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BIRD COMMUNITY STRUCTURE IN ALDER

FORESTS IN WASHINGTON

EDMUND W. STILES

ABSTRACT.—Bird communities in forests of Alnus rubra in Washington
were studied by analyzing the number and composition of bird species, and
their foraging behaviors, along a successional gradient.

A model for territorial birds acting as central-place foragers was developed,
and it was found that birds respond ditfferently to heterogeneous versus ho-
mogeneous changes in vegetation structure. Birds responding to homoge-
neous vertical increases in vegetation during succession had territories which
became more spherical. These changes were accompanied by a decreased
use of total leaf area. Energy gain from reduced travel by central-place for-
agers may account for smaller territories. These changes were not found for
birds responding to heterogeneous vegetation change.

Additions and subtractions of birds with different methods of foraging are
analyzed with respect to specific changes in vegetation structure during
succession. It is concluded that such changes alone can account for the ad-
dition of bird species and individuals.

Many investigators have shown that bird
distributions are related to vegetation
succession (Lack 1933, Bond 1957, Brewer
1958, Hagar 1960, Diamond and Terborgh
1967, Karr 1971). MacArthur and his co-
workers (MacArthur and MacArthur 1961,
MacArthur et al. 1962, MacArthur et al.
1966, Recher 1969, Cody 1970) introduced
new insights by demonstrating that bird
species diversity (BSD) as measured by the
information theory index of diversity (H =
—3pilog p;) could be predicted from a
knowledge of the vertical distribution of
leaves in the vegetation (foliage height di-
versity, FHD). Although the physical struc-
ture of the habitat apparently either deter-
mines the structure of bird communities, or
is at least strongly correlated with the real
determinant, studies have hitherto provided
little information on the actual use of the
habitat by the individual species.

Terborgh (1967) and Balda (1969) found
little correlation between foliage height di-
versity and bird species diversity in census-
es from Peru and Arizona, respectively.
These studies indicated that, on a fine scale,
physical complexity of vegetation is not
necessarily the most important predictor of
complexity of bird communities. Others
(James 1971, Anderson and Shugart 1974)
have shown relationships between vegeta-
tion structure and bird distributions using
multivariate techniques.

In simple communities, species segregate
horizontally by microhabitat (Cody 1968,
Orians and Horn 1969, Wiens 1969) but in
more complex vegetation, such as forest,

species also segregate vertically. Terborgh
and Weske (1969) and Karr (1971) obtained
evidence that tropical species may use a
narrower vertical range of their habitats
than their temperate counterparts. Data ex-
ist on vertical foraging distributions of en-
tire communities of temperate birds (Colo-
quhoun and Morley 1943, Gibb 1954,
Martin 1960, Pielowski 1961, Balda 1969,
Cody 1974) and for some tropical birds
(Pearson 1971, 1975, 1977, Lovejoy 1975).
Of these studies only Balda’s, Pearson’s and
Cody’s record exact vertical distributions of
species, allowing foraging height diversities
and overlaps to be calculated for pairs of
species, but none examines how changes in
vegetation structure affect bird behavior.

Factors that are responsible for changes
in the usage patterns of birds within a com-
munity can be examined by holding con-
stant many factors, while maximally varying
a few. This may be done by examining how
changes in the structural complexity of the
environment, which accompany plant
succession in a simple system, affect avian
utilization patterns.

In this study, I examine the species com-
position and foraging behavior of birds liv-
ing in four stages of red alder (Alnus rubra)
succession in western Washington. 1 ex-
plore the role vegetation structure plays in
determining foraging patterns and bird
community composition.

Structural changes in vegetation may af-
fect birds directly by providing new sub-
strates or eliminating foraging areas. By
comparing bird species presence and for-
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aging behavior, I will show that qualitative
changes in vegetation structure influence
modes of foraging. I will also explore the
relationship between vegetation structure
and foraging behavior for the foliage-glean-
ing and hovering modes. The foraging pat-
tern which minimizes energy expenditure
by birds may change when vegetation struc-
ture changes. During the nesting period
many species of birds are central-place for-
agers (Orians and Pearson 1979), food is
collected and returned to a central place.
Central-place foragers differ from noncen-
tral-place foragers because time and energy
expenditure for travel during foraging, with
the associated increased risks, are greater
than for noncentral-place foragers.

