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Abstract

We attempted to identify the mechanisms responsible for adverse e�ects of habitat fragmentation on brown treecreepers (Cli-
macteris picumnus) inhabiting eucalyptus woodland in northeastern New South Wales, Australia by comparing demography and
foraging ecology of birds in highly fragmented and relatively unfragmented landscapes. In particular, we investigated three possi-

bilities, disrupted dispersal due to patch isolation, reduced fecundity due to elevated nest predation, and reduced food availability
due to habitat degradation. Nesting success was high in both highly fragmented and less fragmented habitat. Of ®rst nests, 88%
were successful, and 60% of successful groups attempted a second brood. However, there were many more groups in the more

fragmented habitat than in the less fragmented habitat that lacked a female for most or all of the breeding season, and thus did not
attempt nesting (64% vs 13%). In both the more fragmented and the less fragmented habitat, both males and females spent about
70% of their time foraging and 65% of their foraging time on the ground. We reject reduced fecundity in fragmented habitat as an

explanation of adverse e�ects of habitat fragmentation on brown treecreepers. Thus sensitivity to habitat fragmentation has a dif-
ferent basis for this species in this landscape than that suggested for Nearctic-Neotropical migrants in eastern North America. We
also reject the possibility of reduced food availability in fragmented habitat. Our data support disrupted dispersal as a likely

explanation for the decline of brown treecreepers in fragmented habitat. However, we can not rule out forms of habitat degradation
other than reduced food availability. # 1999 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Adverse e�ects of habitat fragmentation on plant and
animal species are one of the most pervasive conserva-
tion problems (Temple and Wilcox, 1986). A species is
considered sensitive to fragmentation if density or ®t-
ness of individuals within remaining patches of its
habitat is reduced as fragmentation of its habitat in the
landscape increases (Walters, 1998). As its habitat
becomes reduced in extent and increasingly patchy
through the fragmentation process, such a species suf-
fers losses out of proportion to reduction of its habitat
because of its poor performance in remaining patches.
Within any avian community, it seems that some species

are sensitive to fragmentation whereas others are not.
For example, in eastern North America Nearctic-Neo-
tropical migrants are more sensitive than permanent
residents (Whitcomb et al., 1981; Lynch and Whigham,
1984; Askins et al., 1990; Holmes and Sherry, 1992),
while in Amazonian forests sensitivity di�ers among
foraging guilds (Lovejoy et al., 1984; Kattan et al., 1994;
Stou�er and Bierregaard, 1995).
It is di�cult to detect the mechanisms by which habi-

tat fragmentation a�ects birds. It is necessary to deter-
mine not only if the decline of a species in a fragmented
landscape exceeds that expected from habitat loss alone,
but also whether excessive losses are due to the habitat
degradation that often accompanies fragmentation,
rather than fragmentation itself. These possibilities have
yet to be distinguished as explanations of population
declines of avian species as their habitats are reduced and
fragmented. We o�er three speci®c hypotheses to explain
the declines of many woodland birds in Australia
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(Robinson and Traill, 1996) that illustrate the necessary
distinctions. First, the declines may be no more than
expected from (1) habitat loss in accordance with spe-
cies±area relationships. Second, (2) habitat fragmenta-
tion may be causing disproportionate declines as a
result of (a) disrupted dispersal due to increased isola-
tion of remnant habitat patches by alien habitat; (b)
adverse e�ects of increased amounts of edge mediated
by changes in microclimate, microhabitat or food; or (c)
elevated levels of nest predation and/or nest parasitism
due to increased amounts of edge. Third, (3) habitat
degradation may be causing disproportionate declines
through (a) increases in aggressively competitive species
that exclude many other bird species; (b) increases in
nest predators and/or nest parasites mediated by chan-
ges in landscape composition; (c) introduced predators
that reduce reproductive success or adult survival; (d)
direct mortality resulting from collisions with vehicles
and power lines; (e) reduced food availability due to
e�ects of grazing; or (f) reduced availability of nesting
sites due to removal of mature trees for timber or ®re-
wood. Adverse e�ects of fragmentation on birds inha-
biting forests of eastern North America, which involve
interactions between landscape structure and rates of
nest predation and nest parasitism, most likely are
explained by hypothesis (2c) and/or hypothesis (3b)
(Robinson et al., 1995; Faaborg et al., 1998).
Studies of declining species are needed to distinguish

