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ABSTRACT

AN ANALYSIS OF THE CORTICOLOUS EPIPHYTES ON POPULUS TREMULOIDES

IN THE LOWER PENINSULA OF MICHIGAN

By
Steven C. Wang

Twenty five Populus tremuloides stands evenly spaced throughout

the Tower peninsula of Michigan were examined. A prefabricated device
was used to standardize data collection and enable the determination of
dominance, density and frequency of all epiphytes occurring from 50 to
170 cm above ground level on the north, east, south and west aspects of
the tree trunks.

An Importance Value for each species in each community was used as
the basic unit of information. Ordination and classification techniques
were used to analyse the data.

Sixty three species are described in terms of height and aspect
preferences as well as distribution on a regional basis. Ecological
parameters believed to be responsible for the patterns of distribution
are discussed. Correlations between environmental factors and physio-

logical and morphological adaptations are also introduced.
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[. INTRODUCTION

Interest in ecological and phytosociological studies of corticolous
vegetation has been increasing rapidly during the past five years (Adams &
Risser, 1971; Harris, 1971a; Harris, 1971b; Hinds, 1970; Jesberger &
Sheard, 1973; Jonescu, 1970; Sheard & Jonescu, 1974; Yarranton, 1972).
Various approaches have been used, with varying degrees of success. Much
of the work has concentrated on recording presence or absence of species
in one or more cylindrical quadrats on the tree bole (Adams & Risser, 1971;
Culberson, 1955a; Culberson, 1958; Garren, 1963; Hale, 1952; Hale, 1955;
Hale & Moore, 1968; Hinds, 1970; Jesberger & Sheard, 1973). Beals (1965),
Jonescu (1970), and Schwerer (1962) recorded the presence or absence of
species but also took aspect into consideration in their data analysis.

The very nature of presence-absence data prevents the detection of
subtle changes in abundance that may characterize differences in height
(Harris, 1971a) or aspect. An estimate of the abundance of each species
in a quadrat is another approach (Hale, 1965; Pearson & Lawrence, 1965),
but the éubjectivity compounds the problems. A nonsubjective method was
introduced in the pioneering work by Billings & Drew (1938) in which the
entire epiphytic flora of a portion of trunk was mapped. To obtain a
viable sampling procedure, it seems best to strive for a method inter-
mediate to a subjective abundance estimate and the detailed mapping of the
entire community.

If sampling a particular aspect is the goal, one could use a line

along the bark, facing the appropriate direction. A rectangular quadrat



is less appropriate since only due north can be considered north;
adjacent bark is an extension of the eastern or western aspect.

Jonescu (1970) noted this affect, especially on trees of small dia-
meter. The point sampler technique, first used by Kershaw (1964)

and later by Harris (1971a) and Yarranton (1972), employs line sampling.
Yarranton (1972) notes, however, problems involved in the "practical
impossibility of reproducing a dimensionless point". Ideally, in order
to completely, describe an epiphytic flora, one needs information includ-
ing the number of occurrences and the frequency of occurrence on a number
of transects (line quadrats) for each species as well as the size of

all thalli, for all heights and aspects. An approach that provides this
type of data is introduced in this study.

Using the results of studies by Hale (1955) in southern Wisconsin
and Culberson (1955a) in northern Wisconsin, Culberson (1955b) found that
cryptogamic epiphytes of Wisconsin have either northern, southern or un-
1imited distributions. Historical (including glacial), substrate and
climatic factors were discussed as causal agents in these distributional
patterns. Historically, Michigan's glacial past is similar to that of
Wisconsin's (with the absence of an "unglaciated region" in Michigan)
and, therefore, the possible influence of the time element due to glacia-
tion on distribution can, as it was by Culberson, be dismissed. The
effect of substrate is reduced to a minimum by the examination of only
one tree species throughout the study area. Climate (regional and micro-)
is tﬁe one major factor remaining for consideration in this study).

Phillips (1951) found that the lower peninsula of Michigan may be
divided into two regions on the basis of the bryophytes found living on



the bark of trees. This division fell at approximately 43° north
latitude and was noted that it closely resembled Thornthwaite's (1948)
predicted 1ine separating the areas with more and less than an average
annual potential evaporation of 24 inches.

