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Abstract. For small and rapidly declining populations acting fast to prevent extinction is crucial. However, many
endangered species receive little attention or management action. Action paralysis can prevail for several reasons,
particularly for data deficient species when conservation resources are scarce. Here we draw attention to one of the world’s
rarest birds, the King Island Scrubtit (Acanthornis magnus greenianus), a subspecies of a monotypic genus. Recognised as
critically endangered for more than two decades, conservation action is virtually non-existent despite a rapid population
decline. To establish current baseline information using a repeatable cost-effective monitoring methodology we surveyed
154 sites at eight locations as well as additional sites within the agricultural matrix. We detected the King Island Scrubtit at
28 sites in three locations (Nook Swamp, Colliers Swamp and Pegarah State Forest). At these locations, we estimated
overall occupancy to be 0.35 (s.e. 0.05) and detectability to be 0.68 (s.e. 0.05) during a single site visit. We estimate the
current area of occupancy of the bird to be <1 km2 and declining. This study documents previously unrecognised threats
(acid sulfate soils, macropod browsing and wind-throw) and provides a path forward to population recovery. Our results
highlight the need for urgent action to prevent Australia’s next avian extinction.
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Introduction

The world is experiencing a global extinction crisis, and anthro-
pogenic change is recognised as the key driver (Barnosky et al.
2011). The International Union for Conservation of Nature
(IUCN) Red List has been developed to evaluate the threat status
of species and is widely considered to be one of the best starting
points for conservation of species (Rodrigues et al. 2006; Mace
et al. 2008). The criteria for listing require a basic level of
information about where species occur, population size and
trajectory, and life-history attributes (IUCN Standards and Peti-
tions Subcommittee 2014). However, for many species these data
are not available (Butchart and Bird 2010; Morais et al. 2013).
For these data deficient species, identifying and addressing
critical gaps in knowledge is required before conservation
actions – if necessary – can be initiated (Good et al. 2006). In
reality, however, conservation resources are scarce and the
management for data deficient species often remains in stasis.

For rapidly declining threatened species or populations,
acting fast to implement conservation measures to avert extinc-
tion is crucial (Martin et al. 2012), particularly for very small
populations (Meek et al. 2015). Thus, there is a strong imperative
to overcome inaction. Several processes can lead to paralysis
in decision-making for conservation actions (Fisher 2011;
Griffiths and Dos Santos 2012; Meek et al. 2015) particularly
when conservation resources are scarce (Bottrill et al. 2009).

Recently, there has also been a major increase in studies that
address conservation decision-making when information, time
and resources are limited (Ng et al. 2014). In any case, new
biological data can be essential for diagnosing why a species is
declining, and in determining the best management options
(Canessa et al. 2015).

The King Island Scrubtit (Acanthornis magnus greenianus)
is a subspecies of a monotypic genus listed as critically endan-
gered under the Australian Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act). Despite being
recognised as critically endangered for more than two decades
(Garnett et al. 2011), and the preparation of a recovery plan
(Threatened Species Section 2012), very little quantitative infor-
mation on the subspecies is available (Higgins and Peter 2002;
Donaghey 2003, 2011) and almost no on-ground conservation
action has been initiated (Threatened Species Section 2012).
Further, there has been no systematic evaluation of threats and
potential allocation of conservation resources to the species.

To address the poor state of knowledge and lack of action
for the King Island Scrubtit, our objectives were to: (1) develop
a population monitoring protocol; (2) determine baseline distri-
bution, occupancy and detectability; (3) re-evaluate the conser-
vation status of the subspecies; and (4) reassess threatening
processes. We use this information to propose a path towards
population recovery and habitat management, and evaluate
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whether the conservation status of the King Island Scrubtit has
improved since listing. We discuss our approach in the context
of species languishing on threatened species lists and with
the problems posed by a lack of information and very limited
management resources.

