. Achuff
and La Roi (1977) reported another instance of the vertical
trend in species richness and extended it by including the
bryoid layer. A reasonable explanation for this result is
that s»>ecies diversity parallels environmental diversity.
This explanation 1is consistent with del Moral®s suggestion
(1972) that “hypotheses based on haditat heterogeneity,

environmental rigor, and competition may be most relevant to
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understanding patterns of diversity within a small region.™
I feel that the higher habitat heterogeaeity of lower forest
layers is the result of two primary factors: microclimatic
ditferentiation and substrate diversity. Microclimatic
dif ferentiation is greater at lower layers, in part because
of the wvariability induced by the irregularity in cover of
higjher layers. The Wider range of substrate orientation and
form also contributes to microclinatic differentiation.
Coanteracting these effects is the moderating influence of
vegetative cover (Geiger, 1950). A wider range of
substrates is present in the lower layers particularly the
bryoid layere. Most stands had primarily four substrates
availadle to the bryoid layer: litter-covered forest floor,
rock, bare soil, and rotting 1logse. £ach substrate type
supports a characteristic group of specCiese. Species
comprising the Jlower 1lavers are able to occupy these
microhabitats only by virtue of their size. Continued
survival and success of the bryoid layer has been guaranteed
by ada>tation to utilizing resource fragaments 1left 1in the
wake of the competitive trend towards increasing
vascularization and size.

Beta diversity: S8Seta diversity, or the rate of species
change across environmental gradients, wwas lowest in the
tree layer and was progressively greater in lower layers.
Bet a diversity paralleled alpha diversity except that
epiphytes had a low beta diversity yet a high alpha

diversity. In other words, Wwhile many epiphyte species are
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present in most stands, the same species are 1likely to be
prasent 1in the majority of stands. This differs from the
bryoid and herb layers in that a large number of species are
present in each stand but compositions of these layers are
more variable across the range of stands sampled.

The pattern of 1increasing ba2ta diversity in 1lower
strata was reported by whittaker (1956, 1960) and Bratton
{1975) tor vascular plants. Whittaker also noted that alpha
anl beta diversities increased and decreased in parallel.
My results are in agreement with his and extend the
coaclusion to the bryoid laver as well. However, epiphytes
did not show this parallel between alpha and beta diversity,
as discussed below.

It is tempting to invoke differences 1in tolerance
amp litudes as an explanation for the difterences in beta
diversity; For instance, one could say that mosses are more
seasitive to differences 1in environaent than are trees.
Such a statement has, in fact, been made repeatedly in the
literature, although there has been little evidence to that
effect. 1t seems more likely that the differences in beta
diversity betWween layers may be explained largely on the
basis 2f the range of environmental variation present at the
scale of that structural group. In other words, the forest
structure creates a wide variety of small-scale differences
in hasitats. The variety of microhabitats is reflected by
the diversity relations of the structural groups. Trees, by

virtue of their size, must exist ian a narrower range of
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habitats than the smaller plants, within the multi-layered
forest structure. Therefore, the beta diversity of trees
would pe expected to be low, reflecting the relatively
uni fora environment at the scale of trees. Clearly, this
line of reasoning cannot be extended to all forests. 1In the
case of tropical forests, the Jdiversity relations are
probably under greater control by biotic factors (Ashton,
1969).

Bata diversity of epiphytes doas not neatly ¢fit the
size-di versity pattern shown by the other structgggl groups.
Based on the hypothesis that wuniformity in environment
results in less species diversity in my study area, the fact
'that epiphytes had a high alpha diversity and 1low beta
diversity may be explained as follows. The high alpha
diversity is the rvtesult of a wide variety of possible
microhabitats created by the structure of trees. These
microhabitats are readily observable in the field and have
been documented in many cases (gy. Barkman, 1958; Pearson
and Ladrence, 1965; Hoffman and <fazmierski, 1969; Hale,
1952, 1965). However, the rang2 of microhabitats shifts
less for epiphytes than for bryoids or herbs across
env ironmental gradients. This relative insensitivity of
epi phytes to the environmental differences expressed by
other structural groups, may result frowx a similarity in the
microhabitats present on trees growing in a variety of
habitat se Thus the surtace of Abies grandis in drier stands

may have a similar range of microhabitats to the surface of
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Abies 4grandis in wetter stands. For example, in almost any
forest in the Swan Valley a microhadbitat exists that will
support the lichen Hypogvmpia imsbaugdii. However, the
position of suitable microhabitats varias depending on such
factors as the moisture status of the site and available
hosts. {. 41imshaugii may be abundaat at low levels in open
Pinus cobptorta forests but present only on higher exposed
branches in wetter forests.

Exceptions to this were observed., For instance, trees
bordering streams in narrow gorges ot other areas with high
humidity often support a distinctive epiphyte flora.
Ledacia pulmoparias Nephroma hely¥eticum, and X.
cesuprilzatum, otherwise uncommon in the study area, were
locally common in these pockets of high humidity.
Furthermore, the success of these species appears to be
somewhat dependent upon the canopy openings associated with
stream courses. Nevertheless, much of the epiphyte biomass
in such locations is composed of relatively rank growth of
species common in the drier forests of the Swan Valley (eg.
Platiszatia glauca).

The wide range of epiphytic hasitats in a given stand
complicates the study of their compositional patterns. In
the wettest of the stands, fallen branches may be observed
that support an epiphyte flora typical of drier stands in
the area (eg. Letharia vuleinar 23cryoecia abbreviata, and

Cetractia platyphylla)e. Thus, the range of epiphytic

microhabitats in a given upland stand may approach the range
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of epiphytic microhabitats present in a much broader
gesgraphical area.

Equitability: Species equitability, or the evenness
with which the total estimated cover 1is spread among
species, was very similar for the herb, bryoid, and epiphyte
groups (Table 4). Species cover in the tree and shrub
layers was somewhat less equitable than the other structural
groupss This possibly bears on the question of competitive
relationships within groups as discussed below. However,
*hi ttaker (1965) repor ted quite variable dominance
concentrations (dominance concentration is inversely related
to equitability) for vascular strata in a variety of GCreat
Smoky Mountain forestse. In addition, no marked correlations
Wwere found between dominance concentrations for the three
lay ers.

Do minance-diversity curves are presented tor the total
Swan Valley sample, as well as for each structural group, in
Fijures 10 and 11. The curves for the tree, shrub, herb,
epiphyte, and the combined groups approach a geometric
series. The curve for the bryoid layer differs in that it
has a decreased slope at the Jlower end of the curve.
However, I believe that that is an artifact introduced by
the sampling method; specifically, the assignment of trace
cover values to the numerous species that were infrequently
encountered in sampling and had very low cover within
quadratse. Similar curves have been found by Whittaker

(1965%9) although he reported sigmoid curves for most
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Figure 11. Dominance-diversity curves for each structural group, the species within each group
ranked by percent cover on a logarithmic scale. The curves were placed within the
same axes for ease of comparison. The horizontal position of the curves is arbitrary.

