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a b s t r a c t

The loss, fragmentation and degradation of native vegetation are major causes of loss of biodiversity glob-
ally. Extinction debt is the term used to describe the ongoing loss of species from fragmented landscapes
long after the original loss and fragmentation of habitat. However, losses may also result from habitat
changes that are unrelated to fragmentation, which reduce breeding success and recruitment. Many
woodland birds have declined in fragmented landscapes in Australia, probably due to loss of small, iso-
lated populations, though the ecological processes are poorly understood. We record the progressive
regional loss of two ground-foraging, woodland birds, the Brown Treecreeper Climacteris picumnus and
Hooded Robin Melanodryas cucullata, in northern New South Wales, over 30 years. This has happened
despite most habitat loss occurring over 100 years ago, suggesting the payment of an extinction debt.
Our observations suggest that several ecological processes, caused by habitat loss, fragmentation or deg-
radation, and operating over different time scales, have led to both species’ declines. Female Brown Tree-
creepers disperse poorly among vegetation remnants, leaving only males in isolated populations, which
then go extinct. In contrast, Hooded Robins suffer high nest predation in fragmented landscapes, produc-
ing too few recruits to replace adult mortality. Foraging by both species may also be affected by regrowth
of ground vegetation and shrubs. We found little support for a major role played by drought, climate
change or aggressive Noisy Miners Manorina melanocephala. We propose that both extinction debt in
the classical sense and ongoing habitat change frequently contribute to species’ decline in modified land-
scapes. Management to arrest and reverse such declines needs to consider these multiple causes of
decline. For instance, reconnecting isolated populations may be inadequate alone, and activities such
as appropriate grazing, fires and the addition of woody debris may also be required.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Substantial areas of native vegetation in many parts of the
world have been cleared for agriculture, so that in some regions
less than 10% of original vegetation remains (Saunders et al.,
1991). Such habitat loss usually leads directly to at least propor-
tional declines of the populations of many birds and other organ-
isms (Connor and McCoy, 1979; Woinarski et al., 2006). However,
when the amount of native vegetation in a region drops below
about 20–30%, fragmentation of the remaining vegetation may lead
to disproportionate reductions in populations (Andrèn, 1994; Fah-
rig, 1997; Radford et al., 2005). Individual remnants lose species
due to chance extinctions, the negative effects of habitat edges,
the inability or unwillingness of animals to disperse among iso-

lated remnants and loss of key resources. These local species losses
may accumulate until a species goes extinct locally and even
regionally (Saunders, 1989).

There is often a considerable lag between habitat loss and frag-
mentation and local extinctions, which has been called the extinc-
tion debt (Tilman et al., 1994). Malanson (2008) traces the
development of the concept of extinction debt, which emerged
from the Theory of Island Biogeography (MacArthur and Wilson,
1967). Because species richness on an island depended on a bal-
ance between colonisation (a function of isolation) and extinction
rates (a function of island area), islands that become smaller or
more isolated should lose species. Diamond (1975) illustrated this
by showing how land bridge islands off New Guinea held more bird
species than expected from their area and isolation, arguing that
their fauna had not had time to relax since sea levels rose to isolate
the islands from the mainland. The loss of some 45 bird species
over about 60 years on Barro Colorado Island, a man-made island
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in the Panama Canal, indicates that species relaxation can be both
substantial and rapid (Willis, 1974). Diamond (1975) also sug-
gested that superior competitors tended to occupy species-rich is-
lands and good dispersers species-poor islands. Hence, he implied
that good competitors may be especially susceptible to species
relaxation.

Many researchers applied the idea of species relaxation to the
impact of habitat fragmentation. For instance, substantial species
loss has occurred in forest remnants in both the Atlantic coast of
Brazil (Christiansen and Pitter, 1997) and in Kenya (Brooks et al.,
1999). Such loss is even more extreme in natural islands that be-
come deforested, such as Singapore (Castelletta et al., 2000). Til-
man et al. (1994) defined the term extinction debt as time-
delayed but deterministic extinction, and developed models show-
ing how dominant species are more likely to be lost from remnants
and fragmented landscapes. Since that time, the term has been
used frequently in relation to habitat fragmentation (e.g., Possing-
ham and Field, 2001), though many models have focussed on the
competition–colonisation dichotomy (Malanson, 2008). The eco-
logical processes involved in ongoing loss of species are still poorly
understood and are typically inferred from studies of species diver-
sity in remnants relative to size and isolation (Metzger et al., 2009).
The original concept of extinction debt focused on stochastic pop-
ulation fluctuations leading to local extinctions, which were not re-
versed by recolonisation due to the isolation of patches.

Habitat often becomes degraded as a result of fragmentation,
which affects the survival and reproductive success of many spe-
cies (Saunders et al., 1991). This too may lead to extinction some
time after initial habitat loss and fragmentation. Loss through hab-
itat degradation can be seen either as an expansion of the extinc-
tion debt concept, or as an alternative explanation for ongoing
extinctions. Habitat quality may include factors such as the density
of nest predators and competitors, as well as floristics and habitat
structure (Ford et al., 2001). The latter two may affect the abun-
dance and availability of food, and habitat structure may influence
safe nesting sites and refuges from predators. Whereas habitat
fragmentation may reduce habitat quality, changes in manage-
ment may also affect habitat quality, even without fragmentation.
For instance, changes in the intensity and frequency of fire and
grazing may alter the structure of ground and understorey vegeta-
tion. With et al. (2008) studied three common birds in a large area
of North American tall grass prairie. The birds showed chronically
low breeding success, which With et al. attributed to the current
pattern of grazing and burning. They estimated annual declines
in their species of 3–29%. Hence, a lack of potential dispersers
rather than inability to disperse was the problem.

