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Summary 

 

Three threatened terrestrial bird subspecies are endemic to Dirk Hartog Island: subspecies of 

the Rufous Fieldwren, Southern Emu-wren and White-winged Fairy-wren (black and white 

subspecies). The Western (Thick-billed) Grasswren has also been recorded from the island, 

but is probably locally extinct. 

 

Based on data collected during surveys carried out in May and September 2013, September 

2014 and August 2015, we have carried out preliminary modelling of the occurrence of the 

threatened bird species, made preliminary estimates of population sizes and commenced a 

genetic analysis to clarify the taxonomic status of the Dirk Hartog Island Rufous Fieldwren. 

 

These data and models indicate that the fieldwren is common and widespread on the island, 

the two fairy-wrens are moderately widely distributed, and the emu-wren, while moderately 

widely distributed, is more common in the north of the island than in the south.  

 

Preliminary analysis of genetic samples suggests that the Dirk Hartog Island Rufous 

Fieldwren Calamanthus campestris hartogi is not taxonomically distinct from nearby 

mainland populations of the species. While the genetic analysis is not yet complete, results to 

date suggest that C. campestris hartogi is not a valid taxon, and therefore consideration 

should be given to removing it from the threatened species list. 

 



Introduction 

 

There are three bird subspecies endemic to Dirk Hartog Island: the Dirk Hartog Island Black-

and-White Fairy-wren Malurus leucopterus leucopterus, Dirk Hartog Island Southern Emu-

wren Stipiturus malachurus hartogi and Dirk Hartog Island Rufous Fieldwren Calamanthus 

campestris hartogi (Appendix 1). In addition, the Western Grasswren Amytornis textilis 

textilis once also occurred on Dirk Hartog Island. Further details on the individual taxa are 

presented in Johnstone and Storr (2004), Burbidge (2013) and Burbidge et al. (2015). 

 

Dirk Hartog Island is the largest island in Western Australia, with an area of about 59 000 

hectares. Europeans first encountered the island in 1616, beginning a long maritime and 

settlement history. Permanent occupation began in 1869. In earlier times, there were up to 

26 000 sheep on the island, but by the time the island became a national park in 2009, there 

were 5000 - 6000 sheep and more than 3000 goats present, as well as an unknown but 

significant number of feral cats (Abbott 2007; Gillen et al. 2011).  

 

The current study was initiated to determine distribution and population levels of the 

threatened bird taxa following the long period of grazing by domestic animals and presumed 

long-term predation by feral cats, to provide a basis for future management action and to 

monitor the status of the bird taxa. The first aim was to establish the distribution of the 

threatened bird species on the island, and to determine their habitat preferences. Combined 

with genetic assessments that are in progress, one outcome of this will be a review and 

revision of the conservation status of these taxa. Although Dirk Hartog Island Rufous 

Fieldwrens are thought to be of a separate subspecies to Rufous Fieldwrens on the nearby 

mainland, we hypothesised that there would be few if any genetic differences between these 

populations. The second aim was to develop a monitoring framework that can be used to 

assess population trends in the threatened birds following the removal of cats and other 

threats from the island.  

 

Methods 

 

Sampling Sites  

 

In 2013, we selected 34 sites, reasonably evenly spread across the length and breadth of Dirk 

Hartog Island (Figure 1), for assessments of vegetation (habitat) characteristics and bird 

species presence. Field work was carried out on Dirk Hartog from the 2nd to 12th October, 

and on Peron Peninsula on 13 October 2013. In 2014, a subset of these sites was visited and 

surveyed for the presence of the target bird species (Burbidge et al. 2013, 2015). These data 

were used as the basis for initial species distribution modelling. 

 

Species Distribution Modelling 

 

Three modelling techniques were compared for each bird species: Weighted Linear 

Combination, Logistic Regression and Random Forest. The rationale for the selection of 

these approaches, and the detail of methods applied, are provided by Ball et al. (2015). 

