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BREEDING BIRD ABUNDANCE IN BOTTOMLAND HARDWOOD
FORESTS: HABITAT, EDGE, AND PATCH SIZE EFFECTS1
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Department of Zoology, North Carolina State University, Box 7617, Raleigh, NC 27695

Abstract. We studied breeding bird communities in extensive bottomland hardwood for-
ests along the lower Roanoke River in North Carolina during 1992 and 1993. We docu-
mented a rich avian community and recorded exceptionally high densities of two species
(Prothonotary Warbler Protonotaria citrea, Acadian Flycatcher Empidonax virescens), as
well as modest densities of three species rarely encountered elsewhere in the region (Ce-
rulean Warbler Dendroica cerulea, Swainson’s Warbler Limnothlypis swainsonii, American
Redstart Setophaga ruticilla). The effects of patch size and edge on bird abundance were
small in this forested landscape, but forest type had a large effect. We found half of the
species analyzed to differ in abundance between the two primary habitat types, swamp forest
and levee forest. In contrast, no species was consistently more abundant at patch interiors
than near edges, and only two forest birds were more common in large compared with small
patches. Species analyzed included permanent residents, short-distance migrants, Neotropical
migrants, and those identified as forest-interior and area-sensitive species in other studies.
Our results suggest that the Roanoke River bottomland forests may be functioning effec-
tively as a reserve for a number of bird species.
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INTRODUCTION

Bottomland hardwood forests of the southeast-
ern United States are critical breeding areas for
many Neotropical migrants (Wharton et al.
1981, Hodges and Krementz 1996). Within the
United States, bottomland hardwoods are being
lost perhaps five times faster than any other ma-
jor hardwood forest type (Abernathy and Turner
1987) and represent the wetland system with
most rapidly diminishing acreage (Turner et al.
1981). Loss and alteration primarily takes the
form of clearing and draining for crop produc-
tion and, less frequently, conversion to forest
plantations for timber production. These uses re-
sult in habitat fragmentation and degradation, as
well as habitat loss, causing major impacts on
breeding bird communities (Mitchell and Lancia
1990, Mitchell et al. 1991, Pashley and Barrow
1992). Changes in hydrology due to flood con-
trol are another common agent of habitat change
in these systems.

Bottomland forests are particularly vulnerable
to habitat fragmentation because they often oc-
cur as relatively narrow linear bands along riv-
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ers. The effects of habitat fragmentation and
degradation on animal and plant populations
have become an increasingly important concern
in recent years (Schwartz 1997 and references
therein). Of particular concern is the role of for-
est fragmentation in the decline of some migra-
tory bird populations (Askins et al. 1990, Faa-
borg et al. 1995). As forests become more frag-
mented, the proportion of forest habitat near
edges increases geometrically, creating edge ef-
fects (Harris 1988), ecological traps (Gates and
Gysel 1978), and population sinks (Pulliam
1988, Donovan et al. 1995). In the eastern Unit-
ed States, birds near edges and in small frag-
ments suffer from elevated rates of nest preda-
tion and of brood parasitism by the Brown-head-
ed Cowbird, Molothrus ater (Brittingham and
Temple 1983, Andrén and Angelstam 1988,
Hoover et al. 1995). The magnitude of edge and
patch size effects may depend on the extent of
fragmentation in the regional landscape (Rob-
inson et al. 1995, Faaborg et al. 1998, Hartley
and Hunter 1998).

In this paper we report on breeding bird abun-
dance in the most extensive bottomland hard-
wood forests remaining in the mid-Atlantic re-
gion, located on the lower Roanoke River in
eastern North Carolina. The forested floodplain
along the lower Roanoke ranges up to 8 km
across and contains an estimated 60,000 ha of
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contiguous bottomland and swamp forest com-
munities. Over 220 species of birds have been
recorded in the floodplain, including at least 90
breeding residents and 40 breeding Neotropical
migrants; this represents the highest breeding
bird diversity known in the North Carolina
Coastal Plain. Some Neotropical migrants breed-
ing along the Roanoke (e.g., Cerulean Warbler
Dendroica cerulea and Swainson’s Warbler Lim-
nothlypis swainsonii) are of special concern in
North Carolina and elsewhere because of their
declining numbers and restricted ranges (Lee
and Parnell 1990). We studied the two primary
natural communities in the Roanoke floodplain:
cypress-gum swamp forest (brownwater sub-
type) and coastal plain levee forest (brownwater
subtype) (Schafale and Weakley 1990).