Numerous species of birds that inhabit eucalypt woodlands in
south-eastern Australia have declined in recent decades (Robinson
and Trail, 1996; Reid, 1999; Barrett et al., 2003; Olsen et al., 2005).
There is also evidence for species relaxation in fragmented land-
scapes long after the initial habitat loss. For instance, MacHunter
et al. (2006) described the loss of bird species in open forest rem-
nants in Victoria over 22 years. There have been many broad-scale
studies of the patterns of distribution of eucalypt woodland bird
species across fragmented and degraded landscapes. These have
identified how patch size and isolation may influence the probabil-
ity of occurrence of a species in a remnant (e.g. Howe, 1984; Sed-
don et al., 2003; Watson et al., 2005). However, fewer studies have
focused on the actual ecological processes (e.g. reproduction, dis-
persal, etc.) and how they affect individual species (Ford et al.,
2001). Walters et al. (1999) suggested ten alternative hypotheses
to explain how habitat loss, fragmentation and degradation may
lead to declines in bird species, but most of them remain largely
untested. One of the best-supported hypotheses is that Noisy Min-
ers (Manorina melanocephala) increase in fragmented and degraded
habitat and aggressively exclude most other bird species (Maron,

2007). Grey et al. (1998) showed that when Noisy Miners are re-
moved from woodland remnants the abundance and diversity of
other birds increases rapidly.

Two groups, the treecreepers (Climacteridae) and robins (Petro-
icidae) have often been the focus of process-based research. Brown
Treecreepers (Climacteris picumnus) in eastern Australia (Walters
et al., 1999; Cooper et al., 2002; Cooper and Walters, 2002a, b), Ruf-
ous Treecreepers (C. rufa) in south-western Australia (Luck, 2002a,
b, 2003) and White-browed Treecreepers (C. affinis) in inland east-
ern Australia (Radford and Bennett, 2004) all appear sensitive to
habitat loss and fragmentation. Brown Treecreepers are often ab-
sent from isolated patches in northern New South Wales, or if pres-
ent, the groups lack females (Walters et al., 1999; Cooper et al.,
2002). Breeding success and foraging behaviour differ little be-
tween isolated and connected patches (Walters et al., 1999; Cooper
and Walters, 2002a). Females translocated to isolated patches with
males often stayed and even bred, indicating that absence from
many isolated patches was the result of the inability of dispersing
females to find them. (Cooper and Walters, 2002b).

The number of hollows, in which Brown Treecreepers nest, was
the only habitat variable that was related to the species’ presence,
once isolated sites were removed from the analysis (Cooper and
Walters, 2002a). However Doerr et al. (2006), in a large patch of
woodland, found that breeding productivity was positively related
to the area of ground free of grasses, and the amount of box bark,
but negatively to the shrub density. Brown Treecreepers feed both
on the ground and on trunks and large branches of eucalypts;
boxes are a group of fibrous barked eucalypts.

High levels of nest predation, and relative food shortages, prob-
ably contribute to the area-sensitivity of Eastern Yellow Robins
(Eopsaltria australis) and Hooded Robin (Melanodryas cucullata) in
northern New South Wales (Fitri and Ford, 1997, 2003a, b; Zanette,
2000; Zanette and Jenkins, 2000; Zanette et al., 2000; Debus,
2006a, b). Thus, both isolation, through interrupted dispersal, and
poor habitat quality may lead to losses of treecreepers and robins
from patches long after the initial habitat loss.

Our aim in this paper is to incorporate a temporal perspective
into the spatial and local perspectives of studies on the Brown
Treecreeper and Hooded Robin. Specifically we shall test the fol-
lowing predictions:

(1) Both species will continue to be lost from vegetation rem-
nants in northern New South Wales.

(2) These losses will be more evident in landscapes where rem-
nant vegetation is poorly connected.

(3) Losses of Brown Treecreepers will be more evident in sites
that offer poor foraging sites.

We shall also consider the alternative hypotheses that ongoing
species loss is the result of drought, climate change or the presence
of Noisy Miners.

2. Methods

2.1. Study area and survey methodology

The study area is part of the Northern Tablelands Bioregion of
north-eastern New South Wales, within a radius of 40 km of Armi-
dale (Walters et al., 1999). It spans the Great Dividing Range, with
altitude ranging from 750 to 1100 m. Vegetation in the central and
eastern part of the region was mostly cleared in the 19th century
with almost no clearing since the start of the study. Less than
10% of intact woodland remains in this eastern region, mostly in
fairly isolated patches. In the late 1970s there was extensive mor-
tality of trees in paddocks and remnants – ‘‘eucalypt dieback”
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(Lowman and Heatwole, 1992), leading to further tree decline.
Over the last two decades there has been some fencing of remnants
to exclude grazing by livestock and planting of small patches or
corridors of native vegetation. Two larger remnants were con-
verted from state forest, where livestock grazing is permitted, to
nature reserves, in which there are no livestock. In the far south
east of the region there are extensive gorges with large areas of
continuous eucalypt forest, typically with dense shrubs, though
such habitat appears to be unsuitable for Brown Treecreepers
and Hooded Robins (Walters et al., 1999). Thus, patches of suitable
woodland on the fringes of this forested area may still be function-
ally isolated. The western side of the region has more native wood-
land vegetation, which tends to be structurally well-connected.