A small number of 1ichen studies have been conducted on Populus in
Minnesota and Michigan. Garren (1963) conducted a survey of 10 aspen

trees (eight P. tremuloides and two P. grandidentata) at the Itasca

Biological Station, Minnesota, and found a number of species to exhibit
definite vertical distributional patterns. In Michigan, Schwerer (1962)
surveyed the lichen growth on stands of P. grandidentata, in which both

aspect and height preferences were noted for many species. Hale & Moore
(1968), working'on Populus in the northern lower peninsula of Michigan,
believed aspect differences to be of negligible significance and combined
all aspect data from their cylindrical quadrats.

Populus tremuloides Michx. is an ideal tree species for this type of

study. As it is the most widely distributed tree species in North America,
it allows for similar studies to be conducted in a variety of climatic
regimes, revealing many interesting trends in the analyses of their
respective epiphytic floras. Within any one locality, as shown in the
present study and in Jonescu (1970), the flora of P. tremuloides is
limited to a relatively small number of epiphytic species (63 and 30
species respectively for the two studies), that is relatively easy to
analyze.

The purpose of this study was to (1) determine what epiphytes

grow on Populus tremuloides in the lower peninsula of Michigan, and

show their distribution, (2) define site and species relationships,
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elucidating environmental factors responsible for these affinities,
(3) continue the work already begun on the epiphytic sociology and
geography on P. tremuloides elsewhere in North America and (4)

introduce a new technique suited for corticolous phytosociology.



II. THE STUDY AREA

This study was conducted during the summer and fall of 1974, in
the lower peninsula of Michigan. Within the 277 mile length from the
northern tip of the lower peninsula, to its southern boundary with
the states of Ohio and Indiana, many transitions take place, including
a major climatic change. Average annual temperature and rainfall
(figure 1), both pertinent to this study, are two characteristic
features separating the northern and southern portions of the penin-
sula. These differences are primarily the result of "steep gradients
in frequency of tropical maritime (mT) and polar continental (cP) air
masses between Grand Rapids and Traverse City" (Niedringhaus 1966), and
are exemplified in their climates as humid continental with cool summers
in the north and humid continental with warm summers in the southern
portion (figure 1b). Not only is this division observable in the meteo-
rological records, but it is well known in terms of soil and vegetation
types. The lower peninsula is dominated by two Soil Orders; Spodosols
in the northern half and Alfisols in the south. Forest lands of the
north are dominated by the hemlock-white pine-mixed deciduous forests,
whereas those in the southern half are generally one of two types; the
majority are beech-maple forests and a small portion consists of an oak-
hickory forest in the southwestern corner of the state. Figure 2 demon-
strates the soil and vegetation boundaries.

An additional factor arises from the peninsular nature of the

state, as the proximity of the Great Lakes, especially Lakes Michigan



and Huron, greatly affect the region. Temperature, precipitation
and humidity modified by the lakes, influence sites near the lake
shores.

Topographically, the lower peninsula of Michigan varies from 580
feet to 1712 feet above sea level. Local relief is moderate, the
principle feature being belts of hills of glacial origin. In a simpli-
fied view, two areas of relatively high elevation are noticeable, the
highest and more northern 1s centered in the counties of Crawford,
Missaukee, Ogemaw, Osceola, Otsego, Roscommon, and Wexford. The southern
highlands are found to be centered in Hillsdale and Oakland counties.
Most of the remainder of the peninsula appears as plains or gently rolling
hills; see figure 3 for a simplified topographical view of the Tower

peninsula.



III. METHODS

In order to examine stands of Populus tremuloides from as many

sites in the lower peninsula of Michigan as possible, a grid system

was developed, beginning with a north-south 1ine from Mackinaw City

to the Ohio border. At intervals along this central line, and five
lines perpendicular to it, regularly spaced potential sites (areas of
approximately 30 square miles where stands would hopefully be found)
were chosen. Eleven potential sites were spaced every 25 miles along
the central north-south line, with the first near Mackinaw City. The
east-west transects crossed the center line at 50 mile intervals, and
potential sites were plotted along these 1ines every 25 miles east and
west of the central line. In theory, this grid covered the entire lower
peninsula and located 30 evenly spaced potential site locations. Each
of these'potential sites was visited in order to assess their suitability

through presence of a suitable stand of P. tremuloides.