40t.
30}\ 4 TREE
.

20t
10 ¢ \ 4= HERB

* BRYOID \

\ %
\. X\) L\. EPIPHYTE \.
\

* ()
L )
o \ .
> S
8 .\. *
-‘.\‘
(. L]
z
w L]
O .IF .
[- N

SPECIES, SEQUENCE  (RANKED BY COVER)

0S



51
communities. Ahittaker suggests that the geometric series
may be a "plausible representation ot competitive relations
ews in some communities dWith few species.”

The geometric series may D2 a reasonable, though
ovarsimplified, mode 1 for resource utilization and
competitive relations ot species in the S#Wwan Valley forestse.
Such a model implies that the most successful species
utilizes a fraction of the total environmental resources,
tha second utilizes the same fraction of the remainder, and
so on (wkhittaker, 1955). It appears that the model is
appropriaté in this case tor the structural groups
considered alone or combined. However, one should be
cautious 1in this 1interpretation because cover is not an
accurate measure of resource utilization when making
compari sons betseen structural groujs.

Correlation of species counts between all pairs of
structural groups revealed no strong positive or negative
correlations (Table 5). This result has also been found for
vascular strata by Zobel et agal. (1976), #hittaker (1956,
1950), and Daubenmire and Daubenmire (1968). A contrary
result was reported by Auclair Aand Goft (1971) from the
Great Lakes area where herb and shrub diversities were
positively correlated. Whittaker (1965) states that he sees
no reason why diversity relations for different strata
should parallel one another: different strata are "subject
to different environmental factors and wmodes of population

limitation.™



Table 5. Coefficients of determination (rz) for correlations
between species richness of structural groups. Significant
positive correlations at the .05 level is indicated by (%*).

Epi-

phyte Bryoid Herb Shrub
Tree .03 .00 .00 .00
Shrub .00 .00 .10%
Herb .10%* .02

Bryoid .01

52
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C. Resource Utilization by Structural 5roups

Vegetation structure affects the availability of
resources to the structural groups. In particular I was
concerned with structural eftects on the Light and moisture
factors. It is clear that canopy density affects the
success of 1individuals below th2 canopy, although the
mechanism of control is uncertain. In more general terms,
increased cover in higher levels rasults in decreased cover
at loder levels (Reiners, 19567). My results are somewhat
equivocal on this point. Total covar of a structural group
was negatively correlated with canopy cover in only the herb
layer (r2=.24, p<.001). Attempts to correlate cover of a
given layer with the sum of the higher layers were
abandoned. Difficulties were encountered in attempting to
sum cover values derived from the difterent sampling methods
used for the various structural groups. Observational
evidence, however, supports the hydothesis of high cover in
a given layer suppressing cover of loWer layers.

Canopy openings support a groand flora differing in
composition from areas of canopy closure. Dense canopies
may affect lower layers by decreasiig light and moisture and
increasing 1litter falle There is a long history of debate
on whether light or moisture or bdth cause the observed
dif ferences in composition (Anderson el al., 1969). Many
authors state emphatically that understory growth is
controlled by light (egge. Rowe, 19506). However, most

quantitative and experimental studies indicate that
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variations in throughfall precipitation are of greater
importance, although low light also limits understory growth
to a degree (Anderson gt 3l., 19697 Toumey, 1931; Fricke,
1904; Fabricius, 1927, 1929).

I set up trenched plots in the study area in order to
assess the vrelative 1importance of 1light and moisture in
unierstory suppression within the study areae. The tuo
stands chosen for study have dense canopies with very sparse
understories. It is too early to ra2port the results of this
experiment. Nevertheless, qualitative observations allou a
preliminary assessment of the problem in the Swan Valley.

It seems likely that moisture is usually an important
limiting factor for undergrowth devalopaent in dense forests
ot the Swan Valley, based on the following rationale. Rain
showers in the Swan Valley tend to be relatively gentle or
briet durihg the summer season whea soil moisture levels
bec ome critical. Summer shoders are often largely
interceapted by the canopy. At the same time, root
conpetition has reduced soil moisture to low levels, and the
sur face litter and humus are drye. Under such conditions
survival of herbaceous species, especially early in their
{life history, is probably depenient upon addition of
moisture to the soil by precipitatijn. Because canopy cover
is so effective in intercepting the normally 1light and/or
brief summer showers, I feel that canapy cover is probably
important in determining survival of young or shallow-rooted

vascular plants. Interception of snowfall by canopies may
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also be important in locally decreasing soil moisture and
aftecting understory success.

Syme canopy openings in the Swan forests are dominated
by shrubs, some by herbs, others by btyoph?tes. The factors
coatrolling which structural group dominates below a canopy
opening remain uncertain. The circumstance during stand
initiation may affect the contribution of shrubs to the
stand and 1in turn, to canody openings. In any event, the
composi tion of unaerstory layers under the surrounding
canopy may be of primary inportance in determing which
structural group Wwill dominate under a canopy openinge
HoWever, 1in some cases the mosses tend to dominate because
ot local thin spots in the soil mantle over bedrocke. In
those situations thinly buried rock creates and temporarily
maintains the opening. Still other sites may have a soil
ded>th adequaté for the success of rooted plants, yet support
mainly mosses. Light compensation points may be relatively
lod for mosses. Thus, these sites may aliow enough moisture
for mosses or herbs but not enough light for significant
development of the herb layer. However, limited data
indicate that the light compensation points for forest floor
bryophytes and shade-grown vascular plants may be similar
(Stalfelt, 1960).

The vertical gradient in light intensity in a forest is
closely related to a gradient in plant form. Plants
sucicessfully growing in lower Layers tend to have

proportionately greater photosynthetic tissue than plants in
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higher layers. Trees and bryophytes are at the two
extremes: the former with much respiring but
non-photosynthetic support tissues, the latter aith
victually all photosynthetic tissue.

Lichens, however, do not fit this pattern, having
relatively tew photosynthetic cells. Perhaps lichens are
plantiful under the canopies of the Swan Valley forests by
victue ot a strategy of slow and intermittent growth. ULong
term resistance to decay and herbivory is probably afforded
by high internal concentrations of ®lichen substances?®,
predomi nantly organic acids. This protection plus
physiological adaptation for survival at low thallus water
contents permits opportunistic photosynthesis--a facility
that apparently is required for an epiphytic existence in
this study area.