between these and other possibilities, to identify the
range of mechanisms responsible for adverse e�ects of
fragmentation, and to determine how these mechanisms
vary among systems. The objective of this study is to
identify the mechanisms responsible for the decline of
the brown treecreeper Climacteris picumnus in frag-
mented eucalypt woodland in the New England Table-
lands of northeastern New South Wales, Australia. The
woodland in this region has been lost and fragmented
by clearing for livestock grazing. Remaining habitat has
been degraded by eucalypt dieback (Jones et al., 1990;
Landsberg et al., 1990; Lowman and Heatwole, 1992).
The result is perhaps best described as a variegated
landscape (McIntyre and Barrett, 1992), consisting of
some open grassland and good woodland patches (i.e.
healthy trees at normal densities), and much woodland
in various stages of degradation (i.e., some unhealthy
trees, reduced tree density) (Barrett et al., 1994). Barrett
et al. (1994) identi®ed a number of species, including the
brown treecreeper, that were once common but have
become uncommon due to their disappearance from
woodland remnants. These species, which are largely
absent from highly degraded woodland and are declin-
ing in the remaining patches of seemingly good wood-
land, appear to ®t the classic paradigm of a species that
is sensitive to habitat fragmentation. The brown tree-
creeper is an especially attractive subject because one of
its relatives, the white-throated treecreeper Cormobates

leucophaea, remains common in this landscape and
apparently is una�ected by fragmentation, whereas
another, the red-browed treecreeper Climacteris ery-
throps, appears to be highly sensitive, having dis-
appeared from all but the largest remaining woodland
patches (Barrett et al., 1994). The rufous treecreeper C.
rufus, an allopatric form closely related and ecologically
similar to the brown treecreeper, has been similarly
a�ected by fragmentation in the Western Australian
wheatbelt (Saunders, 1989; Saunders and Ingram,
1995). The presence of these comparisons facilitates
identifying mechanisms that might be responsible for
adverse e�ects of fragmentation.
In this paper we focus on four of the possibilities

suggested above. (1) The decline of brown treecreepers
may be due to disrupted dispersal behavior resulting
from habitat fragmentation, and thus population
performance may be related to degree of isolation of
remnant patches (disrupted dispersal hypothesis, 2a
above). The decline might be due to elevated nest pre-
dation associated with (2) increased edge or (3)
increased numbers of predators in fragmented land-
scapes, as occurs in eastern North America (Robinson
et al., 1995; Faaborg et al., 1998) (nest predation
hypotheses, 2c and 3b above, respectively). (4) The
decline might result from reduced food availability due
to habitat degradation, and thus population perfor-
mance may be related to the extent of degradation of
remnant woodland patches (food availability hypoth-
esis, 3e above). The disrupted dispersal hypothesis is an
especially intriguing possibility because the brown tree-
creeper is a cooperative breeder. Generally in coopera-
tive breeders fewer individuals disperse long distances
compared to other species (Emlen, 1991). In brown
treecreepers, many males, after spending a period as
non-breeding helpers on their natal territory, acquire
breeding sites by claiming a portion of the natal terri-
tory, a process known as budding (Noske, 1982, 1991).
Thus, only a fraction of the males disperse beyond the
immediate vicinity of their natal territory. Females are
not so sedentary, and may in fact have to disperse
beyond their natal neighborhood in order to encounter
unrelated males.
We attempt to distinguish between the four hypoth-

eses outlined above by comparing pairing success,
breeding success and time spent foraging between an
area of relatively unfragmented woodland in which
brown treecreepers remain common and a highly frag-
mented area in which they are less common and declin-
ing. The disrupted dispersal hypothesis predicts a
di�erence only in pairing success, whereas the two nest
predation hypotheses predict a di�erence only in breed-
ing success (Table 1). If the food availability hypothesis
is accurate, pairing success and breeding success should
be equivalent or higher and foraging time lower in the
less fragmented area (Table 1).
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2. Methods

2.1. Study area and study species

The treecreepers are a small family (Climacteridae) of
six Australian species and one species found in New
Guinea, which make up an important element within
the bark-foraging guild of Australian birds (Noske,
1985, 1986). The brown treecreeper is distinctive among
the three species found in the study area due to its large
size (roughly 35 g) and its tendency to feed on the
ground, as well as on the trunk and limbs of trees
(Noske, 1982, 1991).

