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INDEPENDENT EFFECTS OF FOREST COVER AND FRAGMENTATION ON
THE DISTRIBUTION OF FOREST BREEDING BIRDS
Ottawa-Carleton h?stitute o f Biology, Carleton University, Otmwa, Ontrrrio, Canada K I S 5B6

Abstract. The aims o f this study were ( 1 ) to determine the relative importance o f the
independent effects o f forest cover and fragmentation on the distribution o f forest breeding
birds, and ( 2 ) to test the hypothesis that the negative effect o f forest fragmentation on
species distribution increases with decreasing forest cover, i.e., the negative interaction
effect o f forest cover and fragmentation on distribution. The independent effects o f forest
cover and forest fragmentation on the distribution o f forest breeding birds were studied in
94 landscapes, 10 X 10 k m each, ranging in forest cover from 2.5% to 55.8%. For each
landscape, percent forest cover was measured, and a fragmentation index (independent o f
forest cover) was generated using PCA from the measures o f mean forest patch size, number
o f forest patches, and total forest edge. Presence o f 3 1 forest breeding bird species in each
landscape was determined using Breeding Bird Atlas data. The effects o f forest cover and
forest fragmentation on species presence were analyzed using multiple logistic regression.
All responses o f individual species to forest cover were positive. Responses to forest
fragmentation were weak and variable. There were only two species for which the interaction
between cover and fragmentation was significant (one positive, one negative). W e found
no evidence for the hypothesized negative interaction effect between forest cover and forest
fragmentation on species distribution. W e conclude that ( 1 ) forest cover at the 10 X 10 k m
(Universal Transverse Mercator [ U T M ] )scale has a positive effect on the distribution o f
forest breeding birds, ( 2 ) forest fragmentation does not have a consistent negative effect
on the distribution o f forest breeding birds, ( 3 ) the effect o f forest cover is greater than
that o f forest fragmentation, ( 4 ) responses to forest fragmentation are generally weak and
highly variable among species, and ( 5 ) the effect o f forest fragmentation on species distribution does not increase with decreasing forest cover. These results suggest that conservationists' primary focus should be on preventing a decrease in forest cover. They should
not be misled by recent discussions o f "fragmentation effects" to think that the negative
effects o f forest loss can somehow be countered by careful consideration o f the spatial
pattern o f remaining forest. Our results indicate that they cannot.
Key \i.ords: agricultural landscapes: birr1 distribution: Breeding Bird Atlas; forest cover: fragmentatiotz: habitat loss: landscape pcittern; multiple logistic regression: Ontario: Quebec: SPANS G I s ;
UTM squares.

Both habitat loss and fragmentation are usually
thought to negatively affect species persistence (Wilcox and Murphy 1985, Wilcove et al. 1986, Burkey
1989, Herben et al. 1991, Noss 1991, Perry and Gonzalez-Andujar 1993, Adler and Nuernberger 1994).Explanations for the negative impact o f fragmentation include increased mortality o f individuals moving between patches, lower recolonization rates o f empty
patches, and reduced local population sizes resulting
in increased susceptibility to extinction (Fahrig and
Merriam 1994). There is also some evidence that habitat fragmentation can have a positive effecton regional
population survival by ( 1 ) desynchronizing the dynamics o f local populations, thereby spreading the risk o f
Manuscript received 29 September 1997; accepted 29 April
1998: final version received 26 May 1998.
Present address: Department of Biology, Dalhousie University. Halifax, Nova Scotia B3H 451, Canada.

extinction (den Boer 1981);and ( 2 )providing temporal
and spatial refugia for prey (Huffaker 1958, Levin
1976, Kareiva 1987, Roland 1993).
Because the effects o f habitat amount and fragmentation are confounded in many studies, it is not clear
which has the greater impact (Haila and Hanski 1984).
Simulation results o f Fahrig (1997, 1998) predict that
the effects o f habitat loss are much greater than the
effects o f habitat fragmentation on population extinction. To date, the only empirical test o f the relative
importance o f habitat loss and fragmentation was conducted by McGarigal and McComb (1995), who compared the relative effects o f forest cover and fragmentation on bird species abundances in late-sera1 forest
in Oregon. They found that the effect o f habitat amount
was much greater than the effect o f habitat pattern.
However, their study was conducted in a predominantly
forested area, and they urged comparison o f their results with studies conducted in predominantly agricultural landscapes. The first objective o f this study was
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FIG. 1 .