Some hypotheses as to the environmental and competitive
relations of structural groups may be drawn by analysis of
the species correlation matrix. Tadle &6 presents the
percent ot possible within-group and out-of-group
correlations for each structural group.

Conditions that favor one tree species are unlikely to
favor another. This is suggested by the uniquely low
percent of possible within-group positive correlations as
well as the uniquely high percent of possible within-group
negative correlations. The abundance of negative
correlations in the tree laver appears to he due in part to

dittering environmental requirements and perhaps competiti#e
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Table 6. Percent of possible interspecific correlations,
significant at p <.05.

positive negative
correlations correlations
structural within out of within out of
group group group group group
Tree L. 4 12.2 15.6 3.5
Shrub 19.2 12.6 0.0 2.6
Herb 15.8 11.6 0.3 1.2
Bryoid 17.5 9.2 0.0 0.5

Epiphytes 19.3 11.0 2.9 2.5
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ettects. For instance, Picea eageludnnii is negatively
correlated with Pjipus coptofta, probably bhecause of
dif fering environmental requirements. Wwithin the stands
saapled the former is most common in old ravine stands, the
latter occurring in young stands over a wide range of
molsture conditions. conditions.  Competition may also
contribute to the negative correlations. For example, both
Abies grapdis and Pipus coptorta may become established soon
after a burn (Antos, 1977). In the early years of
succession, Pinus contorta is able to outcompete Abies
garandis. The fir remains as a somevhat suppressed component
of the stand until the pine begins to die, usually from bark
beetles. Abies 4grandis may then increase and aésume
dom inance.

Sarubs wsere distributed more cohesively. In other
words, conditions favoring one shrub species are likely to
favor the other shrub species. Supdorting evidence from the
species correlation matrix includes an absence of negative
within-group correlations and a greater proportion of
possible positive within-group correlations than
out-of~-group positive correlations.

Bryoids, epiphytes, and herdps alsao tended towards
conesive distributions (listed in order of decreasing group
cohesion). These groups show similar patterns in Table §6¢
the proportion of positive correlations was high within each
strtuctural group relative to out-of-group positive

correlationss. For 2ach of these groups, negative
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correlations were rare both within and sut of the group.

Thus, With the exception of trees, the general
opservation was that factors favoring a given species are
more likely to tavor other species in the same structural
group than species of other structural gqroups.

Overall, noticeably more positive correlations were
found than negative correlations. This resulted from the
presence of many zero-cover values 1in the data matrixe
Because of this, meaningful comparisons of the number of
positive to the number of negative <correlations uithin a

group are not possible.

D. 1Implications Concerning Habitat Typing.

Habitat type systems exist for mauch of the northern
Roc ky Mountain forests (Pfister et gl., 1977; Daubenmire
and Daubenmire, 1968; R. Steele et gl., 1976). The basic
objective of this approach is to provide a classification
and description of late seral to <clisax vegetation that
would allow improved resource management. The general
philosophy and met hodology of this approach is described by
Baubenmire (1966).

Forest habitat types are generally based on both
overstory and understory vegetation. This practice uas
ptob;bly initiated by Scandanavian and European workers who
found more variation 1in the understory than in the canopy

(Gams, 1918; Du Rietz, 1936; Araun-8lanquet, 1932;

Caj ander, 1909, 19495; Cajander and [Ilvessalo, 1921).
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Hodever it has been recognized that associations of
undergrowth are not always predictable subgroups of larger
types defined by trees (Gams, 191R; Cain, 1936; Gleason
1926, 193b; Lippmaa, 1939y; Whittaker, 194603 McIntosh and
Hur ley, 1964; Daubenmire, 19683; Hoffman and Kazmierski,
1969; La Roi and Stringer, 1976; 2fister ei al., 1977; A.
St2ele, 1978). My data are in agreement with their
observatons: independently defined types for each
structural group are related neither by a simple hierarchy
not a one-to-one correspondence. The relationships betwueen
stratal types in the Swan Valley apoear to be quite complex
(Figures 6 through 9). This lack of cyrrespondence between
stratal types is even more disturbing in vied of the low
cotresdondence between the HAontanra habitat type system
(Peister et al., 1977) and the grouds produced by cluster
analysis of the late seral Swan Valley stands.

I do not mean to belittle the habitat typing effortse.
while I have doubts concerning the assumptions that that
approach is based on, I recognize the value of a
classification scheme for management purposes. Houever,‘I
do wish to emphasize that =y results indicate that the
habitat type systems that we have today should be considered
to be first approximations. There appears to be a danger of
mechanistic retiance on habitat types as management units, a
reliance that overlooks the uncertain status of the
biological foundation for the types.

Much of the bulk of plant ecological literature is
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directed towards pigeonholing vegetation. My results
indicate that pigeonholes that Work well for one laver are
not necessarily good for other layers. This independence of
layers has long Deen recognized by Scandanavian and European
wor kers in their stratal and synusial approaches to
vejetation classification (Gams, 1918; Du Rietz, 1936;
Lippmaa, 1935, 1939; Cain, 1935). In these approaches,
structural groups are classitied indepeadentiy. However, as
Krajina (1960) infers, an understanding of ecosystems is not
possible by studying structural grouaps sSeparately. As
discussed above, a satisfactory reconciliation between the
independence of layers and classification methodology has

not been reached.

E« bBryophytes and Lichens as Indicator Species.

It has been written, over and over, that bryophytes and
lichens are exceptionally sensitive to their environment.
(eg. Lambert and Maycock, 1968; Stringer and Stringer,
19/ 4; Shacklette, 1961; Scott, 19/0; Phillips, 1951;
Jesberger, 1973; Cantlon, 1953; Culberson, 1955).
Fur thermore, it has been repeatedly suggested that because
of that sensitivity they should be good 1indicator species.
Hovever, cryptogams have been used as indicator species in
relatively few studies in North America (Krajina, 1965,
1969; Orloci, 1965; Bell, 1965; Brooke, 1965; Brooke et
ales 19693 Achutf and La Roi, 1977) Except for the well
documented sensitivity to pollutants, 1 am not convinced

that lichens are more sensitive (i.e. narrower amplitudes
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ot tolerance) to their environment than other life form
groupse. The appearance of sensitivity results from
frequently high diversity ani obvious small-scale
distributional patterns. As di scussed above, these
observations have an alternative explanation: the high
diversity of cryptogams results from the complex array of
within-stand microhabitats, Obvidusly, the presence and
diversity of microhabitats can only be given visible
expression by plants small enoujh t> occupy them. Thus,
ctyptogams are more likely to indicate microenvironments
available primarily to cryptojanms than to indicate
environments relevant to vascular plantse. Perhaps this
partially explains the large discrepancy between the many
claims of the utility ot cryptogams as indicator species and
th2 rarity of their use as such.