The study area was the portion of the New England
Tablelands within a 40 km radius of the town of Armi-
dale (Fig. 1). Wooded areas were mostly eucalypt
woodland (10±30% canopy cover; Recher, 1985),
although there was some open eucalypt forest (30±70%
canopy cover; Recher, 1985) in the eastern portion of
the study area, where rainfall is higher and temperatures
cooler (Hobbs and Jackson, 1977). The dominant tree
species varied, depending on climate, soil and aspect.
Which tree species are present is relevant to treecreeper
ecology because eucalypts vary greatly in bark
characteristics: stringybarks have the roughest bark,
gums the smoothest, and boxes intermediate. The two
most common habitats were stringybark woodlands or
open forests dominated by Eucalyptus caliginosa,
occurring on poor granite soils along ridges and hill-
tops, and woodland dominated by the gum E. blakelyi
and the box E. melliodora on richer soils in ¯atter
country (Barrett et al., 1994). The range of elevation
within the study area was roughly 750±1100 m. The
climate is temperate with an average annual rainfall of
800 mm.
Brown treecreepers seem to prefer areas of relatively

¯at, open woodland with short grass or bare ground.
Thus even within the wooded portions of the landscape
they were somewhat patchily distributed. In particular
they tended to be absent from steep, rocky hillsides,
areas of dense woodland, and areas with a dense shrub
layer or high, dense ground cover. There were large
di�erences between the two portions of the study area in

Table 1

Predicted di�erences between more fragmented and less fragmented

areas in each of the variables measured according to each of the

hypotheses testeda

Hypothesis Variable

Breeding

success

Foraging

time

Pairing

successb

Disrupted dispersal = = +

Nest predation + = =

Food availability +/= ÿ +/=

a + indicates predicted to be higher in less fragmented area; ÿ
indicates predicted to be lower in less fragmented area; = indicates

predicted to be equal in the two areas.
b Proportion of territorial males that are paired.

Fig. 1. Study area, with locations of monitored groups and other known groups indicated. O indicates a monitored territory, X a known but

unmonitored territory. Locations are: 1, Morweena; 2, River Reserve/Double J; 3, Milson Bridge; 4, Blackfellows Gully; 5, Uralla; 6, Blue Hole; 7,

Hillgrove Creek State Forest; 8, Eastwood State Forest.
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the distribution of woodland and thus the distribution
of treecreepers. Fragmentation of woodland in the
southern and eastern parts of the study area was severe.
In addition to areas of degraded woodland, there were
large expanses nearly or completely devoid of trees. The
woodland remnants in which we studied brown tree-
creepers were separated by at least 3 km of such open
land, typically more (Fig. 1). In 1992, we studied all the
brown treecreeper groups in three woodland remnants
in the more fragmented area, Eastwood State Forest
(two territories), Hillgrove Creek State Forest (®ve ter-
ritories) and Blue Hole (two territories), and two of an
estimated 14 territories at a fourth location (Uralla).
With the exception of Uralla, these sites were east of the
Great Dividing Range (Fig. 1). We determined from
extensive surveying in 1992 and again in 1995 that
besides the territories in these four woodland remnants,
there were only four others in the more fragmented
area, all single isolates (Fig. 1).
In the northwestern portion of the study area west of

the Great Dividing Range there also were areas of
cleared pasture and highly degraded woodland in the
landscape, but the landscape was generally wooded.
Woodland patches occupied by brown treecreepers
always were connected by other woodland rather than
separated by cleared land. Here we studied brown tree-
creepers at four locations, Blackfellow's Gully (one ter-
ritory), Milson Bridge (two territories), River Reserve/
Double J (six territories) and Morweena (six territories).
Territories in the former two locations were among the
more isolated ones in the less fragmented area (Fig. 1).
Incomplete surveying in 1992 and 1995 revealed many
other brown treecreeper territories in the less frag-
mented area besides those studied (Fig. 1), and there
undoubtedly were others. The territories in the extreme
southeast of the less fragmented area were separated by
about 5 km of cleared land from the Uralla territories in
the more fragmented area (Fig. 1). There likely were
other unknown territories north of those in the south-
east corner of the less fragmented area, but none to the
east or northeast (Fig. 1).