Our primary objective was to determine the
abundance and habitat relationships of breeding
bird species, particularly Neotropical migrants,
in order to assess the conservation value of the
Roanoke bottomlands to birds. In 1989, the U.S.
Fish and Wildlife Service acquired 13,000 ha of
bottomland forest along the Roanoke to create
the Roanoke River National Wildlife Refuge. An
additional 5,500 ha are under state jurisdiction,
and The Nature Conservancy, timber companies,
and private individuals also retain significant
holdings. Information about conservation values
is needed to make informed decisions about
management of current holdings and acquisition
of additional land.

Our secondary objective was to document ef-
fects of proximity to edge and patch size on bird
abundance within the natural mosaic of habitat
patches in the Roanoke system. This serves two
purposes. First, it provides a baseline against
which effects of human-induced fragmentation,
both within the Roanoke system and in other,
similar systems, can be measured. Second, it
contributes to the accumulation of a data set on
variation in effects of patchiness and landscape
structure on bird abundance across systems,
which is critical to understanding effects of frag-
mentation (Walters 1998). Most studies on the
effects of habitat fragmentation have examined
woodlots that have become isolated because of
agricultural and/or urban encroachment (Walters
1998). Contrast between habitat types in these
landscapes is great, and edges are external, non-
natural, abrupt, and permanent (Saurez et al.
1997). In our study area, patches of one forest
type are linked by relatively undisturbed forest

of a second type, rather than by cleared agricul-
tural or urban land. Using the terminology of
Saurez et al. (1997), the edges we examined are
external, natural ones that are either gradual with
modest contrast between habitat types (swamp-
levee boundaries) or abrupt with high contrast
(river-levee edges).

METHODS

STUDY AREA

In 1992 and 1993, we studied breeding bird
communities of swamp and levee forest along a
150-km portion of the lower Roanoke River in
eastern North Carolina, from Halifax to near the
river’s mouth at Plymouth. The swamp forest
occurs in backswamps, sloughs, and other areas
that in most years are flooded much of the grow-
ing season. Dominant tree species are water tu-
pelo (Nyssa aquatica) and bald-cypress (Taxo-
dium distichum), with Carolina ash (Fraxinus
caroliniana) as a common midstory tree species.
The levee forest occurs at higher elevations than
swamp forest, on natural levees adjacent to the
river channel. The levee forest canopy is domi-
nated by a mixture of bottomland hardwoods
such as sycamore (Platanus occidentalis),
American elm (Ulmus americana), green ash
(Fraxinus pennsylvanica), sugarberry (Celtis
laevigata), boxelder (Acer negundo), water hick-
ory (Carya aquatica), and sweetgum (Liquid-
ambar styraciflua). Midstory tree species in-
clude pawpaw (Asimina triloba) and ironwood
(Carpinus caroliniana), and vines are an abun-
dant and conspicuous component of the com-
munity.

There is little change in canopy height and
overstory tree density in the transition from
swamp to levee. Forests are mature second
growth, with canopy height of about 30 m (mean
5 32 m, range among study plots 26–41 m). In
some swamp forest, mature bald-cypress have
been removed by selective logging. There is
sharp contrast in plant community composition
between swamp and levee, and swamp forest
contains much lower densities of understory
plants and shrubs, and somewhat lower densities
of midstory trees. The ecotone between levee
and swamp is not as abrupt as between levee
and river or swamp and agricultural field, but
typically it extends only a few meters.