In this study, we use the term ‘site’ to refer to a remnant or dis-
crete part of more extensive habitat in which a territory or group of
territories of the target species has occurred sometime during the
study. The earlier studies searched the region broadly to identify
occupied sites. The follow-up studies of VAJD, HAF and SJSD from
1999 onwards specifically searched previously occupied territories
in these sites. Both species are highly detectable in eucalypt wood-
lands. Brown Treecreepers are vocal during the breeding season
(Cooper and Walters, 2002a) and Hooded Robins are conspicuous,
especially the black and white males, as they pounce from low
perches onto the ground (Fitri and Ford, 2003a). Cooper and Walt-
ers (2002a) searched sites that were slightly larger than the 4.4 ha
mean territory size of Brown Treecreepers for 1 h, when comparing
landscape and habitat of occupied and unoccupied sites. In 1999
and 2007–2008 we spent from 40 to 60 min searching each known
territory. If the target species was not found in any territory at a
site, the area around the territories was searched for a further
60 min.

2.2. Study species and presence/absence surveys

HAF started a long-term study of birds in eucalypt woodlands in
1977, with an emphasis on habitat degradation from 1979 (e.g.
Ford and Bell, 1982) and habitat fragmentation from 1980 (e.g.
Howe, 1984; Barrett et al., 1994).

2.2.1. Brown Treecreeper
Brown treecreepers are the largest treecreeper (c 30–36 g) and

forage on the ground or on tree trunks and large branches (Noske,
1985; Higgins et al., 2001). They inhabit woodlands and mallee
(scrubby eucalypt woodland) in inland eastern Australia, being
scarce east of the Great Dividing Range. They are facultative coop-
erative breeders, with breeding pairs frequently assisted by help-
ers, in the study area almost always males (Noske, 1991; Doerr
and Doerr, 2006, 2007). Individuals may also assist in the breeding
attempts of neighbouring groups. Young males remain in the
parental territory or disperse to nearby territories, whereas fe-
males disperse more widely, within a remnant or to neighbouring
remnants. They nest in tree hollows, experiencing high nest suc-
cess relative to open-nesting small passerines in woodlands
(Noske, 1991; Doerr and Doerr, 2006).

The authors surveyed Brown Treecreepers in remnants in the
study area over several decades. Noske (1985) studied Brown Tree-
creepers at Wollomombi, c 40 km east of Armidale in the late
1970s, but the species disappeared from this site in the early
1980s. JRW searched numerous remnants up to 40 km east and
west of Armidale in 1992. As early as 1992, he found that some
groups in the eastern part of the region consisted only of males
(Walters et al., 1999). Brown Treecreepers were studied in detail
in 1995 (Walters et al., 1999), and in 1996–1998 (Cooper et al.,
2002; Cooper and Walters, 2002a), expanding the number of
groups and remnants monitored. Cooper and Walters (2002a)
found that sites in the western part of the region were structurally

well-connected, whereas those in the east were isolated. CBC
translocated females to some groups that consisted only of males
in 1996–1998, with follow-up surveys by SJSD in 1999. Some fe-
males stayed in more isolated sites and even bred successfully
(Cooper and Walters, 2002b). In contrast, females translocated to
structurally well-connected sites soon left them. VAJD monitored
most sites in 1999 and a few sites in 2000–2002. HAF surveyed al-
most all sites in 2007, 2008 and/or 2009, noted the presence of the
smaller and competitively subordinate White-throated Treecree-
per (Cormobates leucophaeus).

One site where the species occurred, Imbota Nature Reserve
(previously Eastwood State Forest) has been the location of ongo-
ing research since 1978 by HAF and his students, including cen-
suses in 1978, 1979, 1981 and 1988–1993 (Ford and Bell, 1982;
Ford et al., 1985, Ford unpublished). While conducting research
on other bird species from 1990 onwards, HAF and SJSD noted
when and where they saw Brown Treecreepers. Some of the east-
ern sites were also surveyed by Templeton (2001) in 2001 for a
range of species, including both Brown Treecreepers and Hooded
Robins.

2.2.2. Hooded Robin
Hooded Robins are fairly large robins (c 20 g), which forage pri-

marily by pouncing from a low perch onto the ground (Fitri and
Ford, 2003a). They are the most widespread Australian robin,
occurring throughout much of the mainland, but being rare near
the coast and east of the Great Dividing Range. They inhabit a wide
variety of eucalypt, acacia and other woodlands and shrublands,
and may sometimes occur in landscapes where trees and large
shrubs are scarce (Higgins and Peter, 2002). They build open nests
in trees and shrubs and suffer high levels of nest predation (22%
nest success – Fitri and Ford (2003b)), typical of many open-nest-
ing birds in eucalypt woodland (Ford et al., 2001). Extra males
sometimes help nesting pairs.