Materials and methods
Study system

King Island is 1100 km2 in area and located in the Bass Strait,
between mainland Australia and Tasmania (Fig. 1) with a tem-
perate, maritime climate. King Island has been severely defor-
ested and extant native vegetation cover has been reduced to
33.5% of the island area, with most of the island now covered
in non-forest vegetation (Barnes et al. 2002). Anthropogenic
changes to King Island have resulted in the extinction of eight
vertebrate species, and five other resident vertebrates are of
conservation concern (Threatened Species Section 2012). The
King Island Scrubtit was historically widespread in Swamp
paperbark (Melaleuca ericifolia) forests and damp, dense, ferny

gullies in wet sclerophyll forests (Higgins and Peter 2002). They
are now confined to relict patches of Swamp paperbark forest and
are highly vulnerable to loss of this habitat (Garnett et al. 2011).
However, this habitat continues to be degraded and lost. For
example, in 2007, a wildfire in the Nook Swamps (Fig. 1; Fig. S1
in Supplementary material, available online only) burned 90% of
Swamp paperbark forest at this location, previously considered
the stronghold of the species (Resource Management and Con-
servation Division 2007).

The King Island Scrubtit National Recovery Plan is incorpo-
rated into the King Island Biodiversity Management Plan
(Threatened Species Section 2012). The subspecies has been
recognised as critically endangered since 1990 (Garnett and
Crowley 2000) and was subsequently listed under the Environ-
ment Protection and Biodiversity Act 1999 in 2002. Despite the
conservation status of the Scrubtit, few management actions
have been undertaken and there is currently no recovery team
for the species. Historically, King Island Scrubtits occurred at
only five localities with an estimated population size of 200
breeding adults (Garnett and Crowley 2000). Over the subsequent
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Fig. 1. Summary of surveys of King Island Scrubtits in December 2011, April 2012 and May 2015. Black circles, sites
where Scrubtits were detected; grey circles, sites where not detected; grey stippling, area of 2007 fire in Nook Swamp.
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two decades, King Island Scrubtits have apparently continued
to decline, so that <50 individuals are now estimated to persist
at only two locations, with the most recent estimate of area of
occupancy being 5 km2 (Garnett et al. 2011).

Field survey

We implemented an occupancy survey for King Island Scrubtits
across its range. We established 154 sites across the island
(Fig. 1), excluding unfavourable habitats such as pasture, grass-
land, heathland and saltmarshes, and undertook three sampling
sessions (December 2011, April 2012 and May 2015). Sites
were selected within potential habitat (i.e. Melaleuca and wet
Eucalyptus forest) and places where King Island Scrubtits have
historically been recorded (Donaghey 2011; Garnett et al. 2011).
Eight primary locations were sampled as well as additional
sites within the agricultural matrix. At historical locations we
attempted to sample as much potentially suitable habitat as
practicable. Navigating denseMelaleuca swamp on King Island
can be challenging and the exact location of survey points was
sometimes constrained by dense, impenetrable stands of stinging
nettles (Urtica incisa). In 2011, the sampling protocol involved
5-minute passive observations followed by 5 minutes of inter-
mittent call-playback for ~20 seconds (which typically elicits a
strong response in the Tasmanian nominate species;M.H.Webb,
pers. obs.). In 2012 and 2015, surveys were reduced to 5 minutes
using intermittent call-playback only because few detections
were gained through passive observation. To minimise double
counting, sites were ~100m apart. During each sampling
session, individual sites were visited up to three times. Over the
three sampling sessions sites were surveyed between two and
six times.

Analytical approach

To address objectives one (population monitoring) and two
(distribution, occupancy, detectability), we followed an occu-
pancy modelling approach (MacKenzie et al. 2002). For sim-
plicity, we primarily used the program PRESENCE (Hines
2012) modelling occupancy (C) and detectability (p) for:
(1) pooled data from all surveys for each occupied region, and
(2) pooled data from all three survey periods for all sites.

We generated two predictor variables for each site: (1)
presence–absence of old growth Swamp paperbark, which we
defined as >15m in height, and (2) presence–absence of dense
understorey or structural complexity (e.g. coarse woody debris)
or both combined. We also tested an interaction term between
these two variables. To test our results in PRESENCE, we also
fitted analogous zero-inflated binomial models using the EM
algorithm (Webb et al. 2014) and mixed-effects models (where
detectability was assumed to be constant) using the lme4
package in the software R (Bates et al. 2013; R Development
Core Team 2015).