The Roanoke bottomlands contain 13 other
plant community types besides swamp forest
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FIGURE 1. Satellite photograph of Roanoke River, North Carolina floodplain showing five types of transects
sampled for relative breeding abundance. Lighter patches adjacent to river are levee forest and dark patches are
swamp forest. White patches are agricultural fields surrounding the bottomland forests. Transects indicated are
(1) narrow levee interior, (2) wide levee interior, (3) small swamp interior, (4) large swamp interior, and (5)
large swamp edge.

and levee forest, but these other communities are
restricted in their distribution, for example to
slopes, to areas near the mouth of the river, or
to special locations such as beaver ponds. The
upland habitat matrix surrounding the bottom-
land communities consists mostly of cropland
and pastureland on higher terraces of the flood-
plain that flood rarely or not at all (Fig. 1).
Fields tend to be large, although they are usually
broken up by wind breaks, drainage ditches, and
other shrubby cover.

ASSESSMENT OF BIRD COMMUNITIES

In order to determine the effects of habitat type,
interior versus edge location, and patch size on
bird communities, we established 35 permanent
transects in levee and swamp forest tracts (pri-
mary transects). We placed 14 transects in the

center of levee patches of varying width (150–
1,500 m wide), and 14 in the center of swamp
forest patches of varying size (12–2,500 ha). We
placed the remaining seven transects within 50
m of the edge of the seven largest swamp patch-
es (340–2,500 ha) (Fig. 1). Each habitat patch
contained one transect, with the exception of
large swamp patches which contained two tran-
sects (an interior transect and an edge transect).
We assumed all transects to be independent sam-
ples because they were always at least 1 km
apart.

We censused birds on four other levee tran-
sects that were not included in the above design.
These transects were located in levee forest that
contained substantial thickets of giant cane
(Arundinaria gigantea) (cane transects). They
were censused to determine associations be-
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tween bird species and this unique habitat com-
ponent, but were not included in statistical anal-
yses.

We used the fixed-radius point count census-
ing technique (Hutto et al. 1986) to survey
breeding bird communities in 1992 and 1993.
Each transect was 300 m long, had three count
stations at 0, 150, and 300 m, and was visited
three times during the period 1 May–10 July in
each year. We made counts at each count station
for 10 min between sunrise (approximately 06:
00) and 10:00. At each count, we identified all
vocal and visual detections to species and re-
corded their distance as , 30 m or . 30 m.

We examined edge effects by comparing
breeding bird abundances between locations rel-
atively far from patch edges and locations rela-
tively close to patch edges. For levee forest this
was a comparison between wide (650–1,500 m)
and narrow (150–300 m) levees; for swamp for-
est this was a comparison between large swamp
interiors and large swamp edges. Narrow levees
were impacted by two edges each (river-levee,
swamp-levee) that were 75–150 m from the cen-
sus point depending on the width of the levee
(Fig. 1). Large swamp edges were impacted by
one edge (swamp-levee) that was 50 m from the
census point.

We examined patch size effects by regressing
breeding bird abundance against the size of hab-
itat patches. Because levee forest occurs more
as a linear habitat than as discrete patches, we
regressed abundance against levee width to as-
sess effects of levee patch size. For swamp for-
est, we used data from interiors of large (340–
2,500 ha) and small (12–128 ha) patches (Fig.
1) to regress abundance against patch size.

STATISTICAL ANALYSIS

To avoid including birds that were outside the
habitat/patch of interest, we only used detections
within the 30-m radius in our analyses. We used
ANOVA to examine relationships between the
relative abundance of species and habitat type
and transect location relative to edge. Model
terms were year (1992 or 1993), habitat (levee
or swamp forest), location [habitat] (swamp in-
terior or edge, narrow or wide levee), year 3
habitat, and year 3 location [habitat]. The mod-
els’ response variables were the mean number
of detections of a particular species per transect
per year. Mean number of detections was ob-
tained by first averaging the three visits to a

count station within a year, and then averaging
the three count station means within a transect.
Census data were power transformed to meet
homogeneity of variance assumptions (Levene’s
test, P . 0.05) (Levene 1960). To assess the
possibility that lack of independence of data col-
lected from the same transect in consecutive
years affected our results, we repeated the anal-
yses using year as a repeated measure. Exclud-
ing year effects, results were identical using ei-
ther approach, or analyzing only a single year’s
data.

