FOREST BIRD COMMUNITIES IN THE APOSTLE ISLANDS
OF WISCONSIN

BY EDWARD BEALS

N the past few years more ecologists have become aware that the description
I of plant and animal communities as discrete ecological units is an over-
simplification of community relationships. Among botanists, Gleason (1926)
has proposed that, inasmuch as each plant species has environmental require-
ments different from those of every other species, the classification of plant
communities into separate and distinct associations is inadequate. Following
this individualistic concept. many phytosociologists have developed vegela-
tional gradients based either on measurement of environmental factors (e.g..
Ramensky, 1930: Whittaker, 1956) or on a direct analysis of the vegetation
itself (e.g., Curtis and MclIntosh, 1951; Brown and Curtis, 1952; Goodall,
195:4; Horikawa and Okutomi, 1955; Bray and Curtis, 1957). Animal ecolo-
gists have also used community gradients in studies of insects (Whittaker.
1952; Kato et al., 1955), copepods (Whittaker and Fairbanks, 1958). and
birds (Bond, 1957).

Because different bird species seldom if ever coincide in their ecological
distributions, no discrete communities can be clearly defined except where
there are sharp changes of environment. Therefore the present paper describes
the bird populations within the forests of the Apostle Islands in Lake Superior
in terms of a community gradient, relating these bird communities to their
environmental framework. Scientific names of plants follow Gleason (1952).
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DEescripTioN oF THHE REGION

The Apostle Islands are situated in Lake Superior at the northernmost tip
of Wisconsin. There are 22 islands in the group. most of which are low, rising
no more than 50 to 75 feet above the lake level. Oak lsland is an exception,
rising nearly 500 feet. In size they range from a few acres to over 20 square
miles. The largest, Madeline, has been most subjected to human disturbance,
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and it is the only island that supports a year-round human population. Several
others have summer cabins.

The summer climate is remarkably cool, with a mean July temperature of
65°F. It is characterized by a high proportion of rainy days.

The islands lie in the hemlock—white pine-northern hardwoods region of
Braun (1950). Extensive trembling aspen (Populus tremuloides) and white
birch (Betula papyrifera) forests occur on some of the islands. where fire or
logging has destroyed the original vegetation. Only a few forests of red.
white, and jack pines (Pinus resinosa. P. strobus, and P. banksiana) occur on
the islands. Red oak (Quercus rubra) forests may occur on higher locations.
The predominant undisturbed vegetation consists of one or more of the fol-
lowing tree species: sugar maple (Acer saccharum). yellow birch (Betula
lutea), white cedar (Thuja occidentalis). and hemlock (Tsuga canadensis).
Dense populations of white-tailed deer (Odocoileus virginianus) have had a
profound effect on the vegetation on some islands: elsewhere deer do not
occur at all. Fields have been cleared on Madeline and Sand islands, and open
bogs occur spottily, but the bird populations of these particular vegetation
types were not studied in detail. For a general descriptive account of the
birds of this region in all habitats see Beals (1958a).

FieLp METHODS

In comparing communities it is desirable to study as many of them as pos-
sible in order to obtain more adequate information regarding the differences
among communities. Therefore a rapid sample count method was used to
census the birds in this study, somewhat similar to the methods used by Dam-
bach and Good (1940) and by Bond (1957).

The sites were selected on the basis of previous studies of the vegetation
(Beals, 1958b). Since much of the forested land is continuous on the islands,
distinct stands of vegetation were seldom found. Areas of 20 to 40 acres.
homogeneous in their vegetation at least for the dominant trees (Beals.
1958b), were selected for the vegetational survey. These stands had indistinct
boundaries, except when bordering the lake. a bog. or a clearing.

The bird poplations of 21 stands were sampled in late June and early July
of 1957 and in late June of 1958. The breeding season apparently reaches a
peak around the end of June. Stands were usually sampled between five and
eight o’clock in the morning, but on chilly mornings birds were active until
nine or later.

A sample count was made by entering a given stand for about 100 yards.
standing at a point for five minutes, recording the number and kinds of birds
heard or seen, and then proceeding to another point within the stand 150 paces
away (125 to 135 yards) and standing for another five minutes. This was
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repeated until ten points in the stand had been sampled. Birds seen flying
high overhead, such as ducks and gulls, were not counted; those flying close to
the canopy if not in it, including Chimney Swifts, Blue Jays, Common Ravens,
Common Crows, and Cedar Waxwings, were included.

For each species, frequency (the number of points at which the species was
observed) and density (the total number of individuals observed) were
recorded in all the stands sampled. For loud-voiced birds or wanderers the
same individual may have been observed at more than one point, so that fre-
quency could have a higher value than density. An attempt was made not to
count the same individual twice in the recording of density.

A method similar to this one has been checked for its accuracy in southern
Wisconsin by Bond (1957), and he considered it a reasonable estimate of the
relative values of bird populations. In this study one stand was sampled three
times within one week, and the lowest similarity between any two of the sam-
ples was 81.9 per cent. (The method of calculating this similarity is described
later.) This suggests that results from the sample count method are fairly
constant. If one assumes that individuals of a given species of bird act simi-
larly in different stands, in respect to their singing behavior and motor
activity, the sampling method used here appears to be valid for a comparative
study such as this one.