2.2. Demography

We located the 26 study groups during August 1992.
We then visited each group at least once per week from
September through December to monitor reproduction
and group composition. During each visit we deter-
mined nesting status, censused adults and identi®ed
marked birds. Of 73 adults observed, 36 (49%) were
captured using mist nets and marked with unique color-
band combinations. Of 27 nests monitored, the contents
of seven (26%) could be directly observed. We surmised
the status of the other 20 nests from observations of
feeding of incubating females or nestlings. Of 34 ¯edg-
lings observed, ®ve (15%) were marked with unique

color-band combinations as nestlings and eight (24%)
were caught and marked after ¯edging.

2.3. Foraging behavior

Foraging behavior was studied through observational
sampling. Focal animal samples (Altmann, 1974) were
conducted on each group member in each of three time
periods (0600±1000; 1000±1400; 1400±1800). The dura-
tion of each sample was 10 min of in-sight time. During
the sample the initial behavioral state and times of
transitions to, and identity of, each subsequent beha-
vioral state were recorded. The behavioral states were
alert, resting (including preening), ¯ying, feeding young
or mate (including ¯ying or hopping with food), fora-
ging (including consuming prey) and other. The fora-
ging state was further subdivided according to foraging
location. Foraging location included the type of tree or
other substrate (gum, stringybark, box, dead tree, log,
ground or other) and location within trees (trunk,
bough, limb, twig). Bough refers to primary branches,
twig to terminal branches, and limb to branches (mostly
secondary and tertiary) of intermediate level between
boughs and twigs.

2.4. Analyses

Demographic data were used to compare reproduc-
tive success and pairing success between the less frag-
mented and more fragmented areas. Time budget data
were used to calculate the proportion of time spent
foraging, as well as several other variables that repre-
sented the proportion of time an individual spent in
various activities and foraging locations. These values were
transformed using the arcsine square root transforma-
tion for analysis. During incubation and when nestlings
were young, females spent most of their time on the nest
and were fed frequently by males. Therefore, we exclu-
ded samples taken from females during the incubation
and nestling stages from the analyses. We combined all
other data collected from an individual to calculate a
single value for each variable for each individual.
The variables analyzed, in addition to (1) proportion

of time spent foraging, were (2) proportion of foraging
time spent on the ground, (3) proportion of foraging
time on trees spent on stringybarks and (4) proportion
of foraging time on trees spent on boxes. The additional
variables were analyzed to evaluate possible confound-
ing of degree of fragmentation with habitat type. We
used a nested two-factor ANOVA to analyze each vari-
able, with sex and landscape type (more fragmented or
less fragmented) as the factors, and locations (four each
in each landscape) nested within landscape. We had no
values for females for one of the eight locations due to
exclusion of samples taken during the incubation and
nestling stages.
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3. Results

3.1. Demography

There was no signi®cant di�erence in the mean num-
ber of ¯edglings produced per group (Fledglings/Group,
Table 2) between the more fragmented and less frag-
mented areas (t-test, p > 0:1). There was a trend toward
groups in the less fragmented area being more produc-
tive, but this was because many groups in the more
fragmented area lacked females and thus could not nest,
rather than because of poor success of groups that
attempted to nest (Table 2). In fact, for groups that
attempted nesting, the mean number of ¯edglings pro-
duced was actually 50% higher among groups in the
more fragmented area compared to those in the less
fragmented area (Fledglings/Nesting Group, Table 2).
Generally, success of those groups attempting to nest
was quite high. Nearly all ®rst nests were successful, and
many groups attempted a second brood (Table 2). Suc-
cess rates were lower for second broods, but successful
second broods were as large as ®rst broods (Table 2).
The di�erence between the more fragmented (45%)

and less fragmented (7%) areas in the proportion of
groups that lacked a female for the duration of the
nesting season (i.e. pairing success) was statistically sig-
ni®cant (binomial test, p < 0:05). Two of six groups
(33%) with females in the more fragmented area did not
attempt nesting, compared to one of 14 groups in the
less fragmented area (7%). This di�erence is marginally
signi®cant (binomial test, p < 0:1). In both cases in the
more fragmented area, two di�erent females were pre-
sent for short periods and then disappeared. These
groups both contained two males. The female in the
group in the less fragmented area that did not nest was
present for a longer period, and disappeared well into
the breeding season, shortly after the single male on the
territory also disappeared.

