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THE EFFECTS OF HABITAT FRAGMENTATION ON BIRDS IN
COAST REDWOOD FORESTS

T. LUKE GEORGE AND L. ARRIANA BRAND

Abstract. Human activities in the redwood (Sequoia sempervirens) region over the last 150 years
have changed what was once a relatively continuous old-growth forest ecosystem into a highly frag-
mented mosaic of young, mature, and old-growth forest patches, agricultural land, and human settle-

ments. We summarize recent studies on the effects of forest fragmentation on diurnal landbirds in

redwood forests and present new analyses of the effects of forest patch size on the distribution and

abundance of breeding birds. Analyses of the relative abundance of 31 bird species in 38 patches of
mature and old-growth redwood forest indicate that six species were positively correlated with forest

patch area and may be sensitive to fragmentation: Pileated Woodpecker [Dryocopus pil 1eawsJ; Pacific-
slope Flycatcher (Empidonax difficilis), Steller's Jay {Cyanocitta stelleri) Brown Creeper [Certhis
americana), Winter Wren (Troglodytes troglodytes), and Varied Thrush ([xoreus naevius). These spe-
cies [except the Steller's Jay)] have been identified as sensitive to forest fragmentation in other studies
of wet coniferous forests in the western U.S. The American Robin (Turdus migro;tor—,',usj; Orange-
crowned Warbler (Vermivora celata), Dark-syed Junco (Junco hyemalis), and Song Sparrow (Melos-
piza melodia) were negatively correlated with patch area. Song Sparrows and Orange-crowned War-

blers are more abundant in young second-growth than mature redwood forests, and American Robins

and Dark-eyed Juncos are generally associated with forest openings. Thus, these four species are
associated with and likely responding to habitats surrounding forest patches. Previous analyses have

shown that four of the species that were positively associated with patch area, Pacific-slope Flycatch-

ers, Brown Creepers, Winter Wrens, and Varied Thrushes, were less abundant at forest edges than the

forest interior, suggesting that edge avoidance may be responsible for their sensitivity to fragmentation.

Two species, Steller's Jay and Swainson's Thrush (Catharus usmio,nwj, were more abundant along
forest edges. In a previous study, we found that predation on artificial nests increased with proximity

to forest edge and that Steller's Jays were observed preying on some of the nests. These and other

studies suggest that several bird species are sensitive to fragmentation of old-growth and mature

second-growth coast redwoods possibly due to changes in microclimate along forest edges or to

increased nest predation and subsequent avoidance of forest edges. Implementation of forest practices

that reduce the amount of forest edge on the landscape may reduce the potential impacts of fragmen-

tation on bird species in redwood forests.

Key Words: area effects; artificial nests; diurnal landbirds; edge effects; forest fragpmentation; nesting
success; redwoods; Sequoia sempervirens.

Numerous studies have documented the negative
effects of forest loss and fragmentation on birds
breeding in forests of the midwestern and east-
em United States (Ambuel and Temple 1982,
Askins et al. 1990, Robinson and Wilcove 1994,
Walters 1998, Thompson et al. this volume) and
Europe (Andren 1992, 1994). Furthermore, a
CONSensus is emerging among scientists working
in these regions that habitat fragmentation re-
sults in increased nest predation and parasitism,
thereby reducing breeding productivity and pos-
sibly leading to population declines. Thompson
etal. (this volume) have proposed a "top-down"
hierarchical model that includes regional, land-
scape-level, and local effects to explain variation
in nesting success across the landscape. How-
ever, there is substantial variation among studies
and some results in western forests seem to con-
tradict the general pattern (e.g., Tewksbury et al.
1998). This has led to suggestions that the
"Eastern Paradigm" may not be applicable to
western forests.

Over the last 150 years, Westside forests (for-
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ests west of the Sierra Nevada /Cascade crest)
have been extensively logged, resulting in a
fragmented pattern of late-seral stage forest in a
sea of younger forest (Garmen et al. 1999). Be-
cause forest fragmentation has had such a dra-
matic impact on birds in other regions, it has
been suggested that similar effects may be oc-
curring in Westside forests. However, while
some species such as the Northern Spotted Owl
(Strix occidentalis caurina) and Marbled Mur-
relet (Brachyramphus marmoratus) show strong
negative responses to forest fragmentation, stud-
ies of passerines and other small bird species in
Westside forests have documented few effects of
forest fragmentation (Rosenberg and Raphael
1986, Lehmkuhl et al. 1991, McGarigal and Mc-
Comb 1995).