If leaf distribution is homogeneous, and
a given leaf area and associated insect bio-
mass are necessary to support a pair of birds
and their young during the nesting season,
a constant leaf area should be defended as
a territory. In this case the optimal shape of
a nesting bird’s territory is a sphere with the
nest located centrally. This minimizes the
distance to and from the central place. If the
homogeneous resource changes in space,
expanding vertically along the short axis of
a squashed ovoid territory, it will allow a
bird’s nesting territory to become more
spherical. The total amount of energy need-
ed for travel to and from the central place
will decrease because the same leaf area
will be included in a smaller volume (Fig.
1). The energy necessary to maintain a ter-
ritory of constant volume is decreased as the
territory approaches spherical shape. The
bird has a shorter average travel to and from
the nest, and the territory has a smaller sur-
face to patrol, allowing decreased territory
volume. If forest height increases because
of only one plant species, as in the alder
forest, I expect bird territories to become
more spherical as long as the horizontal ter-
ritory diameter is greater than the height of
the forest. This will not necessarily be ac-
companied by an increase in the number of
bird species an area will support. If the
added height increases the layering and
structural heterogeneity of the forest, bird
species in younger successional stages will
not make their territories spherical. Instead,
the number of species should increase.

Habitat characteristics that provide struc-
tural configurations and prey-encounter
rates that enable a bird to breed successful-
ly need not be related to the structure of the
entire habitat, but only to the specific por-
tion which is used by a bird. If different
layers in the forest provided different prey-
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VERTICAL STRUCTURE

HOMOGENEOUS EXPANSION

FIGURE 1. Theoretical changes in shape of tfeeding
territory in response to heterogeneous and homoge-
neous vegetation structural change during succes-
sion. Heterogeneous change creates habitats for addi-
tional species; homogeneous change creates habitat for
additional individuals of the same species.

£

encounter rates for a species of bird, the
best territory shape would be modified by
this prey-encounter rate.

These predictions can be tested. In alder
forest sucgession (a) territories should be-
come more spherical, and (b) the total leaf
area per territory should decrease.

The degree of overlap or similarity of co-
existing species in a community is a mea-
sure that is easy to apply but difficult to in-
terpret. Although some studies suggest that
niche overlap should decrease with in-
creased number of competing species (Pian-
ka 1974, 1976), others (May and MacArthur
1972, May 1974) demonstrate, at least the-
oretically, that overlap is relatively insen-
sitive to low or moderate environmental
fluctuation. In this paper I examine pairs of
species with large niche overlaps in forag-
ing behavior and morphology. I treat the
overlap values as indicators that species
may be avoiding competition for food by
other means.

METHODS

Bird communities were studied on eight sites in Wash-
ington, two each of four different successional stages
of red alder. Alder is an invading tree which grows in
single-species stands to over 90 ft and provides maxi-
mal structural change with minimal plant species
change during succession. Approximate ages of the
successional stages were 4, 10, 35, and 60 years. Each
site consisted of a four-hectare area marked every 25
m on a partial grid to provide reference points for plot-
ting observations.

The eight study sites were in two areas. Two, (2A
and 2B) were located 1.6 km W of Getchell, Snohomish
Co. (122°06'W, 48°05’'N). The remaining six (1A, 1B,
3A, 3B, 4A, 4B) were 3 to 5 km N of Clearview, Sno-
homish Co. (122°07'W, 47°51'N). All sites were be-
tween 150 and 210 m elevation.

Selection of the key niche dimensions in an analysis
of community structure is critical. Many studies, but
particularly those involving nestling starvation (Lack
1954, Crossner 1977), point to the importance of food
availability for reproductive success of birds. In this
study, I assume that food is of major importance in
determining bird foraging behavior and community
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TABLE 1.

Bird censuses for alder forest plots during the breeding season, 1971.

Bird species

Number of pairs per plot

Plot Plot Plot Plot Plot Plot Plot Plot
1B 2A 4B

Red-tailed Hawk (Buteo jamaicensis)

Ruffed Grouse (Bonasa umbellus)

Rufous Hummingbird (Selasphorus rufus)
Common Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Hairy Woodpecker (Picoides villosus)
Downy Woodpecker (P. pubescens)

Willow Flycatcher (Empidonax traillii)
Western Flycatcher (E. difficilis)

Western Wood Pewee (Contopus sordidulus)
Olive-sided Flycatcher (Nuttallornis borealis)
Steller’s Jay (Cyanocitta stelleri)
Black-capped Chickadee (Parus atricapillus)
Chestnut-backed Chickadee (P. rufescens)
Common Bushtit (Psaltriparus minimus)
Red-breasted Nuthatch (Sitta canadensis)
Brown Creeper (Certhia familiaris)