5 87

Locations of 94 10 X 10 km landscapes

to determine the relative importance of the independent
effects of forest cover and forest fragmentation on the
distribution of forest breeding birds in a predominantly
agricultural area.
A few studies have suggested that fragmentation has
the strongest effect when the amount of suitable habitat
is low (McLellen et al. 1986, AndrCn 1994, Fahrig
1998), and that habitat fragmentation has an insignificant effect at high amounts of habitat. In other words,
they predict a negative interaction effect between habitat fragmentation and habitat amount. The implication
of this prediction is that when suitable habitat is abundant, the degree of fragmentation does not affect population persistence. The second objective of this study
was to test the hypothesis that the negative effect of
forest fragmentation on species distribution increases
with decreasing forest cover.
Forest loss and fragmentation occur in a landscape
over time. If we begin with a completely forested landscape and gradually remove forest, fragmentation begins when the forest is broken into more than one patch.
With further forest removal, fragmentation continues
as the number of forest patches increases. At very low
levels of forest cover, removal of whole forest patches
will actually decrease forest fragmentation. Therefore,
a study of a single landscape over time will inevitably
confound the effects of forest cover and fragmentation.
In this study, we compared many landscapes over a
large spatial domain and a short time to separate the
effects of forest cover and fragmentation. The landscape pattern at the time of study resulted from the

concurrent processes of forest loss and fragmentation,
and each landscape sampled in this study represents
one possible outcome. We quantified forest loss and
fragmentation separately for each landscape, thus allowing us to test for the separate effects of forest cover
and fragmentation on species distribution, while retaining the ability to evaluate their relative impacts and
test for their interaction.

Stcrdy area
The study area covered southern and eastern Ontario
and southern Quebec, Canada, and is mostly contained
in the Great Lakes-St. Lawrence forest region (Rowe
1977), also classified as the "mixed wood plain"
(Wilken et al. 1993). The native vegetation is characterized by sugar maple (Acer saccharum), beech (Fagus
grandijolia), yellow birch (Betula alleghaniensis), red
maple (Acer rubrum), basswood (Tilia americana),
white ash (Fmxiizus arnericaiza), red oak (Quercus rub m ) , eastern white pine (Pinus strobus), and eastern
hemlock (Tsuga canadensis) (Rowe 1977). The region
is predominantly agricultural, including features such
as cultivated fields, pastures, roads, and buildings. Forested areas are typically on glacial drumlins or on the
slopes of drainage valleys, on land rockier or steeper
than adjacent cultivated fields.
We selected 94 landscapes, 10 X 10 km, ranging in
forest cover from 2.5% to 55.8%, for the study (Fig.
1). These landscapes corresponded to Breeding Bird
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Atlas Universal Transverse Mercator (UTM) blocks
(Cadman et al. 1987, Gauthier and Aubry 1995). Landscapes were not randomly selected among all possible
blocks, but were selected to ( I ) represent large variation in forest cover and forest fragmentation and (2)
reduce the expected negative correlation between forest
cover and fragmentation. The latter involved searching,
in particular, for landscapes with poorly represented
combinations of cover and fragmentation, i.e., landscapes with low cover but low fragmentation (a few
fairly large patches in a predominantly open landscape), and landscapes with high cover but high fragmentation (many small patches in a predominantly forested landscape). Landscapes were not selected in the
central portion of the study area because forest structure and composition, as well as the bird species assemblage, differed from the rest of the study region
due to differences in geology (Rowe 1977, Taylor and
Smith 1987). Forest was chosen for study because (1)
forest within the study region exists in a wide range
of cover and fragmentation, (2) forest includes habitat
for a definable group of birds, and (3) forest and nonforest can be identified with a relatively high level of
precision from aerial photographs.

