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ABSTRACT – Barrow Island is Western Australia’s second largest offshore island and its flora and 
fauna have been able to evolve without major human disturbances. Chevron Australia Pty Ltd and 
its Joint Venture Participants made an application to construct a plant to liquefy natural gas on the 
island in 2001. One of the conditions under which approval was granted was the implementation of a 
rigorous biosecurity effort to ensure that no non-indigenous species (NIS) are introduced or allowed to 
establish on the island. To fulfil this condition it was first necessary to characterise what was already 
present on the island. A series of surveys have been performed using a purpose-designed sampling 
protocol in order to provide baseline data on the existing terrestrial invertebrates on Barrow Island. A 
total of 1,873 morphospecies were sampled but subsequent surveys and taxonomic developments 
have increased the count to 2,397. This compares with an estimated species richness of 2,481 
terrestrial invertebrate species on the island. Composition of the fauna varied considerably between 
the wet and dry seasons and between years, even when samples were taken during the same 
month. Composition also varied with distance from the coast, which may be associated with soil type 
and vegetation association. Twenty five non-indigenous species and seven putative non-indigenous 
species have been found, all of which are believed to have been present prior to commencement of 
the Gorgon Gas Development project.
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INTRODUCTION

Barrow Island is Western Australia’s second 
largest  of fshore  i sla nd.  Separated f rom 
the mainland for 8,000 years, uninhabited by 
indigenous people and un-colonised by Europeans, 
Barrow Island’s flora and fauna have been able 
to evolve without major human disturbances. 
Discovery of large gas deposits in the north-west 
shelf prompted Chevron Australia Pty Ltd and its 
Joint Venture Participants (see acknowledgements) 
to make an application to construct a plant to 
liquefy natural gas on the island in 2001. A number 
of conditions accompanied final approval of the 
Gorgon Project. Included amongst these was the 
need to implement a rigorous biosecurity effort to 
ensure that no non-indigenous species (NIS) are 
introduced or allowed to establish on the island. 
Furthermore, the conditions required the design 
and implementation of a detection program with a 
detection power of 0.8, or an appropriate alternative 
power, for detecting NIS at an early enough stage 
that eradication could be attempted without 

causing undesirable environmental consequences 

(Government of Western Australia 2007). In other 

words, if a non-indigenous species was to arrive on 

the island, there should be at least an 80% certainty 

that it would be detected.

Although this was a straightforward undertaking 

for plants and vertebrate animals because these 

components of the biota are well known on Barrow 

Island (Chevron Texaco Pty Ltd. 2005; Moro and 

Macauley 2010a, b and c), lack of data made this a 

problematic task for the invertebrates. There had 

been a few taxon-specific surveys performed in the 

1970s through to the 1990s (Solem 1997—land snails; 

Perry 1972—termites; Smithers and Butler 1985—

dragonflies; Smithers 1984a—psocopterans; Smithers 

and Butler 1983—butterflies; Smithers 1984 b, 1988—

neuropterans) but most of these were not exhaustive, 

having been carried out during short, single visits 

to the island. Recognising this deficiency, Chevron 

contracted entomologists at Curtin University 

to carry out a baseline survey of the terrestrial 

invertebrate fauna of Barrow Island (BWI).
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Prior to commencing the survey, it was necessary 

to design a sampling protocol that was cost-

effective, while still being adequate to sample the 

species present. A transect-based approach formed 

the basis of the protocol, and built upon a design 

that had been used for many years in rehabilitated 

mine sites for sampling invertebrates from all 

strata; ranging from the litter layer up to the trees 

(shrubs in the case of Barrow Island) (Allen 1989). 

Once the sampling protocol had been agreed upon, 

two separate, but complementary surveys were 

performed. The Gas Plant (GP) survey targeted 

the area where the gas processing plant was to 

be built and was designed to sample the species 

most likely to be affected by the development. 

This positioning of the transects was designed to 

enable us to elucidate the major determinants of 

the composition of the invertebrate fauna, including 

soil type, vegetation association, distance from the 

coast, and season. Paired transects were set up both 

close to and distant from the proposed gas plant in 

order to provide a basis for ecological monitoring 

of potential edge effects. The second survey was 

designed to detect whether any non-indigenous 

species (NIS) already exist on the island and 

targeted areas of current or previous disturbance – 

areas where NIS are most likely to be found.