Other difficulties impede the adoption of lichens and
bryophytes as indicators. I[In addition to a narrow amplitude
ot tolerance and constancy «ithin that amplitude, an ideal
indicator species should be readily identifiable in the
fi2ld. Unfortunately, only a few cryptogams in this area
ara s3> distinct in appearance that they could be accurately
identified by a non-specialist in tae field (eg. Letharia
¥vulpina, Lobaria pulmonaria, 3R’bylidioesis rebusta, and
Hylocomium splendepns). Most species of cryptogams in the
not thern Rockies have closely related species with

significantly differént ecological requirements.
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F. Species Responses

Antos (1977) discussed in detail the species responses
of wvascular plants in the Swan Valley. The main focus of
this section is on cryptogamic speciese.

Figure 12 is 3 constellation diagram for major species
from all structural groups. Only thdose species achieving
domninance within a structural group in at least one stand
are included. f.ines connecting the species represent
positive interspecific correlations. Four species groups
are suggested by the diagram, each group with a
characteristic dominant tree species. Abies grapdis and its
associated species are typical of modal sites in the Swan
Valley. Composition on drier sites shifts towards the
spacies grouped with Pseudotsuga meaziesii. On wetter sits,
especially in stream bottoms, the species grouped with Thuyia
plicata may be dominant. Species associated with Pipus
contorta may dominate their layer in vyoung stands. The
positions of wvascular species within this diagram are
consistent with other studies in this area (eg. Antos,
1977; Pfister el al., 1977; Habeck, 1967, 1968B).

Epiphytes: Positive interspecific correlations between
epiphytes are shown in Figure 13. The group of species at
the loder left are characteristic of young Pjipus contorta
stands or dry exposed sites. The mosses (icranum tauricue
and ftilidium pulcherrimum are weil developed as epiphytes
only in wetter stands, especially on the bark of leaning,

old trees. The remainder of the spacies sho«n can be found
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in most Abies grapdis stands in the study area. A list of
epiphytic lichens is included in Appendix 4.

Bryoid layer: Positive correlations hetween species in
tha bryoid layer are shown in figura2 14, The species groups
are roughly related to a moisture gradient as indicated in
the figuree. Some of the more coamon species found on the
forest floor are discussed helow. A list of all species
known trom this layer 1in the S4an Valley is included in
Ap>endix k.

Rbytidiopsis robusia was the most abundant species in
th2 bryoid laver. Percent cover of B. [@DuUslta ranged up to
about 20% in individual stands and averaged about 4%. In
western Montana Q. robuysta is typical of older stands on
moist upland sites, and is freqguently found in stands
doninated by Abies grapdis, Thula elicata, Ricea
eagelmannii, or Isuga bheterophylla. This rtobust moss
appears to a strong cowpetitor i1 the bryoid layer and is
capable of maintaining populations in mature forests. As
with wmost of the mosses growing on the forest floor, the
most luxuriant cover occurs in patches associated with
openings in the canopy. Piilius crista-casirensis and
Pleuroziup scbreberi are also large mosses characteristic of
wetter forests in the study arz2a, but these species are
generally less abundant than R. [Q2Uustia.

Raytidiadelphys triguetrus has a hapit similar to g.
[obysta but appears to be tolerant of drier sitess Although

these tuwo species often grow intermixed, R. iriguetrus 1is
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commonly found in drier Pseudotsuga mepziesii stands without
R. rLodusta.

I believe that the four specias discussed above are
primarily K-selected. They spread =smainly by vegetative
grouwth, can easily overgrow smaller mosses, and are typical
of mature forests.

Maiup spipulosym was present in most stands but reached
nagimua cover in the wetter stands. Because this species is
relatively small and frequently bears spores, populations of
M. spinpulosum are probably relatively ephemeral and mobile.
Fur thermore, rather than forming continuous covVer, this
species frequently occurs as scattered individuals -- a
feature probably related to its abundant spore production.

&cxum'sandnangii is similar to 4pium spiopulosuam in
habit, and frequently grows interaixed with it. I believe
that the former differs in being =mdre shade tolerant and
more restricted to wetter sites. 8. s3pgdbergii is one of
thz few piants that can survive undar dense stands of Taxus
brevifolias or Mepzlesla ferruginea.

Maiup ipsigpe is usually found in moist depressions in
stream bottoms and along springs or creeks. Wherever j.
ipsigpe occurs groundwater is at or close to the surface,
This moss and its substrate are generally wet to the touch
for most of the year. M. insigpe occurs in shady wet
microsites from the wWettest to the driest forests in

nor thwestern Montana.

Bcachythecium bylolapetus 1is nearly ubiquitous on
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upland sites 1in the Swan Valley. It typically is well
dispersed throughout a stand, probaj’>ly because of frequent -
redroduction by spores and a creeping habit. It is able to
occupy a Wwide range of substrates but rarely forms
continuous <cover. It was frequently found threaded through
masses of living or dead plant material, such as clumps of
lecopbyllum Lepax. @B. bylotapetus appears to have evolved
the strategy of «continual tip growth into favorable
environments while abandoning old shoots to burial by
litter. B. hylotapetum is probably the most successful
moss in Ablies grapndis stands having a dense herb layer.

It is unfortunate that several JBrachyibecium species
had to be 1lumped, because those species appear to differ
ecologically. 8. leibergil was aprarently more abundant in
ths wetter stands, while B. albicans and 3. colligums were
found in the driest stands. 3. salebrasum and 3. slackei
were more restricted to rotten wood, sut may also occur on
the forest floor in moist stands.

The large foliose lichens Peltigera leucophlebia and pP.
canina are common in the Swan Valley in an amazing variety
of habitats ranging from exposed soil on clearcuts to
rotting logs along streams in Ihujg forests. Specimens of
P. canipa from exposed sites approach the morphology, and
may be, P. rufescense. No attempt was made to separate
these species during quantitative sampling because of the
baffling array of specimens with characteristics of both

species.
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G Host-Fpiphyte Relations
Lichen coyver was found to varty greatly betuween
dit ferent host tree species {(Figure 15). Similar
observations as well as cases of host specificity have been
exp lained on the basis of bark characteristics including
roughne ss, sloughing rates, pH, nutrient status, presence of
tannins and resins, and moisture absorbance and retention.

0t course, factors other than bark characteristics also

inf luence epiphyte cover on trees, including the
light-temperature-moisture factor complex, cano py
characteristics, host age, air poliution, and so on.