Criteria for suitability of stands were many fold. Of prime
importance was the maintenance of a minimum physiognomical variability
between stands. To this end I attempted to accept only those stands that
(1) were on a well drained site, (2) had a large percentage of P. tremu-
loides over 7 inches (18 cm) dbh (diameter at breast height), (3) had a
similar density (approximately 400 trees per acre or 100 trees per hec-
tare), (4) were made up of similar arboreal components, (5) were within
a larger wooded area in order tominimize edge effects, and (6) were

without obvious disturbance in recent history.



As a result of the preliminary survey, 25 sites were actually
established (see figure 4), three of the bottom tier of potential
sites and sites 13 and 16 were eliminated because no suitable stands
could be found within the desired area. Under no circumstances was a
site rejected or accepted because of the nature of its epiphytic flora.

Once a site was selected, five P. tremuloides trees were randomly

selected for examination. Due to the intensive method of analysis pre-
formed on each tree, this number of samples was found to be sufficient;
after analysis of the third tree approximately 80% of the species to be
found on the five trees had been recorded. In selecting trees, I stood
in the approximate center of the stand and walked in a randomly determined
compass heading, until the first aspen that fit the requirements was en-
countered. Requirements for the selection of a tree were simply that
the tree had to be between 7 and 11 inches (18 and 28 cm) dbh and have a
straight, undamaged nonbranching trunk for the first ten feet in height.
Defining a size range is an important consideration in order to minimize
the problems of poorly defined aspects in small diameter trees and to re-
duce the age (important in epiphytic succession) and roughness factors
often inherent in trees of greatly differing sizes. The corticolous
flora did not influence this choice. Each successive tree was determined
in a similar fashion, beginning the search with a new randomly determined
compass direction from the tree just sampled.

The commonly used rectangular quadrat was reduced to a vertical
line 120 cm in length. Along this vertical line quadrat, the north, east,
south, and west aspects of the trees were sampled from a height of 50 cm

to 170 cm from ground level. From earlier reconnaissance, this area of
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the trunk seemed well suited to this type of analysis due to the

obvious community changes taking place within this 120 cm segment.

The flora below 50 cm is primarily an extension of the terricolous
coomunities and has been omitted from this study. On each of the four
aspects, along the entire 120 cm transect, all epiphytic thalli (lichens,
fungi, mosses and algae) were identified. A prefabricated device

(figure 5) was used for determining the transect lines as well as holding
the paper on which all information was recorded. This device was posi-
tioned on one side of the tree, with an elastic transect line directly on
the cardinal direction (aspect), covering the tree from 50 cm to 170 cm.
The elastic nature of the 1ine facilitated removal of specimens. For
each thallus that the line intersected, its length of intersection with
the transect and species name was recorded on the paper attached to the
plate. If I was unable to identify the thallus in the field, a code
number was recorded in place of its name and the specimen was brought
back to the laboratory for examination. In addition fo these unknowns,
representative voucher specimens of most species were also collected

and deposited in the Michigan State University Cryptogamic Herbarium.

A total of over 12,000 thalli were thus recorded.

There are a number of ways to summarize the raw data obtained for
each species. As regards level of analysis, one may select the entire
region as one community for study. Alternatively, one may treat each of
25 sites as a separate community for analysis; or one may group the sites
into a number of site groups and treat each site group as a separate

community for analysis. In this study, I have grouped the sites into 5



site groups
and 4 height
fore compare
two with the
The dat
length of tn
2 species) ¢
occurred) .
Studies in
tion, of the
of 2 species
of growth an
Tedsurement
3 Species' ¢
The imp
1951) op Iy
V(a) <

Relatyy,

Re]atiVe

Relats,q



10

site groups and divided each site group into 8 communities (4 aspects
and 4 heights), i.e., 40 communities have been studied. One may there-
fore compare, for example, the north aspect community of site group

two with the east aspect community of site group three.

The data summarized may have values based on dominance (total
length of the thalli of a species), density (total number of thalli of
a species) or frequency (total number of trees on which a species
occurred). Each of these three measurements has merit, and numerous
studies in various fields of specialization have used one, or a combina-
tion, of these values in describing the patterns of relative importance
of a species. In this study, due to the number of thalli and the variety
of growth and distributional patterns present, I incorporated all three
measurements into one importance value in order to more fully describe
a species' importance in the community.