Logistic Regression was selected as the best method as the models produced high accuracies 

(mean AUC, 0.80) and a continuous scale of suitability. Five variables were used in the 

models: 

1. NDVI – measure of vegetation greenness and extent 

2. Vegetation Cover – measure of vegetation coverage (%) 



3. Perennial Index – measure of weed likelihood 

4. Ridges – measure of local ridges and valleys (m) 

5. Altitude (m). 

 

Bird Population Estimates 

 

In August 2015 we established 28 transects for use in distance sampling (Buckland et al. 

2001) to provide estimates of population size. We used the same approach that is used for 

monitoring the other subspecies of black and white fairy-wren, M. leucopterus edouardi, on 

Barrow Island (Biota Environmental Sciences 2010, 2013). Use of the same approach is 

expected to provide robust, repeatable measures of density, together with the basis for a 

meaningful comparison with Barrow Island and Hermite Island monitoring data for the black 

and white fairy-wrens. 

 

Each transect was two kilometres long, with the exception of a few that had to be truncated 

because of the width of the island, and transects were placed at 5 km N-S intervals (Figure 2). 

Observers (one or two per transect) looked and listened for birds while walking the transect, 

and for each observation recorded method of detection (seen, flushed, call type), a GPS 

position, group size and wind speed. Currently, conventional (i.e. non-DSM) distance 

sampling analysis has been undertaken. Model selection incorporated observer and cue 

covariates as candidates for obtaining the best model fit, and these had varying effects 

depending on the species. Stratification by land system was undertaken to improve the 

accuracy of the density and abundance estimates. 

 

Genetic Analysis 

 

Several birds were trapped (using mist nets) for the collection of genetic material during 2014 

field work (Burbidge et al. 2015). Some birds were collected from Dirk Hartog Island, and 

two from the mainland to the south of the island, to test the current taxonomic opinion that 

Dirk Hartog birds are separable from mainland birds at the subspecific level. Genetic analysis 

was carried out in the molecular systematics laboratory at the Western Australian Museum, 

using 1029 base pairs of the mitochondrial NADH dehydrogenase subunit 2 (ND2) gene 

region, in a procedure similar to that used by Donnellan et al. (2009) for analysis of Stipiturus 

(emu-wren) phylogeny.  

 



 
 

Figure 1. Location of the 34 survey sites on Dirk Hartog Island. 

 



 
Figure 2. Location of transects established for bird population estimates on Dirk Hartog 

Island. Note that transects 6 and 7 were not used because they intersected extensive mobile 

dunes without vegetation. 

 



Results 

 

Species Distribution Modelling 

 

All three species avoid the mobile dune systems, which were therefore excluded from the 

extent of the species distribution models. Rufous Fieldwrens are predicted to occur across all 

habitats on the island, with much of the island predicted to be very suitable for them. The 

black and white fairy-wrens, on the other hand, are predicted to occur mainly in southern and 

western parts of the island. To a large degree, the predicted distribution of the Southern Emu-

wren is the inverse of the predicted fairy-wren distribution, reflecting a preference on the part 

of the emu-wren for less disturbed areas where Thriptomene is a dominant element of the 

shrub layer. Important factors in each model are shown in Table 1. 

 

 
Figure 3. Species distribution models for the Black and White Fairy-wren, Rufous Fieldwren 

and Southern Emu-wren on Dirk Hartog Island (from Ball et al. 2015).  

 

 

Species Variable β Coefficient p-value 

Southern Emu-wren elevation 0.07 0.036 

 perennials -48.71 0.099 

White-winged Fairy-wren vegetation 

cover 

-0.21 0.082 

 perennials 12.04 0.183 

Rufous Fieldwren ndvi -44.63 0.158 

 perennials 24.61 0.194 

Table 1. The most important factors in each of the species distribution models. 

 



Population Estimates 

 

Preliminary analysis of the distance data indicates population sizes of 20 000-40 000 birds, 

depending on the species, but the estimates are sensitive to estimates of group size, which is 

difficult to determine in such cryptic species. Further work needs to be done to gain insight 

into the accuracy of these figures. 