Peviews of factors controlling epiphyte distribution are
included in Barxman (1958) and Brodo (1974).

1 believe that the differences in total cover of
epi phytes on conifers in the S@an Valley (Figure 15) can be
ad2 quately explained on the hasis of canopy characteristics,
bacrk texture, and bark durability. Differences in bark
chemistry may also be important. dowever, with the
exception of Betula papytifera, all the hostis were conifers.
Conifers have been shown to have similar bark pﬁ values as
compared with deciduous trees (Culberson, 1955; Xalgutkar
pgird, 1969; Patterson, 1940; Billings and Drew, 1938).
Pif ferences in nutrient status dJdue to stem flow are not
important in the Swan Valley becausz stemflow rarely occurs.
Conifer bark as well as {fetula papyrifera bark are all
"oligotrophic" as evidenced by 1low ash content (Barkaan,

1958). However, tannin content of bark appears to differ



Figure 15. Mean percent cover of epiphytes on major tree species.
Vertical bars indicate 95% confidence intervals. The
number of trees sampled for epiphytes is shown for each
tree species. .
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sijnificantly among conifers and ditferences in resin
contents have apparently not been studied (Rarkman, 1958).

tseudotsuga menziesii had the 1ighest epiphyte covere.

This species has a durable bark that becomes very rough and
absorbent when old, promoting epiphyte development. High
epiphyte cover on Pipys mopticola »probadly occurs because of
its dense very durable bark and the tendency for this
species to have a moderately open crown. Abies grandis has
a durable bark becoming quite rough with age, although these

epiphyte-promoting characteristics are offset somewhat by
its teandency to form dense crouns when 1in a dominant
position in the forest. Abies dragdis was commonly present
as small old suppressed trees that often supported a dense
lichen covere. 2inus contorta farests often have thin
canopias which promote epiphyte development. However, 2ipus
contorta 1is relatively short-lived and has a moderately
flaky bark which tends to reduce the epiphyte cover valuese.
Betula papyrifera has very smooth bark which discourages
lichen establishment. However, thalli (especially of
Parmelia 'sulgaxa) frequently originate on the rough limb
scars and rapidly expand over the smooth areas. Lichen
cover is further promoted by the generally thin crown of the
host during the growing season and the increased 1light and
moisture after leat fall. Thuia plicata forms dense
caropies which tend to retard lichexr growth on its trunkse
Moisture interception by the canopy may be offset to a

dejree by the tendency for Thuiaga 21licata to grow in
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relatively moist streambottoms. [3rix occideptalis has very
loose scaly park which strongly reduces lichen cover on its
trunk,. Picea engelmappii had the least epiphyte cover on
its trunkse It has a moderately flaky bark, but perhaps
more iwportantly, it often forms dense canopies that result
in low trunk illumination and moisture levels.

E>iphyte cover as a function of trunk diameter was
examined for the two host species, Ables grapdis and
Psaudotsuaa menziesii, tor which a sample adeguate for such
an analysis was obtained. Quite different patterns were
found for the two species (Figure 19%). Abies grapdis had
hijher opercent cover on smaller tra2es, the reverse wuas true
of PBseudotsuga mepziesii. It should be realized that
diameter and height are not sell correlated with age for
Abies grandis because this species can survive in deep
shade, maintaining a suppressed condition in the stand
(Antos, 1977). These small, suppressed grand firs of
moderate to old age usually support a i1ense epiphyte cover.
The canopies of the suppressed individuals are generally
thin and poorly developed peraitting more 1light and
throughfall precipitation to reach its trunk, as compared to
adjacenat dominant individualse. The slow rate of bark
surface expansion resulting from slow growth may also
contridute to higher cover on the trunks of suppressed
individuals. while the curve of percent cover as a function
of D34 tor grand fir is controlled by the tendency for the

host to exist in a suppressed state, the curve for douglas



Figure 16. Mean percent cover of epiphytes at breast height on
trunks of Pseudotsuga menziesii and Abies grandis as a function of
trunk diameter. Vertical lines indicate 95% confidence intervals.
Sample sizes are shown within each bar.
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fir rceflects changes occurring with aje. Douglas fir bark

becomes very thick, soft, and absorhent with age, vet
remains fairly durable. These changes allow a well
developed epiphyte flora to expand and persist on onlder
individuals. Thus, for the two tree species studied,
percent cover as a function of diameter appears to be
dependent not only on changing barkx characteristics and
sutr face age, but also on the tendency for the tree to exist

in a suppressed condition.
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APPENDIX A

BRYUOPHYTES UOF THE SWAN VALLEY

Bryophyte taxa known for the Swan Valley are listed
alphabetically in three sections; Musci, Sphagnales, and
Hepaticae. The list represents my collections except that
the Hepaticae section has been supplemented with published
reports by Hong (1975, 1977). Species reported by Hong but
not collected by myself are referenced to Hongs A total of
193 taxa are reported here. Species collected only at high

elevations (>1800 m) are excluded from the list.

MUSCI

Arblystegium juratzkanum Schiap.
Anphidium mougeotii (B.S.G.) Schimpe.
Antitrichia curtipendula (Hedw.) 8rid.
Atrichum selwynii Aust.

Aulacoanium androgynum Schwaegre.
Aulacomnium palustre (Web. & Mohr) Schwaegre.

Bartramia pomiformis Hedw.

Brachythecium albicans (Hedw.) Bride.
Brachythecium collinum (C.Mull.) Besch.
Brachy thecium frigidum (C. Mull.) 3esche.
Brachy thecium hylotapetum N. Hig. & Be. Hig.
Brachy thecium leibergii Grout

Brachy thecium rivulare B.S.Ge.

Brachy thecium salebrosum (Web. & Mdhr) BeSeGe.
Brachy thecium starkei (Brid.) B.S.35.

Brachy thecium turgidum (C.J.Hartm.) Kindb.

Br yoer ythrophytlum recurvirostrum (Hedw.) Chen.

Bryum argenteum Heduwe.
Htyum caespiticium Hedwuw.



Bryum capillare Hedw.
Bryum pallescens Schuaegre.

Bryum pseudotriquetrum (Hedw.) Gaertn., Meyer & Schreb.

Bryum sandbergii Holz.
Bryum turbinatum (Hedw.) Schwaegre.
Bryum weigelii Spreng.

Buxbaumia piperi Best.
Suxbaumia viridis (0C.) Moug. & Nestl.

Calliergon giganteum (Schimp.) Kindb.

Campylium chrysophyllum (Brid.) J. Lange
Campylium stellatum (Hedw.) C.Jens.

