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Abstract 
Invasive marine species (IMS) are a major anthropogenic threat to global marine 
environments. To mitigate the threat, Australian federal and state governments have 
developed detailed quarantine programs to minimise IMS introductions, supported 
by monitoring programs to detect any IMS that penetrated the quarantine barriers. 
Considerable shipping movements occur between the Pilbara region of northwestern 
Australia and southeast Asia where a number of potential IMS oysters occur. 
eDNA techniques are being developed to rapidly scan biofouling and other samples 
for potential IMS, but there is limited information on oysters present in the Pilbara. 
We collected intertidal oysters in and near Pilbara ports and identified them using 
DNA sequences to determine if any IMS are present and to provide a baseline to 
prevent false positive results for IMS by native species. Only three species were 
detected: native Saccostrea lineage A and S. scyphophilla, both widespread in the 
Pilbara, and Talonostrea sp. nov. which had not previously been reported from the 
Pilbara. No IMS oysters were found. The study provides a solid basis for 
monitoring for any future occurrences of IMS oyster species in the Pilbara, an area 
with a very high known shallow water marine biodiversity, but where only a single 
IMS is known to occur. 
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Introduction 

Invasive marine species (IMS) are a major anthropogenic threat to global 
marine environments (Johnson and Chapman 2007; Molnar et al. 2008; 
Katsanevakis et al. 2014; Crowe and Frid 2015; McDonald et al. 2020; 
Salimi et al. 2021). As an island continent, 98% of commerce into or out of 
Australia is on vessels (Ports Australia 2022). In recognition of the IMS 
threat, a strategy of quarantine barriers to prevent the introduction of IMS 
into Australia (e.g. Vessel-Check 2022) and monitoring for any that 
penetrated the barriers, was developed. A list of over 80 species of potential 
IMS concern was included in the strategy (NIMPCG 2009a, 2009b; DPIRD 
2016). As the original monitoring strategy (NIMPCG 2009a, 2009b) was 
labour intensive and expensive a new strategy, the State-Wide Array 
Surveillance Program (SWASP) was developed based on passive settlement 
arrays deployed in ports. Marine growth on the arrays is collected and processed 
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Figure 1. Map of the Pilbara region of Western Australia showing ports mentioned in the text. 

using Next-Generation Sequencing (NGS) to detect species on the potential 
IMS list (McDonald et al. 2020). As part of the SWASP program an 
extensive DNA database of potential IMS has been developed (Dias et al. 2017). 
One component of the BHP funded eDNA for Global Environment Studies 
(eDGES; Curtin 2022) program is continuing to develop the DNA database 
of potential IMS and related native species and use the database to search 
for species that may have already arrived in the Pilbara region of northwestern 
Australia, between North West Cape and Port Hedland (Figure 1). MarinePests 
(2023) records no marine pests on the north coast of Australia. However, 
their definition does not include the ascidian Didemnum perlucidum, 
which occurs throughout Western Australia, the Northern Territory and 
has recently been found in Queensland (Dias et al. 2021).  

While there are a number of mechanisms for species introductions, shipping, 
either as biofouling or in ballast water, is the dominant source in most 
areas (Seebens et al. 2013; Salimi et al. 2021). Ports operated by the Pilbara 
Ports Authority, a government agency, exported 733.1 million tonnes, primarily 
iron ore, with 17,376 vessel movements in 2021–2022 (PPA 2022); there was 
significant additional export and vessel movements from private ports. Apart 
from commercial vessels, there is very little movement into northwestern 
Australia. Vessels, including the small number of private yachts, entering 
Western Australian waters from eastern Australia must adhere to the same 
reporting procedures as international commercial vessels. Only a few yachts 
enter WA from overseas. Those that do arrive are required to make Fremantle 
in southwestern WA as their first port of call (DAFF 2023), and are not 
permitted to first stop in the Pilbara. Aquaculture is another possible source 
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Figure 2. Intertidal rock oysters from the Pilbara, Western Australia. A: Saccostrea lineage A 
from a trial aquaculture farm (WAMS_117501; GenBank OR466892). B. Saccostrea scyphophilla 
(WAMS_117500; GenBank OR466930) C. Natural Saccostrea lineage A from a rocky shore 
(WAMS_117506; GenBank OR466894). D, E. Talonostrea sp. nov. (WAMS_117503; WAMS_117504; 
GenBank OR466939). Scale bars are 1 cm. Photographs by Fred Wells. 

of IMS introductions, but there is only one significant aquaculture industry 
in the Pilbara, for the pearl oyster Pinctada maxima. The fishery uses a 
combination of wild caught and hatchery grown pearl oysters. There are 
currently only three vessels in the wild caught fleet. A recent assessment of 
the P. maxima fishery scored the possibility of introducing IMS from overseas 
as very low risk (Smith et al. 2023).  

The Pacific oyster (Magallana gigas, previously known as Crassostrea gigas) 
is a key potential IMS. It was introduced into Tasmania from Japan in 1949 
(Thomson 1952, 1959). A successful and a thriving Pacific oysters aquaculture 
industry is now well established in south-eastern Australia. However, M. gigas 
escaped from the aquaculture leases and is now a feral pest species 
(NIMPIS 2022). The introduction of oysters for aquaculture also brings risks 
of introducing diseases and other species living on, or in, the oysters 
(Ruesink et al. 2005; Herbert et al. 2016).  