 

Species 

Groups per 

km
2 
 

Group size 

mean 

Abundance 

(total)  %CV  

Southern Emu-wren 31.3  1.81  36 650  23.2  

N=69, K-S p=0.76, ~observer  

         
White-winged (black and 

white) Fairy-wren 

12.5  2.97  24 700  23.5  

N=71, K-S p=0.95, ~cue  

         
Rufous Fieldwren 29.7  1.07  20 750  12.8  

N=161, K-S p=0.97, ~cue 

         
Table 2. Preliminary estimates of the abundance of selected birds on Dirk Hartog Island in 

August 2015. N is the number of groups observed. Group mean is as it suggests. K-S p-value 

is the Kolmogorov-Smirnov test statistic - a goodness of fit test of the model fit; higher (i.e. 

closer to 1.0) is better. The covariate after the tilde, e.g. '~cue', is the one that had an effect on 

the shape of the detection function.  

 

Genetic Analysis 

 

Figure 4 shows the results of a preliminary analysis of variation in the ND2 gene in the 

Rufous Fieldwren, Calamanthus campestris. Although these data do little to clarify the 

taxonomic relationships of south-eastern Australian populations, to the west of Eyre 

Peninsula, the population that spans the Great Australian Bight, subspecies C. campestris 

campestris, has been separated from the main lineage in black for a long time, with a 

divergence level of 3.27%. 

 

All western ultra-taxa are reciprocally monophyletic with the main lineage to the east, in the 

northern Eyre Peninsula and to the east of Eyre Peninsula. Within the western lineages of C. 

campestris, albeit with limited sampling, the populations of C. c. montanellus (circled in 

green) form a monophyletic lineage, and they are sister to the lineage that includes C. c. 

hartogi, wayensis (grey) and rubiginosis. C. c. hartogi is only 0.035% divergent from 

wayensis and rubiginosis. Unfortunately, we have limited sampling in these groups, so we do 

not have enough power to determine the significance of these ultra-taxa and answer questions 

pertaining to long-term gene flow among them. 

 



 
 

Figure 4. Preliminary gene tree of mitochondrial ND2 gene region in Calamanthus specimens 

from selected localities in southern Australia, in the context of geographic distribution and 

morphological variation (from Dolman and Burbidge 2015). Note the restricted amount of 

variation between Dirk Hartog birds and Calamanthus campestris rubiginosus and C. c. 

wayensis from the nearby mainland and inland Western Australia. 

 

Discussion 

 

All three species sampled have been shown to be relatively widespread on Dirk Hartog 

Island, with Rufous Fieldwrens being relatively ubiquitous and Southern Emu-wrens 

favouring the less disturbed low heaths, especially in northern parts of the island. While still 

requiring more analysis and interpretive work, it appears that Dirk Hartog Island supports 

substantial populations of these three species relative to the area of the island. 

 

Our preliminary genetic analysis suggests that the Dirk Hartog Island Fieldwren 

Calamanthus campestris hartogi is not taxonomically distinct from nearby mainland 

populations of the species. While the genetic analysis is not yet complete, results to date 

suggest that C. campestris hartogi is not a valid taxon, and therefore consideration should be 

given to removing it from the threatened species list. Further, C. montanellus may not be a 

valid species, and it appears that specific separation occurs across the Eyrean barrier rather 

than within south-western WA, in a way parallel to that found in some other bird taxa 

(Dolman and Joseph 2015). More power is needed in the analysis in order to resolve these 

questions with confidence. We plan to gain additional power through a next generation 

sequencing genomics approach that will generate thousands of molecular markers across the 

genome. This level of molecular sampling will give us the power required to resolve ultra-



taxa where they truly are present independently evolving lineages and answer questions 

pertaining to long-term gene flow among them.  

 

Conclusions 

 

Work to date is providing a sound basis for management decisions, for example with respect 

to questions such as the placement of fire breaks, which would be best placed in areas where 

there are natural breaks in the distribution of, especially, the Southern Emu-wren. Further 

development of distribution and abundance modelling is required, so that we can provide 

density surface models. The Rufous Fieldwren appears not to be at risk, and it is 

recommended that consideration be given to its removal from threatened species lists. The 

Southern Emu-wren requires monitoring. 