Ceratodon purpureus (Hedw.) Brid.
Claopsdium bolanderi Best
Climacium dendroides (Hedw.) Web. & Monr.

Cratoneuron falcatum (Brid.) Rothe.
Cratoneuron filicinum (Hedw.) Spruce

D2smatodon obtusifolius {Schwaegr.) Schimpe.
Dichodontium pellucidum (Hedw.) Schimp.

Dicranella crispa (Hedw.) Schimpe.

Dicranoweisia crispula var. conternina (Holz.) Grout

Dicranum fuscescens Turn.
Dicranum polysetum (Holz.) Irel.
Dicranum scoparium Hedwu.
Dicranua tauricum Sap.

Distichium capillaceum (Hedw.) B.S.G.

Dr epanocladus aduncus (Hedw.) Warnste.
Drepanocladus uncinatus (Hedw.) Warnst.
Drepanocladus uncinatus (Hedw.) Warnst var.
(Ren, & Card.) Grout

furhynchium pulchellum (Hedw.) Jena.
Eurhynchium stokesii (Turn.) B.S.G.

Fissidens adianthoides Hedw.
Fissidens bryoides Hedw.
Fi ssidens grandifrons Rrid.

Funaria hygrometrica Hedw.

symmetricus

Grimmia agassizii (Sull. & Lesq.) .esq. & James

Grimmia alpestris (Web. & Mohr) Nezs

8L
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Grimmia alpicola var. rivularis (Brid.) 4¥ahl.
Grimmia apocarpa var. apocarpa Heds.

Grimmia apocarpa var. stricta (Turn.) dook. & Tayl,
Gecimmia atfinis Hoppe & Hornsch. gx Hornsche.
Grimmia calyptrata Hooke.

Geimmia montana B.S.G.

Hedwigia ciliata Hedwe.

Heterncladjum dimorphum (Brid.) B.5.G.
tieterocladium procurrens (Mitt.) Rau & Hervwv.

Homalothecium aeneum (Mitt.) Lawte.
Homalothecium megaptilum (Sull.) Robins.
Homalothecium nevadense (Lesg.) Rei. & Card,

Hygroamblystegium noterophilum (Sull. & f.esqge. gx Sull.)
Warnste.

Hygrohypnum bestii (Ren.) Broth.
Hygrohypnum luridum (Hedw.) Jenn.
Hy grohypnum ochraceum (Wils.) Loescte

Hy locomium splendens (Hedw.) BeS.G.

Hypnua circinale Hooke.

Hypnum lindbergii Mitt,

Hypnum pallescens (Hedw.)P.Beauv.

Hypnum pratense Spruce

Hypnun revolutum (Mitt.) Lindb.

Hy pnum subimponens Lesg.

Isopterygium seligeri (8rid.) Dix.
Isothecium spiculiferum (Mitt.) Ren. & Card.
Leptobryum pyriforme (Hedw.) ¥ils.
Laptodictyum riparium (Hedw.) Warnst.
Lescuraea incurvata (Hedw.) Laute.

Lascur aea patens (Lindl.) H.Arn. & C.Jense.
Lascuraea radicosa vare. radicosa (4itt.) Moenke.
Lescuraea stenophylla (Roll.) Kind>.

Mpium blytii B.S5.G.

Mnium orthorryhnchum Brid.

Mnium spinulosum B.S.Ge.

Neckera menziesii Drumm.

Oncophorus virens (Hedw.) 8rid.

Oc thotrichum affine 8rid.
Orthotrichum hallii Sull. & Lesq. gx Sull.
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Orthotrichum obtusifolium Brid.
Oc thotrichum rupestre Schleich. ex Schuwaegre.
Orthotrichum speciosum Nees.

Philonotis fontana (Hedw.) Brid.
Plagiomnium ciliare (C. Mull.) Kopone.
Plagiomnium insigne (Mitt.) Xopon.
Plagiomnium rostratum (Schrad.) Xopone.
Plagiomnium rugicum (Laur.) Kopon.

Pl agiomnium venustum (Mitt.) Kopon.
Plagiothecium denticulatum (Hedw.) B.S.Ge.
Plagiothecium laetum B.S.G.

Plagiothecium piliferum (Hartm) B.5.G.
Pleurozium schreberi (8rid.) Mitt.

Pogonatum alpinum var. alpinum (Hedw.) Rohl.
Pogonatum urnigerum (Hedw.) Brid.

Pohlia cruda {Hedw.) Lindb.
Pohlia nutans (Hedw.) Lindb.
Pohlia wahlenbergii (Web. & Mohr) Andr.

Polytrichum juniperinum Hedw.
Polytrichum piliferum Hedw.

Pseudoleskeela tectorum (Brid.) Rothe

Pterigynandrum filiforme Heduw.

Ptilium crista-castrensis (Hedw.) De Not.

fhacomitrium canescens Brid. var. ericoides (Hedw.) Hampe
Rhaconitrium heterostichum var. heterostichum (Hedw.) Brid.
fRhacomitrium patens (Hedw.) Huben.

Rhizoanium nudum (Williams) Kopone.

Rhizomnium personii Kopon.

Rhizomnium pseudopunctatum (Bruch & Schimp.) Kopon.

Rhynchostegium serrulatum (Hedw.) Jaeg.& Sauerb.

khytidiadelphus loreus (Hedw.) #arnst.
Rhytidiadelphus triquetrus (Hedw.) Warnst.

Rhytidiopsis robusta (Hook,) Benth.
Scleropodium obtusifolium (Orumm.) Mac. & Kindb.
Scouleria aquatica Hooke.

Tatraphis pellucida Hedw.



Thuidium recognitum (Hedw.) Lindb.
Timmia austriaca Hedwue.
Tortella tortuosa (Hedw.) Limpr.
Tortula mucronifolia Schwaegre.
Tortula princeps De Not.
Tortula ruralis (Heduw.) Gaertn.
Tortula ruraliformis (Besch.) Dixe.
Tortula subulata Hedw,.

SPHAGNALES

Sphagnum sppe.

HEPATICAE
Aleura pinguis (L.) Dunm.
Apomet zgeria pubescens (Schrank) Kuwah.
Bacbilophozia barbata (Schmid. ex Schreb.) Loeske
B8arbilophozia hatcheri (Evans) Loeske
Barbilophozia lycopodiodes (Wallr.) Loeske
Blepharostoma trichophyllum (L.) Dum. (Houng, 1975)
Calypogeia muelleriana (Schiffn.) C.Mull. (Hong, 197%)

Cephalozia Llunulifolia (Dum.) Dum.
Cephalozia pleniceps (Aust.) Lindb. (Hong, 1975)

Chiloscyphus pallescens (Ehrh.) Dua. (Hong, 1975)
Chiloscyphus polyanthus (L.) Corda.