A number of hypotheses have been suggested
to explain the lack of response of birds to forest
fragmentation in Westside forests, including: (1)
ingufficient time for species to respond (Rosen-
berg and Raphael 1986, Lehmkuhl et al. 1991),
(2) limited extent of forest loss (Rosenberg and
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FIGURE 1. Original distribution of coast redwood (Seguoia sempervirens) forests and current distribution of
old-growth and mature second-growth coast redwood forest north of Point Reyes National Seashore. Current
distributions are based on Landsat satellite imagery (Fox 1997).

Raphael 1986, Lehmkuhl etal. 1991), (3) the
matrix (generally young forest) is less detrimen-
tal to nesting birds (McGarigal and McComb
1995), and (4) the species are adapted to hetero-
geneous landscapes and thus to the kinds of
changes that logging has produced on the land-
scape (McGarigal and McComb 1995, Hejl et al.
this volume). The first two hypotheses do not
rule out fragmentation effects but suggest that
effects may only be evident in forests that have
been logged extensively in the past. The latter
two hypotheses imply that forest fragmentation
due to logging will have little effect even in
heavily logged regions of the western United
States.

Coast redwood (Sequoia sempervirens) for-
ests have been heavily logged since the mid
1800s. Only about 3.5% of the pre-settlement
distribution remains as original growth, and the
current distribution of mature and old-growth
redwood forest habitat is highly fragmented

(Fig. 1; Larsen 1991). Logging began earlier and
has occurred more extensively in redwood than
in other Westside forests (Sawyer et al. 2000).
Thus, the effects of fragmentation may be more
evident in redwood than in other Westside for-
ests.

The birds of the redwood forest have not been
extensively studied. However, over the past sev-
eral yvears there have been a number of studies
that have examined the effects of forest frag-
mentation on the birds of the region. Our ohjec-
tives in this paper are to: (1) present new anal-
vses of bird response to patch size and nesting
success of Winter Wrens and Swainson's
Thrushes (see Table 1 for scientific names of
bird species studied) with respect to distance
from forest edge, (2) summarize published and
unpublished studies on the effects of forest frag-
mentation on birds in redwood forests, and (3)
compare the effects of forest fragmentation on
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birds in redwood forests to those found in the
Midwest and the eastern United States.

METHODS

We describe the methods for the analysis of bird
response to patch size and nesting success of Winter
Wrens and Swainson's Thrushes in detail, as these
analyses have not been published. Methods for esti-
mates of relative bird abundance with respect to dis-
tance from forest edge and the artificial nest experi-
ments have been published elsewhere (Brand 1998;
Brand and George 2000, 2001).

STUDY AREA

We conducted our studies in redwood forest patches
in Humboldt County, California. Point counts that we
used for analysis of bird response to patch size were
conducted from 1 May to 15 July, 1994, Monitoring
of Winter Wren and Swainson's Thrush nests took
place during May-August 1998-1999. Study sites con-
sisted of old-growth as well as mature second-growth
(=80 years) coast redwood forests. The overstory of
all stands was dominated by redwoods (>50%), but
other tree species found in these stands included Doug-
las-fir (Pseudotsuga menziesii). Sitka spruce (Picea
sitchensis), western hemlock (Tsuga heterophylla),
grand fir {Abies grandis), red alder (Alnus rubra), Cal-
ifornia bay (Umbellularia californica). big-leaf maple
fAcer macrophyllum), and tan-oak (Lithocarpus den-
siflorus). The understory was dominated by rhododen-
dron (Rhododendron macrophylium), sword fern (Po-
lystichum munitum), salal (Gaultheria shallon), Cali-
fornia huckleberry (Vaccinium ovatum), red huckle-
berry (Vaccinium parviflforum), cascara (Rhamnus
purshiana), salmonberry (Rubus spectabilis), Califor-
nia blackberry (Rubus ursinus), Himalayan blackberry
(Rubus discolor), and red elderberry (Sambucus race-
mosa). The edge of each patch was defined by gaps

=100 m in the forest canopy occurring adjacent to
several features such as rivers, grasslands, young forest
(30 years), residential development, and roads.