of habitat use (Freemark and Collins 1989). We retained them in our analysis.
Breeding Bird Atlas (BBA) data were used to estimate the presencelabsence of a species for each of the
94 10 X 10 km UTM squares (Cadman et al. 1987,
Gauthier and Aubry 1995). Although the scale of the
landscape as determined by the BBA blocks was arbitrary, it was probably reasonable for many birds, because natal dispersal is typically on the order of 0.55 km (Villard 1991: Appendix 1). The BBA data for
Ontario were collected between 1981 and 1985, and
BBA data for Quebec were collected between 1984 and
1989. If there was any evidence of a species breeding
in a sample landscape at the time of census ("possible," "probable," or "confirmed"), we assumed that
the species was present. We assumed absence if a species was not detected as breeding in a UTM square.
Therefore, "absence" does not necessarily mean that
the species was absent from the block. Rather, it is an
indication that the species was either absent or present
in extremely low numbers (below detection limits).
Note that BBA abundance estimates are extremely
coarse and unlikely to provide qualitatively different
information than the presencelabsence data.

Bird species presence/absence

Forest cover

Bird species that could potentially breed in the interior of a forest patch (both interior and interiorledge)
were selected. Edge species were excluded because
their potential breeding patches must be defined by
excluding interior forest and incorporating their use of
nonforest areas. Freemark and Collins (1989) classified
the habitat use of 78 forest breeding birds as interior,
interiorledge, and edge species by collecting data and
reviewing the literature (Whitcomb et al. 1981, Blake
and Karr 1984, Hayden et al. 1985, Freemark and Merriam 1986, Askins et al. 1987). Thirty-two species were
classified as breeding in forest interior and 28 species
were classified as breeding in both the forest interior
and edge.
A species was included in the analyses relating bird
species distribution (presencelabsence) to forest cover
and fragmentation only if it was present and absent in
2 1 0 % of the landscapes. This criterion was necessary
because effects cannot be statistically tested on species
that are very common or very rare. Thirty-one species
met this criterion.
For the species whose ranges encompassed the entire
study region, all of the 94 sampled landscapes were
used to test the effects of forest cover and fragmentation. Ranges of three species (Rufous-sided Towhee,
Yellow-throated Vireo, and Blue-gray Gnatcatcher)
were limited to the southern portion of the study region
(for scientific names, see Results, Table 3). For these
species, only the 76 landscapes in southwestern Ontario
were analyzed (Fig. 1). The Black-billed Cuckoo and
the Pileated Woodpecker were the only species for
which there was some disagreement in the classification

Large-scale aerial photography (1:50 000) conducted
during the time of the Breeding Bird Atlas census, or
at the nearest time to the census, was used to define
forest and nonforest for each landscape (National Air
Photo Library of Canada). The longest span between
the time of aerial photography and the BBA census was
5 yr. Forest and nonforest were traced from the aerial
photos, tracings were digitized (vector format), and
percent forest cover was estimated using the program
SPANS G I s (1993). The smallest forest patch size that
we could measure using these techniques was 5 0 X 5 0
m (0.25 ha).
Forest fragmeiztatioiz
To test the relative effects of forest cover, forest fragmentation, and their interaction effect, a single measure
of the degree of fragmentation, independent of forest
cover, was needed. Increasing the degree of forest fragmentation is expected to have the following simultaneous effects: mean patch size decreases, the number
of patches in the landscape increases, and the total
amount of edge in the landscape increases. We measured mean forest patch size, number of forest patches,
and total amount of forest edge from the digitized map
of each landscape, using the program SPANS GIS
(1993). The number of forest patches and the total
amount of forest edge were calculated within the 10 X
10 km UTM blocks. To avoid effects of patch truncation at edges on the calculation of mean forest patch
size, we used the full sizes of patches that straddled
the edges of the UTM block boundaries, i.e., we included the area outside the block for calculation of