In addition to the breeders, 22 helpers were observed,
21 of which were male. The single female helper was
located at Blue Hole in the more fragmented area. All
territories without females also lacked helpers, but a
male helper was present in two of the three groups with
females that did not attempt nesting (both in the more
fragmented area). We also observed three female ¯oa-
ters, all in the less fragmented area. Three of four
groups in the more fragmented area that attempted
nesting contained male helpers, as did eight of 13
groups in the less fragmented area. The largest group
contained four male helpers.

3.2. Foraging behavior

The foraging behavior of the two sexes was similar
(n � 24 females and 46 males, with mean 25 min and
median 30 min observation time per individual). There
were no di�erences between males and females in (1)
proportion of time spent foraging (p � 0:70), (2) pro-
portion of foraging time spent on the ground (p � 0:17),
(3) proportion of foraging time on trees spent in string-
ybarks (p � 0:29) or (4) proportion of foraging time on
trees spent in boxes (p � 0:55).
The birds spent just over 70% of their time foraging,

and about 65% of their foraging time (i.e. 46% of total
time) on the ground, and this did not di�er between the
more fragmented and less fragmented areas (p � 0:83,
0.66 respectively) (Fig. 2). About 8% of foraging time
was spent on logs, stumps and dead trees, and the
remainder on live trees. The proportion of foraging time
on trees spent on stringybarks was much greater in the
more fragmented area than in the less fragmented area
(p < 0:0001) (Fig. 2). Time spent on boxes was some-
what higher in the less fragmented area (Fig. 2),
although the di�erence was not statistically signi®cant
(p � 0:28). The remainder of the di�erence between the
two areas was accounted for by more foraging on gums
(29% vs. 10% of foraging time spent on trees, 5% vs
2% of total time) and Casuarina trees (11% vs 0%) in
the less fragmented area. Casuarina was found in ripar-
ian areas, and birds at two locations in the less frag-
mented area (River Reserve/Double J, Milson Bridge)
spent a signi®cant amount of time foraging on this spe-
cies. The other two locations in the less fragmented area
contained no riparian habitat. Two of the four locations
in the more fragmented area (Blue Hole, Uralla) con-
tained riparian habitat with Casuarina trees, but the
birds there rarely foraged in them.
Foraging locations varied little with tree type. On

boxes, gums and stringybarks, the brown treecreepers
spent 74±79% of their time on the trunk, 16±19% on
boughs, 5±7% on limbs and <1% on twigs (Fig. 3).
These values di�ered between the more fragmented and
less fragmented area by more than a few percent only
for gums. In this case, values were within the ranges

Table 2

Demography of brown treecreepers in less and more fragmented

habitat

More fragmented Less fragmented

Number groups 11 15

Mean group size 2.1 3.0

% Groups with female 55% (6)a 93% (14)

% Groups nesting 36% (4) 87% (13)

% 1st nest successful 100% (4) 85% (11)

Fledglings per 1st brood 2.0 (4) 1.6 (11)

% Attempt 2nd brood 100% (4) 45% (5)

% 2nd brood successful 50% (2) 40% (2)

Fledglings per 2nd brood 1.5 (2) 2.5 (2)

Fledglings/nesting group 2.75 (4) 1.8 (13)

Fledglings/group 1.0 (11) 1.5 (15)

a Numbers in parentheses are actual values for percentage vari-

ables, sample size for other variables.
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given above in the less fragmented area, but in the more
fragmented area the value for boughs was unusually
high (41%) and that for trunk unusually low (52%).
Recall, however, that the birds rarely foraged in gums in
the more fragmented area (see above), and thus these
atypical values are derived from a very small sample.
We conclude that foraging location within trees does
not di�er between the more fragmented and less frag-
mented areas, or among eucalypt types. However, in
Casuarina less time was spent on the trunk and more on
limbs and boughs compared to eucalypts (Fig. 3).