Conocephalum conicum (Le.) Lindbe.

Jamesoniella autumnalis (DC.) Steph.

Jungermannia atrovirens Num. C= J. lanceolata Schrad.)}
Jungermannia cordifolia Hook.

Jungermannia pumila Withe.

LLepidozia reptans (L.) Dum. (Hong, 1975)

Lo phocolea minor Nees (Hong, 1975)

Lophozia ascendens {(#Warnst.) Schuste.

Lophozia collaris (Nees) NDume. [= L. muelleri (Nees) Jorg.]
Lophozia gillmanni (Aust.) Schust. (Hong, 1975)

Lophozia guttulata (Lindb. & H.Arnell) Evans [= L.
porphyroleucal
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Laphozia heterocolpos (Thed.) M. A. Howe (Hong, 1975%5)
Laphozia incisa (Schrad.) Dum.

Lophozia longidens (Lindb.) Mace.

Laphozia ventricosa (Dicks.) Dum. (Hong, 1975)
Mannia fragrans (Balb.) Frye & Clark
Marchantia polymorpha L.

M2tzgeria pubescens [see Apometzgerial
Plagiochila asplenoides {(L.) Dum.

Prrella cordaeana (Hub.) Moore

Porella platyphylla (L.) Pfeiff.

Pryrella roellii Steph. (Hong, 1975)

Ptilidium californicum (Aust.) Underw. (Hong, 1975)
Ptilidium pulcherrimum (G. Webe.) Hampe

Radula complanata (L.) Dunm.

Riccardia multifida (L.) S.Gray (Hang, 1977)
Riccia fluitans L.

Ricciocarpus natans (L.) Corda

Scapania umbrosa (Schrad.) Dum. (Hong, 1975)
Scapania undulata (L.) Dum. {(Hong, 1975)

Tritoraria exsecta (Schrad.) Loeska
Tritomaria exsectiformis (8reidl.) Loeske
Tritomaria scitula (Tayl.) Joerg. (Hong, 1975)

88



89

APPENDIX 8

\

LICHENS OF THE SwAN¥ VALLEY

A list of the 195 taxa that I collected in the Swan
Valley 1is presented below. Species collected only at high
elevations (21800 m) are excluded from this list. The list
is admittedly weak Wwith respect to crustose 1lichens
occurring on rocke Other groups that are probably more
diverse than the list would indicate include the broun
Parmeliae and Physcia.

Tuo of the species listed are particularly interesting
finds. Cladopia Rseudomacilenla has previously been
raported from only Japan aad Alaska. Cladoupia
graciliformis is neu to North America. While C.
pseudomacilents appears to he fairly common in the wetter
Sean Valley forests, C(C. gracilifocmis was collected in
only one location. Dr. J. We Thomson has confirmed the
identity of specimens of both species.

Acarospora chlorophana (Wahl. ex Ach.) HMasse.
Acarospora fuscata (Schrad.) Arn.

Alectoria imshaugii Brodo & D. Hawtsw.
Alectsria sarmentosa (Ach.) Ach.

"Bacidia obscurata (Somm.) Zahlbre.
Bacidia sabuletorum (Schreb.) Lett.
Bacidia sphaeroides (Dicks.) Zahlbre.

Br yoria abbreviata (Mull. Arg.) Brodo & D. Hawksue.
Bryoria capillaris (Ach.) Brodo & ). Hawksu.
Bryoria fremontii (Tuck.) Brodo & 0. Hawskue.
Bryoria friabilis Brodo & D. Hawks#.

Bryoria fuscescens (Gyeln.) B8rodo & D. Hawskw.
Bryoria lanestris (Ach.) Brodo & D. HaWskwue.
Bryoria oregana {Tuck.) Brodo & D. Haswskue.



Bryoria pseudofuscescens (Gyeln.) 3rodo & D. Hawsku.

Buellia papillata (Somm.) Tuck.
Buellia penichra (Tuck.) Hasse
Buellia punctata (Hoffm) Mass.
Buellia retrovertens Tuck.

Calicium

viride

Caloplaca sppe.

Candelariella vitellina (Ehrh.) Mull. Arge.

Cetraria
Cetraria
Cetraria
Cetraria
Cetraria
Cetraria
Cetraria
Cetraria

canadensis (Ras.) Rase.
chlorophylla (®illd.) Vain.
ericetorum Opiz

idahoensis Essl.

merrillii Du Rietz

orbata (Nyl.) Fink

pinastri (Scop.) S. Gray
platyphylla Tucke.

Ctadina arbuscula (Wallr.) Hale & d.Culb.
Cladina mitis (Sandst.) Hale & W.Culb.

Cladoaia
Cladonia
Cladonia
Cl adonia
Cladonia
Cladonia
Cladoaia
Cladonia
Cladonia
Ciladonia
Cladonia
Cladonia
Ctadonia
Cladonia
Cladonia
Cladonia
Cladonia
Cl adonia
Cl adonia
Cladonia
Cladonia
Cladonia
Cladoaia

bacillaris (Ach.) Nyl.
cariosa (Ach.) Spreng.
carneola (fFr.) Fre.

cenotea {(Ach.) Schaer.
chlorophaea (Florke ex Somm.)Spreng.
coccifera (L.) willd.
coniocraea (Florke) Sprenge.
cornuta (L.) Hoffm.
deformis (L.) Hoffm.
ecmocyna (Ach.) Nyl.
fimbriata (L.) Fr.

furcata (Huds.) Schrad.
gonecha (Ach.) Asahe.
graciliformis Zahlbr.
multiformis Merr.

norrlinii Vaine.

phyllophora Hoffm.

pleurota (Florke) Schaer.
pseudomacilenta Asah.
pyxidata (L.) Hoffme.
squamosa (Scop.) Hoffme.
subulata (L.) Wigg.
verticellata (Hofftm.) Schaer.

Collema nigrescens (Huds,) DC.
Collena tenax (Sw.) Ache.

Coniocybe furfuracea {(L.) Ach.

Cypheliuama inquinans (Sm.) Trev.
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Da rmatoc

Dermatocarpon moulinsii (Mont.) Zahlbr.

De rmat oc
Dimelaen

Dimerell

Diploschistes scruposus (Schreb.) Norm.

Evernia

Fistulariella minuscula (Nyl.) Bowler and Rundel

Hy pogy mn
Hy pogymn
Hy pogy an
Hy pogy mn
Hy pogy mn
iy pogymn
Hy pogymn

Icmadophila ericetorum (L.) Zahlbr.