For the regression analyses examining effects
of patch size, we combined data from 1992 and
1993 except where t-tests (swamp forest) or AN-
OVA results (levee forest, see above) indicated
a year effect. The response variable again was
the mean number of detections per point count
within a transect for each species. Data from le-
vees were again power transformed, but this
transformation was not necessary for data from
swamp forest.

In addition to the above species-specific anal-
yses, we also regressed average number of in-
dividuals and species against patch size for
swamps and against forest width for levees. For
these analyses we used the mean number of in-
dividuals and species detected per point count
within a transect obtained by pooling all detec-
tions.

We used JMP software (JMP 1994) to per-
form statistical analyses.

RESULTS

We recorded 69 species of birds during morning
censuses; 29 (42%) were Neotropical migrants
(long-distance migrants), 4 (6%) were short-dis-
tance migrants, 5 (7%) were coastal migrants,
and 31 (45%) were permanent residents. We re-
corded 24 of these 69 species 10 or more times
within the 35 primary transects. We recorded
four other species, White-eyed Vireo (Vireo gri-
seus), Kentucky Warbler (Oporornis formosus),
Swainson’s Warbler, and Hooded Warbler (Wil-
sonia citrina), 10 or more times if the four ad-
ditional cane transects are included. Each of
these species was strongly associated with cane.
The remaining 41 species included 10 water-
birds, 4 passage migrants, 3 species that soared
above the forest, 7 species associated with ag-
ricultural lands, and 17 rare forest species. No-
table among the latter were Cerulean Warbler,
found only on upstream levee transects, Scarlet
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TABLE 1. Results of ANOVA examining relationship of relative abundance of each individual species to
habitat type (levee vs. swamp forest) [habitat], transect location (wide vs. narrow levee, swamp edge vs. interior)
(location [habitat]), year (1992 vs. 1993) [year], habitat-year interaction (habitat 3 year), and location-year
interaction (location 3 year) in bottomland forest along the Roanoke River, North Carolina. Entries are P-values
for the indicated F-test, with significant (P , 0.05) and marginally significant (0.05 , P , 0.10) values in bold.

Species
Year
F1,48

Habitat
F1,24

Location
F2,48

Habitat 3
year
F1,48

Location 3
year
F2,48

Neotropical migrants
Prothonotary Warbler
Acadian Flycatcher
Red-eyed Vireo
Great-crested Flycatcher
Yellow-billed Cuckoo
Indigo Bunting
Eastern Wood-pewee
Yellow-throated Vireo
Summer Tanager
American Redstart
Wood Thrush

0.25
0.22
0.37
0.19
0.38
0.80
0.004
0.69
0.08
0.37
0.28

0.002
0.30

,0.001
0.002
0.59
0.17
0.30
0.002
0.14
0.002
0.002

0.81
0.20
0.04
0.81
0.55
0.98
0.02
0.75
0.06
0.10
0.76

0.98
0.74
0.42
0.72
0.87
0.77
0.90
0.03
0.31
0.69
0.09

0.55
0.86
0.16
0.23
0.70
0.81
0.08
0.48
0.23
0.22
0.40

Northern Parula 0.38 ,0.001 0.71 0.47 0.60

Short-distance migrants
Blue-gray Gnatcatcher
Common Yellowthroat

,0.001
0.99

0.62
0.31

0.21
0.32

0.90
0.94

0.16
0.99

Permanent residents
Carolina Chickadee
Carolina Wren
Downy Woodpecker
Pileated Woodpecker
White-breasted Nuthatch
Tufted Titmouse
Red-bellied Woodpecker
Northern Cardinal
Number significanta

0.005
0.001
0.70

,0.001
0.18
0.78

,0.001
0.38
6 1 1

0.52
,0.001

0.001
0.70
0.009
0.49
0.43
0.003
11

0.63
0.37
0.56
0.44
0.41
0.11

,0.005
0.14
3 1 1

0.25
0.15
0.06
0.32
0.70
0.83
0.25
0.52
1 1 2

0.93
0.72
0.56
0.31
0.74
0.51
0.008
0.82
1 1 1

a Total significant 1 marginally significant results for model term in column.