4. Discussion

Our results cause us to reject the nest predation
hypotheses: we found no evidence of elevated nest

predation in the more fragmented area compared to the
less fragmented one (Table 1). Rather, nesting success
and annual productivity of groups that bred were high,
even where brown treecreepers are declining. Evidently
the mechanism responsible for adverse e�ects of habitat
fragmentation on this species di�ers from that thought
to a�ect many species in eastern North America
(Robinson et al., 1995; Faaborg et al., 1998). We do not
know whether this di�erence is due to variation in how
nest predators interact with the landscape, or to parti-
cular features of the nesting biology of brown treecree-
pers. Perhaps this mechanism is more applicable to
open-nesting species like those investigated in North
America than to hole-nesting species like the brown
treecreeper.
Our results also are inconsistent with the food avail-

ability hypothesis. That pairing success was poorer in

Fig. 2. Mean proportion of time spent foraging (Forage), foraging on the ground (Ground), foraging on stringybarks (Stringybark) and foraging on

boxes (Box) by brown treecreepers in more fragmented (More, light bars) and less fragmented (Less, dark bars) woodland areas.

Fig. 3. Mean proportion of foraging time of brown treecreepers on trees spent on trunk, boughs and limbs in boxes, gums, stringybarks and

Casuarina.
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the more fragmented area and that nesting success was
similar in the two landscapes may be interpreted as
consistent with this hypothesis, but that time spent
foraging was not lower in the more fragmented area is
contrary to prediction (Table 1). Reduced pairing suc-
cess in the more fragmented area may be consistent with
other forms of habitat degradation (see below). Given
that brown treecreepers forage so much on the ground,
and do so in areas of short grass or bare ground, graz-
ing may actually increase food availability for this spe-
cies, even if it reduces food abundance. Grazing
occurred in most monitored habitat patches in both the
more and less fragmented areas. Our foraging data
suggest that grazing impacts were similar in the two
areas (see below), which may explain in part the failure
of the food availability hypothesis.
Our results are consistent with the disrupted dispersal

hypothesis. We found the expected di�erence between
the more fragmented and less fragmented areas in pair-
ing success, namely that more males were unpaired in
the more fragmented area (Table 1). The high repro-
ductive success of groups containing females in the
more fragmented area and the lack of di�erence
between the two areas in time spent foraging also are
consistent with this hypothesis (Table 1). It is reason-
able to propose that the decline of brown treecreepers in
the more fragmented area is driven by the inability of
females to locate breeding vacancies in isolated wood-
land patches, resulting in poor productivity of remain-
ing groups because they frequently lack a female
breeder.
The shortage of females suggests that members of this

sex disperse out of remnants at a greater rate than they
reach remnants. It also suggests that females choose not
to remain in a remnant, despite the presence of unpaired
males. Perhaps females are predisposed to leave their
natal neighborhood in order to avoid inbreeding. This
may preclude recruitment within small remnants. How-
ever, all of the remnants in the more fragmented area
had at least one territory in which either there was never
a female or a female was present only brie¯y so that
nesting did not occur. This was true even of Uralla,
which was larger than the other fragments and nearer to
the less fragmented area (although still isolated from it
by cleared land) (Fig. 1). The lack of immigrants may be
because remnants with brown treecreepers are hard to
®nd due to their isolation (i.e. lack of connecting habi-
tat), or because dispersal is hazardous.
Alternatively, females may be absent from some ter-

ritories not because they can not ®nd them, but because
those females that do ®nd them reject them because they
are poor quality. That there were more territories in the
more fragmented area on which females were seen but
nesting did not occur is consistent with this interpreta-
tion. Perhaps high quality territories remain in both the
more fragmented and less fragmented areas, but more

extensive habitat degradation in the more fragmented
area has resulted in a higher proportion of poor quality
territories there. Although we have ruled out reduced
food availability as a basis of poor territory quality in
the more fragmented area, other forms of habitat
degradation are possible, speci®cally increases in
aggressively competitive species (hypothesis 3a above)
or reduced availability of nesting sites due to timber
removal (hypothesis 3f above).
Foraging data gave little indication of habitat di�er-

ences that might re¯ect greater degradation in the more
fragmented area. The only di�erence found was greater
use of stringybarks in the more fragmented area.
Stringybarks become dominant on the rocky, steep
slopes and hilltops that brown treecreepers generally
avoid, and boxes are more common on the richer, ¯at
areas they prefer. The proportions of foraging time on
trees spent on stringybarks and on boxes were not cor-
related with the number of ¯edglings produced by a
group (R2 � 0:00, 0.01, unpaired males included,
unpaired males excluded respectively), but time on
stringybarks was negatively correlated (R2 � 0:18,
p � 0:03) and time on boxes positively correlated
(R2 � 0:12, p � 0:07) with group size (unpaired males
included). These relationships support the idea that the
absence of females from some territories in the more
fragmented area may be related to habitat quality, but
this could be due to di�erences in habitat type rather
than habitat degradation.
Nesting success was higher in our study (73%) than in