The importance value (Cain & Castro, 1959 and Curtin & McIntosh,

1951) or IV of species A can be determined as follows:
IV(A) = Relative Dominance (A) + Relative Density (A) +
Relative Frequency (A)

Dominance of Species A x 100

Relative Dominance (A) =
Sum of all Dominances

in the sample

Density of Species A x 100
Relative Density (A) =

Sum of all Densities
in the sample

Frequency of Species A x 100

Relative Frequency (A) =
Sum of all Frequencies

in the sample
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It can be seen that the maximum importance value any species can
attain is 300 and that all importance values in any sample must total
300. Importance values are often used in ecologic studies involving
vascu1$r plants and their use with the cryptogams can be equally produc-
tive.

Techniques of multivariate analysis are also widely used in vascular
plant studies and are becoming increasingly utilized in phytosociologic
studies of cryptogams. This study employs two basic techniques commonly
used in conjunction: ordination and classification. The method of
ordination used in the present study was based on principal components
analysis (PCA), as discussed in Blackith & Reyment (1971). The computor
program was adopted .from Wahlstedt & Davis (1968) modified to follow the
procedures outlined in Sheard & Jonescu (1974). The data set exists as
a matrix of correlation coefficients between species. The classification
method used is of the agglomerative-polythetic method, and employed a
computor program adopted from McCammon & Wenninger (1970). Input matrices
for site classification were correlation coefficients, whereas the
matrices for species classification were in terms of a distance function.

A1l ordinations and classifications were performed with the input of
the total importance value of each species for each site. Two sets of
data were run, one with the input for a11'species occurring in more than
one site (45 species) and the second utilizing the importance values for
the 30 most important spécies (having the highest regional importance
values). The results of these two runs were essentially the same and,

except in some cases, the inclusion of the less important species adds
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little to the understanding of site and species relationships. Unless
otherwise noted, all references to classification and ordination are

in terms of the 30 species input.



IV. RESULTS AND DISCUSSION

A. Ordination and classification analyses of sites and species

Figure 6 shows three views of site ordination on different combina-
tions of the first three principal components and figure 7 shows the
results of the classification of these sites. The three groups (Site
Groups 1, 2, and 3) are obvious in the classification and these natural
groupings can also be found in the ordinations. The subdivisions of
Group 1 into three subgroups was done in order to recognize the natural
groups occurring there. The somewhat questionable relationship of
site 21 was resolved by placing it with Site Group 1c for several reasons:
(1) the 45-species-classification clearly shows this site to have its
closest affinities with Site Group 1c, (2) in the 30-species-classifica-
tion it is only remotely associated with la, (3) the ordinations agree
with this placement and (4) its geographical affinities are with Site
Group 1lc.

This is a good example of the need to draw conclusions from both
ordination and classification, rather than relying on only one technique.
The arrangement of the sites into the five distinct Site Groups la, 1b,
lc, 2, and 3 is necessarily the result of subjective observations on
the data. However, the detrimental effects of this subjectivity is
reduced by the fact that both the ordination and the classification
techniques agree closely. Figure 8 shows the geographical distribution

of these Site Groups.

13
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The results of ordination (PCA) and agglomerative classification
of the thirty species used in the site analysis are given in figures 9

and 10. A1l except three species (Bacidia naegelii, Bacidia chlorococca

and Microthelia micula) are placed into one of five Species Groups de-

fined in both techniques. These three species are not included because
of the very low loadings they exhibit on the first three principal
components, thus confusing the placement of these taxa into groups

using a compilation of information from both PCA and classification.

The same subjectivity found in the Site Groups applies here, but the
Species Groupings also exhibit a very close adherence in both techniques,
lessening the concern over these subjective decisions. Table 1 gives the
loadings (transformation coefficients) of these 30 species on the first
five principal components. It must be remembered from the onset that
these Species Groupings are the result of the ané]ysis of the site
importance values. Neither aspect nor height was considered in this
input. Further grouping within these five divisions, taking into consi-
deration community structure within a site, will be discussed later.
Information concerning dominance (as well as importance value) for all
species in each of the 16 communities in each of the 25 sites and for
each of the 5 Site Groups is incorporated in the discussion of individual

species.
B. Environmental Interpretation

Twenty seven species may be grouped into five distinct groups by

utilizing the first two principal components (eigenvector one and two)
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of the species ordination (figure 9). The third principal component
(eigenvector three, figure 9) is helpful in the further separation of
these groups. Species Group A is characterized by the species Arthonia

