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Species-area relationships of winter residents in isolated woodlots.— The number of bird
species breeding within woodlots or using woodlots temporarily during migration is strongly
correlated with woodlot area (e.g., Martin 1980, Ambuel and Temple 1983, Blake 1986).
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Species-area relationships of winter bird communities, however, have received little atten-
tion (Haila 1981), despite potentially strong effects of forest area on both weather severity
and food availability (Forman and Godron 1981).

Woodlots in east-central Illinois are isolated from each other by cropland, and the tran-
sition from bare ground to woodlot vegetation is generally sharp, thus forming distinct
patches of habitat. Here I examine relationships between area of isolated woodlots in east-
central Illinois and number of species of birds found in these woodlots during winter. Species-
area relationships are compared among trophic groups to examine potential effects of vari-
ation in availability of food resources among communities.

Methods.—1 censused 5 woodlots during the winter of 1979-80 to gain a preliminary
assessment of the species-area effect. Eleven woodlots, ranging in size from 1.8 to 600 ha,
were censused during the winter of 1980-81 to include a greater variety of sizes. Number
and choice of woodlots were dictated by the landscape of east-central Illinois. Only woodlots
that possessed a relatively mature canopy and well-developed understory, showed no evi-
dence of recent, heavy disturbance, and were surrounded by nonforest habitat were included.

I surveyed birds using the point-count technique (Ferry and Frochot 1970). I visited each
observation point for 10 min during a census and recorded all birds seen or heard within
or below the canopy. Survey points were at least 150 m apart. Each woodlot was censused
3 or 4 times during December-February of each year.

Number of observation points increased with area in order to obtain a reasonably complete
count of species present in larger woodlots. Total number of species recorded generally
increases with sample effort, but at some point additional observations do not increase the
species total. Species accumulation curves (cumulative number of species plotted against
number of observation points) reached or approached an asymptote for all woodlots, in-
dicating that species richness of woodlots was determined adequately (Blake and Karr 1982).

I conducted censuses from sunrise until 2.5 h after sunrise on days with little or no wind
and no precipitation in order to minimize potential confounding effects of weather. In
addition, I censused woodlots in an order unrelated to woodlot area, thereby reducing
potential effects of weather on the species-area relationship.

I analyzed species composition on the basis of both migratory status and primary foraging
habit. I used Kendeigh (1982) as the primary guide for assigning species to categories
(permanent residents, winter residents, transients) based on their status in east-central Il-
linois. Some species fell into two categories. For example, low permanent resident popu-
lations of some species (e.g., Brown Creeper [Certhia americana)) are augmented during
winter by individuals that breed farther north. Transients overlap temporally with permanent
and winter residents but do not normally remain in east-central Illinois throughout winter.

I divided species according to primary food type and foraging location (Martin et al. 1951,
Williams and Batzli 1979). Species that used two types of food or locations in approximately
equal proportions were assigned %2 to each group. Categories included granivores, insecti-
vores that obtain insects from the bark of trunks and large limbs (by drilling or gleaning),
insectivores that glean insects from small twigs and brush piles, frugivores, and sapsuckers.

I evaluated species-area relationships according to the exponential function rather than
the power function, because the former model accounted for a greater amount of variation
in species number (Blake and Karr 1982) and because the exponential function resulted in
a better fit. No data set departed from normality.

Summary data on temperature and snowfall for the winters of 1979-80 and 1980-81 were
obtained from the State Water Survey Division, Illinois Department of Energy and Natural
Resources (Table 1).

Bird community composition. — Thirty-one species of birds were recorded during winter
in one or more of the 11 woodlots in east-central Illinois, 19 in 1979, and 30 in 1980
(Appendix 1). Species present on small islands were, in almost all cases, also present on
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Fic. 1. Total number of species and number of permanent resident species recorded
during winters of 1979-80 and 1980-81 plotted against area (log scale) of woodlots. Solid
circles and lines refer to total species number, and open circles and dashed lines refer to
permanent residents. Lines were fitted by linear regression (exponential model) (see Table 3).

larger islands. Greater species numbers in 1980 were partially due to the larger number of
woodlots surveyed, and, apparently, also to a higher number of transients in 1980; numbers
of resident species were more similar between years (Appendix 1) (Fig. 1).

Granivores feeding on small seeds were the dominant trophic group, in terms of number
of species, in all woodlots (Table 2). Seed eaters showed the greatest change between years,
both at individual woodlots and overall, but, in general, more species were present in larger
woodlots. Three species relying on acorns as a primary food were uncommon or absent in
the smallest woodlots, but all were present in all woodlots greater than 5 ha. Number of
species taking insects from bark, either by drilling into or gleaning from the surface, also
was greater in larger woodlots (Table 2). This was particularly true for species gleaning
insects from trunks and those gleaning insects from small twigs.