that of Noske (1991) (48%), whose study area was
similar to our less fragmented area. Mean group size in
our less fragmented area (3.0) was similar to that he
reported (2.86), but mean group size in the more frag-
mented area was smaller (2.1). Noske (1991) did not
report observing territories defended by unpaired males.
Annual productivity was somewhat lower than that
reported by Noske (1991) if all territories are included
(1.31 ¯edglings per group vs 1.43), but considerably
higher if only groups attempting nesting are included
(2.0 ¯edglings per group). Evidently 1992 was a fairly
good year for reproduction, and productivity was
limited mostly by the absence of females from several
territories.
In conclusion, we ®nd no support for three (two nest

predation hypotheses, food availability hypothesis) of
the four hypotheses considered. We plan to test between
the remaining hypothesis (disrupted dispersal) and other
habitat degradation hypotheses by translocating juve-
nile females to territories in the more fragmented area
that are defended by unpaired males. From the habitat
degradation hypotheses we predict that these transloca-
tions will be less successful than those to previously
productive control territories, because the females will
reject the experimental territories and depart. From
the disrupted dispersal hypothesis we predict that
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translocation to experimental territories will result in the
formation of productive groups, just as they do on con-
trol territories. We encourage further testing in other
systems between the variety of hypotheses proposed, in
order to evaluate the generality of mechanisms respon-
sible for declines of avian species in fragmented habitats,
and identify di�erences between species and systems.

Acknowledgements

The authors thank North Carolina State University,
The University of New England, and the Harold H.
Bailey endowment to Virginia Polytechnic Institute and
State University for ®nancial support. Steve Tremont
provided enthusiastic and e�ective assistance in the
®eld. We thank two anonymous reviewers for helpful
constructive criticism of an earlier draft of the paper.

References

Altmann, J., 1974. Observational study of behavior: sampling meth-

ods. Behaviour 49, 227±267.

Askins, R.A., Lynch, J.F., Greenberg, R., 1990. Population declines in

migratory birds in easternNorthAmerica. CurrentOrnithology 7, 157.

Barrett, G., Ford, H.A., Recher, H., 1994. Conservation of woodland

birds in a fragmented rural landscape. Paci®c Conservation Biology

1, 245±256.

Emlen, S. T., 1991. Evolution of cooperative breeding in birds and

mammals. In: Krebs, J.R., Davies, N.B. (Eds.), Behavioural Ecol-

ogy: An Evolutionary Approach, 3rd ed., Blackwell Scienti®c,

Oxford, pp. 301±337.

Faaborg, J., Thompson III, F.R., Robinson, S.K., Donovan, T.M.,

Whitehead, D.R., Brawn, J.D., 1998. Understanding fragmented

midwestern landscapes: the future. In: Marzlu�, J.M., Sallabanks,

R. (Eds.), Avian Conservation: Research and Management. Island

Press, Washington, DC, pp. 193±207.

Hobbs, J., Jackson, I., 1977. Climate. In: Lea, D.A.M., Pigram, J.J.J.,

Greenwood, L. (Eds.), An Atlas of New England. University of

New England, Department of Geography, Armidale, NSW, p. 12.

Holmes, R.T., Sherry, T.W., 1992. Site ®delity of migratory warblers

in temperate breeding and neotropical wintering areas: Implications

for population dynamics, habitat selection and conservation. In:

Hagan III, J.M., Johnston, D.W. (Eds.), Ecology and Conservation

of Neotropical Migrant Landbirds. Smithsonian Institution,

Washington, DC, pp. 563±575.

Jones, D.A., Davies, H.I., Sinden, J.A., 1990. Relationships between

eucalypt dieback, land, and land use in southern New England, New

South Wales. Australian Forestry 53, 13±23.

Kattan, G.H, Alvarez-Lopez, H., Giraldo, M., 1994. Forest fragmen-

tation and bird extinctions: San Antonio eighty years later. Con-

servation Biology 8, 138±146.

Landsberg, J., Morse, J., Khanna, P., 1990. Tree dieback and insect

dynamics in remnants of native woodlands on farms. Proceedings of

the Ecological Society of Australia 16, 149±165.