Winter Wren (Troglodytes troglodytes)
Bewick’s Wren (Thryomanes bewickii)
American Robin (Turdus migratorius)
Swainson’s Thrush (Catharus ustulatus)
Cedar Waxwing (Bombycilla cedrorum)
Red-eyed Vireo (Vireo olivaceus)

Warbling Vireo (V. gilvus)

Orange-crowned Warbler (Vermivora celata)
Yellow Warbler (Dendroica petechia)
Black-throated Gray Warbler (D. nigrescens)
MacGillivray’s Warbler (Oporornis tolmiei)
Wilson’s Warbler (Wilsonia pusilla)

Western Tanager (Piranga ludoviciana)
Black-headed Grosbeak (Pheucticus melanocephalus)
American Goldfinch (Carduelis tristis)
Rufous-sided Towhee (Pipilo erythrophthalmus)
Dark-eyed Junco (Junco hyemalis)

Song Sparrow (Melospiza melodia)

Total pairs per plot

1A 2B 3A 3B 4A
+ o+
0.5 1.0 1.0
90 40 20 3.0 0.5 + +
+ 0.5
+
0.5

05 10 20 05
45 35 25 25 05 + 25 15
30 3.0 30 30

+ 0.5 1.0
05 0.5
0.5 + + 05 +
15 10 20 10 10 + + +
0.5 10 20 15 25 1.0
0.5
0.5
1.5 05 20 15
+ 40 50 35 20
40 6.0 45 3.0 +
1.5 30 10 15 20 20 05
80 5.0 11.0 110 70 7.0 80 90
05 05
10 10 40 35 40 3.0
20 20 50 50
35 3.0 20 20 0.5
+ +
05 + 05 05
20 1.0 0.5
0.5 15 20 10 20 25 4.0

1.5 10 15 05
30 40 30 40 10 20 30 15
+ 05 053
7.0 40 4.0

50 30 30 35
19.0 160 35 80 60 3.0 150 90

645 520 41.5 405 43.5 385 625 47.0

composition. As two of the significant dimensions of a
bird’s niche, I picked (a) foraging height, or how far
above the ground the food was taken, and (b) foraging
technique, a combination of the behavior for obtaining
food, the foraging guild or mode (Root 1967), and the
substrate on or in which the food was located. Mea-
sures of niche breadth along these dimensions were
calculated using the information theory index of di-
versity. Overlap values were calculated using Horn’s
(1966) formula, (overlap = R, = Hmax — Hobs/Hmax —
Hmin).

Censusing of birds began between 05:00 and 10:00
and lasted from 2 to 4 h depending on bird activity and
the weather. I walked the trails and for each bird en-
countered, I recorded: time, species, age (mature or
immature) and sex if positively determinable, the
height above ground (estimated to the nearest 5 tt [1.52
m] above 15 ft [4.7 m] and to the nearest 1 ft [0.305 m]
below 15 ft), behavior of the bird and the foraging
movement if any. I limited the number of foraging ob-
servations recorded from any individual to four in an
attempt to reduce bias introduced by observing one
individual for too long. For each breeding bird species,
I mapped the locations and movements of the birds,
especially the singing males. From these data the num-
bers of breeding pairs were estimated (Table 1), and
the territories were plotted. Foraging observations
were taken during two breeding seasons, May through

August 1970 and March through August 1971, and ter-
ritories were plotted for 1971. I analyzed the vegeta-
tion to provide a quantitative index to serve as an in-
direct measure of relative food abundance available to
the birds. I assumed that availability of insects at any
level in the foliage profile was directly proportional to
the area of the leaf surface at that level in the foliage
column for a given plant species. In sites 2, 3, and 4,
over 93% of the leaf surface area above 10 ft was red
alder. To test this assumption for alder leaves, I mea-
sured insect damage to alder leaves in plots 3 and 4 at
10-ft intervals in the canopy from 10 to 60 ft. Of the
649 leaves examined the mean percent damage for the
different height intervals was similar, ranging from
2.64% to 4.57%, but the variances in percent damage
were high. The large variances in alder leaf damage
prevent making any conclusive statements regarding
absolute changes in insect biomass in the canopy. I
feel that, judging from the similarity in percent damage
at different heights and the lack of demonstrable pat-
tern, it is not unrealistic to use foliage density as an
estimator of resource abundance available to alder fo-
liage-gleaning birds. Plant species composition below
10 ft differed markedly during succession as will be
discussed below.