HAF, SJSD and others have studied Hooded Robins near Armi-
dale over several decades. Bell (1984) studied a group of Hooded
Robins at Wollomombi in the late 1970s, but they have not been
seen there since. Fitri studied Hooded Robins within the study area
in the early 1990s (Fitri and Ford, 1997). HAF had seen Hooded
Robins in four sites previous to Fitri’s study but could not find them
in 1991 (Fitri and Ford (1997). SJSD searched remnants east and
north of Armidale in 2005 and 2006 for Hooded Robins and failed
to find them in any of the known sites, though he did find three
new groups in two previously unsurveyed sites. HAF searched for
Hooded Robins in all 11 of Fitri’s sites in 2007 and 2008.

HAF also recorded the presence of all bird species at each site
that he visited in 2007 and 2008, especially seeking any other robin
species. He also estimated numbers of Noisy Miners, noting
whether any parts of the site were dominated by this aggressive
species.

3. Results

3.1. Brown Treecreeper

Brown Treecreepers were surveyed more than once in a total
of 21 sites, nine in the more fragmented eastern region and 12
in the better-connected western region. Fourteen sites had been
surveyed at least once by 1992, and all sites had been surveyed
at least once by 1995/1996 (Table 1, Fig. 1a and b). However,
by 1995 treecreepers had already gone from one site out of seven
in the western region and three sites out of seven in the eastern
region, including Noske’s (1979) site in the far east, where Brown
Treecreepers occurred until the early 1980s. Most of the 1995
sites were still occupied through 1996–1998 (Table 1). Many of
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these sites even received translocated females in 1998, some of
which bred at sites that previously had males only (Cooper and
Walters 2002b). However, by 1999 Brown Treecreepers had
apparently disappeared from two more sites in the western re-
gion and four additional sites in the eastern region (Table 1). By
2007–2009 no Brown Treecreepers were found in any of the nine
sites in the fragmented eastern region, although they were known
to be present in two of these until at least 2001 (Table 1, Fig. 1c).
The species had apparently gone from an additional two western
sites in which multiple territories had been occupied in 1999. A
single, highly mobile, bird was seen at Tullimba in 2008, where
the species was not seen in 1999. This is the only case of the spe-
cies being detected in a population that was thought to have gone
locally extinct before 2007. Thus, only seven out of 12 sites in the
well-connected western region are still occupied. Furthermore,
three of these sites (Milson Bridge, N Yarrowyck Crossing and
Mount View) were thought to support only single groups of birds
by 2007–2008 and one only a single individual in 2009. Even the
sites with several treecreeper groups now have vacant territories,
with only five out of 14 territories closely monitored in 1998 still
being occupied in 2009.

Ten years later, Brown Treecreepers had therefore gone from
significantly more sites occupied in 1998 from the eastern than
western region of the study area (p = 0.042, exact test). They had
also gone from significantly more eastern sites that have been
occupied at any time between 1980 and 1998 (p = 0.014, exact
test).

The Brown Treecreepers at Imbota Nature Reserve have been
followed for longer than other populations. Censuses in 1978–
1981 indicated a density of c. 0.1 birds/ha (Ford and Bell 1982;
Ford et al. 1985), which in 270 ha would have meant about 10
groups. There were at least three remaining groups in 1992–
1995, although by 1998 only one had a female. Females were
translocated to the other groups in late 1998, but by late 1999,
there was only one group left, where the species was seen regularly
until 2001. Less complete information is available for Yina Nature
Reserve. This 140 ha remnant had c. 0.3 birds/ha in 1981 (Ford

et al. 1985), perhaps 15 groups. There were five groups in 1992–
1995, though three only had males. Females were translocated in
late 1998. However, no Brown Treecreepers were found there in
1999 or 2001 by SJS, who visited the site regularly in those years,
nor have any been seen since. Cattle and horses grazed both Imbot-
a and Yina Nature Reserves when they were State Forests, but this
ceased in 1999. Brown Treecreepers were extinct in both within
about 3 years of the change in land-use. This last Brown Treecree-
per group at Imbota occurred mainly in neighbouring private land,
in which grazing also ceased in 2001 and understorey, herbs and
grasses re-established. A number of trees with hollows were also
felled there.

CBC measured habitat variables in 26 closely monitored territo-
ries in 1998 (Cooper and Walters 2002a). Only seven of these were
still occupied in 2007–2009. Occupied territories had significantly
more box trees (t test, p = 0.04) than vacated territories. There were
no significant differences between occupied and vacated territories
in grass cover, bare ground, logs or hollows in 1998, though as
shown at Imbota and Yina Nature Reserves, changing land uses
at some sites may have altered these parameters over the last
10 years.

3.2. Hooded Robins

Hooded Robins were known to be present in six sites in the
eastern region and five sites in the western region in 1992 (Table
2, Fig. 2a). In addition, they had gone from four other sites in the
eastern region between 1980 and 1992, including the well-studied
Imbota Nature Reserve (Fitri and Ford 1997). They still occurred in
four eastern sites in 2001 (Templeton 2001), but were not found in
these sites in 2005 nor 2007 (Table 2, Fig. 2b). In 2006 a group was
found in private property and two groups were found in an exotic
Monterey Pine (Pinus radiata) plantation, north of Armidale. In the
western region, four of the five known populations appeared to
have gone locally extinct by 2007–2008. Finally, none of four sites
from which the species had gone before 2007, was recolonised by
2007–2008.

Table 1
Locations at which Brown Treecreepers were detected near Armidale. 1 indicates present in that year (s), 0 indicates site checked and Brown Treecreepers not recorded, blank
indicates not checked.