Tanager (Piranga olivacea), Wild Turkey (Me-
leagris gallopavo), Barred Owl (Strix varia),
and Red-shouldered Hawk (Buteo lineatus).

We omitted species with fewer than 10 total
detections within the 30-m radius on the 35 pri-
mary transects in both years from species-spe-
cific analyses, as well as species flying above
the canopy. We excluded 1 of the remaining 24
species, Common Grackle (Quiscalus quiscula),
because it tended to occur in large flocks, com-
plicating statistical analyses. We excluded an-
other species, the Brown-headed Cowbird, be-
cause most detections of this species were fly-
overs. The distributions of the remaining 22 spe-
cies were subjected to statistical analysis (see
Appendix 1 for common and scientific names).

Habitat type was much more important than
patch size or proximity to edge in explaining
species abundance. Half of the 22 species ana-

lyzed were significantly more common in one of
the two primary habitat types than in the other
(Table 1). Six species were more common in
swamp forest (Prothonotary Warbler, Great
Crested Flycatcher, Yellow-throated Vireo,
Northern Parula, Downy Woodpecker, White-
breasted Nuthatch) and five were more common
in levee forest (Red-eyed Vireo, American Red-
start, Wood Thrush, Carolina Wren, Northern
Cardinal). We will refer to those more common
in swamp forest as swamp specialists, those
more common in levee forest as levee special-
ists, and those equally common in the two hab-
itats as generalists.

Six species exhibited differences in abun-
dance between years, five of which were habitat
generalists (Table 1). Generally, species exhib-
ited the same habitat associations in both years
with only three species showing significant or
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marginally significant (P , 0.10) habitat 3 year
interactions (Table 1). In all three cases, differ-
ences between years can be related to extensive
flooding in 1993. Records for the first six
months of 1993 indicated Roanoke River flows
to be greatly above normal. Flows between 1
January 1993 and 30 June 1993 rank as the
fourth highest in 83 years; flows between 1 April
1993 and 30 April 1993 were the second highest
on record (Rulifson and Manooch 1993). As a
result, flooding was much more extensive in
1993 than in 1992, extending even into levee
forest for several weeks.

The Wood Thrush, a ground forager that was
found primarily in levee forest in 1992, was rar-
er and less habitat specific in 1993. The Yellow-
throated Vireo and Downy Woodpecker, asso-
ciated with swamp forest in 1992, exhibited in-
creased use of narrow levees in 1993 when they
were extensively flooded. Two of the other four
swamp specialists exhibited a similar pattern
(Prothonotary Warbler, Great Crested Flycatch-
er), although the habitat 3 year interaction was
not statistically significant in these cases.

In contrast to strong effects of habitat type on
many species, proximity to edge had only weak
effects on a few species. Four species exhibited
location effects: all were habitat generalists ex-
cept the Red-eyed Vireo, a levee specialist. In
two of these species, the inconsistency of the
location effect was manifested in a significant
location 3 year interaction (Table 1). The East-
ern Wood-pewee was more common in narrow
levees and at swamp edges in 1992, but not in
1993 when the swamp-levee edge was obscured
by flooding. The Red-bellied Woodpecker was
more common on wide levees and in swamp in-
teriors in 1992, but was less common in those
locations in 1993. The Red-eyed Vireo was sim-
ilar to the Eastern Wood-pewee in that the lo-
cation effect detected was observed only in
1992, although the location 3 year interaction
was not significant (P 5 0.16, Table 1) in this
case. Furthermore, opposite effects were ob-
served in the two habitat types: in swamp forest,
Red-eyed Vireos were more common at the lo-
cations nearest edge (swamp edges), whereas in
levee forest they were more common at the lo-
cations farthest from edges (wide levees). The
fourth species, the Summer Tanager, exhibited a
marginally significant location effect (P 5 0.06,
Table 1) that can be described as a weak and
somewhat inconsistent tendency to be detected

at locations farthest from edges (wide levees,
large swamp interiors).

