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bird communities of three types of suburbs
have been compared: analyses of habitat struc-
ture showed that maturity of shrubs was more
important than numbers of shrubs, and that
nlanted trees, regardless of maturity or abun-
dance, were not substitutes for natural forest
stands as habitat for most insectivorous birds
(DeGraaf and Wentworth, 1986).

What are the habitat values of various sub-
urban types, as revealed by their avian guild
structures, to birds in winter? The objectives
of the present study were to describe the winter
guild structures of winter birds in three types
of suburbs, and to determine the physical char-
acteristics of the suburban types that affect use
by winter birds.

STUDY AREAS

Three types of suburban neighberhoods were
selected in Amherst (population 25 000). a
university town in western Muassachusetts.
Each area was visually homogeneous; all were
comprised of single-family dwellings on lots of
0.5-1.0 ha.

The oldest area (MT) was built about 70
years ago on open land and now consists of
large houses along streets shaded by mature
trees. Lawns are of moderate size; mature trees
and shrubs characterize the landscape. Street
trees are large, and include pin oak (Quercus
palustris), American elm (Ulmus americana),
and sugar maple (Acer saccharum).

The second area (YT) was a relatively new
suburb built in the mid-:960s on open land
from which an old apple orchard had been
cleared. The landscape is quite open and ex-
posed; lawns occupy most of the lots, and
shrubs and trees are small. The few tall trees
are fast-growing varieties, such as silver maple
(Acer saccharinum) and Lombardy poplar
(Populus italica). Street trees, still small, are
primarily Norway maple (Acer platanoides).

The third area (OP) also was built in the
mid-1960s, but differs greatly from YT in that
houses were built in a second-growth oak-pine
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woodland. Dominant tree species are red oak
(Quercus rubrum), black oak (Quercus velu-
tina), red maple (Acer rubrum), and white
pine (Pinus strobus). Small clearings were
made for the houses; lawns are small and land-
scaping typically involves foundation plant-
ings. The general appearance is one of houses
in a park-like, uneven-aged forest, with forest
litter and small lawns comprising the ground
cover.

METHODS

Birds were counted during each January
from 1976 to 1980. Twenty contiguous 1-ha
square lots, located along stieets, were estab-
lished in each suburb. Ten counts (one per
day) of all birds seen or heard were made on
each plot by walking a 100-m street transect in
4 min between 07:30 and 10:30 EST on clear,
calm mornings. The order in which transects
were surveyed was randomized. Plots were de-
lineated on aerial photographs (1:4800) that
were used during all counts to determine bird
locations with respect to plot boundaries.

Vegetation measurements included the di-
ameter at breast height (DBH), total height,
and height to crown of all deciduous and coni-
ferous trees, height of deciduous and conifer-
ous shrubs, and areas of lawn and nerbaceous
growth on each 1 ha plot. Tree heights were
measured with an cltimeter; heights of shrubs
were measured with a range pole. Occupants of
all dwellings on plots were asked whether they
maintained bird feeding stations. The number
of dwellings on plots and the distance from plot
centers to the edge of the nearest forest frag-
ment of 0.5 ha or larger were taken from the
aerial photographs. Values for 22 habitat com-
ponents were derived from measurements
made in the field and on photographs. Values
were calculated for coniferous and deciduous
tree and shrub densities, numbers of tree and
shrub species, and coniferous:deciduous ra-
tios for trees and shrubs.