Site name Latitude Longitude Site area (ha) C 1980 1992 1995 1996–1998 1999 2007–2009

Eastern region
Wollomombi 30 31.5 152 1.25 160 1 0 0 0 0 WTT
Blue hole 30 36 151 47.5 100 1 1 1 1 1 0 WTT
Yina 30 30.5 151 45 140 1 1 1 1a 0 0 WTT
Pine forest 30 29.5 151 43.5 80 1 1 0 0
Dangars falls 30 40.5 151 43.3 140 1 1 1 1a 0 0 WTT
UNE 30 29 151 39 20 1 0 0 0 0 0
Newholme 30 25 151 38.7 100 1 0 0 WTT
Imbota 30 34.8 151 42.8 270 1 1 1 1a 1 0 WTT
Rockvale road 30 29.3 151 41.4 60 1 0

Western region
Fardell’s corner 30 31.8 151 31.7 75 1 1a 0 0
Blackfellows 30 30.2 151 31 20 1 0 0 WTT
Uralla goldfield 30 37.8 151 28.3 180 1 1 1a 1 0 WTT
Milsons bridge 30 29 151 25.5 60 1 1 1 1 1 WTT
S Yarrowyck X 30 29 151 21.8 150 1 1 1 1 WTT
N Yarrowyck X 30 28 151 22 65 1 1 1 1 WTT
Mount View 30 28 151 20 50 1 1 1 1 WTT
Double J 30 28 151 18.5 70 1 1 1a 1 0 WTT
Morweena 30 27.5 151 16 80 1 1 1 1 1 1
Gwydir park 30 26.3 151 14 170 1 1 1 1a 1 1 WTT
Tullimba 30 28 151 12 70 1 1 0 1 WTT
Lansdale 30 27 151 10.4 100 1 1 1

WTT indicates presence of White-throated Treecreepers in the site during 2007–2008 surveys.
a Indicates that at least one female was translocated to this site in 1998.
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3.3. Other woodland birds

Noisy Miners occurred in low numbers in most sites or only in
parts of a site in 2007 and 2008. From 12 to 40 species of woodland
bird (mean of 23 species), other than the target species, Noisy Min-
ers or waterbirds, were recorded per survey. Sites with Brown
Treecreepers had a mean of 25.3 species and those without had
20.8 species, which did not differ significantly (t = 1.15, p > 0.05).
White-throated Treecreepers or one or more species of robin (Table
1 and 2) were recorded at 15 and 13 out of the 18 sites visited in
2007–2008. Only Fardell’s Corner was dominated by Noisy Miners
and had only 12 woodland bird species, with no treecreepers or
robins. Noisy Miners dominate the south-west corner of Imbota,
but have done so since at least the 1980s, with minimal expansion
of their range.

4. Discussion

4.1. Ongoing loss from sites

Brown Treecreepers appear to have gone extinct in a total of 13
local sites (62% of known local populations) over 30 years, nine of
these over the last 10 years. Although some of these ‘‘populations”
consisted of single groups and occasionally only of males when dis-
covered, we documented two populations of 10–15 groups going
extinct over about 20 years. Four of the remaining seven popula-
tions only contain single groups now, suggesting they too may dis-
appear soon. Even in the two ‘‘healthy” sites, many previous
territories are now vacant. Hooded Robins have gone from all but
one of the 15 previously occupied sites near Armidale, some in
the 1980s, but mostly since 2000. Other pairs or groups of both
species could occur in unsurveyed private land around Armidale.
In addition, it is possible that both species were overlooked in
some sites. However, only in one site from which a species was be-
lieved to have gone in earlier surveys was it rediscovered in 2007–
2009 and then there was only a single individual. We are especially
confident that both species have gone from the well-studied
Imbota and Yina Nature Reserves, which previously held large pop-
ulations of Brown Treecreepers. It seems likely that both species
will show further local losses and may ultimately become extinct
in the whole region.

The losses that we found in a fragmented landscape are not un-
ique to our region. Reid (1999) identified both Brown Treecreepers
and Hooded Robins as declining woodland birds and Saunders
(1989) noted the extinction of Hooded Robins and Rufous Tree-
creepers (a sibling species of the Brown Treecreeper) in a well-
studied district of the Western Australian Wheatbelt. Both species
appear sensitive to patch size and isolation (Seddon et al. 2003;
Watson et al. 2005; Maron and Lill 2006). Most of the native veg-
etation in the Armidale area was cleared over 100 years ago, and
virtually none since 1980. Thus, the losses we observed may be
due to the delayed effects of habitat fragmentation, i.e. extinction
debt, or be due to habitat change. The local and regional loss of bird
species from eucalypt woodlands in south-western (Saunders
1989) and south-eastern Australia (Ford et al. 2001), and the loss
of an average of nine bird species from eucalypt forest remnants
in Victoria over 22 years (MacHunter et al. 2006) indicate that a
large number of birds in eucalypt woodland may be suffering the
effects of extinction debt.