caesia, cfr Arthonia caesia, Bacidia populorum, Physcia stellaris,

Protococcus spp., and Rinodina pyrina; Group B by Physcia millegrana

and Physciopsis elaeina; Group C by Candelaria concolor, Physcia

orbicularis-group, and Platygyrium repens; Group D by Bacidia umbrina,

Candelariella xanthostigma, Epicoccum sp., Lecidea symmicta, Lepraria

B, Ochrolechia arborea, Parmelia subaurifera, Parmelia sulcata, Physcia

adscendens, Physcia aipolia, and Xanthoria polycarpa; Group E by

Caloplaca cerina, Caloplaca holocarpa, Lecanora sambuci, Leptorhaphis

contorta, and Physcia ciliata. The first three axes also separate five

Site Groups (figure 6): Group la includes sites 1, 2, 3, 9, and 11;
Group 1b includes sites 4, 5, 6,.8, and 10; Group 1lc includes sites 7, 12,
14, 21, and 22; Group 2 includes sites 17, 18, 24, and 25; and Group 3
includes sites 15, 19, 20, 23, 26, and 27. By examining the species
and site ordinations simultaneously, the discovery of possible ecological
parameters responsible for these groups is simplified.

Eigenvector one clearly separates the combined sites of Groups 2 and
3 from sites in Groﬁps la and 1b, leaving the majority of sites in Group
1c in an intermediate position. This separation of groups closely
resembles, although in inverted position, the geographical placement of
these groups in the state (see figure 8), suggesting that there is some
genera1 (regional) climatic condition responsible for this division. The
line separating the sites with positive and negative associations on the

first axis is shown by the dotted line in figure 8; its close approximation
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of the zone demarcating climatic, vegetation and soil changes is
readily apparent.

Most of the previous ecological and physiological studies have
shown that the major factor affecting epiphytic growth is a moisture
element (Adams & Risser, 1971; Harris, 1971a; Sheard & Jonescu, 1974;
Blum, 1973; Farrar, 1973). The latter two authors stress the importance
of humidity, or some factor influencing the rate at which a thallus dries,
in the total water balance of lichens. Of the numerous "moisture factors"
that are affecting the growth of epiphytic plants in Michigan, only two
were found to be highly correlated with the values for the sites on eigen-
vector one; potential evapotranspiration (data from Messenger, 1962) and
mean annual temperature, with correlation coefficients of 0.85 and 0.87
respectively (see figure 11). Potential evapotranspiration is at least in
part a measure of the combined effect of temperature and rainfall. As
the latter is not correlated with eigenvector one, it is assumed that
temperature is the controlling factor for this axis. Temperature has a
direct effect on the epiphytic water balance as the moisture absorbed
by a thallus from moist air or recent precipitation will be lost by
transpiration in direct proportion to the temperature. The effect of
wind on the water regime of cryptogamic epiphytes, as noted by Barkman
(1958), can be considerable and will be dealt with below. However, the
general wind pattern is similar throughout the lower peninsula and will
not effect the north-south distribution of the epiphytes. Within the
confines of this study, it appears that the warmer the environment, the
less water there is available for metabolic processes in the plants of
the epiphytic flora. The high moisture stress associated with a positive

association with eigenvector one is characteristic of all sites in
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Physciopsis elaeina, and Platygyrium repens) are highly correlated with

this third component. These species occur for the large part, if not
solely, in the southwest portion of the state, especially in Group 2
sites (17, 18, 24, and 25).

This corner of the state is well documented as being associated
with a unique vascular flora, due primarily to the effect of the Great
Plains climate. The history and origin of this "prairie peninsula" is
discussed by Benninghoff (1964) and the status of present prairies in
the state is given by Scharrer (1971), see figure 13. The plains climate
is characterized by Tow winter precipitation, moderate summer precipita-
tion with occasional major droughts and the presence of much continental
air (Borchert, 1950) which contrasts strongly with the generalized picture
of the Michigan climate as having heavy winter snows, relatively heavy
summer precipitation and a relatively low evapotranspiration rate. The
climate of the counties in the southwest corner of the state reflects
both these regimes. The North American distribution of these species
are all either Pan Temperate or Eastern Pan Temperate except for Lecidea
symmicta, which is Artic Boreal (Brodo, 1965; Wetmore, 1967). It is
concluded that the third axis of the ordination accounts for the great
effect that the prairie climate has in the southwest corner of Michigan.