Species-area relationships.— Total number of species correlated strongly with area in both
winters (Fig. 1) (Table 3). The rate of increase (slope) in species number with area was higher
in 1980, but not significantly so (¢-test, P > 0.05). The higher slope in 1980 was a result of
greater species totals in larger rather than small woodlots, and intercepts did not differ (P >
0.05) between years. Results did not differ between years when I recalculated the species-
area relationship for 1980 using only those woodlots censused in both 1980 and 1979.
Number of permanent residents correlated significantly with area in both years (Fig. 1)
(Table 3), and the results did not differ significantly between years.

1 combined all granivores and all bark insectivores into two groups to examine correlations
with area. Bark insectivores correlated significantly with area in 1979 and 1980, but grani-
vores showed a significant correlation only in 1980 (Table 3). The species-area intercept
was higher for granivores than for bark insectivores in both years (1979: ¢ = 2.13, df = 8,
0.10 > P > 0.05; 1980: ¢t = 2.83, df = 20, P < 0.02), reflecting the greater number of
granivore species in all woodlots.

Discussion.—Woodlots in east-central Illinois provide valuable habitat for birds during
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TABLE 2
SPECIES NUMBERS IN DIFFERENT TROPHIC GROUPS

‘Woodlot size (ha)

Trophic group 1.8 23 47 51 65 162 24 24 28 40 600
1979
Granivores
Small seeds 3 35 5 4 5
Acorns 1 3 3 3 3
Insectivores
Bark drill 1 25 25 25 2.5
Trunk glean 1 : 1.5 1 2.5 3
Twig glean 1.5 2.5
Frugivores 1.5 15 15 1.5
Sapsucker 0.5
1980
Granivores
Small seeds 4 4 5 3 4 4 6.5 6.5 6 6 10
Acorns 2 3 2 3 3 3 3 3 3 3
Insectivores
Bark drill 1 1 1.5 1.5 1 1.5 25 2 1.5 25 2.5
Trunk glean 1 1 15 1 1 1 1.5 1.5 1.5 25 2
Twig glean 1 1.5 05 2 1.5 1.5 1 1.5 1.5 3
Frugivores 1.5 05 2 1.5 1.5 1 1.5 1.5 3.0
Sapsucker 0.5

breeding and migration seasons, and area of the woodlots influences the number of species
that use them at these times (Blake and Karr 1984, Blake 1986). Woodlot size also influences
winter bird populations. Permanent residents varied with area in the same way between
seasons; no difference in the species-area relationship was apparent beween summer and
winter for this group (Blake 1983 for summer data).

Although habitat structure influences composition of many bird communities (Cody 1985),
differences in habitat among forest patches appear to exert little influence on bird species
richness of woodlots—relative to the influence of area—at least in cases where habitat
heterogeneity does not increase markedly with area (Blake and Karr 1982, Ambuel and
Temple 1983, Blake 1983). Woodlots censused during this study were selected initially
partially on the basis of general similarity in vegetation. Differences in habitat occurred
among woodlots, but such differences were not correlated with area of woodlots (Blake and
Karr 1982). Also, various aspects of habitat structure did account for some additional
variation in number of bird species during the winter of 1980-81 (Blake and Karr 1982)
but much less than that accounted for by area.

A lack of correlation between species numbers and habitat variables does not necessarily
indicate that habitat structure does not influence bird communities of isolated woodlots.
Environmental variation certainly is expected to increase as area increases and may account
for much of the species-area effect (Williamson 1981). However, such variation may be
apparent on a different scale or may involve factors (e.g., soil types) that typically are not
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measured. An increase in environmental heterogeneity may, by providing a greater variety
of resources, allow a greater number of species to coexist. Similarly, differences in area
among woodlots may influence the amount of some critical habitat present, resulting in
stochastic loss of some species from smaller woodlots (Williamson 1981). Loss of critical
microhabitats or refugia, required during periods of stress, is a probable cause of species
loss from some islands (Karr 1982).

Habitat structure may influence species distribution patterns during winter through effects
on weather and food resources. Unusually severe weather may cause major reductions in
winter bird populations, as occurred during the winter of 1976-77 in southern Illinois (Graber
and Graber 1979). Vegetation moderates the influence of weather, particularly wind, and
the microenvironment within the center of a large forest is less severe and less variable than
at the center of a small woodlot (Forman and Godron 1981). In a large forest, birds may
concentrate their activities in areas that provide protection from weather (Carpenter 1935),
an option that is not as readily available in small woodlots. Low temperatures and high
winds cause some species to shift foraging locations from exposed to more protected sites
as weather becomes more severe (Grubb 1975). Small forests may not provide sufficient
cover to allow such behavioral flexibility.

The greater number of species in larger forests also occurs because large forests may
support bird species that are dependent on spatially variable food supplies (e.g., Red-headed
Woodpecker [Graber et al. 1977]). The irregular occurrence of frugivores (e.g., Cedar Wax-
wing) in large woodlots and their absence from small woodlots probably reflects this effect.