4.2. Extinction debt due to habitat fragmentation

As we predicted, local populations of Brown Treecreepers were
more likely to go extinct in the more fragmented eastern part of
the region than in the better-connected western part. Indeed, the
species has now contracted some 60 km westwards in the region.
There is substantial evidence that Brown Treecreepers suffer poor
dispersal in fragmented landscapes. Walters et al. (1999) argued
that more male-only groups of Brown Treecreepers east than west
of Armidale indicated that female dispersal was disrupted in the
former. Females translocated to males in isolated sites were more
likely to stay than those translocated to better-connected sites
(Cooper and Walters 2002b). Some even bred, a few successfully.
This suggests that females were absent from isolated sites because
they were unable to reach them rather than because they rejected
them due to poor habitat. Each successive local extinction means
that all remaining populations become more isolated, hastening
their demise (Radford and Bennett 2004).

Australian treecreepers, as hollow-nesters, experience high nest
success (Higgins et al. 2001). In our study area in the late 1990s,
Brown Treecreepers produced an average of 1.33 fledglings/

Fig. 1. Distribution of known extant (�) and extinct (+) populations of Brown
Treecreepers in: (a) 1992; (b) 1995; (c) 2007–2008.
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group/year (Cooper et al. 2002), similar to Noske’s (1991) figures of
1.36 fledglings/group/year from a study area about 100 km north
of ours. Cooper et al. (2002) found no evidence that patch size or
isolation influenced breeding success or productivity. Brown Tree-
creepers show high adult survival: 79% for females (Cooper et al.,
2002), 78% (Noske, 1991) and 74% (Doerr and Doerr, 2006) for both
sexes from a site in central New South Wales. Noske or Cooper did

not calculate fledgling survival to the next breeding season, but
Doerr et al. (2006) found that 58% of fledglings survived to dis-
persal age. Cooper et al. (2002) found that adult female survival
was significantly affected by patch size and isolation (58% is small,
isolated sites, 73% in small, connected sites and 90% and 94% is
large connected and isolated sites respectively). These figures sug-
gest that 0.39 new female recruits are produced annually on aver-
age in our region (using fledgling survival from Doerr et al., 2006).
This is adequate to replace female mortality in all except small, iso-
lated sites. Hence, there is good evidence that fragmentation leads
to loss of local populations, principally due to isolation, but with
small patch size contributing.

There is less information on the dispersal ability of Hooded Rob-
ins, or on the effect of fragmentation on dispersal. Maron and Lill
(2006) found that isolation negatively influenced patch occupancy
by the species and it did not recolonise any sites from which it had
been lost. However, Hooded Robins venture well into open pasture
to forage (Fitri and Ford, 2003a) and are common in very open veg-
etation in inland Australia (Higgins and Peter, 2002). One Eastern
Yellow Robin moved 7 km between Imbota and Yina Nature Re-
serves and back, and a translocated bird moved daily among rem-
nants separated by more than 1 km (Debus and Ford, pers. obs.).
The local matrix contains scattered trees and patches of woodland,
which may aid the movement of robins. So, the Hooded Robin may
be a better disperser than the Brown Treecreeper and dispersal
problems may not be the cause of its decline.

Robins, as with most open-nesting birds in eucalypt woodland,
suffer high rates of nest predation (Ford et al., 2001). Fitri and Ford
(2003b) found that 22% of Hooded Robin nests with eggs were suc-
cessful and, over two years groups reared an average of 0.72 fledg-
lings per year near Armidale. They suggested that Hooded Robin
populations were not sustainable, but had no data on adult or juve-
nile survival. Zanette (2000) calculated 72% adult female survival
of Eastern Yellow Robins in four sites about 50 km west of Armi-
dale, with 36% of independent young surviving to the next breed-
ing season. Comparable figures for Hooded Robins indicate an
annual decline of 15% annually (intrinsic rate of increase
k = 0.85). Zanette’s Yellow Robins, which produced 1.78 fledg-
lings/group/year and 1.37 independent young/group/year, were
also just below sustainability (k = 0.96). Debus (2006b) also found
Eastern Yellow Robins at Imbota NR to be unsustainable (k = 0.83).

Hence, classic extinction debt, by random losses of sub-popula-
tions, provides an adequate explanation for the decline of these

Table 2
Locations at which Hooded Robins were detected near Armidale. 1 indicates present in that year (s), 0 indicates site checked and Hooded Robins not recorded, blank indicates not
checked. Other robins – EYR – Eastern Yellow Robin, SRO – Scarlet Robin, FRO – Flame Robin, JWI – Jacky Winter, indicates these species were present in the site during 2007–
2008 surveys.

Site name Latitude Longitude C 1980 1992 2001 2005–06 2007–08 Other robins

Eastern region
Wollomombi 30 31.5 152 1.25 1 0 0 0 EYR, SRO
Blue hole 30 36 151 47.5 1 1 0 0 SRO, EYR
Gara reserve 30 37.5 151 47.5 1 1 0 0 SRO
Strathaven 30 33.2 151 46.3 1 0 0 0 SRO
Yina 30 30.5 151 45 1 1 0 0 SRO, EYR
Pine forest 30 29.5 151 43.5 1 1 SRO, EYR
Dangars falls 30 40.5 151 43.3 1 1 0 0 SRO
Imbota 30 34.8 151 42.8 1 0 0 0 0 EYR, SRO
Walking track 30 28 151 42 1 0
UNE 30 29 151 39 1 0 0
Newholme 30 25 151 38.7 1 0 0 EYR, SRO, FRO
Kirby road 30 28 151 38 1 1