Area of Occupancy (AOO) is a measure of the area of suitable
habitat occupied by a species within its overall extent of occur-
rence (Criterion B; IUCN Standards and Petitions Subcommittee
2014). Using the extent or change in AOO as a proxy for change
in population size has a sound empirical basis for sedentary
species (He 2012). To address objective three (evaluation of
conservation status), we estimated AOO in two ways. First, we

mapped core habitat within occupied locations in ArcMap 10.2.1
(ESRI, Redlands, CA) based on our observations of habitat
availability and suitability during field surveys. Second, we
placed a 100-m buffer around all sites where King Island
Scrubtits were detected during surveys. Overlapping buffers
were dissolved to produce an estimate of AOO. We considered
a 100-m radius (~3.1 ha) to be a generous assumption of territory
size during breeding, based on territory sizes of related species
(Higgins and Peter 2002).

To address objective four (identify threats) we inspected each
survey site in this study and recorded all processes visible to the
casual observer that may threaten the King Island Scrubtit or its
habitat, and reviewed relevant management documents related
to King Island. We then compiled these observations and
assigned a severity rank based on the observed frequency with
which the threat was encountered, and the scale of the impact
caused by the process.

Results

King Island Scrubtits were recorded at only three locations: (1)
Nook Swamp, Lavinia Nature Reserve, (2) Colliers Swamp, and
(3) Fraser River in the Pegarah State Forest (where birds had
been considered locally extinct; Garnett et al. 2011). Scrubtits
were detected at 28 of 83 sites within these locations (Fig. 1). The
mean number of King Island Scrubtits counted at a site, given
detection, was 1.5 (range 1–3). No King Island Scrubtits were
recorded at any of the other 67 sites scattered across the island.

In the Nook Swamp, King Island Scrubtits were detected in
three isolated patches of swamp forest that did not burn during
the 2007fire (e.g. Fig. S1 in Supplementarymaterial). Each patch
was separated by >2 km. In Pegarah State Forest, King Island
Scrubtits were only detected in riparian forest along the Fraser
River. In Colliers Swamp, King Island Scrubtits were detected
in both the north-east and west of the swamp.

Occupancy modelling

In the zero-inflated binomial models implemented in PRES-
ENCE, constant occupancy models were the best, based on
Akaike’s Information Criterion (AIC) scores (adjusted for small
sample size – QAICc; Burnham and Anderson 2002). Estimates
from these models are shown in Table 1. Too few King Island
Scrubtits were detected at Fraser River to model C or p. In the
simpler, binomial mixed-models (where detection was also as-
sumed to be constant), the best models (as indicated by AIC)
included both the old-growth and dense-understorey variables
(but not the interaction term). However, the explanatory power
of these variables in the model was extremely low (Wald test
P> 0.05). Further support for the importance of old-growth
Swamp paperbark and dense understorey in King Island Scrubtit
occupancy was also provided by the best EM algorithm zero-
inflated binomial (ZIB) model, which included both terms as
significant (Wald test, old-growth Swamp paperbark P= 0.0002,
and dense understorey P = 0.001) but only when detection was
assumed to be constant. Habitat at all 28 sites where King Island
Scrubtits were detected was characterised by mature Swamp
paperbark >15m in height with a dense understorey or structural
complexity created by coarse, woody debris (Fig. S2 in Supple-
mentary material). While the EM algorithm models provide
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some interesting insights into the factors driving King Island
Scrubtit occupancy, we only report on the estimates from PRES-
ENCE models here as they provide standard errors and did not
have the same convergence issues as the EM algorithm models.

Area of occupancy and vegetation mapping

Our two methods for estimating AOO produced similar results
except for Nook Swamp, where on-ground mapping provided
a considerably lower estimate (Table 1). Our rudimentary map-
ping of suitable habitat produced an AOO of <0.5 km2, and
buffering all sites where King Island Scrubtits were detected
resulted in an AOO of 0.63 km2.

When compared with publically available mapping of vege-
tation (TASVEG 3.0; DPIPWE 2013) we detected widespread
errors in vegetation classification at occupied sites. Although all
of our detections were in forest dominated by Swamp paperbark
or, less frequently, Blackwood (Acacia melanoxylon) forest with
subdominant Swamp paperbark, only 54% of those sites were
correctly classified in existing vegetation mapping (Table 2).