Lzcania

Lecanora
Lecandra
Lecanora
Lecanjsra
Lecanora
Lecanora
LLecanora
Lecanora
.Lecanora
LLecanora
L,Lecanora
Lecanora
Lecanjyra
.Lecanora

Lecidea
Lecidea
Lecidea
Lecidea
Lecidea
Lecidea
Lecidea
Lecidea
Lecidea
Lecidea

Lepraria

arpon mniatum (L.) Manne
arpon reticulatum Magn.
a oreina (Ach.) Norm,

a diluta (Pers.) Trev.

prunastri (L.) Ache.

ia austerodes {(Nyl.) Ras.
ia imshaugii Krog

ia metaphysodes (Asah.) Rass.
ia occidentalis Pike in ed.

ia physodes (L.) Nyl.

ia rugosa (Merrill) Pike i1 ed.

ia tubulosa (Schaer.) Hav.

syringea (Ach.) The. Fre.

cadubriae {(Mass.) Hedl.
calcarea (L.) Somm.
cinerea (L.) Sonmnm,

hageni (Ach.) Ache.
muralis (Schreb.) Rabenh.
pacifica Tucke.

pergibbosa Magn.
piniperda Korbe.

polytropa (Ehrh.) Rabenh.
trolleana (Hue) Zahlbr.
rupicola (L.) Zahlbr.
subfusca sens. lat.

varia (Ehrh.) Ach.
verrucosa Ache.

atrobrunnea (Ram.) Schaer.
auriculata The. Fre.
berengeriana (Mass.) Nvyl.
cinnabarina Sonnm,

dolodes Nyl.

glomerulosa (DC.) Steude.
granulosa (Ehrh.) Ach.
hypocrita Massal.
insularis Nyl.

tessellata (Ach.) Florke

SPpe.

Leptogiuam lichenoides (L.) Zahlbr.
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Leptogium saturninum (Dicks.) Nyl.

Letharia columbiana (Nutt.) Thoms.
Le tharia vulpina (L.) Hue

Lobaria hallii (Tuck.) Zahibr.
Lobaria pulmonaria (L.) Hoffm.

Lopadium pezizoideum (Ach.) Korb.
Massalongia carnosa (Dicks.) Xorb.
Microthelia aterrima (Anzi) Zahlbr.

Mycoblastus sanguinarius (L.) Norm.

My cocalic

Mephroma
Nephroma
Nephroma
Ne phroma

ium spe.

bellum (Spreng.) Tuck.
helveticum Ach.

parile (Ach.) Ach,
resupinatum (L.) Ach.

Ochrolechia pallescens (L.) “ass.

Pannaria

Parmelia
Parmelia
Parmelia
Parmelia
Parmelia
Parmelia
Parmelia
Parmelia
Parmelia
Parmelia

Parmeliop
Parmeliop
Parmeliop

Peltigera
Peltigera
Peltigera
Peltigera
Peltigera
Peltigera
Peltigera
Peltigera
Peltigera

Pertusari
Partusari
Partusari

microphylla (Su.) Masse.

disjuncta Erichse.
elegantula (Zahlbr.) Szat.
infumata Nvl.

multispora Schneid.
saxatilis (L.) Ache.
sorediosa Almb.
subaurifera Nyle.
subelegantula Essl.
subolivacea Nyl.

sulcata Tayl.

sis aleurites (Ach.) Nyle.
sis ambigua (wWulf.) ANyl.
sis hyperopta (Ach.) Arn.

canina (L.) «Wilid.

collina (Ach.) Ache
elisabethae Gyeln.
leucophlebia (Nyl.) Gyelne.
malacea (Ach.) Funck
polydactyla (Neck.) Hoffme.
rufescens (Weis.) Humb.
spuria (Ach.) DC.

venosa {(L.) Baumg.

a amara (Ach.) Nyl.
a multipuncta (Turn.) Nyl.
a trochisea Norm.
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Phaeophyscia constipata (Norrl. ex Nyl.) Hoberg

Phaeodhyscia decolor (XKashi.) FEssl.
Phaeophyscia imbricata (Vain.) Essl.
Phaeophyscia sciastra (Ach.) Mobery

Physcia adscendens (The Fr.) 0Oliv.
Physcia aipolia (Ehrh.) Hampe
Physcia dubia (Hoffm) Lett,
Physcia phaea (Tuck.) Thoms.
Pnyscia semipinnata (Gmel.) Moberg
Physcia stellaris (L.) Nyl.

Physconia muscigena (Ach.) Poelt
Physconia perisidiosa (Erichs.) Morerg

Platismatia glauca (f.e) ¥.Culb. & Z.Culb.
Polychidium muscicola (Swe.) S.Gray

Psora novomexicana 3. de Lesd.
Psora rubiformis (Wahl.) Hook.
Psora scalaris (Ach.) Hook.

Psoroma hypnorum (Vahl) S.Gray

Ramalina farinacea (Le.) Ach.
Ramalina pollinaria (wWestr.) Ach.
Ramalina thrausta (Ach.) Nyli.

Rhizocarpon badioatrum (Florke gx Spreng.)
khizocarpon disporum (Naeg. ex Hepp) Mull.
Rhizocarpon geographicum (L.) DC,
Rhizocarpon grande (Florke ex Flot.) Arn.
Rhizocarpon riparium Ras.

Rhizo3>laca chrysoleuca
Rhizoplaca melanophthalma

Rinodina exigua (Ach.) S. Gray
Rinodina pyrina (Ach.) Arne.
Rinodina turfacea (wWahl.) ex Ach.

Stereocaulon albicans The.fre.
Stecrepcaulon sp.

Tarompium epigaeum (Pers.) wallr.

Toninia aromatica (Turn.) Masse.
Toninia caeruleonigricans (Lightf.) Th. Fr.
Toninia candida (Web.) Th. fre

Umbilicaria deusta (L.) Baumge.
Umbilicaria hyperborea (Ach.) Ach.
Uabilicaria phaea Tuck.
Umbilicaria polyphylla (L.) Baumg.
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Umbilicaria torrefacta (Lightf.) Schrad.
Unhilicaria vellea (L.) Ache.

Usnea sppe
Verrucaria spp.

Xanthoparmelia cumberlandia (fyeln.) Hale
Kanthoparmelia plittii (Gyeln.) Hale
Xanthoparmelia sphaerosporella (Mull.Arg.) Hale

Xantharia candelaria (L.) Th.fr.
Xanthoria elegans (Link) Th.fr.
Xanthoria polycarpa (£hrh.) 0liv,
Xanthoria sorediata (Vain.) Poelt
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