The remaining eigenvectors will not be dealt with in this manner as
any associated environmental conditions become increasingly obscure and
of less importance in the understanding of the total picture. However,
the three species not included in the Species Groups due to their Tow
correlations with the first three axes are highly correlated with the

fourth. Of all the species, Bacidia chlorococca and Microthelia micula

are the two most negatively correlated species and Bacidia naegelii is
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Groups 2 and 3 except sites 24 and 25. Those sites exhibiting large
negative associations with this temperature axis are in large part
Group 1b sites, and are the backbone of the northern highlands region
(sites 3, 4, 5, and 6). Sheard & Jonescu (1974) noted that the correla-
tion between species abundance and the first eigenvector in the species
ordination was evidence for the environmental interpretation of that
eigenvector to be a moisture gradient. Figure 12 shows the relationship
between number of species in each site plotted against eigenvector one
(correlation coefficient of -0.84). This eigenvector is clearly a gradient
affecting species density. Many of those species negatively correlated
with the first principal component (Group D) are found concentrated in
the cooler sites and, conversely, those species in Groups A and B tend to
be concentrated in the warmer sites. Known North American distribution
of these epiphytes also agree with the general temperature gradient.
Information gathered from Brodo (1965), Wetmore (1967) and the Michigan
State University Cryptogamic Herbarium show that although those species
exhibiting a pan temperature distribution are found at all points on the
first eigenvector, these species are concentrated in the area of positive
association. The 14 species in this study exhitbiting artic boreal or
pan boreal distributions are negatively associated with eigenvector one.
Species thriving in the more xeric environments (due to high tempera-

tures) are Arthonia caesia, cfr Arthonia caesia, Physcia millegrana,

Physciopsis elaeina, and Protococcus spp. Species adopted to the

cooler temperatures are Lepraria B, Ochrolechia arborea, Parmelia sub-

aurifera, Parmelia sulcata, Physcia aipolia, and Xanthoria polycarpa.

None of these species can necessarily be considered to require warm or
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cool temperatures as their microclimatic affinities (height or aspect)
may show just the opposite.

Eigenvector two separates the combined Species Groups A, B, and D
from Groups C and E. These latter two groups are positively correlated

with this principal component; the species Caloplaca holocarpa, Lecanora

sambuci, Leptorhaphis contorta and Physcia ciliata being the most highly

correlated._ The former three Groups, especially the species Bacidia

chlorococca, Lecidea symmicta, Lepraria B, and Ochrolechia arborea, are

negatively associated with this axis. This eigenvector helps very little
in the separation of Site Groups, suggesting that the associated environ-
mental conditions (if any present) transcend Site Group lines and affect
sites individually. Those sites highly correlated with eigenvector two
are sites 2, 9, and 11 (all at the northern tip of the peninsula) and site
21. Those species positively correlated exhibit a characteristic dis-

tributional pattern which includes these sites (see Physcia ciliata,

figure 62). In order to elucidate the possible environmental parameters
lying behind these patterns, the ordination of 45 species is helpful.
Although the 15 extra species often make this ordination confusing, these

rarer species are beneficial in this case. Catillaria glauconigrans,

Hysteriographium mori, and Lecanora allophana are the most highly corre-

lated species, more so than any member of group E. These three species
occurred only along the ﬁorthern lake shores (sites 7, 8, 9, 11, and 12).
The distributional patterns of the species negatively correlated are
similar to those in the 30 species ordination since all of the same taxa
are involved. However, the distribution of the rare species most nega-

tively correlated in the 45 species run, Rinodina willeyi and Xenosporium
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sp., are found to occur only in the northern highlands (sites 3, 4, 5,
6, and 10).