Similarly, for only 2 of the 22 species was a
relationship between forest patch size and abun-
dance detected in regression analyses. Both cas-
es involved specialists whose abundance within
their preferred habitat was positively related to
patch size. Abundance of the Prothonotary War-
bler, a swamp specialist, was positively corre-
lated with swamp forest patch size, whereas
abundance of the other five swamp specialists
was unrelated to swamp forest patch size (Table
2). Abundance of swamp specialists in levee for-
est was either too low to permit analysis (i.e.,
species not detected in half or more of the tran-
sects) (Northern Parula, White-breasted Nut-
hatch), unrelated to levee width (Prothonotary
Warbler), negatively related to levee width
(Downy Woodpecker), or tending toward a neg-
ative relationship with levee width (Great Crest-
ed Flycatcher, Yellow-throated Vireo) (Table 2).
Among the five levee specialists, abundance of
only the American Redstart was positively cor-
related with levee width (Table 2). In swamp
forest, abundance of levee specialists was either
too low to permit analysis (American Redstart,
Wood Thrush), unrelated to swamp forest patch
size (Carolina Wren, Northern Cardinal), or
tending toward a negative relationship with
swamp forest patch size (Red-eyed Vireo) (Table
2). The only relationships with patch size found
among habitat generalists were negative. Abun-
dance of Acadian Flycatchers was negatively re-
lated to size of swamp forest patches (Table 2).
There was a tendency toward a similar relation-
ship for Eastern Wood-pewees, and toward a
negative relationship between levee width and
abundance of Tufted Titmice (Table 2).

COMMUNITY INDICES

Insensitivity to location and patch size also was
apparent when number of individuals and num-
ber of species were considered. For swamp for-
ests in both years, there was no relationship be-
tween the number of individuals and patch size
or between number of species and patch size (r2

, 0.12, P . 0.28 in all four cases). There was
no relationship between the number of individ-
uals and levee forest width in either year (Fig.
2A), or between number of species and levee
forest width in 1992 (Fig. 2B) (r2 , 0.20, P .
0.15 in all three cases). However, there was a
significant negative relationship between num-
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TABLE 2. Results (r2 values) of regression analyses
of relationships of abundance of bird species with
swamp forest patch size and levee forest width along
the Roanoke River, North Carolina. Species more com-
mon in swamp forest are classified as swamp special-
ists, those more common in levee forest as levee spe-
cialists, and those equally common in the two habitats
as generalists. For years with significant differences in
abundance, values for 1992 (upper) and 1993 (lower)
are reported separately. Species not detected indicated
by (—); (1 or 2) indicate direction of relationships.
For all regressions, df 5 1, 12. Significant relationships
are indicated by * (P , 0.05) or ** (P , 0.01).

Species Swamps Levees

Swamp specialists
Prothonotary Warbler
Great-crested Flycatcher
Yellow-throated Vireo
Northern Parula
Downy Woodpecker
White-breasted Nuthatch

0.28 (1)*
0.12 (2)
0.16 (2)
0.02 (1)
0.01 (1)
0.03 (1)

0.06 (2)
0.18 (2)
0.15 (2)
0.09 (2)
0.29 (2)
0.03 (2)

Levee specialists
Red-eyed Vireo
American Redstart
Wood Thrush
Carolina Wren

0.14 (2)
—

0.00 (2)
0.01 (2)

0.07 (1)
0.16 (1)*
0.00 (1)
0.15 (2)

Northern Cardinal
0.01 (1)
0.00 (1)

0.00 (1)
0.09 (2)

Generalists
Acadian Flycatcher
Yellow-billed Cuckoo
Indigo Bunting
Eastern Wood-pewee

Summer Tanager
Blue-gray Gnatcatcher

Common Yellowthroat
Carolina Chickadee

Pileated Woodpecker

Tufted Titmouse
Red-bellied Woodpecker

0.40 (2)*
0.10 (1)
0.12 (2)
0.19 (2)
0.17 (2)
0.01 (2)
0.05 (2)
0.01 (2)
0.19 (1)
0.15 (2)
0.02 (2)
0.04 (2)
0.06 (1)
0.07 (1)
0.02 (2)
0.16 (1)

0.11 (1)
0.01 (2)
0.01 (2)
0.07 (2)
0.03 (2)
0.01 (1)
0.09 (1)
0.06 (1)
0.03 (2)
0.00 (1)
0.00 (1)
0.02 (2)
0.00 (1)
0.27 (1)*
0.04 (1)
0.05 (2)

FIGURE 2. Number of individuals (A) and species
(B) as a function of levee forest width.

ber of species and levee forest width in 1993 (r2

5 0.43, F1,12 5 9.00, P 5 0.01) (Fig. 2B), when
narrow levees were flooded.