The avian communities are described in
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TABLE |

Abundances' of winter birds in three types of suburbs, Amherst. MA 1976-1980

Species® Foraging guild Suburb type Significance®
MT YT OP
Seed-eating ground foragers
Ring-necked pheasant ( Phasianus colchicus) 123 0.48 - -
Mourning dove (Zenaida macroura) 123 19.68 29.60 2.00 hid
Northern cardinal (Cardinalis cardinalis) 123 12.24 3.20 0.08 b
American tree sparrow (Spizella arborea) 123 5.84 14.64 0.16 b
Song sparrow (Melospiza melodia) 123 0.24 1.36 - b
White-throated sparrow ( Zonotrichia albicollis) 123 15.68 2.48 0.72 b
Dark-eyed junco (Junco hyemalis) 123 9.04 11.92 6.88
Brown-headed cowbird (Molothrus ater) 123 - 2.48 -
Furple finch ( Carnodozuc purnureu<) 123 1.84 0.88 2.00
House finch (Carpudacus mexicanus) 123 7.76 7.68 0.48
LCommon redpoll (Carduelis flammea) 123 - 0.16 -
American goldfinch ( Carduelis tristis) 123 27.92 15.44 10.16 *
Evening grosbeak ( Cocothraustes vespertinus) 123 54.48 44.56 7.52 >
House sparrow ( Passer domesticus) 123 41.36 27.60 2.08 >

Seed-eating crown gleaners

Pine grosbeak ( Pinicola enucleator) 132 3.76 0.96

Pine siskin ( Carduelis pinus) 132 20.04 28.80 3.04 b
Frugivorous crown forageis

Northern mockingbird (Mimus polvglottos) 233 2.40 3.44 - >

Cedar waxwing ( Bombycilla cedrorum) 233 - 4.48 -

Insectivorous bark excavators
Pileated woodpecker ( Dryocopus pileatus) 311 - - 0.48 *

Insectivorous bark gleaners

Downy woodpecker ( Picoides pubescens) 312 2.72 0.40 3.04 b
Hairy woodpecker ( Picoides villosus) 312 0.56 0.56 1.28
Red-breasted nuthatch (Sitta canadensis) 312 0.32 - 0.89 *
White-breasted nuthatch (Sitta carolinensis) 312 9.36 1.52 12.40 hae
Brown creeper ( Certhia americana) 312 6.24 - 1.04

Omnivorous ground foragers

Rock dove (Columba livia) 423 - 0.08 -
Blue jay (Cvanocitta cristata) 423 27.44 33.12 23.36
American crow ( Corvus brachyrhynchos) 423 0.48 0.88 0.40
European starling ( Sturnus vulgaris) 423 43.12 77.28 3.12 b
Common grackle ( Quiscalus quiscula) 423 0.48 -
Omnivorcus crown foragers
Tufted titmouse ( Parus bicolor) 433 2.16 1.12 9.44 i
Black-capped chickadee (Parus atricapillus) 433 31.60 6.80 44.32 -
Carnivore ground hawker
Sharp-shinned hawk (Accipiter striatus) 554 0.08 - 0.08

'"The average number of individuals of a species detected per suburb (200 m transect total ) per year.
2Common and scientific names from the check-list of the American Ornithologists’ Union (1983).
Significance levels (ANOVA):*P<0.05;*P<0.01.
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terms of their species compositions and guild
structures. Guilds are functional groups of spe-
cies with similar habitat-use patterns (Salt,
1953: Root, 1967; Holmes et al., 1979). For
this analysis, I used a three-digit foraging
scheme similai 10 Willson’s (1974) classifica-
tion, but used categories that reflect winter
diets and feeding behavior (DeGraaf et al.,
1985). Primary food habit is described as: (1)
seedeater; (2) frugivore; (3) insectivore; (4)
omnivore; (5) carnivore. Foraging substrate is
described as: (1) bark; (2) ground; (3) crown;
(4) air. Foraging behavior is described as: (1)
bark excavator; (2) gleaner; (3) forager; (4)
hawker. Thus, a three-digit code describes the
major food, foraging substrate, and feeding be-
havior of a species.

RESULTS

Thif-ty-two bird species were found in winter
in the three suburbs. Total number of individ-

TABLE 2
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uals were higher (P<0.05) in MT and YT than
in OP; species richness was similar in each
suburban type: MT and YT each contained 26
species, and OP contained 24 (Table 1). Feed-
ing stations were maintained at 75% of dwell-
ings in MT, 30% in YT, and 78% in OP; no
correlations between numbers of feeding sta-
tions and numbers of birds per guild were
found. However, habitat structure was differ-
ent in the three suburbs and their winter avi-
faunas varied accordingly.