The results of the two surveys have been 

comprehensively reported on by Callan et al. (2011). 

The results are summarised here and findings have 

been updated in the light of further taxonomic 

information being provided. This formed the 

baseline species list of indigenous and non-

indigenous species inhabiting Barrow Island which 

was subsequently used in conjunction with the 

potential NIS threats to the island to develop the 

surveillance program, described in the papers by 

Whittle et al. (2013 a, b).

PILOT STUDY

The pilot study was performed twice, once 

during the week beginning 22 April 2005 and once 

during the week of 1 May 2005, immediately after 

a significant rain event (Figure 1). Seven native 

vegetation sites and three disturbed sites (airport, 

old rubbish dump and accommodation camp) were 

sampled. Sampling was based upon a 90 m transect 

and included pitfall trapping, herb and shrub 

vacuum sampling (10 swathes at 90o to the transect), 

shrub beating (10 small trees or shrubs close to 

each pitfall trap), litter sampling using Winkler 

sacks (Agosti et al. 2000) and hand collecting for 

one hour during both daytime and night. Pitfall 

trap configurations included small (43 mm internal 

diameter) versus large (110 mm) traps, 10 versus 20 

small diameter traps, and 5 versus 10 days of small 

diameter trapping.

T he resu lt i ng mater ia l  was  sor ted to 
morphospecies and individual groups were sent 
to the relevant taxonomists for determination, 
result ing in a l ist  of approximately 550 
morphospecies. Then, for selected groups, the 
number of species per sampling technique was 
summed, the estimated total number of species 

FIGURE 1 Monthly total rainfall and mean monthly minimum and maximum temperatures for the period covering 
the Pilot Study (green arrows), the Gas Plant survey (red arrows) and the Non-Indigenous Species 
surveys (black arrows).
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was calculated from species accumulation curves, 
the efficacy of each method was compared, and the 
complementarity between the different methods 
was assessed. From this, a standardised sampling 
protocol was agreed upon, and is summarised in 
Figure 2.

The finalized protocol was once again based on a 
90 m transect, with 10 small-diameter pitfall traps 
with ethylene glycol preservative, run for 5 day 
periods following a 12 hour digging-in period. Leaf 
litter was taken from close to each pitfall trap and 
coarse-sieved to remove large litter fragments. The 
resulting material was placed in Winkler sacks and 
invertebrates were extracted over a 4-day period. 
Three vegetation vacuum swathes were taken in 30 
x 15 m areas parallel with the sampling transect. 
To complement this, 10 small trees or shrubs were 
sampled by beating with a stout stick over a net. 

Finally, invertebrates were hand collected from a 

range of microhabitats in a 100 m radius around 

each transect for 1 person-hour during the day and 

2 person-hours during the night. Light traps were 

also run at a third of the GP and NIS sites, selected 

to maximise their spread across the island. 

GAS PLANT (GP) SURVEY

Twelve sites were sampled during this survey, 

representing coastal dunes, floodplain vegetation, 

and a range of limestone sites ranging from flats 

to ridges. Wherever possible, sites of comparable 

vegetation were in duplicate pairs, with one site 

proximal to the future gas plant and the other some 

distance away (Figure 3a). This was designed to 

characterise the fauna close to the areas that will 

be disturbed and to enable monitoring of any spill-

FIGURE 2 Standardised sampling protocol used for the GP and NIS surveys. Further details are explained in the 
text; design of the protocol was modified in some of the NIS sites to allow for irregular shape of the 
areas and the existence of structures of interest, such as buildings.
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FIGURE 3 Location of the (A) undisturbed (GP) and (B) disturbed (NIS) survey sites where invertebrates were 
sampled using the standardised sampling protocol.  Note some of the infrastructure positions have 
changed since the time when these surveys were undertaken.

A B

over impacts on the environment by comparing 

proximal and distant sites within each vegetation 

type, the identity of which can be obtained by 

consulting Appendix C1 of the EIS/ERMP for the 

Gorgon Development on Barrow Island (Chevron 

Texaco Pty Ltd. 2005). Sampling was performed 

using the protocol shown in Figure 2 and was 

carried out twice, once in the fortnight beginning 

15 March 2006 at the end of the wet season and 

again in the period beginning 25 September 2006 

at the end of the dry season. The pattern of rain 

around these times is shown in Figure 1 and recent 

falls prior to the first sampling period had resulted 

in a flush of green vegetation, which was not so 

evident during the second period.