Conservation status and threats

Several threats to the King Island Scrubtit have been identified
(Garnett et al. 2011; Threatened Species Section 2012), the most
important of which is the impact of fire on remaining habitat. Fire
continues to decimate native vegetation across the island and it is
clear that the remaining Scrubtit habitat is extremely vulnerable
to this threat. Although not well understood, the effect of other
threats, such as predation by feral cats (Felis catus), parasitic ticks
and nest parasitism by cuckoos is likely to have an increased level
of impact on such a tiny and dispersed population. During this
study we also identified acid sulfate soils (ASS), wind-throw and
herbivore browsing as additional processes threatening the King
Island Scrubtit (Table 3).

Potential or actual ASS are widespread throughout King
Island (King Island Natural Resource Management Group
2010).When exposed to air, the sulphides in ASS form sulphuric
acid and anthropogenic hydrological change is a known cause of
ASS-induced vegetation death (Sammut et al. 1996; Cook et al.
2000). Hydrological patterns on King Island have been substan-
tially altered as a result of burning peat deposits (Corbett 2010)
and widespread agricultural drainage (M. H. Webb, pers. obs.)
and these factors exacerbate the impacts of ASS by exposing soil
to air. A review of available information on the distribution of
ASS on King Island revealed all current sites (and their drainage
basins) where King Island Scrubtits occur, and some historical
sites support potential or actual ASS (e.g. Gurung 2006; DPIPWE
2009). Further, it was noted that for the Ramsar-listed Lavinia

Nature Reserve, ‘disturbance of potential or actual acid sulphate
soils may impact the critical components and services of the site’
(DPIPWE 2014). We contend ASS is likely to be a current and
future contributing factor to the loss and degradation of habitat of
King Island Scrubtits and may be an underlying factor that
contributed to historical loss of habitat. Likewise, the effects of
ASS may explain undiagnosed dieback of mature Swamp paper-
bark in the Nook Swamp that escaped the 2007 fire observed in
this study.

The second previously undocumented cause of habitat loss
we observed was wind-throw (i.e. tree collapse as a result of
wind) of mature Swamp paperbark, which we observed at two
of the three locations where King Island Scrubtits were recorded
(Table 3). For example, in Colliers Swamp one single event
destroyed 0.5–1 ha of habitat (Fig. S3 in Supplementary
material). The few remaining patches of habitat in the Nook
Swamp are being similarly affected owing to increased exposure
to wind following the 2007 fire.

The third previously undocumented threatening process we
observed was heavy browsing by macropods, which are known
to be super-abundant on King Island. Norton and Johannson
(2010) estimate the population of Bennett’s (Red-necked)
Wallaby (Macropus rufogriseus) to be >500000 individuals.
Browsing pressure observed during this study was so severe in
parts of Colliers Swamp, Pegarah State Forest and several other
sites that understorey structure has been greatly simplified and
King Island Scrubtit were not recorded at these sites (Fig. S4 in
Supplementary material).

Discussion

Our results show that the King Island Scrubtit is on the verge of
extinction. Small passerines can be rescued from extinction by
management intervention (e.g. Black Robin (Petrocia traversi);
Butler and Merton 1992) but delays will reduce the chances of

Table 1. Occupancy and detectability estimates for the King Island Scrubtit
Models were constructed from data pooled across the three survey periods. Too few data were available to model the

Fraser River site alone

Region Naïve Y Y ± s.e. p ± s.e. AOO 100-m
buffer (km2)

AOO mapping
(km2)

Colliers Swamp 0.39 0.4 ± 0.09 0.73 ± 0.08 0.26 0.2
Nook Swamp 0.32 0.34 ± 0.08 0.6 ± 0.09 0.24 0.08
Fraser River 0.29 – – 0.13 0.16
All occupied regions 0.34 0.35 ± 0.05 0.68 ± 0.05 0.63 0.44

Table 2. Vegetation community (as per TASVEG 3.0; DPIPWE 2013)
at sites where King Island Scrubtits were detected

Note: Only 54% of sites were correctly classified following on-ground
assessments

Vegetation community Number of sites in which
Scrubtits detected

Melaleuca ericifolia swamp forest 15
Melaleuca squarrosa scrub 8
Leptospermum scrub 3
Scrub complex 1
Eucalyptus forest 1
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success. Conservation actions for theKing Island Scrubtit need to
be implemented urgently owing to the high chance of stochastic
events and issues associated with a lack of genetic diversity (i.e.
inbreeding) also known as the Allee effect (Courchamp et al.
2008). Our study is the first to quantifyC and p of this critically
endangered bird using a standardised sampling protocol. We
rediscovered an extant subpopulation of King Island Scrubtits
where they had been presumed locally extinct since the 1970s
(Pegarah State Forest), expanded the area known to be occupied
by another subpopulation (Colliers Swamp), and confirmed
local extinction at three historical sites.