Lovejoy, T.E., Rankin, J.M., Bierregaard, R.O., Brown Jr, K.S.,

Emmons, L.H., Van de Voort, M.E., 1984. Ecosystem decay of

Amazon forest remnants. In: Mitecki, M.H. (Ed.), Extinctions.

University of Chicago Press, Chicago, IL, pp. 295±325.

Lowman, M.D., Heatwole, H., 1992. Spatial and temporal variability

in defoliation of Australian eucalypts. Ecology 73, 129±142.

Lynch, J.F., Whigham, D.F., 1984. E�ects of forest fragmentation on

breeding bird communities in Maryland, USA. Biological Con-

servation 28, 287±324.

McIntyre, S., Barrett, G.W., 1992. Habitat variegation, an alternative

to fragmentation. Conservation Biology 6, 146±147.

Noske, R.A., 1982. Comparative behaviour and ecology of some

Australian bark-foraging birds. Ph.D. thesis, University of New

England, ME.

Noske, R.A., 1985. Habitat use by three barkforagers of eucalypt for-

est. In: Keast, A., Recher, H.F., Ford, H.A., Saunders, D. (Eds.),

Birds of Eucalypt Forests and Woodlands: Ecology, Conservation

and Management. Surrey Beatty and Sons, Chipping Norton, NSW,

pp. 193±204.

Noske, R.A., 1986. Intersexual niche segregation among three bark-

foraging birds in eucalypt forests. Australian Journal of Ecology 11,

255±267.

Noske, R.A., 1991. A demographic comparison of cooperatively

breeding and non-cooperative treecreepers (Climacteridae). Emu 91,

73±86.

Recher, H.F., 1985. Eucalypt forests, woodlands and birds: an intro-

duction. In: Keast, A., Recher, H.F., Ford, H., Saunders, D. (Eds.),

Birds of Eucalypt Forests and Woodlands: Ecology, Conservation

and Management. Surrey Beatty and Sons, Chipping Norton, NSW,

pp. 1±10.

Robinson, D., Traill, B.J., 1996. Conserving woodland birds in the

wheat and sheep belts of southern Australia. Royal Australasian

Ornithologists' Union Conservation Statement No. 10, Wingspan,

Suppl. 6, pp. 1±15.

Robinson, S.K, Thompson III, F.R., Donovan, T.M., Whitehead,

D.R., Faaborg, J., 1995. Regional forest fragmentation and the

nesting success of migratory birds. Science 267, 1987±1990.

Saunders, D.A., 1989. Changes in the avifauna of a region, district and

remnant as a result of fragmentation of native vegetation: the

wheatbelt of Western Australia. A case study. Biological Conserva-

tion 50, 99±135.

Saunders, D.A., Ingram, J.A., 1995. Birds of South Western Australia.

An Atlas of Changes in the Distribution and Abundance of the

Wheatbelt Avifauna. Surrey Beatty and Sons, Chipping Norton, NSW.

Stou�er, P.C, Bierregaard Jr, R.O., 1995. E�ects of forest fragmenta-

tion on understory hummingbirds in Amazonian Brazil. Conserva-

tion Biology 9, 1085±1094.

Temple, S.A., Wilcox, B.A., 1986. Introduction: predicting e�ects of

habitat patchiness and fragmentation. In: Verner, J., Morrison,

M.L., Ralph, C.J. (Eds.), Wildlife 2000. University of Wisconsin

Press, Madison, WI, pp. 261±262.

Walters, J.R., 1998. The ecological basis of avian sensitivity to habitat

fragmentation. In: Marzlu�, J.M., Sallabanks, R. (Eds.), Avian

Conservation: Research and Management. Island Press, Washing-

ton, DC, pp. 181±192.

Whitcomb, R.F., Robbins, C.S., Lynch, J.L., Whitcomb, B.L.,

Klimkiewicz, M.K., Bystrak, D., 1981. E�ects of forest frag-

mentation on avifauna of the eastern deciduous forest. In: Burgess,

R.L., Sharpe, D.M. (Eds.), Forest Island Dynamics in Man-domi-

nated Landscapes. Springer±Verlag, New York, pp. 125±206.

20 J.R. Walters et al. / Biological Conservation 90 (1999) 13±20