Foliage density was measured using a method de-
scribed by MacArthur and Horn (1969), in which ver-
tical sightings are taken through a 35-mm camera with
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FIGURE 2. Foliage density profiles for the four
successional stages in red alder stands in Washington,
replicates combined. Foliage density expressed as the
average number of leaves above a point in a height
interval. Foliage densities for 0-5 ft: plot 1 = 3.85, plot
2 = 1.89, plot 3 = 1.98, plot 4 = 1.98. Metric equiva-
lents: 10 ft = 3.05 m, 20 ft = 6.1 m, 30 ft = 9.1 m, 40
ft = 12.2 m, 50 ft = 15.2 m, 60 ft = 18.3 m, 70 ft = 21.3
m, 80 ft = 24.4 m, 90 ft = 27.4 m, 100 ft = 30.5 m.
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a 135-mm lens. The height and identity of the first in-
tersected leaf above each of 16 points, defined by an
acetate grid placed on the ground glass of the camera,
was recorded. I used MacArthur and Horn’s formula,
In[Py(h,)/P(h.)] = foliage density between h, and h,,
where P.(h,) is the proportion of the camera measure-
ments that exceed height h, and P (h,) is the proportion
of the camera sightings that exceed h,. From this for-
mula the leaf area per volume for each level in the
forest was calculated. For leaves below 10 ft, a plumb
line was dropped from a height of 10 ft and the number
of intersected leaves in each one-foot interval was re-
corded. This gives a direct measure of leaf area per
volume below 10 ft.

For each of the plots, the foliage profiles were cal-
culated and plotted. The profiles in the replicates of
the four different age groups were so similar that the
foliage structure analysis and the bird community anal-
ysis for the replicates were combined (three of the four
sets of replicates were adjacent), and the final analysis
was done on four plots each representing an eight-
hectare plot for each successional stage (Fig. 2). The
sites were picked to minimize horizontal heterogene-
ity. Sites 1 and 2, however, did exhibit horizontal patch-
iness with some more open areas.

RESULTS AND DISCUSSION

VEGETATION AND FOOD AVAILABLE
FOR BIRDS

The proximity of my plots, and their simi-
larity in elevation and slope, minimized dif-
ferences among them in temperature, rain-
fall, humidity and insolation; the major
variable was the distribution of the leaves
in the forest. My method of vegetation anal-
ysis is most useful in comparing birds that
eat insects whose biomass is somehow cor-
related with the leaf area of different plant
species and vertical distribution of leaves.

I selected three variables, all of which are
indirect measures of the location and abun-
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TABLE 2. Average number of leaves intersected
above a random point in alder forests.

Plot
number Replicate A Replicate B Mean
Plot 1 5.45 4.69 5.07
Plot 2 4.03 4.56 4.29
Plot 3 4.39 5.50 4.94
Plot 4 4.40 4.76 4.57

dance of the food on which the birds de-
pend. First, the total foliage area should be
positively correlated with insect abundance
in similar habitats. Second, a change in
plant species composition may influence
the insect resource because of the different
chemical and physical defenses that plants
employ to repel insects (Whittaker 1970).
Different species of plants may support dif-
ferent insect biomasses. Third, the structure
of the vegetation or the arrangement of the
leaves in the forest may be important to the
birds, as optimal foraging in different types
of vegetation requires specific morphologi-
cal adaptations.

Although distribution of leaves in the
forest changed markedly with succession,
the total leaf area in the four stages showed
no discernible trend (Table 2). This is im-
portant in the analysis of the bird commu-
nity structure, because the food supply for
birds that consume leaf-eating insects may
not change significantly in biomass as
succession proceeds, if the biomass of in-
sects per unit leaf area does not change.
There is, however, a major change in the
arrangement of leaves in the forest, which
should affect avian foraging behavior (Fig.
2). The insect fauna may change as the leaf
area of different plant species changes. Two
factors are important here, the first being
the change in the plant species composition
with increasing age of plot. Cates and Ori-
ans (1975) found that early successional
plants are more palatable to generalized
herbivores than' later successional plants.
Early successional plants may yield more
insects for birds. My data on leaf damage to
four of the most abundant plants indicate
that alder supports twice the insect biomass
per unit leaf area as the other three species
(Table 3). As the proportion of alder leaves
increases during succession, the potential
increase in insect biomass may be count-
ered in part by the decrease in many of the
palatable early-successional species. The
elimination of these early-successional
species, accompanied by the increase of the
palatable alder, may not greatly affect total
insect biomass in any one plot but could
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TABLE 3. Percent of leaves consumed by insects of four common alder forest plants, abundance of these plants

expressed as a percent of the total leaf area on the plots.