Study sites were located on public lands managed
by Humboldt Redwoods State Park, Redwood National
Park, Prairie Creek Redwoods State Park, the City of
Arcata (Arcata Community Forest), Humboldt State
University Wildlife Department (Wright Wildlife Ref-
uge). the City of Eureka (Sequoia Park), and Grizzly
Creek State Park. Study sites were also located on
Simpson Timber Company property and other private
lands. Stands on privately owned land have been in-
tensively managed in the past 100 years. Most of the
sites on public lands have never been logged; some
were logged once and are now mature stands (>»100
years).

For the patch size study, we used orthophotographic
quadrangles of the region to identify potential forest
patches characterized by >50% redwood canopy and
a stand age of >80 years. From approximately 90 &l-
igible patches, we randomly chose 38 forest patches to
survey. The size of patches ranged from 0.89 ha to
4252 ha. However, 35 of the 38 patches were <160
ha. The study sites were distributed over approximate-
ly 700 km', all within 50 km of the Pacific Ocean.

The fate of Winter Wren and Swainson's Thrush
nests was studied at the Wright Wildlife Refuge, the

NO. 25

Arcata Community Forest, and Redwood National
Parl. Plots were established along forest edge (edge
plots) and in forest interior (interior plots, >400 m
from forest edge). One edge plot was established at the
Wright Wildlife Refuge, two interior and one edge plot
were established in the Arcata Community Forest, and
two interior plots were established in Redwood Na-
tional Park. Both the Wright Wildlife Refuge and the
Arcata Community forest bordered on suburban areas.

BIRD RESPONSE TO PATCH SIZE

To examine which passerine bird species are sensi-
tive to forest patch size and shape during the avian
breeding season, we investigated the distribution and
relative abundance of birds in redwood forest patches
using point counts (Verner 1985). The location of the
first point in a patch was randomly selected. From that
point, a direction was randomly chosen to establish the
succeeding points placed 200 m apart, until no further
points could be placed within the patch or we had es-
tablished 4 points. Most points were >100 m from the
edge of the patch. In some cases the size and shape of
the patch made this impossible, but in all cases points
were placed no closer than 50 m from the edge of the
patch.

Each patch was surveyed four times (twice by each
of two observers), approximately once every two
weeks, Point counts lasted 8 min, and were conducted
at least 5 min apart. Some patches were too small to
contain four points. In these patches, we established
fewer points but maintained equal sampling effort by
conducting additional counts at the points. If one point
was established in a patch, then four, 8-min point
counts spaced 5 min apart were conducted at one
point. If a patch contained two points, two point counts
were conducted 5 min apart at each point. If a patch
contained 3 points. two point counts were done at a
randomly chosen peint, then one point count was con-
ducted at the two remaining peints. If four points were
established in a patch, one point count was conducted
at each point. All point-counts were conducted within
four hours after sunrise.

Data were recorded separately for each 8-min point
count even if occurring S min apart in the same loca-
tion. During an 8-min point count, birds were not
counted twice unless there was a high certainty that it
was a different individual of the same species. The
number of birds counted at each point in each patch
across all visits to each patch was summed to get an
index of relative abundance for that patch.

To quantify the landscape variables of habitat patch
size and patch shape, we used a planimeter and ortho-
photoquads to measure the area (ha) of each forest
patch and a map wheel to measure the total perimeter
(m) of each patch. Because perimeter length is corre-
lated with area. we computed an index of patch shape
using the ratio of the perimeter (m) of a given forest
patch to the perimeter (m) of a circular forest patch of
equal area. Both patch area and patch shape were log
transformed for analysis.

Because the bird data are counts, we used Poisson
regression (McCullagh and Nelder 1989) to examine
the effect of patch area and shape on bird abundance.
Only species that were observed in at least 20% of the
patches were included in the analysis. We used the
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natural log of patch area to deal with wide disparity in

patch areas. The natural log of patch area and patch

shape were correlated (r° = 0.34, df = 36, P = 0.037)

and therefore we used only log patch area in the anal-

vses because it explained a higher proportion of the
variation in bird abundances than log patch shape, and
patch area is generally a better predictor of bird abun-

dance than patch shape (Galli et al. 1976, Blake and
Karr 1987, Askins et al. 1990). A scale parameter was

included in the model, which allows the variance to be
greater than the mean to allow for over-dispersion of
bird detections within patches compared to a standard
Poisson distribution (McCullagh and Nelder 1989).

Species that were positively associated with area were

considered sensitive to fragmentation. All analyses
were conducted using SAS statistical software (SAS

Institute 1999).