A total of 1,123 morphospecies were collected 

during the two periods, comprising four Mollusca 

species, 165 Arachnida species, nine Malacostraca 

species, 11 Chilopoda species, two Diplopoda 

species, 34 Collembola species and 898 Insecta 

species. The full list of species encountered during 

the GP survey is given in Appendix 1 and the sites 

by species matrices for each taxonomic group are 

provided in the electronic supplements to Callan 

et al. (2011). Vouchers of most of the species are 

housed in the Entomology Laboratory at Curtin 

University and WA Department of Agriculture 

and Food. They will be deposited in the Western 

Australian Museum upon cessation of the program.

A non-metric multi-dimensional scaling (NMDS) 

ordination, using Bray-Curtis matrices of non-

standardised data for the most frequently occurring 

species in the GP survey (350 taxa), plus the 

environmental variables sampling time, distance 

from coast, soil type and vegetation type is shown 

in Figure 4a. The wet season and dry season 

samples are separated into two distinct clusters, 

whose species composition is significantly different 

(ANOSIM global R = 0.979, P = 0.001). Within 

each cluster, the relative positioning of sites along 

axis 2 was reasonably similar (correlation of axis 

2 scores in the two seasons r = 0.52; df =10, P = 

0.05) and was associated with distance from coast 

(ANOSIM global R = 0.166, P = 0.030) and weakly 
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FIGURE 4 NMDS ordination of the GP sites (top) and the NIS sites (bottom), both of which were sampled twice. 
The left-hand cluster of the GP ordination delimits the March 2006 wet season and the right hand 
cluster delimits the September 2006 dry season samples; the left- and right-hand clusters of the NIS 
ordination delimit the May 2006 and May 2007 samples, respectively.
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Order/Family Family/Subfamily Non-Indigenous Species of Invertebrate Status

Araneae Pholcidae Artema atlanta (Giant daddy long legs spider) C

Araneae Pholcidae Crossopriza lyoni (Daddy long-legs spider) C

Araneae Scytodidae Dictis striatipes (Spitting spider) C

Araneae Oecobidae Oecobius navus (Urban wall spider) C

Araneae Theridiidae Latrodectus hasseltii (Red-backed spider) ?

Blattodea Blattidae Periplaneta americana (American cockroach) C

Blattodea Blatellidae Supella longipalpa (Brown banded cockroach) C

Coleoptera Anobiidae Lasioderma serricorne C

Coleoptera Cleridae Necrobia rufipes (Red-legged ham beetle) C

Coleoptera Dermestidae Attagenus sp. ?

Coleoptera Dermestidae Dermestes haemorrhoidalis C

Coleoptera Dermestidae Dermestes ater C

Coleoptera Languriidae Leucohimatium arundinaceum C

Coleoptera Tenebrionidae Tribolium confusum (Confused flour beetle) ?

Collembola Hypogastruridae Hypogastrura sp. cf. vernalis ?

Collembola Isotomidae Isotoma sp. cf. viridis ?

Diptera Psychodidae Psychoda alternata C

Formicidae Cerapachyiinae Cerapachys longitarsus (Cannibal ant) C

Formicidae Formicinae Paratrechina longicornis (Black crazy ant) C

Formicidae Myrmicinae Cardiocondyla nuda (Sneaking ant) ?

Hemiptera Anthocoridae Montandoniola sp. ?