Habitat Structure

The most wooded suburb, OP, had the great-
est densities of trees and coniferous shrubs, and
the highest values for mean height to tree
crown, shrub species richness, and the lowest
are1 of lawn. Naturally, OP also had the lowest
mean distance from plot center to the nearest
forest fragment. MT contained the largest trees,

Ranked means of habitat values in three suburbs (atter DeGraaf and Wentworth, 1986)

Habitat variable
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Significance’

Deciduous tree DBH? (TDDIAM)
Deciduous tree height (TDHT)
Deciduous tree height to crown (TDHTC)
No. of deciduous trees (TDNUM )
Coniferous tree DBH (TCDIAM )
Coniferous tree height (TCHT)
Coniferous tree height to crown (TCHTC)
No. of coniferous trees (TCNUM )
Deciduous shrub height (SDHT)

No. of deciduous shrubs (SDNUM)
Coniferous shrub height (SCHT)

No. of coniferous shrubs (SCNUM )
Coniferous:deciduous tree ratio (TCDRATI )
Coniferous:deciduous shrub ratio (SCDRATI)
Area of ‘weedy’ growth (AHERB)

Area of lawn (AMOW)
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Fig. 1. Winter bird abundance by foraging guild in three sub-
urban types in Amherst, MA, during January. 1976-1980.

both deciduous and coniferous, the greatest
tree species richness, and the largest area of
herbaceous ‘“‘weedy” growth. MT had inter-
mediate values for tree density and lawn area.
YT had the lowest values for all measured tree
and shrub variables, the smallest area of her-
baceous weedy growth, and the largest lawn
area (Table 2).

Foraging Guilds

MT and OP each supported seven foraging
guilds and YT supported six (Table 1).

Ground-foraging seedeaters and omnivores
dominated the avifaunas of MT and YT, com-
prising 86% and 92% of their respective avi-
faunal abundances. Insectivores comprised
14% of the avifauna in OP, but less than 4%
and 1%, respectively, in MT and YT (Fig. 1).

Guild/Habitat Relationships

When winter foraging guil< distributions are
considered in terms of habitat structure, sev-
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TABLE 3

Correlation (r) betwecn habitat components and winter bird
abundances by foraging guilds in suburban Amherst. MA.
1975-1980

Habitat
component’

Winter foraging guild

123132 233 311 312 423 433 544

TDDIAM +
TDHT - + - (+)
TDHTC - — +
TDNUM -
TCDIAM
TCHT
TCHTC - - +
TCNUM - - (+) -—
SDHT (-)
SDNUM +
SCHT (=)
SCNUM — (—) + (=) + +
TCDRATI

SCRATI — -

AHERB

ALAWN + - + - - + -
NHOMES (+) (+)

FORFRAG + - + (=) + -
NSPT + (+) — (=) (+) (=)
NSPS (+) -+ + (+)
TTNUM - - + - +
TSNUM + + +

+ +

(+)

!
4+ 4+ +++
Lo
T e T

+
+

'See Table 2 for names of habitat components.
Correlations in parentheses are significant at £<0.05. others
at P<0.01.

eral general patterns emerge. All significant re-
lationships between ground-foraging seed-
eaters and omnivores and measures of tree
cover are negative (Table 3). Furthermore.
numbers of individuals in those two guilds are
not associated with woodlots; rather they are
correlated with increasing distance to the near-
est forest fragment, and are positively corre-
lated with lawn area.

By contrast, all correlations significant be-
tween numbers of insectivores and crown-for-
aging omnivores and measures of trec cover are
positive (Table 3).