NATURAL NESTS

In 1998 and 1999 nests of Swainzon's Thrushes and
Winter Wrens were monitored in plots established
along forest/suburban edges and at locations distant
(=400 m) from suburban edges (J. Kranz and T. L.
George, unpubl. data). Nests were monitored at 3—-4
day intervals until the nest failed or the young fledged.
Daily Survival Rate (DSR) was computed for edge
(«100 m from suburban edge} and interior (>100 m
from suburban edge) nests using the Mayfield method
(Hensler and Nichols 1981) and comparisons were per-
formed using program CONTRAST (Hines and Sauer
1989, Sauer and Williams 1989). Because of small
sample sizes of nests, we used a = 0.10 to reduce the
chance of a Type I error.

LITERATURE SURVEY

We surveyed the literature for studies of the re-
sponse of diurnal landbirds to forest fragmentation in
wet coniferous forests of the Pacific Northwest. We
classified a species as area sensitive if its abundance
increased with patch size (Schieck et al. 1995; this
study) or with the amount of mature or old-growth
forest within a surrounding buffer. Buffers differed in
extent from 100 ha (Manuwal and Manuwal this vol-
ume) to 250-300 ha (McGarigal and McComb 1995).
Rosenberg and Raphael (1986 examined both patch
size and the amount of mature or old-growth in a
1,000-ha buffer surrounding the stand. Lehmbkuhl et al.
(1991) examined three scales: patch size, the area ad-
jacent to the patch (within 400 m of the boundary),
and the landscape (circular 2,025 ha area centered on
the patch). Hejl and Paige (1994) compared bird rel-
ative abundance between a continuous stand of old-
growth forest, an old-growth forest with 1-8 year-old
clearcuts, and a selectively logged forest. A species
was classified as edge sensitive if its abundance de-
clined with proximity to edge (Brand and George
2001) or declined in abundance as the amount of edge
increased in a surrounding buffer area. Buffer areas
varied from 10 ha (Rosenberg and Raphael 1986), to
100 ha around each patch (Manuwal and Manuwal this
volume), to 400 m surrounding the patch (Lehmiquhl
et al. 1991). Thus there were seven studies that ex-
amined area effects and four that examined edge ef-
facts, We included fewer studies in our analysis than
Manuwal and Manuwal (this volume, Table 1) because

we only included studies that specifically addressed
area or edge sensitivity. Life history characteristics
[nest type, migratory status, and foraging mode) of
each species were obtained from the studies included
in the summary and from the literature (Ehrlich et al.
1988). Species that showed evidence of area effects in
two or more studies are included in Table 3.

RESULTS

Thirty-one species were included in the anal-
ysis of bird abundance and patch size (Table 1).
Three species, the Golden-crowned Kinglet, Pa-
cific-slope Flycatcher, and Wilson's Warbler,
were detected in all of the patches. The abun-
dances of six species, the Pileated Woodpecker,
Pacific-slope Flycatcher, Brown Creeper, Stell-
er's Jay, Winter Wren, and Varied Thrush, were
positively correlated with log forest patch size
(Table 2, Fig. 2). These species spanned the
whole range of frequency values, from species
that were detected in all of the patches (Pacific-
slope Flycatcher) to those that were detected in
a small proportion of the patches (Pileated
Woodpecker). American  Robins, Orange-
crowned Warblers, Dark-eved Juncos, and Song
Sparrows were negatively correlated with patch
size (Table 2, Fig. 2}

Varied Thrushes and Pileated Woodpeckers
showed a threshold response to patch area. Var-
ied Thrushes were detected in only 1 out of 17
patches below and 20 out of 21 patches above
16 ha. Pileated Woodpeckers were detected in 2
of 29 patches below and & of 9 patches above
48 ha. None of the other species showed evi-
dence of a threshold response (Fig. 2).

Twenty-three Swainson's Thrush and 48 Win-
ter Wren nests were monitored in the two years.
Nest success for both years combined was low
for Swainson's Thrushes (25%; DSR * SE =
0.940 = 0.016), whereas Winter Wrens had high
nest success {55%,’ 0.986 = 0.016). Da.ily sur-
vival rate of Swainson's Thrush nests cloze
(=100m) to forest edges was lower than interior
nests (0.92 £ 0.023 vs. 0.974 £ 0.018, respec-
tively; P = 0.065) but nest success of Winter
Wrens did not differ between edge and interior
locations (0.991 * 0.0053 vs. 0.977 £ 0.009,
respectively; P = 0.17). None of the nests were
parasitized by Brown-headed Cowbirds (Mol-
othrus ater).