 

Reports and Presentations to Date 

 

The following reports and presentations concerning threatened birds on Dirk Hartog Island 

have arisen from work funded partly by the Dirk Hartog Island Ecological Restoration 

Project: 

 

Ball, J., van Dongen, R., Huntley, B., and Burbidge, A. H. (2015). Modelling the distribution 

of threatened wren species on Dirk Hartog Island. Unpublished report, Dept of Parks 

and Wildlife and Curtin University, Perth, W.A. 

Burbidge, A. H. (2013). Threatened birds on Dirk Hartog Island: reconnaissance survey May 

2013. Unpublished report, Department of Environment and Conservation, Perth. 

Burbidge, A.H. (2015) Recent developments in the conservation of threatened birds in 

southern Western Australia. Presentation to BirdLife WA, as guest speaker at AGM, 

23 February 2015. 

Burbidge, A. H., Blythman, M., and van Dongen, R. (2013). Threatened birds on Dirk Hartog 

Island: preliminary report on October 2013 survey. Unpublished report, Department 

of Parks and Wildlife, Perth. 

Burbidge, A. H., Dolman, G., and Blythman, M. (2015). Threatened birds on Dirk Hartog 

Island: preliminary report on September 2014 survey. Department of Parks and 

Wildlife, unpublished report, Perth, W.A. 

Burbidge, A. H., van Dongen, R., Ball, J., and Ford, S. (2015). Monitoring and modelling the 

distribution of rare birds on Dirk Hartog Island: how threatened are they? [Abstract]. 

In Australasian Ornithological Conference. pp. 69. (BirdLife Australia and Birds New 

Zealand: Adelaide, South Australia.) 

Dolman, G., and Burbidge, A. H. (2015). Using phylogenetics of fieldwrens and heathwrens 

to inform conservation management in Western Australia. [Abstract]. In Australasian 

Ornithological Conference. pp. 56. (BirdLife Australia and Birds New Zealand: 

Adelaide, South Australia.) 

 

Further Work 

 

In 2016-17, the following is being done: 

 census relevant bird taxa on Dirk Hartog Island in September 2016 (see below), 

 enter vegetation structural height data into a database, 

 using a univariate approach, investigate the habitat preferences of individual bird taxa 

using vegetation structural height data (obtained in the field), vegetation cover data 

Kieran Wardle




derived from nadir photography (using Lab2 or Rosin indices), and relevant 

topographic data from available GIS layers, 

 develop a multivariate model of habitat preferences for each bird taxon based on the 

above data sets,  

 development of density surface models for the abundance data across the island to 

allow formulation of management guidelines,  

 provide further reports on the above and liaise with relevant district and regional staff 

in relation to key outcomes highlighted in the report, and 

 continue genetic analysis of Calamanthus and Stipiturus samples by surveying 

multiple nuclear genes with a view to clarifying the taxonomic and conservation 

status of each. 
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Appendix 1. Threatened and rare terrestrial bird taxa known from Dirk Hartog Island. 

‘Action Plan status’ is from Garnett et al. (2011). 

 

Common 

name 

Scientific name Action 

Plan status 

EPBC status WA status Range 

Dirk Hartog 

Island Black-

and-White 

Fairy-wren 

Malurus 

leucopterus 

leucopterus 

VU VU Schedule 1 

(VU) 

endemic to 

Dirk Hartog 

Island 

Dirk Hartog 

Island 

Southern 

Emu-wren 

Stipiturus 

malachurus 

hartogi 

VU not listed Schedule 1 

(VU) 

endemic to 

Dirk Hartog 

Island 

Western 

Grasswren 

(Shark Bay 

subspecies) 

Amytornis 

textilis textilis 

LC not listed P4 restricted to 

Shark Bay 

area; possibly 

extinct on 

Dirk Hartog 

Dirk Hartog 

Island Rufous 

Fieldwren 

Calamanthus 

campestris 

hartogi 

VU not listed Schedule 1 

(VU) 

endemic to 

Dirk Hartog 

Island 

Note: About 12 species of threatened or near-threatened shorebirds also occur, and the Fairy 

Tern (VU) breeds on Dirk Hartog Island and Meade Island. 

 

 