In addition to the 28 sites at which King Island Scrubtits were
detected, 24 other sites supported suitable habitat (old-growth
Swamp paperbark with structural complexity in the understorey)
and all were in the three occupied regions. In the Nook and
Colliers Swamps, all detections of King Island Scrubtits were in
swamp forest where Swamp paperbark was the dominant canopy
species.Where we detected Scrubtits in riparian vegetation along
the Fraser River, the dominant canopy vegetation varied from
Swamp paperbark to Blackwood with Swamp paperbark occur-
ring as a subdominant (Fig. S5 in Supplementary material).
Although our results clearly highlight the importance of Swamp
paperbark, we suspect Scrubtits once occupied forests on King
Island where Swamp paperbark was absent but this forest has
been destroyed or severely degraded. Furthermore, because
available vegetation mapping (Table 2) performs poorly at iden-
tifying the correct vegetation community there is a need for
detailed on-ground habitat mapping for the King Island Scrubtit.

Our study demonstrates that King Island Scrubtits are in a
substantially worse state than previously assumed, and the total
AOO for this subspecies is <1 km2. This is much smaller than the
threshold IUCN criterion for a critically endangered species (i.e.
<10 km2; IUCN 2012) and represents a reduction in range
compared with other recently reported estimates of AOO (i.e.
5 km2; Garnett et al. 2011). Taken together, our data confirm
the criteria for listing as critically endangered under the EPBC
Act (Garnett et al. 2011; IUCN Standards and Petitions Sub-
committee; Szabo et al. 2012).

We suggest that an occupancy modelling framework is better
suited to monitoring the population of King Island Scrubtits than
direct counts or estimates of abundance. Given that King Island
Scrubtits are chronically understudied and their conservation is
under-resourced, using estimates of C and AOO as a proxy for
population size (e.g. MacKenzie et al. 2006) is a cost-effective
monitoring approach because it can be undertaken quickly, with
minimal resourcing. Our survey protocol resulted in birds being
highly detectable (P = 0.68), thus providing a high degree of

confidence for absences at sites with fewer visits. However, at
some sites, King Island Scrubtits did not respond with a call in
response to call-playback and were only visually detected,
highlighting the need for experienced observers, familiar with
the behaviour of the species. Our study provides a baseline for
future monitoring, and our repeatable, low-cost methodology
improves the likelihood that monitoring may be undertaken
even when resources are limited.

Cumulative anthropogenic loss of habitat has dramatically
diminished availability of habitat for King Island Scrubtits, so
that the species is effectively corralled into small relicts of
suitable habitat. Garnett et al. (2011) report that the population
of King Island Scrubtits was estimated to have declined from
200 mature individuals to ~50 in a decade. Given our extremely
small estimate of AOO and considering the size of territories of
related passerines (Higgins and Peter 2002), our results indicate
that a population estimate of 50 mature individuals may in fact
be optimistic. Furthermore, there are no demographic data for
the subspecies. This extremely small estimate of AOO and
population size makes this subspecies highly vulnerable to Allee
effects and stochastic events (for example fire; see below), which
are known to affect populations of other small, island-dwelling
animals (Angulo et al. 2007; Brashares et al. 2010).