Hemiptera Aphididae Aphis craccivora (Black legume aphid) C

Hemiptera Aphididae Aphis gossypii (Cotton aphid) C

Hemiptera Miridae Nesidiocoris tenuis (Tomato mirid ) C

Isopoda Porcellionidae Porcellionides pruinosus (Delicate slater) C

Lepidoptera Pyralidae Plodia interpunctella (Indian Meal Moth) C

Lepidoptera Pyralidae Plutella xylostella (Diamondback moth) C

Psocoptera Liposcelidae Liposcelis bostrychophila C

Psocoptera Liposcelidae Liposcelis entomophila C

Psocoptera Psyllipsocidae Dorypteryx domestica C

Thysanoptera Thripidae Frankliniella schultzei (Tomato thrips) C

Thysanura Ctenolepismatidae Ctenolepisma longicaudata (Grey silverfish) C

TABLE 1 List of confirmed (Status C) or putative (Status ?) non-indigenous species found during the pilot, GP, 
NIS and subsequent surveillance surveys carried out between 2005 and 2012. Those highlighted in 
bold were collected in the subsequent surveillance survey.
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with soil type (global R = 0.159, P = 0.057) but not 
significantly so with vegetation association (global 
R = 0.078, P = 0.174). Although these variables are 
inevitably correlated, this indicates the importance 
of distance from coast and the progressively 
diminishing role of soil type and vegetation as 
determinants of faunal composition.

NON-INDIGENOUS SPECIES SURVEY

Twenty five disturbed sites were sampled during 
this component of the survey. Sites were either 
actively used (e.g., accommodation camp, barge 
landing, airport, warehouse, etc.), disused (e.g., 
former workshop and administration areas) or 
restored (e.g., former waste disposal areas or sites 
of old accommodation camps). All sites were chosen 
because if any invertebrates had been previously 
introduced, they are more likely to be found in 
these areas of previous or current human activity. 
The NIS sites were more widely distributed across 
the island (Figure 3b) than the GP survey sites 
but the same sampling protocol (Figure 2) was 
adopted, although sometimes modified to suit site 
conditions. Sampling was performed in the week 
beginning 6 May 2006 and was repeated in the 
week beginning 1 May 2007. These periods were 
originally chosen as being the optimal period for 
sampling, as it follows on from the summer rain 
period. However, although this was the case during 
2006, hardly any rain fell during the entire period 
of 2007 (Figure 1).

A total of 1,468 morphospecies were sampled in 
the 25 sites, represented by eight Mollusca species, 
240 Arachnida species, 12 Malacostraca species, 
13 Chilopoda species, three Diplopoda species, 
31 Collembola species and 1,161 Insecta species. 
The full list of species encountered during the 
NIS survey is given in Appendix 1 and the sites 
by species matrices for each taxonomic group are 
provided in the electronic supplements to Callan et 
al. (2011).

The NMDS ordination of the 13 NIS sites that 
were sampled in both 2006 and 2007 and using 
the 316 most frequently occurring taxa are shown 
in Figure 4b. The two sampling periods separate 
out into two clearly demarcated clusters which 
are significantly different (global R = 0.687, P = 
0.001), indicating the high degree of variation in 
fauna between years, probably due to differences 
in the pattern and amount of rainfall. Although 
environmental variables were included in the 
analysis, no influences on the fauna of disturbance 
type or time since rehabilitation could be detected. 
This may well reflect the large variation in the type 
of disturbance and also the fact that rehabilitated 
areas were extremely heterogeneous in their 
composition and stage of rehabilitation.

Table 1 shows the non-indigenous species that 

were found during this survey and also during the 
various components of the surveillance program 
described by Whittle et al. (2013a) and implemented 
by us. There are 25 confirmed non-indigenous 
species and seven putative species, whose status is 
uncertain. All of these species are believed to have 
been present prior to commencement of the Gorgon 
Gas Development project. The status of each 
group was confirmed by consulting the literature, 
pest databases and by feedback from the relevant 
specialists for each taxonomic group. The putative 
species may well be cosmopolitan species that 
have been spread by natural means, such as aerial 
plankton in the case of the Collembola species, or 
may occur in any Australian environment once 
it is disturbed, as may be the case with the ant 
Cardiocondyla nuda. Others may be synanthropic 
species whose status as a native to Australia 
remains a matter of debate, as is the case with the 
red-backed spider, Latrodectus haselltii (Griffiths et 
al. 2005). Of the confirmed non-indigenous species, 
several are well-known stored product insects, such 
as most of the beetles and moths, and a number 
are associated with buildings and other structures, 
which is the case for all of the spiders.

