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BIRD ASSEMBLAGES IN PATCHY WOODLANDS: MODELING THE

EFFECTS OF EDGE AND MATRIX HABITATS
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Center for Conservation Biology, Department of Biological Sciences, Stanford University,
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Abstract. As habitats become more fragmented, understanding landscape-level effects
on habitat quality becomes increasingly important. These effects include factors intrinsic
to the habitat fragments, such as vegetation cover and structure, and extrinsic factors, such
as the modifying influences of surrounding (matrix) habitats. We develop a spatial model,
the Effective Area Model (EAM), that predicts the effects of matrix habitats on species
abundances in habitat patches. Model predictions are based on two sets of parameters:
measures of species abundances at various distances from habitat edges (‘‘edge responses’’)
and measures of the size and shape of the habitat fragments. We test model predictions for
bird assemblages occupying fragmented habitats in central coastal California. Predictions
of the relative abundances of birds, based on results from previous studies at nearby sites,
are made for six small (<3 ha) patches of oak woodland habitat, three surrounded by
grassland and three surrounded by chaparral. Results from field studies of these patches
show significant differences between the two groups, indicating that the type of habitat
surrounding a patch influences the composition and structure of the bird assemblage it
supports. The rank order of species abundances correlated more closely with predictions
of the EAM than with those of a null model that did not account for edge and matrix
effects. The EAM is an improvement over models that do not account for the influence of
surrounding habitats on the distribution and abundance of animals in small habitat patches,
and over those that assume a consistent response, for a given species or taxon, at all types
of edges. This approach may prove useful in attempts to understand and predict the effects

of habitat fragmentation and restoration on the organization of animal assemblages.

Key words:

bird assemblages, California; edge effects; habitat fragmentation; landscape hetero-

geneity; matrix habitats; population density; spatial modeling.

INTRODUCTION

Conservation science has focused intensely on the
implications of habitat fragmentation and the increas-
ing isolation of the remaining patches (Diamond 1975,
Simberloff and Abele 1976, Terborgh 1976, Ambuel
and Temple 1983, Harris 1984, Robinson et al. 1992,
Herkert 1994, Robinson et al. 1995). This attention is
appropriate: in many areas, agriculture and develop-
ment have made a patchwork out of previously con-
tinuous native habitat, creating landscape mosaics com-
posed of open fields, secondary vegetation, and patches
of remnant habitat (Wilcox and Murphy 1985, Wilcove
et al. 1986, Franklin and Forman 1987, Saunders et al.
1987). Despite interest in the ability of these patches
to sustain viable populations of native species, rela-
tively little work has focused on the effects of the mod-
ified environment surrounding the remnant patches
(Andrén 1992, Pearson 1993, Mills 1995).
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Studies of animal assemblages in patches have fo-
cused on the importance of patch area and distance
from sources of potential colonists. Species diversity
in these habitat patches is known to depend, in part,
on rates of immigration and emigration (MacArthur and
Wilson 1967, Diamond and May 1977, Fahrig 1994),
as well as on vegetational, topographic, and microcli-
matic diversity (Galli et al. 1976, Wilcove et al. 1986,
Wiens 1989, Fraver 1994). Research on habitat patches
in isolation from the surrounding landscape, however,
has highlighted the shortcomings of applied island bio-
geography (Simberloff and Abele 1976, Saunders et al.
1991, Wiens 1994). Increasingly, ecologists are focus-
ing on population dynamics and community structure
in heterogeneous environments (Danielson 1992, Pul-
liam et al. 1992, McKelvey et al. 1993) and examining
environmental influences from outside the patch, in-
cluding the availability of resources, and exposure to
sun and wind (Ranney et al. 1981, Saunders et al. 1991,
Matlack 1993). These studies are becoming increas-
ingly relevant as animal populations and natural re-
sources are managed as complex and continuously
changing landscapes (Reichman and Pulliam 1996).