M. KURTIS TRZCINSKI ET AL.

Ecolog~calAppiicai~ons
Voi. 9, No. 2

TABLE3. Multiple logistic regression coefficients for forest cover, forest fragmentation, and their interaction in each of 31
logistic regressions (SAS 1990) on bird species distribution data.
Species

Cover

Fragmentation

Interaction

Forest use$

Sharp-shinned Hawk, Accipiter strintus
Cooper's Hawk, Accipiter cooperii
Red-shouldered Hawk. Buteo lirzeatus
Broad-winged Hawk, Buteo plarypterus
Ruffed Grouse. Borzrrsir ut~zbellus
Black-billed Cuckoo, Coccyzus eqthr-opthalrr~us
Yellow-billed Cuckoo, Cocc)~zusn tnericat~us
Yellow-bellied Sapsucker, Sphyrnpicus vnrius
Pileated Woodpecker. Dt-yocopus pilentus
Eastern Phoebe, Sirjornis phoebe
Red-breasted Nuthatch. Sittn calzrrdetlsis
Brown Creeper, Certhia nmericarzo
Winter Wren, Troglodjtes trogloiljtes
Golden-crowned Kinglet, Regulus sntrnpo
Blue-gray Gnatcatchert. Polioptila cnerulea
Veery, Cathnrirs fuscescens
Hermit Thrush, Ccithnrus guttirt~~s
Yellow-throated Vireot, Vireo jnv[frons
Magnolia Warbler, Dendroicn tlz~gtzolin
Black-throated Blue Warbler, Detldroica cirer.ules~
Yellow-rumped Warbler. Dendroica corotlatn
Black-throated Green Warbler, Detzilroica vir-ens
Blackburnian Warbler. Dendroicrr ,firsen
Pine Warbler, Detzdroicn pinus
Black-and-white Warbler, Mr~iotiltnvnria
American Redstart, Setophagir ruticilln
Northern Waterthrush, Seiurus novehorace17sis
Canada Warbler, Wilso17in cartadensis
Scarlet Tanager, Piranga olivacea
Rufous-sided Towheet, Pipilo erythropkthnlmus
Purple Finch, Cnrpodncus ~ut-pureus

P < 0.05, *:!: P < 0.01. :9:::4: P < 0.001, using log-likelihood statistics.
n = 76 (southern Ontario); otherwise. I I = 94.
$ Forest use is based on Freemark and Collins (1989): I, interior; I/E, interior and edge.
4:

t

The relationship between forest cover and the probability of presence was positive for all 3 1 species studied. For 25 of the 31 species, the response was statistically significant at a = 0.05 (Table 3).
The effect of forest fragmentation differed among
the species studied. For four species, the probability of
presence decreased with increasing fragmentation (Yellow-bellied Sapsucker, Hermit Thrush, Yellow-rumped
Warbler, and Purple Finch; Table 3). The probability
of presence increased for two species (Scarlet Tanager
and Rufous-sided Towhee; Table 3).
Forest cover explained a larger proportion of the
deviance, and had a larger logistic regression coefficient than did forest fragmentation, in 24 of the 25 bird
species that responded significantly to either effect (Table 3). Only the presence of the Hermit Thrush was
predicted better by forest fragmentation.
For most species, the effect of forest fragmentation
on the probability that a species would be present did
not increase with decreasing forest cover (see the interaction terms in Table 3). Only the Black-billed Cuckoo and the Hermit Thrush showed a significant interaction (negative and positive, respectively) between
forest cover and forest fragmentation.