The sampling of a stand by this method took between one and one and one-
half hours, so that if stands were close together, two could be sampled in a
morning. However, most stands were rather far apart, and the mode of trans-
portation (by foot or by boat) was slow, so that usually only one stand was
sampled in a day.

STATISTICAL METHODS

Data from the field include two values for each species in each stand—the
frequency and the density described above. These data are considered com-
parable for a given species between stands, assuming that the species does not
differ appreciably in its conspicuousness from stand to stand. But compari-
sons between species within a given stand were made very cautiously, since
species do differ markedly in their conspicuousness. Proportion of time spent
singing, loudness of song or call notes, and amount of motor activity, all affect
the observations recorded by the sample-count method. The density figure
obtained by this sampling method might be distinguished from absolute and
relative density figures as an “audiovisual” density index, which is presumed
to bear some relationship to the absolute density for each species. Colquhoun
(1911) developed coefficients of relative conspicuousness for various Euro-
pean species, which could theoretically be used in estimates of actual density.
However, no valid estimate of the number of birds per fixed unit area is pos-
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sible in this study, since no such “conspicuousness’™ coefficients are known
and since the area of each sample is indeterminate. I have assumed that an
estimate of absolute density is not necessary for comparisons of communities
in the manner described below.

A single quantitative value for each species was desired in order to make
comparisons between stands, and yet both frequency and density were consid-
ered necessary in determining the importance of the species in the community.
Several birds observed at one point are considered less important, for exam-
ple. than the same number of birds scattered throughout the community. The
measure of such “importance” used by Bond (1957) was the sum of relative
frequency and relative density. However, reducing frequency and density to
relative values is not entirely satisfactory since direct comparisons were
desired between stands for each species.

An index was obtained by multiplying the density of a species by the square
root of its frequency, the product being called a “prominence value.” It is to
be distinguished from the “importance value,” a term which has been used by
plant and animal ecologists (Curtis and McIntosh, 1951; Brown and Curtis.
1952; Bond, 1957; and Beals, 19580) to refer to a summation of relative fig-
ures, giving a constant value for the sum of all importance values in a stand.
The term was first used by Curtis and Mclntosh (1951) to denote the sum of
relative frequency, relative density, and relative dominance of a tree species.

In determining the prominence value the number of individuals of a species
in a stand is the most important figure, while the frequency. a measure of the
distribution through the woods, is used to modify the density figure. The
square root of the frequency is considered a sufficient modification, so that
ten birds found all at one point are about one third as “prominent” as one
bird found at each of ten points. By this method also. one bird observed at
one point is half as “prominent” as one bird observed at four points. The
index admittedly is arbitrary, but it is considered a reasonable quantitative
method for describing the prominence of a species in a community.

A two-dimensional ordination of communities was constructed in a manner
similar to that described by Bray and Curtis (1957) for plants. The method
aQ—;—. where a is the

sum of quantitative values (in this case prominence values) of all species in

is based on a coefficient of similarity, calculated as C =

one stand, b is the sum of quantitative values in another stand. and w is the
sum of quantitative values the two stands have in common for each species.
To give a simple, hypothetical case, two stands have three species of birds:
Stand A has prominence values for species X of 10. for species Y of 63,
for species Z of 1; stand B has prominence values for species X of 1. for
species Y of 33, for species Z of 36. To find w. the lowest values between
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two stands for each species are summed: w=1+ 33 + 1 =35. Therefore
2

= %5—6 = .186: Stands A and B have a similarity of 48.6 per cent. The
index ranges from zero, if the stands have no species in common, to 1.00 if
they are by chance identical—exactly the same species in exactly the same
amounts.

Birds with a high prominence value were more important in determining the
coefficient of similarity than birds of low prominence. This procedure does
involve the weighting of species within a stand: however, this weighting of
prominence values no longer implies a comparison of density of birds within
the stand. Prominence values were not reduced to relative figures (with a
constant sum of 100 per cent) since this might obscure differences between
stands for a given species. if the sum of prominence values was very different
for the two stands.

A matrix was constructed showing coefficients of similarity for each of the
stands with the 23 other stands. The coefficients were totaled for each stand.
and the stand with the lowest sum could be considered the stand most different
from all the others. It was used as one end of the first or x axis of the
ordination. The other end stand of this axis was the stand having the least in
common with the first.

Since this ordination attempts to arrange the stands according to their rela-
tive dissimilarity, inverse values of the coefficients of similarity were used,
subtracting the coefficient from .85. This value was chosen rather than 1.00
because in sampling one stand three times, the coefficients of similarity
between the samples were .819, .863, and .907. In other words, two stands
with a similarity of .85 or higher should probably be considered essentially
identical. Two stands with nothing in common would be 85 units apart (mul-
tiplying the inverse by 100). Expressed in these units, the distances between
stands will be called dissimilarity values.