DISCUSSION

Suburbs vary in avian composition, depend-
ing largely upon the degree to which their hab-
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itats differ from natural habitats; in essentially
forested regions, such as New England, subur-
banization generally results in a decline of in-
sectivorous species in the breeding season
(DeGraaf and Wentworth, 1986). In winter,
bark-gleaning insectivores were slightly more
abundant than in the breeding season — 4.25
pairs per 40 ha (DeGraaf and Wentworth,
1981) vs. 11.44 birds per 40 ha in the present
study — over the same 60 plots. Seedeaters are
about five times more abundant in winter than
in the breeding scason (DeGraaf and Went-
worth, 1¢81), primarily in the more open hab-
itats in MT and YT, which were built on agri-
cultural land and in which the trees were
planted.

The only guilds that were correlated
(P<0.05) with numbers of houses were
ground foragers, which increased in abun-
dance as house density increased (Table 3).

Those suburbs with lower tree densities (MT
and YT) had higher total numbers of winter
birds. Higher total abundances of winter birds
in habitats with relatively low tree density have
been reported for urban forest fragments in
winter (Tilghman, 1987) and for forests in
Kentucky, where more species were found in
disturbed forests with scattered cutting than in
a nearby uncut forest (McCcmb and Mor-
iarty, 1981).

The reasons for high bird abundance or di-
versity in suburbs with fewer trees and in rela-
tively sparsely stocked fores:s and urban forest
fragments are probably different. however.
Enhanced development of the understory layer
beneath open canopies attracts additional for-
est birds, especially early successional species,
but in suburban habitats, neither shrub height
nor density were consistently greater in more
open suburbs. Ground-feeding seedeaters and
omnivores. which commonly occur in flocks,
occurred in greater numbers in the more open
suburban types (Table 1) where the area of
herbaceous (weedy) growth was greater (Ta-
ble 2).

Avifaunal quality (the number of species,
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especially uncommon species ) is important to
urban and suburban residents (Dagg, 1970;
Brown and Dawson, 1978; Yeomans and Bar-
clay, 1981; Witter et al., 1981). The propor-
tion of insectivorous species has been used as
a measure of avifaunal quality (Walcott,
1974). In the present study, only the suburb
built within existing woodland contained an
appreciable proportion of insectivorous spe-
cies. No matter how mature, planted environ-
ments did not produce habitat as attractive to
insectivorous birds as did the suburb in rem-
nant natural woodland.

Suburbs vary in their winter avian compo-
sition depending upon whether they were built
on open agricultural land and hence, contain
high proportions of planted woody vegetation,
or were built within remnant natural wood-
land. In forested regions, suburbanization gen-
erally results in a decline of insectivorous spe-
cies, but suburban development in deserts
(Emlen, 1974) or in shrublands or steppes
(Guthrie, 1974) generally results in an in-
crease in such species because of the growth and
proliferation of artificially watered woody veg-
etation. Within otherwise forested regions, the
richness and evenness of distribution of sub-
urban bird species in the breeding season in-
crease with vertical complexity of vegetation
(Linehan et al., 1967; Gavareski, 1976) and
total amount of woody vegetation (Goldstein
et al., 1986) just as they do in “natural” habi-
tats. In winter, the suburb built in remnant
woodland (OP) had an avifauna quite differ-
ent (fewer seedeaters and omnivores and more
insectivores) than either of the suburbs built
on former agricultural land (MT and YT),
even though MT contained larger trees, more
shrubs, and greater species richness of trees and
shrubs than OP. The total number of birds is
lower, but the quality of suburban winter avi-
faunas, as measured by the proportion of in-
sectivores, is higher in suburbs that contain
remnant woodlots. As in the breeding season,
planted trees and shrubs, no matter how ma-
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ture, are not as attractive to insectivorous birds
as remnants of natural woodland.

At the scale of individual house Ic ts or resi-
dential grounds, plant species composition is a
key determinant of the breeding or wintering
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more important than its species composition
to birds (DeGraaf, 1986). Features such as
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fauna from which the greatest variety may be
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to smaller sites.

Urbanization need not eliminate insectivo-
rous forest birds if fragments of native wood-
land are retained where possible.
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