One framework for understanding the effects of land-
scape heterogeneity on individual species is to study
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their response to habitat edges (Giles 1978, Dasmann
1981, Harris 1988, Reese and Ratti 1988, Noss 1991).
Studies of edge effects constitute some of the earliest
attempts by ecologists to understand ecological pro-
cesses at the landscape scale (e.g., Leopold 1933, Lay
1938). Many studies have shown that certain species
reach their highest or lowest abundances at particular
habitat edges (e.g., Kendeigh 1944, Johnston 1947,
Whitcomb et al. 1981, Kroodsma 1984, Lynch and
Whigham 1984). Species that are encountered more
commonly near the edge are often termed ‘‘edge spe-
cies” (e.g., Johnson 1975, Giles 1978, Reese and Ratti
1988), and those whose densities are low near the edge
are considered to be habitat-interior species (e.g., Brit-
tingham and Temple 1983, Wilcove et al. 1986, Thomp-
son 1993). A more quantitative approach to understand-
ing how species respond to habitat edges involves mea-
surement of a species-specific edge response (Noss
1991, Sisk 1992), defined as the pattern of change in
population density at incremental distances from the
habitat edge. Despite broad recognition of the influence
of edges on insular biota, consideration of edge effects
has not been demonstrated to be particularly useful in
attempts to understand the organization of animal as-
semblages in heterogeneous landscapes. A quantitative,
predictive approach is needed before the concept can
be effectively applied to solve problems of reserve de-
sign and management.

Here we develop an empirically based spatial model
that incorporates patch size and shape, composition of
matrix habitats, and species-specific edge responses to
predict the organization of animal assemblages occu-
pying heterogeneous landscapes. Field tests are used
to evaluate the model and to compare it with a null
model that does not take into account the effects of
edge and matrix habitats. Drawing on the models and
our empirical results, we address two related questions:
(1) how does the habitat surrounding a given patch
influence the composition and organization of the bird
assemblage it supports; and (2) how consistent are the
population-level responses of birds at different edges
of similar types?

We hypothesize that similar patches, surrounded by
habitats that differ in vegetation structure and species
composition, will support different bird assemblages,
while patches surrounded by the same habitat will sup-
port similar bird assemblages. To test this hypothesis,
we compare the avian assemblages in isolated patches
of oak woodland habitat surrounded by one of two
habitat types—grassland or chaparral. These two ma-
trix habitats are expansive and continuous in the study
areas, broken only by the oak patches. If bird assem-
blages in oak patches are not influenced by the matrix
habitat, then the assemblages occupying patches sur-
rounded by different matrix habitats would be expected
to differ no more than those surrounded by the same
matrix habitat.

MODELING EDGE EFFECTS
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The Effective Area Model

Ecologists and wildlife managers have often as-
sumed that animals will show consistent, characteristic
patterns of habitat selection at edges, even when the
adjoining habitat differs in vegetation structure and/or
species composition. Implicit in this assumption is the
idea that edges of all types share some intrinsic qual-
ities, and that their influence on the distribution of or-
ganisms and the composition of assemblages is similar.
There is little evidence to support these views. Very
few studies have measured population-level responses
of organisms at even one type of edge, making it im-
possible to determine whether the response detected is
characteristic of the species’ response to edges in gen-
eral. Studies that have measured edge responses for
entire assemblages or communities find considerable
variation among species (Noss 1991, Sisk and Mar-
gules 1993). Some occur in greater abundance near
edges (hereafter called ‘‘edge-exploiters’’), some are
less abundant or absent (‘‘edge-avoiders’), and some
species are equally abundant at the edge and in the
interior of a habitat patch (‘‘edge-neutral’).

To test the consistency of the responses of individual
species to edges and thus the influence of matrix habitat
on animal abundances in habitat patches, we developed
an empirically based spatial model that we call the
Effective Area Model (EAM). The EAM requires two
types of input: the edge response of each species, and
a landscape map. The edge responses are determined
for each species from independent field data, and de-
scribed by a plot of abundance against distance from
the edge (see Fig. 1 for an example). Landscape maps
characterize the size, shape, and habitat type of each
patch in the study area and the matrix habitat(s) sur-
rounding them.

The EAM predicts species abundances in a habitat
fragment by projecting density estimates from the
edge response curves onto digitized maps of each of
the habitat patches. Each patch is divided into sub-
regions based on distance from the edge. The bound-
aries of these subregions correspond to the distance
intervals used for field surveys of species abundances,
which are used to define species-specific edge re-
sponses. Multiplying the area of each subregion by
the corresponding estimate of population density, and
then summing the products for all subregions, gives
a predicted population size for the species in a par-
ticular patch (Fig. 1). Model predictions can be rep-
resented by the equation

number of individuals = >, A,d,
1

where A, is the area of the patch that is contained within
subregion i, d; is the density estimate for subregion i,
and 7 is the number of subregions in the patch. This
approach relaxes assumptions of previous ‘“‘core-area’
models that employed a fixed edge effect for all species