Western region
Hillcrest 30 29 151 26.5 1 0 JWI
Milsons bridge 30 29 151 25.5 1 0 EYR
N Yarrowyck X 30 28 151 22 1 0 0 JWI
Morweena 30 27.5 151 16 1 1 0 0 JWI
Gwydir park 30 26.3 151 14 1 1 1 1 EYR, JWI

Fig. 2. Distribution of known extant (�) and extinct (+) populations of Hooded
Robins in: (a) 1992 and (b) 2007–2008.
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two woodland bird species. However, whereas interrupted dis-
persal plays a major role in Brown Treecreepers, with females
being lost from small, isolated sites; chronically low production
of young may be the driving force in Hooded Robins. Tilman
et al. (1994) predicted that superior competitors are likely candi-
dates for extinction debt. Our two species are the largest treecree-
per (out of three species) and largest robin (out of six species) that
breed regularly in the region. They also dominate their relatives
aggressively (treecreepers – Noske, 1979; Doerr and Doerr, 2006,
robins – Fitri and Ford, 1998).

4.3. Extinction debt due to changes in habitat quality

Groups of Brown Treecreepers in the well-connected western
region are also starting to show the same pattern that was shown
in the fragmented eastern region in the early 1990s. Some popula-
tions have gone extinct, others are only single groups, and territo-
ries are now vacant even in the best two sites. Poor dispersal
provides a less satisfactory explanation for the population declines
and losses in this region. Differences in habitat quality may also af-
fect the probability of occurrence at a site, adult or immature sur-
vival rates and reproductive success and productivity.

Brown Treecreepers select habitat at several levels. They are
more frequent in woodland with red gum (E. camaldulensis) and
box trees (Major et al., 2001; Antos and Bennett, 2005), and in
shrubbier belah and buloke (Casuarina and Allocasuarina spp.)
woodlands (Maron and Lill, 2006). Brown Treecreepers spend
about half of their time foraging on the ground. Hence, the struc-
ture of ground and understorey vegetation, which is affected by
livestock grazing, may influence whether they occur in a site. The
species was found mostly in partly cleared grazing land near Armi-
dale (Noske, 1979), and is more common in lightly than in heavily
grazed sites (James, 2003). Martin and Possingham (2005) found
highest densities under moderate rather than high or no grazing,
which is also what ‘‘experts” predicted (Martin et al., 2005). Maron
and Lill (2005) found that Brown Treecreepers were less abundant
in ungrazed pasture with introduced weeds and grasses than in un-
grazed or grazed native pasture. Maron and Lill suggested that a
ground layer consisting of a cryptogamic crust with fine leaf litter
and scattered grass clumps was most favourable for Brown Tree-
creepers. The species is also more abundant where there is more
coarse woody debris, which may harbour their invertebrate prey
(Mac Nally et al., 2001, 2002).

Walters et al. (1999) found no difference in the time spent for-
aging by Brown Treecreepers between the more and less connected
parts of our study area, suggesting that they did not differ in qual-
ity. However, treecreepers fed more on stringybarks (mostly E. cal-
iginosa) in fragmented sites, which could indicate poor quality
foraging as this tree species occurs on poor, rocky soils. Maron
and Lill (2006) found that Brown Treecreepers fed less on the
ground where there were dense weeds or grass.

While Cooper and Walters (2002b) rejected habitat degradation
as an explanation specifically for the lack of breeding females in
isolated patches relative to connected patches, they conceded that
habitat degradation could adversely affect the species in both iso-
lated and connected sites and could account for the loss of Brown
Treecreepers anywhere in the region. Furthermore, they collected
their data before many of the population losses occurred, particu-
larly those in the western region of our study area. Brown Tree-
creepers nest in tree hollows and Cooper and Walters (2002a)
found that although habitat fragmentation best predicted patch
occupancy near Armidale (r2 up to 37%) in 1998, the number of tree
hollows also contributed significantly to their presence in a site (r2

of 19% when isolated sites were excluded).
Cooper et al. (2002) did not measure whether habitat quality

may influence breeding success or survival of Brown Treecreepers.

However, they suggested that it could be important, but operating
at the landscape scale rather than the remnant scale. In central
New South Wales, Doerr et al. (2006) found that Brown Treecree-
per groups produced more fledglings in sites with low shrub den-
sity, moderately low levels of grassy ground cover (25–35%) and
more foraging substrate (surface area of box bark), and produced
more independent young where there was more available food.
Doerr et al. suggested that moderate grazing or appropriate fire re-
gimes could help maintain the relatively open understorey and
ground that promoted reproductive success. So, while heavy graz-
ing could degrade food resources, completely excluding grazing by
livestock, as has occurred over the last 10 years at Imbota and Yina
NRs, could allow shrub density and ground cover to increase and
be detrimental to the species. Many territories monitored by Coo-
per et al. (2002) in the late 1990s are now vacant, with those still
occupied having a higher density of box trees than vacated territo-
ries. This suggests that in sites with many groups, poorer quality
territories may be vacated first. When only a few groups remain,
problems with dispersal and random fluctuations may become
important. Firewood collection is also an ongoing activity in the
study area, which could reduce densities of nest hollows and
coarse woody debris. However, the ground layer, or abundance of
logs and hollows at the time of surveying in 1998, did not differ be-
tween currently occupied or vacant territories, though changes in
land use may have led to subsequent changes in these – notably
a thickening of vegetation.