RICHNESS OF THE TERRESTRIAL 
INVERTEBRATE FAUNA

The combined results of the Pilot, GP and NIS 
surveys give a total of 1,873 morphospecies of 
terrestrial invertebrates. If the sites and periods for 
the Pilot, GP and NIS sampling programs are taken 
together and analysed for species accumulation 
by the EstimateS computer package (Colwell 
2000; Colwell and Coddington 1994), the Chao2 
estimator predicts a total terrestrial invertebrate 
richness of 2,481 species, indicating that the survey 
is not complete. A similar analysis of those orders 
that were sufficiently diverse for the procedure 
to be reliably performed enables a consideration 
to be made about the groups that were under-
sampled (Table 2). In this case it was only possible 
to perform the analysis on the GP and NIS data 
and only on taxa that were diverse enough to 
analyse; the numbers therefore do not exactly 
match those from the global analysis. The analysis 
indicates that most taxa had not been completely 
sampled by GP and NIS surveys. Notable examples 
include Acarina (taxonomic verification had not 
been completed at the time), Mantodea (possible 
method bias), Neuroptera (reason unknown), 
Heteroptera (unavailability of taxonomists), 
Coleoptera (high diversity), Diptera (high diversity) 
and Hymenoptera (samples initially only identified 
from one sampling period). However, subsequent 
sampling has increased the species count, with 
values for most taxa rising to, or even exceeding, 
the estimated total of species (Table 2).
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1.  Specimen aligns with species in the Curtin 

BWI Reference Collection ................................  2

  Specimen does not align with species in 

Curtin BWI Reference Collection ...................  3

2.  Residence status of species on BWI already 

known –

  If only one or two specimens of species in 

Curtin BWI Reference Collection:

specimens bottled or pinned and added 

to collection

  Numerous specimens available in Curtin BWI 

Reference Collection:

specimens kept together with bulk 

specimens in vial and stored in 

permanent wet collection.

3.  Residence status of species on BWI unknown:

  Taxonomist for Order or Family available and 

willing to take specimens ................................  4

  No taxonomist available ..................................  5

4.  Taxonomist ident i f ies specimen(s) as 

previously collected on BWI ...........................  6

  Taxonomist identifies specimen(s) as not 

previously collected on BWI ...........................  7

5.  Specimen identifiable to species by in-house 

parataxonomist  .................................................  9

  Specimen not identifiable to species (no keys 

available):

specimen designated morphospecies 

nu m b er  a nd  s tor e d  for  f ut u r e 

confirmation of species if taxonomist 

or taxonomic keys become available. 

Provisionally added to baseline, included 

in annual report.

6.  Specimen is returned to Curt in and 

incorporated into collection ............................  2

  Specimen is not returned to Curtin:

taxonomist queried for identification 

notes/photographs i f  Curt in BWI 

Reference Collection does not contain a 

representative specimen

7.  Specimen is identifiable to species .................  8

  Specimen is not identifiable to species 

(possibly new species) ....................................  12

8.  Any available information is sought on 

species from taxonomist and from published 

sources:

  Species is a known non-native species for 

Australia:

Chevron informed immediately.

  Species is a known native species for 

Australia  ............................................................  9

9.  Species known from northern Western 

Australia  ..........................................................  10

  Species not known from northern Western 

Australia  ..........................................................  11

10.  Species is vagile, disperses easily, and likely 

to be detected by collection method and 

sampling regime:

most likely naturally dispersed to BWI 

from mainland. Added to baseline, 

included in annual report.

  Species is sedentary and/or difficult to detect:

most likely native to BWI but not 

collected previously. Added to baseline, 

included in annual report.

11.  Species is vagile, disperses easily, and likely 

to be detected by collection method and 

sampling regime:

most likely human assisted. Chevron 

informed immediately.

  Species is sedentary and/or difficult to detect-

most likely native to BWI but not 

collected previously. Added to baseline, 

included in annual report.

12.  Genus/Family known from Australia:

species likely to be native to BWI but 

not collected previously, designated 

morphospecies number. Added to 

baseline, included in annual report.

  Genus/Family not known from Australia

 ...........................................................................  11

TABLE 3 Dichotomous key for new species additions to the baseline (Based on specimens that are mature and 
of the appropriate sex for identification to species).
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SURVEILLANCE

Based on five exemplar invasive invertebrates 

species, Barrow Island was classed into three 

zones of invasion susceptibility. This was based on 

analyses of potential entry points, establishment 

and spread of these exemplars onto the island. 

Risk Zones were identified where the likelihood 

of entry and suitability of the environment for 

establishment were medium to high probability. 

These zones fell predominantly within six sites on 

the island; these were the Accommodation Camp, 

Airport, Barge Landing, Horizontal Directional 

Drilling site, Materials Off-loading Facility and 

finally the Gorgon Gas Development Footprint. 