The length of the axis of an ordination is equal to the dissimilarity of the
two reference stands. Each of the other stands is located by drawing arcs rep-
resenting the dissimilarities from the two ends (Fig. 1). These arcs intersect
each other above and below a line drawn between the two reference stands,
and the arc intersection is projected onto this axis (Bray and Curtis, 1957).
In practice the values of stands along an axis were calculated from a formula
derived as follows. Two triangles can be found in Fig. 1, with sides exD, and
e(L—x) D,, respectively. The hypotenuses are known (dissimilarities from the
end stands, D, and Dy,) ; one side is equal in both triangles (the distance from
the axis line to the arc intersection, e) ; and the sum of the third sides of the
two triangles is known (the length of the axis, L). The triangles have the fol-
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Fic. 1. Demonstration of stand location along an axis of the ordination, by projection
of the point of arc intersection; a and b are reference stands, L is the dissimilarity value
between the reference stands (the length of the axis), D. and Dy are dissimilarity values
of a given stand from the two reference stands, and x is the location of that stand along
the axis.

lowing equations according to the Pythagorean theorem:

e + x% = D,?

e’ + (L—=x)2=D,?

Subtracting one equation from the other, to eliminate e and solving for x
{the value along the axis from Stand A), the working formula results:

L2+ D.2-D2

- 2L
Calculation is simplified somewhat by the fact that L is constant for all stands
along a given axis.

When all the stands are located along the x axis, there are stands placed
close together which in reality are quite dissimilar. Therefore a second or y
axis was constructed to separate these. The first reference stand on the y axis
was selected on the basis of the highest e value along the x axis (the stand of
poorest fit along the first axis). The value of e is calculated as follows:
e” = D,” — x2. The other end stand is the most dissimilar one to the first end
within a distance from the latter, along the x axis, of less than 10 per cent of
the total length of the x axis. In this way the second axis approximates a per-
pendicular relationship to the first. When the two ends were selected and
placed the proper distance apart according to their dissimilarity, the other
stands were located along the y axis as they were for the x axis. The stands
were then plotted on a two-dimensional graph.
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Distances between stands on the ordination were calculated as d.* +d,2,
where d, is the difference between the two stands along the x axis, and dy is
the difference along the y axis. Correlation between these distances and the
respective coefficients of similarity for a random sample of 50 interstand dis-
tances was remarkably hich (r =-.922), indicating that the method yields a
close approximation of the relationship of stands to one another based on the
coefficients of similarity as calculated above.

REesuLTs

Table 1 gives a summary of data for the 60 species recorded. Presence is the
number of stands out of 21 in which the species occurred. There are two
ubiquitous birds, the Red-eyed Vireo and the Ovenbird. The Black-throated
Green Warbler and the American Redstart also show high presence. On the
other hand, 15 species (one fourth of the total) were found in only one stand
each.

Stand abundance is used here as the average audiovisual density of a spe-
cies for all stands in which that species actually occurred. It is an indication
of the densities commonly reached in the habitat of the species. Highest
values are achieved by the Ovenbird and Black-throated Green Warbler:
among other widespread species, the Hairy Woodpecker, American Redstart,
and Solitary Vireo show low stand abundance. Birds reaching highest audio-
visual densities in any stand are the Black-throated Green Warbler, Ovenbird,
Red-eyed Vireo, White-throated Sparrow, and Least Flycatcher.

The forest types in Table 1 are rough groupings of the stands studied. The
pine “type” includes three stands, one dominated by jack pine, one by red
pine, and one by white pine. Because these pine forests are so different from
one another, the values in the table are followed by letters indicating in which
of the three pine stands the species were found. There were four aspen stands.
two almost pure trembling aspen, one trembling aspen mixed with much
balsam fir (Abies balsamea) and white spruce (Picea glauca), and another
dominated by big-toothed aspen (Populus grandidentata). There were three
white birch-red oak stands. The white birch—yellow birch—white cedar type
includes six stands, which contain some of all three species. generally with
two of the species dominant. There were three hemlock—yellow birch stands.
Of the five sugar maple—yellow birch stands two were almost pure maple.

The distribution of stands within the ordination, each identified as to island.
is pictured in Fig. 2; they are clustered toward the lower central portion of the
graph, with a few scattered stands to the left, the upper left, and the upper
right of this concentration. Fig. 3 shows the distribution of 21 bird species
within the ordination, and Fig. 4 shows the distribution of certain tree groups
and other vegetational characteristics.
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Fic. 2. The distribution of stands within the ordination according to island.
EcorLocicAL DISTRIBUTION OF SPECIES
The following observations regarding the ecological requirements or prefer-
ences of birds were made. The species are divided into four general groups:
those occurring mostly with the Black-throated Green Warbler, those occur-

ring mostly with the White-throated Sparrow, those occurring with both, and

those

occurring with neither. These two reference species are found in high

densities in their respective habitats, and yet their prominence values are nega-

tively

correlated with each other, significant at the 5 per cent level. Such a

division into groups is quite arbitrary; the divisions were made by simple

inspection and not in quantitative terms, but the result is a reasonable group-
ing of species often found together.
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