4.3.1. Hooded Robin
Hooded Robins have a broad distribution occupying open, al-

most treeless areas through to woodlands (Higgins and Peter,
2002). Templeton (2001) found the species in sites with short grass
and many saplings. They are more common in lightly than heavily
grazed sites (James, 2003). Maron and Lill (2005) found that
Hooded Robins avoided sites with exotic grasses, pounced more
but gleaned less in weedy sites than in grazed sites, and perched
lower in grazed sites (Maron and Lill, 2005). Antos et al. (2008)
found that Hooded Robins foraged in sites with low tree density
and abundant small, fallen timber. Habitat structure influences
breeding success of other robins. Debus (2006b) found that Eastern
Yellow Robins selected breeding sites with more rough-barked
saplings, acacias and other shrubs, and their breeding success
was positively correlated with these variables. Hooded Robins oc-
cupy much more open habitat, but breeding territories may in-
clude clumps of understorey or sapling eucalypts, which are used
for nesting (Sullivan, 1993; Fitri and Ford, 2003b).

Zanette et al. (2000) found that ground invertebrates were less
abundant in small than in large remnants 50 km west of Armidale.
This slightly reduced the rate at which male Yellow Robins fed
their mates while breeding, and also the size of prey brought to
nestlings. However, any effect of food on breeding success was
overwhelmed by predation.

We conclude that a reduction in the quality of habitat in the re-
gion, such as altered grazing by livestock and recovery of herba-
ceous vegetation, or loss of logs and hollows by firewood
collection, may have had a negative impact on both of our species.
However, we need more information on how habitat influences
survival or reproductive success of these and other woodland birds.

4.4. Other causes for decline and local extinction

Several other factors could contribute to local loss and regional
decline of our species, such as drought, climate change and in-
creases in Noisy Miners. The years 2001–2007 were drier than
the long-term average across much of eastern and southern Aus-
tralia, leading to substantial declines of many bird species, even
in large tracts of native vegetation (Mac Nally et al., 2009). How-
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ever, Armidale had an average rainfall of 739 mm for these years,
only slightly below the long-term average rainfall of 790 mm
(www.bom.gov.au/climate/data/weather-data.shtml). Australia
has experienced increasing temperatures and declining rainfall to-
wards the end of the 20th century, which have influenced the dis-
tribution of some bird species (Olsen, 2007). Brown Treecreepers
are widespread in inland eastern Australia, and Hooded Robins oc-
cur across Australia (Barrett et al., 2003). The climate in their core
distributions is both hotter and drier than near Armidale, which is
cooler and wetter than almost anywhere that both species occur. A
spread in range eastwards might have been predicted under recent
climate change. Instead, both species have retreated westwards by
60–80 km. So, we consider it improbable that drought or climate
change has contributed to the decline of our species around
Armidale.

Noisy Miners now dominate only one site from which Brown
Treecreepers have gone extinct (Fardell’s Corner) and may have
caused the species’ extinction there. Noisy Miners occur in most
sites, including those where our species still occur, but they are
patchy or at low density, and many other woodland bird species,
which are usually driven out by Miners, were recorded in 2007–
2008. Therefore, we consider it unlikely that Noisy Miners were a
major factor in local extinctions of our species.

4.5. Conclusions and implications for conservation

Loss of woodland and forest birds and other organisms in frag-
mented landscapes, sometimes well after the intervening vegeta-
tion has been removed, is a well-known phenomenon. Our study
is unusual because we have documented the progressive loss and
regional decline of two species of woodland birds over 30 years.
In addition, we have a good understanding of the ecological pro-
cesses involved in the decline of one species. Local populations of
Brown Treecreepers go through a sequence of vacation of territo-
ries, loss of females leading to male-only groups and final disap-
pearance. This has been repeated throughout the region. A major
reason for this is that females disperse from remnants and fail to
find other isolated remnants. In the case of Hooded Robins, it ap-
pears to be poor recruitment and hence a lack of dispersers, rather
than poor dispersal ability, that is the cause of local losses. It is also
interesting that we are losing the largest and dominant species,
whose smaller relatives are surviving well. This aspect needs to
be studied. The loss of our species thus gives the appearance of
payment of an extinction debt and we predict that regional extinc-
tion will be the result.

Brown Treecreepers are now declining within and disappearing
from sites that are well-connected and Hooded Robins show
chronically low reproductive success. This suggests that habitat
quality may also play a part in local extinctions. Brown Treecree-
pers avoid ungrazed sites with dense ground vegetation, and pro-
duce fewer young in sites with greater shrub and ground cover.
Hooded Robins may require a combination of open ground with
patches of saplings to forage and nest successfully. It is possible
that removal of livestock from sites that have become national
parks, combined with a reduction in natural disturbance, has re-
duced grazing pressure generally, and allowed an increase in shrub
and ground vegetation, which may reduce the foraging efficiency
of ground-feeding birds.

It is likely that many other eucalypt woodland birds are follow-
ing similar trajectories towards regional extinction and this pattern
is being repeated in woodlands and forests around the world.
Enlarging and connecting remnants with corridors may help to
maintain populations of species that, like Brown Treecreepers,
are poor dispersers. However, it may be inadequate alone. We
may also need to understand how the quality of the habitat influ-
ences foraging ability, reproductive success and local desertion of

territories and sites. Managers may need to reintroduce grazing
and/or fire at appropriate levels and times to conserve ground-for-
aging birds.
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