LITERATURE SURVEY

We found eight studies that had examined the
effects of forest fragmentation on diurnal land-
birds in Westside forests (Table 3). Because each
study used different methods to examine these
relationships and species composition varied
among sites, the results must be interpreted cau-
tiously. However, we felt this comparison was
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TAELE 1.
REDWOOD FORESTS

NO. 25

EIRD SPECIES INCLUDED IN ANALYSES OF PATCH CHARACTERISTICS AND BIRD ABUNDANCE IN COASTAL

Species

Proportion of patches
occupied (N = 38)

Golden-crowned Kinglet (Regulus satrapa)
Pacific-slope Flycatcher (Empidonax difficilis)
Wilson's Warbler (Wilsonia pusilla)
Chestnut-backed Chickadee (Poecile rufescens)
Winter Wren (Troglodytes troglodytes)
Swainson's Thrush [Catharus ustulatus)
Brown Creeper (Certhia americana)

Steller's Jav (Cyanocitta stelleri)

American Robin (Twurdus migratorius)
Hermit Warbler (Dendroica occidentalis)
Dark-eved Junco (Junco hyemalis)

Song Sparrow (Melospiza melodia)
Orange-crowned Warbler [ Vermivora celata)
Common Raven (Corvus corax)

Purple Finch (Carpodacus purpureus)

Pine Siskin (Carduelis pinus)

Vaux's Swift (Chaetura vawd)

Varied Thrush (Ixoreus naevius)

Hutton's Vireo (Vireo huttoni)

Band-tailed Pigeon (Columba fasciata)
Northern Flicker [Colaptes auratus)
Red-breasted Nuthatch (Sitta canadensis)
Western Tanager (Piranga ludoviciana)
Cassin's Vireo (Vireo cassinii)

Hermit Thrush (Catharus guttatus)

Pileated Woodpecker (Dryocopus pileatus)

1.00
1.00
1.00

0.97

0.95

0.92

0.89

0.39

0.84

0.32

0.74

0.68

0.66

0.63

0.63

0.38

0.53

0.47

0.42

0.37

0.32

0.32

0.32

0.29

0.26

024

an important first step in identifying species that
consistently show evidence of sensitivity to frag-
mentation.

Out of seven studies that examined area sen-
sitivity, ten species were identified as being sen-
sitive to fragmentation in two or more and seven
in three or more studies (Table 3). There was no
tendency for species with particular nest types
or foraging modes to predominate, but the ma-
jority of the species were residents.

Eight of the ten species that were identified
as area sensitive also showed evidence of edge
sensitivity in one or more studies (Table 3).
Thus, there is high concordance between area
sensitive and edge sensitive species in these
studies. The association between edge sensitivity
and area sensitivity that we found, however,
must be viewed with caution. Only one of the
studies (Brand and George 2001) was specifi-
cally designed to examine response to forest
edge; the others were based on point counts,
which may be a poor indicator of edge effects
(Villard 1998).

DISCUSSION

3ix of the 31 bird species we examined in the
forest patch size analysis showed a positive as-
sociation with forest patch area, suggesting that

a substantial portion of the avifauna is sensitive
to the effects of forest fragmentation in this re-
gion. Four species, American Rohins, Orange-
crowned Warblers, Dark-eved Juncos, and Song
Sparrows, were more abundant in small than in
large forest patches. This is consistent with the
hahitat associations of these species. Song Spar-
rows and Orange-crowned Warblers are more
abundant in voung second-growth than mature
redwood forests (Hazard and George 1999) and
therefore are likely to be associated with the
edges of mature stands. American Robins and
Dark-eyved Juncos are generally associated with
forest openings (Ehrlich et al. 1988) and there-
fore it is not surprising that they are more abun-
dant in smaller patches. Because of the extensive
loss and fragmentation of mature and old-growth
forest in this region, we will focus our discus-
sion on those species that may be negatively af-
fected by loss and fragmentation of mature and
old-growth forests.

Other studies in Westside forests have failed
to detect strong evidence for edge or area sen-
sitivity among diurnal landbirds (Rosenberg and
Raphael 1986, Lehmkuhl et al. 1991, McGarigal
and McComb 1995, Schieck et al. 1995). The
lack of evidence in other studies may have been
due to the landscapes studied and the approaches