Number Plant abundance (%)
Percent of leaves
Plant species consumed examined Plot 1 Plot 2 Plot 3 Plot 4
Alnus rubra 3.84 649 6.5 40.7 54.4 51.2
Rubus spectabilis 1.63 89 36.8 10.3 5.5 8.6
Rubus ursinus 1.45 191 8.8 10.6 8.5 12.0
Acer circinatum 1.32 238 5.8 0 5.0 4.3
Percent of total leaf area of four species 57.9 61.6 73.4 76.1

cause a marked vertical shift in the avail-
ability of insects.

A plot of the percentage of the total leaf
area under 10 ft against the percentage of
foraging observations under 10 ft will yield
points on a 45° line if the insect abundance
is directly proportional to the leaf area (Fig.
3). Almost all non-alder foliage was found
below 10 ft (Figs. 2 and 4). If palatabil-
ity changes as indicated by the leaf dam-
age data, I expect a curve which starts at the
45° line when all the vegetation is under 10
ft and remains on or dips below the 45° line
as the alder trees start to grow, the palatable
early-successional plants remain in the
understory. The curve would then rise
above the 45° line as the early-successional
herbs were replaced by the less-palatable,
later-succession plants, shifting the insects
and hence the birds higher into the canopy.
This trend may be present (Fig. 3) but con-
firmation would require a more detailed
analysis of the leaf damage to all species of
plants.

My data suggest that the insect damage
per unit leaf area to alder leaves does not
vary greatly with height above the ground.
Alder foliage, and hence food for the birds,
changes as succession proceeds, primarily
because of changes in the arrangement of
the leaves of the alder trees (Fig. 4). The
profile of the alder foliage moves up and
broadens vertically, providing more, fairly
homogeneous vegetation for the alder fo-
liage-foraging birds.

BIRD COMMUNITY STRUCTURE

Feeding territory sizes were recorded for all
breeding species. For the three species re-
corded both by Schoener (1968) and this
study, the territory sizes were similar. For
analysis of the changes in the bird commu-
nity structure, I considered only those
species common enough to have at least one
complete territory on the combined plots for
each successional stage. The results are

similar when all breeding species are con-
sidered, but I know less about the foraging
habits of the rarer species.

Niches could have broadened for several
reasons, including increased intraspecific
competition, relaxed interspecific competi-
tion, increase in available structural com-
ponents in the habitat, a decrease in the re-
source predictability or combinations of
these. Other factors, such as time of day,
specific nature of the food, or the effect of
predation on the bird community were not
considered in this study.

Foraging techniques should be conser-
vative, especially the foraging mode. An
analysis of changes in foraging behavior di-
versity of individual species shows no de-
monstrable trend in the diversity of tech-
niques used with increasing foliage height
diversity (Table 4). A bird can alter the ver-
tical distribution of its foraging activity
more easily. For the majority of species, es-
pecially those which forage in the canopy
(Red-eyed Vireo, Warbling Vireo, Western
Tanager and Western Flycatcher), the for-
aging height diversity increases with in-
creasing canopy height (Table 4). However,
foraging height diversity for the primary
understory bird, the Song Sparrow, does not
increase. Succession may add habitat un-
suitable for the Song Sparrow, making ver-
tical expansion of foraging impractical. Also
two understory foragers that were found
only in the first and second successional
stage, the Bewick’s Wren and the Orange-
crowned Warbler, may be unable to use the
lower layers of the forest due to succession-
al changes.

Changes in the bird community structure
may be examined by looking at the different
types of foragers. The distribution of forag-
ing types may tell which factors are respon-
sible for addition or subtraction of species
(Table 5).

The scratching mode, represented by the
Rufous-sided Towhee, ceases after the sec-
ond successional stage; at least the towhee
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FIGURE 3. Distribution of birds and leaves in alder
forest plots. Dashed line = theoretical curve if a unit
area of leaf for all plant species supports the same bio-
mass of insects. Solid line = theoretical curve if plant
palatability changes with succession (see text). Points =
alder forest plots.

is absent in the later stages. Ground cover
in sites 3 and 4 did not differ significantly
from that in site 2 (Fig. 2).