DISCUSSION

The lower Roanoke River floodplain is clearly
an important breeding area for many birds, in-
cluding Neotropical migratory species. The two
most common birds breeding on the floodplain
are Neotropical migrants (Prothonotary Warbler
and Acadian Flycatcher). The abundances re-

corded for these species, and several others such
as Pileated Woodpecker, are remarkable. At the
community level, avian abundance and species
richness are similar to, if not higher than, those
reported for other bottomland hardwood forests
(Mitchell and Lancia 1990, Smith et al. 1995).
The Roanoke bottomland forests contain a large
population of a migratory species that is other-
wise uncommon in the North Carolina Coastal
Plain (American Redstart), and small but signif-
icant populations of two migrants of regional
concern (Swainson’s Warbler, Cerulean Warbler,
the latter of which also is otherwise absent from
the North Carolina Coastal Plain).

The value of the primary habitat types found
along the Roanoke varies among species. Some
birds prefer swamps (Northern Parula and
White-breasted Nuthatch) and some favor levees
(Red-eyed Vireo and Northern Cardinal), where-
as others use swamps and levees equally (Aca-
dian Flycatcher and Pileated Woodpecker) (Ta-
ble 1). Bird-habitat associations were strong and
consistent between years. Where differences oc-
curred between 1992 and 1993, they were most
likely related to the extensive flooding that oc-
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curred in 1993, which probably promoted intru-
sion of swamp specialists into at least narrow
levees and reduced habitat available to ground-
dwelling levee specialists. A notable habitat as-
sociation was that between giant cane and sev-
eral uncommon species, including Swainson’s
Warbler. One management activity that would
increase the conservation value of the Roanoke
forests would be to increase the abundance of
cane.

PATCH SIZE AND EDGE EFFECTS

Although we readily detected habitat preferenc-
es, we detected few effects of patch size or prox-
imity to edge among the 35 primary transects.
Proximity to edge, in fact, more frequently had
positive effects on abundance of individual spe-
cies than negative effects. The only consistent
pattern we detected is that species characteristic
of one habitat type tended to be more abundant
within the second habitat type near edges. This
presumably reflects proximity to the preferred
habitat. In addition, one species, the Eastern
Wood-pewee, appeared to be more abundant
along edges between levee and swamp than
within either habitat.

Of the four species (Acadian Flycatcher,
Northern Parula, American Redstart, and Pile-
ated Woodpecker) included in our analyses clas-
sified as ‘‘forest interior species’’ by Whitcomb
et al. (1981) and Freemark and Merriam (1986),
only the American Redstart was more common
in larger patches along the Roanoke. Within
swamp forest, the Acadian Flycatcher actually
was less abundant in larger patches. Our results
differ from those of other studies that indicate
bird density and species richness to be propor-
tional to patch size (Freemark and Merriam
1986, Blake and Karr 1987, Loyn 1987), and to
riparian forest width (Stauffer and Best 1980,
Keller et al. 1993). Among bottomland hard-
wood forest corridors of different widths studied
in Georgia, wider corridors had richer avian
communities (Hodges and Krementz 1996). Spe-
cies-specific analyses indicated positive relation-
ships with corridor width for several species, in-
cluding three (Northern Parula, Red-eyed Vireo,
Blue-gray Gnatcatcher) for which we found no
such relationships. We did, however, find a pos-
itive relationship for Prothonotary Warblers, as
did Hodges and Krementz (1996), and we found
evidence of higher abundance in smaller swamp
forest patches for the one species, the Acadian

Flycatcher, for which Hodges and Krementz
(1996) found a negative relationship between
abundance and corridor width.