DISCUSSION
Separate effects of forest cover and
forest fragmentation
The presence of most forest breeding birds was
strongly related to forest cover, although some species
did not show a statistically significant response (Table
3). There was no general relationship between the presence of forest bird species and forest fragmentation
(Table 3). Species responses to fragmentation varied in
both direction and magnitude. Other studies of habitat
fragmentation have concluded that the response to fragmentation is variable across species (Robinson et al.
1992, Aizen and Feinsinger 1994, Margules et al. 1994,
Villard and Taylor 1994, Henein 1995). The definition
used for habitat fragmentation often includes habitat
loss (e.g., Wilcox and Murphy 1985, Wilcove et al.
1986, Herben et al. 1991, Noss 1991, Perry and Gonzalez-Andujar 1993). Based on our results, we suggest
that the negative effects observed in these studies may
be mainly due to habitat removal and not to habitat
fragmentation
Relative impacts of forest cover and forest
fragmentation
The notion that habitat fragmentation has a separate
and unique impact on species has been shown in ex-
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perimental studies that controlled for habitat amount
(Quinn and Robinson 1987, Robinson and Quinn 1988,
Irlandi 1994, 1995). These studies focused attention on
the separate influence of habitat fragmentation, but did
not compare the relative magnitudes of the effects of
habitat fragmentation and habitat amount.
McGarigal and McComb (1995) compared the relative effects of late-sera1 forest cover and fragmentation on bird species' abundances in Oregon. They studied 30 landscapes varying in late-sera1 forest cover
from 0.7% to 100%. Similar to our results, they found
that species' abundances were more strongly associated
with habitat cover than with habitat configuration (i.e.,
fragmentation) indices that were statistically controlled
for cover. McGarigal and McComb (1995) suggested
that the lack of fragmentation effects might be because
their study was conducted in predominantly forested
landscapes; they urged comparison of their results with
studies conducted in predominantly agricultural landscapes. Our study corroborates McGarigal and McComb's result in an agricultural region and supports
the general prediction that habitat loss is more important than habitat fragmentation in affecting population
survival (Fahrig 1997, 1998).
To date, these are the only two empirical studies to
compare the independent effects of habitat loss and
fragmentation. This is probably because data sets providing information on many species and spanning many
landscapes are rare. It would be interesting to know
whether the results would be different for taxa other
than birds. In fact, some theoretical work (Fahrig 1998)
suggests that the range of conditions under which fragmentation is likely to affect population survival is quite
narrow and limited to the following: (1) the average
between-generation movement distance of the organism is -1-3 times the expected nearest distance between breeding sites; (2) the breeding habitat of the
organism covers <20% of the landscape; (3) the habitat
is not ephemeral; (4) the organism has high breedingsite fidelity; and (5) the mortality rate in the nonbreeding habitat areas is much higher than the mortality rate
in breeding habitat areas. Note that the theory predicts
that all of these conditions must hold for there to be
an effect of breeding habitat fragmentation on population survival. Testing this hypothesis would require
not only information on many species and spanning
many landscapes, but also information on dispersal and
survival in various sorts of habitat for each species.
An interaction between forest cover a n d forest
fragmentation?
Our analyses do not support the hypothesized negative interaction between the effects of habitat amount
and fragmentation on species distribution (McLellen et
al. 1986, AndrCn 1994, Fahrig 1998). Only the Blackbilled Cuckoo and the Hermit Thrush showed significant interactions (negative and positive, respectively)
between forest cover and forest fragmentation.