The nectar-feeding mode was represent-
ed by both male and female Rufous Hum-
mingbirds on the younger two sites, 1 and
2, and very sparingly by females on the old-
er sites, 3 and 4. Male hummingbirds held
mating and feeding territories in areas of
abundant food supply furnished by the
flowers of Rubus spectabilis, Lonicera in-
volucrata, and various ericaceous shrubs.
Sites 1 and 2 contained open areas where
the aerial display of the males could be seen
readily by the females. The older sites had
fewer flowers, few open spaces for aerial
displays, and the males did not hold terri-
tories. Females, on the other hand, occa-
sionally moved into the older stands to nest.
During the nesting period female hum-
mingbirds need protein for making eggs and
feeding young, and my few observations for
this period report insect food.

The pecking mode is absent from sites 1
and 2 because proper substrate is lacking.
In the older stands of alder, ample dead
branches and trunks provided resources for
woodpeckers. The youngest plot contained
some dead standing trees, as well as many
fallen trees that had not yet decayed, which
supplied a partial territory for a Common
Flicker. In site 2, vegetation consisted al-
most entirely of young, vigorous growth and
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FIGURE 4. Density of alder foliage in the four
successional stages in Washington.

most of the older dead wood had decayed
substantially and was no longer attractive to
pecking birds.

The closing of the forest mid-story in the
second and third successional stages oc-
cluded the space for sallying. In site 1, the
Olive-sided Flycatcher, and the Western
Wood Pewee sallied. In the oldest alder site
the forest mid-story had opened enough to
provide space for sallying below the canopy
and the Western Wood Pewee reappeared.
The remaining members of the bird com-
munity, snatchers and gleaners, responded
primarily to the changes in the distribution
of leaves. Two species were added between
sites 1 and 2, four species between sites 2
and 3, and no species between sites 3 and
4. These additions were correlated with the
changes in foliage complexity as measured
by foliage height diversity.

FOLIAGE USE BY GLEANERS AND SNATCHERS

In alder forest succession, the canopy in-
creases not only in height but also in
breadth (Fig. 4). To test for the predicted
change toward spherical territory shape and
associated decrease in total leal area per
territory, I used a measure of the leaf area
used by each pair of birds on the different
plots, the Foliage Utilization Index (FUI). I
multiplied territory size by the density of
leaves at each forest level, modified by the
percentage of time each bird species spent
foraging in each foliage layer. (Foliage Util-

20
ization Index = T(Z DI-P1>, where T =
=1
the territory area of a given plot, D; = the
density of leaves at the i** level in the forest
and P; the proportion of the foraging obser-
vations of a bird species in any given plot
in the i® layer in the forest. The sum is
taken over five-foot layers in the forest.)
This index could be modified to include
percentages of time spent at varying dis-



26 EDMUND W. STILES

TABLE 4. Niche breadths for foraging height and foraging technique.

Foraging height

Foraging technique

Hmax = 2.99 Hmax = 2.86

Bird species Plot 1 Plot 2 Plot 3 Plot 4 Plot 1 Plot 2 Plot 3 Plot 4
Picoides pubescens 2.06 2.35 1.20 1.23
Empidonax traillii 1.83 1.79 2.07 0.35 0.18 0.67
E. difficilis 2.36 247 061 062
Contopus sordidulus 1.32 0.00
Nuttallornis borealis 1.99 0.97
Parus atricapillus 0.62 1.33 2.50 1.46 1.49 1.39
P. rufescens 1.39 2.44 2.70 0.82 1.81 1.83
Certhia familiaris 2.20 1.94 0.00 0.84
Troglodytes troglodytes 1.42 1.66 1.37 0.75
Thryomanes bewickii 1.35 1.21 1.12 1.41
Turdus migratorius 2.14 1.99 2.32 2.09 0.00 0.88 1.46 1.39
Catharus ustulatus 1.73 1.53 2.04 2,22 0.84 0.52 1.49 1.11
Vireo olivaceus 1.43 2.18 2.19 0.86 1.01 0.88
V. gilvus 1.92 2.32 1.14 1.16
Vermivora celata 1.93 1.70 0.19 0.51
Dendroica nigrescens 1.70 0.69
Oporornis tolmiei 1.09 0.27
Wilsonia pusilla 1.23 2.18 2.24 0.46 1.24 0.75
Piranga ludoviciana 1.92 2.16 0.91 0.95
Pheucticus melanocephalus 2.14 2.03 2.42 2.50 0.95 0.53 0.53 0.88
Pipilo erythrophthalmus 1.71 1.48 1.35 1.25
Junco hyemalis 2.19 2.28 1.48 1.53
Melospiza melodia 1.46 1.21 1.11 1.45 1.37 1.24 1.13 1.12

tances from the central place, but in most
cases the nest site was not known, and since
alder forests were less heterogeneous hori-
zontally than vertically, not much resolution
is lost.