These facts suggest that a positive correlation with eigenvector
two reflects the positive effect that the proximity to the northern
lake shore (Lakes Michigan and Huron) has on the epiphytic flora. The
inclusion of site 21 into this group, as well as the general trend of
all Group E species to extend down into this portion of the state may
seem anomolous, but explanations can be offered. One feature which makes
site 21 (and site 25) different from the rest of the southern half of the
study area is their relatively high snowfall and the abnormally cool mean
annual temperatures. These attributes liken these sites to the northern
lake shore sites. The exclusion of the southern lake shore sites from
this group can be explained by the higher temperatures found in these
more southerly sites. A major change affected by the proximity of
large bodies of water is in the form of a modification of temperatures
and a relatively stable source of moist air. The effects of the wind
produced by the lake and land breezes that are characteristic of lake
shores, also modify the epiphytic environment. Although the air may be
relatively moist, its movement is important in its drying capacity on
the flora. Although the intricacies are unknown, eigenvector two seems
to reflect some effect that the Great Lakes are exerting on the epiphytic
flora.

Although two species in Group D (Bacidia umbrina and Lecidea

symmicta) and one in Group A (Physcia stellaris) are positively

associated with eigenvector three, all species in Groups B and C

(Candelaria concolor, Physcia millegrana, Physcia orbicularis-group
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the most positively correlated species with the fourth eigenvector.

The meaning behind this and the remaining axes are unknown.

C. Species distribution and zonation in the

lower peninsula of Michigan

One of the first multivariate analyses of lichen phytosociology

on Populus tremuloides was performed by Sheard & Jonescu (1974) in

west-central Canada (Alberta and Saskatchewan). They found Bacidia
populorum to be negatively associated with the moisture gradient and

Physcia adscendens, Physcia orbicularis, and Physcia stellaris to be

positively associated with moisture. Caloplaca cerina, Physcia aipolia,

Rinodina pyrina, and Xanthoria polycarpa were all found to have little

or no association with the moisture factor. The present study found that

in the lower peninsula of Michigan, on Populus tremuloides, moisture

associations for Bacidia populorum, Physcia adscendens, and the Physcia

orbicularis-group are similar to those requirements found by Sheard &

Jonescu (1974). However, both Physcia stellaris and Xanthoria polycarpa

react oppositely in comparison. The remaining species were found to be
reacting variously to comparable moisture factors. Both studies found
the first principal component to be a factor directly related to water
relations.

In comparing the abundances of lichen species found by Hale &
Moore (1968) at the University of Michigan Biological Station, with

data from the sites of the present study surrounding the Biological
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Station (Site Group 1b), close similarities are found. In both studies

Parmelia subaurifera, Parmelia sulcata, and Physcia adscendens were the

three most abundant species. Garren (1963), although collecting in
Minnesota in a site further north than any site of the present study,
described a flora similar to that found in Site Groups la and Ic.

Culberson (1955b) in Wisconsin and Phillips (1951) in Michigan,
were enabled to divide the two states into two parts by means of an
epiphytic flora. This study, too, can divide the lower peninsula of
Michigan into twb distinct sections by comparing sites with positive
and those with negative correlations with eigenvector one. This method
gives a division which closely resembles Phillips' division and is
directly comparable to Culberson's demarcation in Wisconsin (sge figure
14). The lines determined by these epihytic studies are, as one might
expect from comparisons with climatic and vascular vegetation studies,
expressions of the same environmental gradients.

In the present study, due to the nature of the collection technique
and the statistical analyses, both the northern and southern halves of
the study area may be divided further, as discussed earlier. It is with
consideration to these further subdivisions that species abundances can
be compared. Table 2 gives the average importance values for the eight
most important (highest importance value) epiphytes for each of the
five Groups. Figure 15 shows the five generalized geographical distribu-
tional patterns represented by 23 of the 30 species; the seven remaining
species have scattered or uninterpretable patterns. The horizontal axis
is divided into the five Site Groups and the vertical is the average per-

cent of the state-wide importance value found in each of the Site Groups
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for each group of species. These graphs demonstrate the various distri-
butional patterns and suggest the complexity beyond simple north or

south distributions.

D. Height and aspect preferences

Each of the 25 sites are affected by different combinations of
macroclimatic factors working together with other factors to produce 25
unique environments for epiphytic habitation. Within each site, micro-
climatic forces are also at work shaping the epiphytic flora. The two
variables measured that express these forces within each site are height
and aspect. For ease of handling, the 120 cm segments were divided into
four 30 cm sections and, with this division on the four compass directions,
each tree is divided into 16 quadrats. Due to various factors (density
of the stand, direction and velocity of winds, etc.) the relative impor-
tance that aspect or height has on affecting species distributions is
variable between sites. Although these observations are interesting in
their own right, this variation between individual sites is an unnecessary
variable and is de-emphasized by grouping the sites into the five larger
Site Groups.