59 1

Effects of scale
Theoretical studies predict the effects of habitat
amount, habitat fragmentation, and their interaction at
different scales (McLellen et al. 1986, AndrCn 1994,
Fahrig 1997, 1998). McLellen et al. (1986) and AndrCn
(1994) predict the effects of habitat amount and fragmentation at the patch scale. Fahrig (1997) predicts the
effects at the landscape scale, where the landscape consists of both breeding and nonbreeding habitat and each
piece of breeding habitat is assumed to be sufficient to
maintain at least one individual of the species under
consideration. Our study was conducted at the landscape scale. Therefore, at smaller (e.g., patch) scales,
we cannot reject the hypothesis that fragmentation has
the strongest effect when forest cover is low. Hinsley
et al. (1996) indirectly showed fragmentation effects
on bird densities at the patch scale when habitat covered 1.9% and 3.2% of the landscape.
There is some evidence that habitat loss and fragmentation increase the scale of individual movement,
and that some species can better adapt to landscape
changes than others (Middleton and Merriam 1983,
Wiggett and Boag 1989, Wegner and Merriam 1990,
Margules et al. 1994, Henein 1995, Matthysen et al.
1995, Taylor and Merriam 1995, Wegner 1995). This
type of adaptation to landscape change would reduce
the negative effects of habitat loss and fragmentation.
Redpath (1995) found that Tawny Owls (Strix aluco)
have larger home range sizes in regions of low habitat
cover. This response means that a Tawny Owl would
experience functionally the same amount of habitat in
regions of low habitat cover as those of high habitat
cover. The ability to increase mobility in response to
landscape change is probably a characteristic derived
from the heterogenedus environment in which the organism evolved (Southwood 1977). Although the Tawny Owl is able to survive in regions of low habitat
cover, increased movement and lower density may indicate that the population is near a threshold, beyond
which the probability of population collapse increases
rapidly (Lande 1988, Nee 1994). We suggest that the
degree of adaptation to landscape change varies with
species, and that some species are unable to adapt. We
were unable to directly address species adaptations to
landscape pattern, but we found that most species (251
31) were sensitive to forest cover. This result indicates
that, despite possible adaptation to a reduction in forest
cover, the distribution of many forest breeding- birds
will decrease. It is possible that those species too rare
to be included in this study (e.g., Swainson's Thrush,
Catharus ustulatus) are the most sensitive to landscape
change and cannot adapt.
Other considerations
In this study, we did not have sufficient information
to classify the forest in terms of its quality for the
various bird species. Because it is unlikely that all for-
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est represented suitable breeding habitat for all bird
species, one might argue that forest cover is potentially
a poor indicator of the amount of breeding habitat. In
fact, if we had found little or no effect of forest cover
on bird presencelabsence, variation in habitat quality
might have been a reasonable explanation. However,
because we did find strong effects, it seems that our
implicit assumption was reasonable, i.e., for each species, the amount of habitat is correlated with the amount
of forest.
In both this study and that of McGarigal and McComb (1995), habitat fragmentation is measured using
multivariate statistical methods. This begs the question
of whether the concept of fragmentation is useful for
managers. Both of these empirical studies, as well as
theory (Fahrig 1997), suggest that the effects of fragmentation are negligible. Therefore, we suggest that
managers should not try to measure fragmentation, but
instead should focus 011 determining how much habitat
is available and whether it is enough to support a population of the species of interest.

Habitat amount and habitat fragmentation define important elements of landscape pattern. Separation of
the effects of habitat amount and habitat fragmentation
is critical to understanding factors affecting population
persistence. In this study, we found that species presence was positively correlated with forest cover, but
no general response to forest fragmentation was found
across species. Forest cover was a better predictor of
the distribution of forest breeding birds than was forest
fragmentation. There was no evidence from our study
for the hypothesis that the degree of forest fragmentation has an increasingly negative effect on species
distribution with decreasing forest cover. We conclude
that conservationists' primary focus should be on preventing a decrease in forest cover. They should not be
misled, by recent discussions of "fragmentation effects," to think that the negative effects of forest loss
can somehow be countered by careful consideration of
the spatial pattern of remaining forest. Results to date
indicate that they cannot.
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