An obvious difference between our study and
those cited above is that the forest patches we
studied were bordered by other types of forest
or river rather than by agricultural or suburban
lands, or in the case of Hodges and Krementz
(1996), pine plantations. The narrow levees we
sampled were as narrow as the forest corridors
in which Hodges and Krementz (1996) found
abundances to be reduced, but the entire forest
matrix in which they were embedded was much
wider. These results suggest that effects of
patchiness, including fragmentation, are depen-
dent on the nature of edges (Schieck et al. 1995,
Saurez et al. 1997) and intervening habitats. For
some species, such as American Redstarts and
Prothonotary Warblers, effects of patch size may
hold across a variety of landscapes, reflecting
perhaps basic features of population dynamics.
For other species, effects of patch size and edge
may be landscape-specific, reflecting a particular
interaction between that landscape and popula-
tion dynamics. This thesis is consistent with
studies that report numerous patch size effects
in naturally patchy systems where edge and hab-
itat contrasts are high (Helle 1985, Dobkin and
Wilcox 1986), and with studies that have shown
fragmentation by silviculture to have fewer ef-
fects than fragmentation by agriculture (Haila et
al. 1989, Lemkuhl et al. 1991, Schieck et al.
1995). Silviculture creates forest edges that are
transient in nature and less abrupt (DeGraaf
1992, McGarigal and McComb 1995), perhaps
thereby reducing edge-related phenomena such
as nest predation and brood parasitism (Rud-
nicky and Hunter 1993, Hanski et al. 1996, King
et al. 1996). In our study area, predation on ar-
tificial nests is higher along edges between forest
and agricultural areas than along edges between
forest types or between forest and the river (Sar-
acco and Collazo 1999).

Effects of fragmentation are not always man-
ifested in changes in abundance. For example,
in the Midwest, regional movements maintain
abundance of many species in small forest patch
and edge sinks, despite extremely high levels of
nest predation and parasitism (Robinson et al.
1995, Faaborg et al. 1998). This is likely only
in systems in which fragmentation (or patchi-
ness) does not disrupt dispersal. Perhaps small
swamp forest patches along the Roanoke are
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sinks as well, but this is not reflected in differ-
ences in abundance because the landscape is
conducive to the movement of birds from pro-
ductive large patches to unproductive small
ones. We think this possibility unlikely, but can-
not rule it out until sufficient data on productiv-
ity and mortality are available. Studies of repro-
duction and mortality are necessary to determine
whether population dynamics, like abundance,
are little affected by patch size and edges.

Factors other than a species–area relationship
may account for much of the variation in bird-
habitat associations such as those studied here.
A lack of sensitivity to area may in fact be re-
lated to factors not measured or incorporated in
analyses (e.g., degree of isolation, floristics, for-
est physiognomy, food resources, or nest sites).
Such factors have been found to be as important,
or more important, than area per se in explaining
species abundance patterns in patches of varying
sizes and isolation (Rafe et al. 1985, Boecklen
1986).

This initial study indicates the value of the
Roanoke bottomland forests as a reserve for
birds to be extremely high potentially. Many
species are abundant, including several Neotrop-
ical migratory species that are rare in the region.
It remains to be determined whether these spe-
cies are able to maintain their populations in this
area. If, but only if, productivity and survival
are high, the Roanoke forests may house not
only locally sustainable populations, but also re-
gionally important source populations.
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APPENDIX 1. Species included in statistical analyses of individual species’ distributions.
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Vireo olivaceus
Myiarchus crinitus
Coccyzus americanus

Indigo Bunting
Eastern Wood-pewee
Yellow-throated Vireo
Summer Tanager
American Redstart

Passerina cyanea
Contopus virens
Vireo flavifrons
Piranga rubra
Setophaga ruticilla

Wood Thrush
Northern Parula

Hylocichla mustelina
Parula americana

Short-distance migrants
Blue-gray Gnatcatcher
Common Yellowthroat

Polioptila caerula
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Permanent residents
Carolina Chickadee
Carolina Wren
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Parus carolinensis
Thryothorus ludovivianus
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