Our study also highlights the ongoing loss, fragmentation and
degradation of King Island Scrubtit habitat. Fire has converted a
large patch of high-quality habitat (Nook Swamp) into scattered,
small relict patches of swamp forest embedded in a matrix
of unsuitable degraded habitat. Furthermore, the loss of peat
soils along thewestern edge of the swamp caused by the 2007 fire
has changed local hydrological patterns and lowered the water-
table of this Ramsar-listed site (Corbett 2010) and ASS almost
certainly now pose an immediate threat to large areas of regen-
erating swamp forest. Our observations of Swamp paperbark
dieback at various locations indicates that ASS may already be
affecting remaining King Island Scrubtit habitat. To prevent
resources being naively misdirected to inappropriate locations
future habitat restoration or establishment will need to consider
the potential interactions betweenASS and changed hydrological
patterns resulting from fire, agricultural drainage and rainfall
patterns. Similarly, it may be important to develop site-specific
techniques to ameliorate the effects of ASS at currently occupied
locations.

We also observed wind-throw and macropod browsing as
additional and widespread threats to the species. Wind-throw is
a known problem in forests where the canopy is opened after
disturbance (Gibbons et al. 2008), and in the small habitat
fragments where King Island Scrubtits persist, we observed

Table 3. Assessment of threats to King Island Scrubtits in currently occupied regions
Threat level: ��, high; �,moderate; X, low; ?, unknown. ASS, acid sulphate soils

Threat
Region Potential for

unmapped habitat
Fire ASS Wind-throw Macropod

grazing
Allee
effects

Disjunct habitat
patches

Predation and
parasitism

Nook swamp Very low �� �� �� X �� �A ?
Fraser River Low � � � � �� XB ?
Colliers swamp Medium �� �� �� � �� XB ?

ADisjunct patches and dispersal effects unknown.
BEffectively a single patch.
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extensive damage to habitat from this process (e.g. Fig S3 in
Supplementary material). Likewise, super-abundant marsupial
herbivores can have strong effects on the structure of native
vegetation (Howland et al. 2014) and this is recognised as a
major problem on King Island (Norton and Johannson 2010).
Suppression of the understorey by browsing herbivores may
diminish habitat quality for Scrubtits. Given the small area of
occupied habitat available, these processes may pose a serious
risk to local persistence of King Island Scrubtit subpopulations.

This study exemplifies the value of targeted research to inform
the current status of a species and identify potential new threats.
Furthermore, our study involved minimal investment of person-
nel and time (effectively 4 weeks of surveys over three survey
periods) but yielded critical new information. Although our
study highlights the perilous state of the King Island Scrubtit
population, it also shows how valuable new information can help
target limited resources and, as discussed below, that several
critical conservation actions may involve little investment to be
successful.

From paralysis to action

To move from conservation paralysis to action requires an
understanding of the reasons why inaction prevails. Fear of
failure, aversion to controversy, or lack of resources and infor-
mation can often cause action paralysis (Doremus and Pagel
2001; Martin et al. 2012; Meek et al. 2015). Recognising
potential roadblocks to conservation and discounting others
may assist the decision process for the King Island Scrubtit
(Meek et al. 2015). For King Island Scrubtits, we argue that
there is ample information to make informed decisions to act,
but the decision-making process would greatly benefit from
increased information sharing and collaboration. For example,
although detailed mapping of ASS is available, it is not
mentioned in any management document relevant to the King
Island Scrubtit and has not been recognised as a source of
habitat loss (e.g. Corbett 2010; Resource Management and
Conservation Division 2007; Garnett et al. 2011; Threatened
Species Section 2012). Similarly, data collation, directed habitat
mapping, management of fire and browsing herbivores, and
assessments of water quality in collaboration with relevant
experts may help to move from paralysis to action. We advocate
urgent action to: (1) manage potential Allee effects by translocat-
ing individuals between subpopulations; (2) map the extent of
suitable habitat across King Island; (3) identify suitable sites for
habitat augmentation; (4) activate experimental exclusion of
herbivores to improve habitat; (5) develop an emergency re-
sponse plan in case of stochastic events; (6) review the existing
recovery actions in light of our new data; and (7) implement
already identified recovery actions.

The King Island Scrubtit is on the brink of extinction but
lessons learnt from recent and near extinctions (e.g. Martin et al.
2012) should be heeded if this subspecies is to survive. Recov-
ering the relict population of King Island Scrubtits poses a
considerable but not insurmountable conservation challenge.We
argue that decisive action and long-term commitment from
conservation agencies and the King Island community and the
formation of a National Action Group or Recovery Team to
guide recovery actions is critical to the survival of the subspecies.

We call for immediate action to avoid another Australian avian
extinction.
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