The surveillance methods were chosen from the 

suite of methods used in the baseline surveys in 

accordance with suggestions made by a Quarantine 

Expert Panel. These analyses have been reported in 

Whittle et al. (2009; 2013b) and Barrett et al. (2010) 

and are summarised in Whittle et al. (2013a).

Within the first year of construction (2009–

2010), after ministerial approval was granted, a 

preliminary survey was conducted to test the 

efficacy of the surveillance program (Seismic 

Survey 2009–2010) and to reinforce the knowledge 

of established NIS invertebrates on the island (Built 

Environment Survey 2010; Collembola Survey 2010). 

This yielded new additions to the baseline species 

list, as well as hitherto undetected non-indigenous 

species (Greenslade 2010). Previously undetected 

NIS were identified as synanthropic species (Table 

1) that inhabited the built environment (e.g., some 

of the stored-products insects) and hence were not 

collected in previous trapping efforts (NIS Survey) 
that focussed on areas external to the buildings.

The surveillance programme is now in its 
third year of implementation, with a field survey 
undertaken at the six sites each summer and winter 
season (March and September). This was based 
on the significant seasonality observed in the GP 
survey and to ensure that natural variability in 
invertebrate populations is adequately sampled. 
To date, the surveillance has increased the record 
of indigenous invertebrate species to 2,397. Each 
additional species collected was scrutinised for 
its potential to be a NIS and expert advice was 
sought to assess whether its presence on the island 
had been assisted by Gorgon’s activities. At the 
time of writing no specimen has been identified 
as a potential introduction, and new species have 
either been placed as ones that were not detected 
in the baseline surveys or as vagrant species from 
the mainland that are easily transported by strong 
winds to BWI. 

DISCUSSION

A number of developments have occurred since 
the 2005–7 surveys, notably further determinations 
from taxonomists, a dedicated survey of Collembola 
and the implementation of the surveillance 
program. Figure 5 shows the accumulation 
of species through the progression of these 
developments, reaching a current total of 2,397 as 
of mid-2013. The slowing of accumulation of species 
is commensurate with the asymptote calculated by 
the Chao2 estimator, suggesting that this may be 
close to the actual value for the island.

One of the issues that the Gorgon Project faces is 
the determination of whether a newly discovered 
species on the island is a native species hitherto 
undocumented for the island or a species that 
has been introduced as a result of Gorgon related 
activities. Terrestrial invertebrates are comprised 
of a variety of life forms and life histories, making 
them difficult to completely assess during surveys. 
No matter how many samples or collection 
methods are employed, a variety of issues may 
impede the collection of any one species at any one 
time. Some have cryptic life histories and hence 
are not readily captured, while others display large 
variances in seasonal populations and hence may 
not be captured in one given year or season. Also, 
Barrow Island is an offshore island less than 60 km 
from the coast and is in an area that experiences 
annual cyclonic events. Larger, strong fliers can be 
assisted by strong winds, or smaller, planktonic 
forms can drift across the ocean in large enough 
populations to colonise an island. All these factors 
make the determination on the native status of a 
newly encountered species quite difficult. We have 

FIGURE 5 Increment in number of morphospecies 
through the various surveys and 
taxonomic developments on Barrow 
Island that have taken place between 
2005 and mid-2012.
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developed a dichotomous key of questions to aid 
determining the native status of a species (Table 3).

In terms of duration, range of methods used, 
and taxonomic breadth, this is probably the most 
comprehensive terrestrial invertebrate survey 
ever undertaken in Australia. Whether or not 
the island’s species richness is high or low in 
comparison with mainland sites is difficult to 
say. Although surveys exist for the Pilbara and 
the Southern Carnarvon Basin (George et al. 2011; 
Burbidge et al. 2000), the sampling methods and 
taxonomic coverage are not the same. However, 
our survey does provide important baseline 
data for the terrestrial invertebrate fauna of an 
arid Australian island and a Carnarvon Basin 
ecosystem. This information can be used for 
environmental monitoring and as a background 
for future surveillance programs. Yet the fact that 
the differences in faunal composition between the 
same months in different years can be as great as 
the difference between seasons within a given year 
needs to be taken into account when considering 
the temporal aspects of the program.
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