The total area of territories of each
species on each site was divided by the
number of pairs holding territories on a site.
Estimates of the number of territories per
site were made to the nearest half territory
and only gleaners and snatchers with at
least two territories in any successional
stage were included in this portion of the
analysis. In all cases, the average territory
area for each species on each site was great-
er than the canopy height. Therefore, any
increase in use of the vertical axis in the
forest indicates an approach toward a spher-
ical shape, providing the territory does not
expand proportionally. An index of spheri-
cal shape is given by the vertical foraging
usage divided by the territory diameter. For
the measure of vertical foraging usage I
used foraging height diversity which

weights each foliage layer according to the
intensity of its use. Thus, I have a measure
of approach toward spherical shape: For-
aging Height Diversity/Territory Diameter;
and a measure of the foliage use: the Fo-
liage Utilization Index.

I first examined changes in the FUI with
succession. If birds are using the same area
of leaf surface in different successional
stages, I expect no change in the index. I
plotted the FUI and the foraging height di-
versity against the successional stage for
two gleaners (Black-headed Grosbeak and
Wilson’s Warbler) that span the last three
stages of the alder succession. As succession
proceeds foraging height diversity in-
creases, indicating use of more forest layers,
and FUI decreases, indicating a reduction
in the total leaf area used by the average
pair of birds of these species (Fig. 5). The
same trend is present among three snatch-
ers that are present in the last two succes-
sional stages (Fig. 6). In addition, FUI plot-
ted against the index of approach toward

TABLE 5. Numbers of species of birds using various modes of foraging.

Numbers of species in foraging guild

Total Foliage

Plot number Gleaning Snatching Pecking Sallying Scratching Nectar species height diversity
1 7 2 0 1 1 1 12 0.361
2 8 3 0 0 1 1 13 0.722
3 10 5 1 0 0 + 16 1.072
4 9 6 1 1 0 + 17 1.069
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FIGURE 5. Foliage Utilization Index and Foraging
Height Diversity for Black-headed Grosbeak and Wil-
son’s Warbler for plots 2, 3, and 4.

spherical territory shape has a negative
slope (Figs. 7 and 8). As alder succession
proceeds, these species establish more
spherical territories, possibly because of
shorter traveling to and from the central
place. The Red-eyed Vireo, a snatcher,
showed the same trend across three plots,
but the Swainson’s Thrush, which spends
over 75% of its time in the vegetation below
25 ft and does not respond to the expansion
of alder foliage, followed a different pattern
(Figs. 9 and 10). Similarly, I found no de-
monstrable trend for the Song Sparrow
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FIGURE 6. Foliage Utilization Index and Foraging
Height Diversity for Western Tanager, Western Fly-
catcher and Warbling Vireo for plots 3 and 4.
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FIGURE 7. Foliage Utilization Index plotted against
Approach Toward Spherical Shape for Black-headed
Grosbeak and Wilson’s Warbler for plots 2, 3, and 4.
For both curves, plot 2 is the left point and plot 4 is
the right point.

(Figs. 11 and 12) which is common in all
four successional stages but does not occu-
py the alder foliage and may respond to
changes in plant species composition and
abundances in the understory. Gleaners and
snatchers which forage primarily in the for-
est canopy show the predicted change to-
ward spherical territory shape and associ-
ated decrease in total leaf area per territory,
but species which do not forage in the can-
opy do not.
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FIGURE 8. Foliage Utilization Index plotted against
Approach Toward Spherical Shape for Western Tana-
ger, Western Flycatcher, and Warbling Vireo on plots
3 and 4. For all three curves, plot 3 is the left point.
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FIGURE 9. Foliage Utilization Index and Foraging
Height Diversity for Swainson’s Thrush and Red-eyed
Vireo for plots 2, 3 and 4.