With an increase in height from 50 to 170 cm, due to the distance
from the moisture holding ground layer and an increase in wind velocity,
there is a concomitant decrease in humidity. Temperature changes with
the increasing height are slight, if present at all, and are considered

negligable. In sites with dense growths of Pteridium aquilinum the 1ight

intensity may decrease below 100 cm (the average height of the mature
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fern) during the summer months, but is constant in the 70 cm above this
point.

The relative effects of different aspects are most readily noticed
between the north and south aspects in which direct sunlight is the
major factor. The north aspect receives very little direct sunlight
and, therefore, is warmed 1ittle by this radiation. The south aspect,
with the greatest amount of direct solar radiation, is warmed a great deal,
and all epiphytes in this environment must be able to withstand these
effects. Although the east and west aspects receive approximately the
same amount of sunlight (assuming no differential shading), the west has
a more xeric nature since it has all day to dry and warm before the sun
reaches it (Geiger, 1966). As a general rule, the south and west aspects
are relatively dry and warm and the north and east aspects are relatively
cool and moist. There is a continuum of microclimatological factors from
the lower portions of the north to the upper reaches of the south or west.

Within any one Site Group, a change in height changes both the number
of species present and the percent cover very little, it at all (figures
16a and 17a). Changes in aspect will cause a small change in the number
of species but can drastically affect the percent cover of the epiphytic
flora (figues 16b and 17b). The frequent depression in percent cover of
the south and west aspects without an associated depression due to in-
creasing height, seems to imply an influence due to direct sunlight. How-
ever, this certainly does not imply that the species on the south aspect
of the trees always grow poorly; those species adapted to growth in this
xeric environment often grow luxuriantly. Species composition is one

factor that almost always changes from one height or aspect to another.
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Whether or not the cover or number of species changes, the relative
abundances of the complex of plants present will change with changing
microenvironmental conditions.

As many authors have noted (Adams & Risser, 1971; Barkman, 1958;
Culberson, 1955b; Hale, 1952; Hale, 1955) the phorophyte on which thalli
grow is an important consideration. In the normal development of bark

in Populus tremuloides, the phellogen keeps pace with the increasing

diameter of the tree, giving rise to the characteristic smooth bark.

Bark characteristics such as hardness, pH and relief are important for
epiphytic growth in terms of area for colonization, water holding capacity
and airborne nutrient and particulate accumulation and availability.

Populus tremuloides has a relatively hard bark, measured as approximately

110 (90-140) on the "Presto" scale of hardness (Culberson, 1955a). The

water holding capacity of Populus spp. is in the intermediate range and

the pH averages 6 (Culberson, 1955a).

Different tree species (as well as some intraspecific examples)
exhibit different sets of bark characteristics, and these variations
can be critical in determining the composition of the epiphytic flora
present on the tree trunk. One should consider these differences before
combining phytosociological information from more than one species of

tree. Even the two common species of Populus (P. tremuloides and P.

grandidentata) support different floras. Geographical, aspect and height

preferences change between phorophyte species, and preference generaliza-
tions based on several (or even two) species of trees are of questionable
value. When a taxon is referred to as requiring high moisture conditions,

or that a specific microenvironment is xeric, these statements must be
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understood relative to the extremes in the study. It is only in the
light of these facts that some of the conclusions in this study, and
all studies of this type, can be made.

A comparison of two studies done in the British Isles (Harris,
1971a; Kershaw, 1964) and the present study is informative. Harris and

Kershaw found Parmelia sulcata to be a tree-top species adopted to a

sunlit and relatively xeric environment. Harris (1971b) showed P.
sulcata to have a high 1ight compensation point, which correlates well
with its dry, sunlit affinities. As a component of the general state
wide lichen flora of Michigan this taxon exhibits few xeric adaptations.

On P. tremuloides, as revealed in this study, Parmelia sulcata is consider-

ed to be a relatively mesic species, prefering northern aspects. Both
Schwerer (1962) and Hinds (1972) found P. sulcata to be found primarily
low on the tree trunks. These different interpretations of habitat re-
quirements are due in part to varying substrate and primarily to the
climatological differences between Michigan and the British Isles.
Suggestive of these diffe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>