Haila (1981) reported berry and seed eaters on very small islands during winter; such
species were considered habitat generalists, moving among islands and habitats in search
of available and patchily distributed food resources. In the present study, however, woodlots
generally were well-separated, and species richness was not correlated with measures of
forest isolation (Blake and Karr 1982). Insectivorous birds, which are more dependent on
specific habitat requirements and predictable food supplies (Haila 1981), are more dependent
on large woodlots, which provide greater availability of these foods. Few insectivores oc-
curred in small woodlots during winter in east-central Illinois, but numbers increased strongly
with woodlot area. Higher species totals for granivores, as compared to bark insectivores,
in small woodlots probably reflects the fact that granivores may forage in nonwooded habitat
near woodlot borders, if such habitat exists. At the same time, the correlation between
granivores and area reflects the greater foraging area and the better microenvironmental
conditions for granivores both around and within large woodlots.

For species that winter in Illinois and other heavily disturbed regions, habitat that provides
sufficient shelter and food may be in short supply, and isolated woodlots may be an important
refuge during winter. The importance of habitat islands to bird populations extends beyond
the breeding season, and additional, more detailed studies during nonbreeding seasons are
needed.

Acknowledgments.—B. A. Loiselle and J. R. Karr provided support and encouragement
throughout this and related studies. This manuscript has benefited from reviews by K. L.
Bildstein, Y. Haila, R. W. Howe, J. R. Karr, B. A. Loiselle, T. E. Martin, B. R. Noon, D.
R. Petit, and C. R. Preston. This study was funded by the U.S. Forest Service, Contract
No. FS-NC-1701(80-03) to J. R. Karr.

LITERATURE CITED

AMBUEL, B. AND S. A. TempLE. 1983. Area-dependent changes in the bird communities
and vegetation of southern Wisconsin forests. Ecology 64:1057-1068.

BLAKE, J. G. 1983. Ecological relationships of bird communities in forest islands of east-
central Illinois. Ph.D. diss., Univ. Illinois, Urbana, Illinois.



250 THE WILSON BULLETIN « Vol. 99, No. 2, June 1987

. 1986. Species-area relationship of migrants in isolated woodlots. Wilson Bull. 98:

291-296.

AND J. R. KARR, 1982. Avian community ecology of forest patches in east-central

Illinois: migrants and winter residents. U.S. Forest Service, Contract No. FS-NC-1701(80-

03), Final Report.

AND . 1984. Species composition of bird communities and the conservation
benefit of large versus small forests. Biol. Conserv. 30:173-187.

CARPENTER, J. R. 1935. Forest edge birds and exposure of their habitats. Wilson Bull. 47:
106-108.

Copy, M. L. (ep.). 1985. Habitat selection in birds. Academic Press, New York, New
York.

FERRY, C. AND B. FRocHOT. 1970. L’avifaune nidificatrice d’une forét de Chénes pédon-
culés en Bourgogne: etude de deux successions écologiques. La Terre et La Vie 24:153~
250.

ForMmaN, R. T. T. aND M. GoODRON. 1981. Patches and structural components for a
landscape ecology. BioScience 31:733-740.

GRABER, J. W., R. R. GrRABER, AND E. L. Kirx. 1977. Illinois birds: Picidae. Illinois Nat.
Hist. Surv. Biol. Notes 102:1-73.

GRABER, R. R. AND J. W. GRABER. 1979. Severe winter weather and bird populations in
southern Illinois. Wilson Bull. 91:88-103.

Gruss, T. C.,, JR. 1975. Weather dependent foraging behavior of some birds wintering in
a deciduous woodland. Condor 77:175-182.

HaiLa, Y. 1981. Winter bird communities in the Aland Archipelago: an island biogeo-
graphic point of view. Holarctic Ecol. 4:174-183.

KARR, J. R. 1982. Avian extinction on Barro Colorado Island, Panama: a reassessment.
Am. Nat. 119:220-239.

KenDEIGH, S. C. 1982. Bird populations in east-central Illinois: fluctuations, variations,
and development over a half-century. Illinois Biol. Monogr. 52.

MARTIN, A. C., H. S. ZiM, AND A. L. NeLsoN. 1951. American wildlife and plants: a guide
to wildlife food habits. Dover, New York, New York.

MARTIN, T. E. 1980. Diversity and abundance of spring migratory birds using habitat
islands on the Great Plains. Condor 82:430-439.

WiLLIAMS, J. B. AND G. O. BatzLi. 1979. Winter diet of a bark-foraging guild of birds.
Wilson Bull. 91:126-131.

WiLLiAMSON, M. 1981. Island populations. Oxford Univ. Press, Oxford, England.

JoHN G. BLAKE, Natural Resources Research Institute, Univ. Minnesota, 3151 Miller Trunk
Highway, Duluth, Minnesota 55811. Received 17 July 1986, accepted 15 Sept. 1986.