OVERLAP

I measured overlap for the two major food-
associated dimensions and computed mea-
sures of morphological similarity using a
measure of Pythagorean distance combin-
ing three morphological parameters: bill
Iength, bill width and wing chord (data on
overlap values are available from the au-
thor). Bill measures have been shown to be
related to prey size for some species (Selan-
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FIGURE 10. Foliage Utilization Index plotted against
Approach Toward Spherical Shape for Swainson’s
Thrush and Red-eyed Vireo on plots 2, 3 and 4. For
both curves plot 2 is the left point and plot 4 is the
right point.
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FIGURE 11. Foliage Utilization Index and Foraging

Height Diversity for the Song Sparrow on all plots.

der 1966), as has body size (Hespenheide
1971), which is correlated with wing chord
among related species. In comparing over-
lap and degree of similarity between and
within species along the successional gra-
dient, several points are of interest. First, in
almost all cases where birds coexist in the
same successional stage, at least one of the
three measures, and usually more, falls be-
low an overlap or similarity of 0.8. This fig-
ure was picked arbitrarily. Cases of poten-
tial interest are those in which all three

FU!
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FIGURE 12. Foliage Utilization Index plotted against
Approach Toward Spherical Shape for the Song Spar-
row on all plots. Plot numbers indicated next to points.



TABLE 6. Territory overlap for two pairs of species.
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Percent of possible
non-overlap
within a plot*

Percent overlap
with the
other species
B

Percent of 4-hectare
plot occupied
A

Plot number Species = actual/potential
3A Red-eyed Vireo 72.5 34.5 72.8
Warbling Vireo 45.0 55.5
3B Red-eyed Vireo 68.75 29.1 72.0
Warbling Vireo 42.5 47.1
4A Red-eyed Vireo 66.25 67.9 55.5
Warbling Vireo 72.5 62.1
4B Red-eyed Vireo 41.25 69.6 71.7
Warbling Vireo 82.5 34.8
2A Orange-crowned Warbler 28.75 174 82.6
Wilson’s Warbler 37.5 13.3
2B Orange-crowned Warbler 42.5 23.5 66.6
Wilson’s Warbler 30.0 33.3

* Examp!‘eA Wav = Warbling Vireo; ReV = Red-eyed Vireo, percent of possible non-overlap with a plot = WaV“A” — (ReV“A” x ReV“B”)/

100 — ReV

measures (foraging height, foraging tech-
nique overlap and morphological similarity)
have values of over 0.8. This occurs in only
five pairwise comparisons. The Black-
capped Chickadee and Chestnut-backed
Chickadee have values exceeding 0.8 in all
forests in which they coexist. Sturman
(1968) demonstrated that although these
species separate primarily by habitat—the
Chestnut-backed Chickadee preferring con-
ifers—they do coexist in broad-leaf forests.
My results agree with his findings that
Chestnut-backed Chickadees feed higher in
the foliage column and tend to use the outer
twigs more than Black-capped Chickadees.
This difference is also reflected by the num-
ber of breeding pairs on the different plots,
Black-capped Chickadees predominating in
plots 1 and 2 and Chestnut-backed Chicka-
dees in plots 3 and 4 (Table 1). The Orange-
crowned Warbler and MacGillivray’s War-
bler in plot 1, and the Swainson’s Thrush
and Willow Flycatcher in plot 2, all show
values above 0.8. In both cases, there are
micro-habitat preferences which are not re-
flected in the overlap indices. The Mac-
Gillivray’s Warbler prefers closed tangles,
while the Orange-crowned Warbler forages
more in the open. Similarly, the Swainson’s
Thrush prefers closed areas, while the Wil-
low Flycatcher forages more in open areas.
A difference here in body size is masked by
the similarities of the bill measurements in
the similarity index. The Red-eyed Vireo
and Warbling Vireo overlap the most of any
of the species pairs, but in all four plots
where they co-occurred their territories
overlapped only slightly (Table 6). The only
other case in which all values exceed 0.8
involves the Wilson’s and Orange-crowned

warblers. My study areas appear to be on
the lower edge of the successional stages
suitable for the Wilson’s Warbler and the
upper edge of those suitable for the Orange-
crowned Warbler. The heterogeneity of plot
2, some areas being slightly earlier in the
successional sequence than others, may be
enough to account for coexistence, as their
territories do not overlap greatly (Table 6).
Orange-crowned Warblers forage more
along edges and in open areas while Wil-
son’s Warblers stay in thicker and higher
vegetation.

Only one replacement of species oc-
curred; the Bewick’s Wren in plot 1 and 2
was replaced by the Winter Wren in plots
3 and 4. These species forage in similar
places and in similar ways. However, the
Winter Wren feeds more on the ground and
under tangles of vegetation as well as on
fallen logs and branches. The Bewick’s
Wren feeds on twigs and small branches off
the ground. The reduction of the number of
lower branches and the increase in fallen
debris as succession proceeds may account
for the replacement.
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