For a number of years Pacific oyster spat were transported from Tasmania 
to Singapore and grown out in Singapore for the local market. M. gigas has 
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Figure 3. Saccostrea lineage A (left) and Saccostrea scyphophilla (center) and Talonostrea sp. nov. in their natural habitat in the 
Pilbara, Western Australia. Note that Talonostrea sp. nov. actually lived underwater attached to the bottom of the Avicennia 
marina branch but have been moved so they are visible. Photographs by Fred Wells. 

been recorded in Singapore and neighbouring Malaysia (Lam and Morton 2009; 
Tan and Woo 2010), but whether it has actually established populations, or 
if M. gigas has been misidentified and there is an unknown local species 
has not been determined (Lam and Morton 2009). The importance of this 
question was demonstrated when an oyster found on 100m long crane barge 
Mammoet 331 in Singapore in 2011 was tentatively identified as M. gigas. 
The vessel was drydocked, dewatered and cleaned. It was then refloated, moved 
1.8m forward and dewatered a second time to clean drydock support strips 
from the first dewatering, causing expensive direct costs and construction 
delays in the project for which it was mobilising (Wells and Booth 2012). 

Oysters are one of the target groups for the eDGES study in the Pilbara. 
Oyster taxonomy is notoriously difficult, with considerable morphological 
variations between adjacent individuals. Species usually cannot be reliably 
identified using shell and tissue morphology; DNA analysis is the most 
reliable method for species identification (Salvi and Mariottini 2016; 
Willan et al. 2021). The goals of the present research were to use genetic 
sequencing to determine the rock oyster species present in the Pilbara and 
their distribution, concentrating on ports and nearby areas where introduced 
oysters, if any, are most likely to be present. This will determine whether 
any introduced species are currently present in the Pilbara and provide a 
baseline for monitoring any future invasions by rock oysters. 

Materials and methods 

Species taxonomy 

The taxonomy of oysters is in a considerable state of flux as DNA sequencing 
modifies our understanding of species limits. In particular the systematics 
of Saccostrea is undergoing modification. We have used the names Saccostrea 
lineage A and S. scyphophilla to be consistent with the recent paper on the 
group in Western Australia by Snow et al. (2023). 

Voucher specimens have been deposited in the Western Australian 
Museum (WAM) and registered on GenBank. 
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Sample collection 

Four field surveys were conducted in and near major Pilbara ports (Figure 1) 
on spring tides between 2021 and 2023. Sites were chosen to cover a range 
of natural and artificial habitats. Shore sites were accessed by vehicle; islands 
were surveyed by boat. At each site 6-10 specimens were hand collected in 
the intertidal zone using a hammer and chisel. The oysters were taken to an 
onshore base camp and tissue samples collected or the animals were frozen 
for transport back to Perth. A total of 26 sites were examined (Table 1): 

• Dampier, 21-22 October 2021: Withnell Bay and King Bay (2 sites) on 
the west side of the Burrup Peninsula and a small boat landing in 
Dampier. 

• Onslow, 25-29 August 2022: Beadon Creek; old Onslow jetty at Beadon 
Point; Four Mile Creek; Ashburton Island; east end of Thevenard 
Island and two Port of Ashburton channel markers. 

• Dampier, 27-30 October 2022: John’s Creek Boat Harbour, Point 
Samson; Watering Cove on the east side of the Burrup Peninsula (2 
sites) and islands in the Dampier Archipelago: West Lewis Island (2 
sites); Rosemary Island; Malus Island (2 sites); Whittaker Island; East 
Intercourse Island. 

• Port Hedland, 10-12 February 2023: Intertidal creek, Balla Balla. Port 
Hedland: public boat ramp; Port Hedland reef; Finucane Island; Pretty 
Pool. 

DNA extraction, PCR amplification and Sequencing 

DNA was extracted from adductor muscle of each specimen using the 
DNeasy Blood and Tissue Kit (Qiagen Inc., USA) following the manufacturer’s 
instructions. Polymerase Chain Reaction (PCR) amplification of approximately 
400 bases of the mitochondrial ribosomal subunit 16S gene region was 
done for each specimen, using primers 16Sar (Simon et al. 1994) and 
16S2R-degenerate (Deagle et al. 2007).  

PCR reactions were conducted in 25µl containing 3 µl DNA (~20 ng), 1x 
Invitrogen Platinum Green Hot Start PCR master mix (containing 1.5mM 
MgCl2 and 0.2mM of each dNTP), 0.5mg/ml bovine serum albumin (Fisher 
Biotec, Australia) and 0.6µM each primer. PCR conditions consisted of an 
initial incubation at 95ºC for 3 min, followed by 35 cycles of 94ºC for 45s, 
52ºC for 90s, 72ºC for 45s; and a final extension step of 72ºC for 10min. 

Bi-directional sequencing of unpurified PCR products was performed 
using the Sanger sequencing service provided by the Australian Genome 
Research Facility (AGRF, Perth). Sequences were trimmed and edited using 
the Geneious Prime 2022.1.1 software (http://www.geneious.com). For each 
individual, species identification was verified by similarity-based searches 
on the NCBI BLAST database (Altschul et al. 1990). To assign species a minimum 
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Table 1. Sites searched for intertidal oysters in the Pilbara, Western Australia. SA, Saccostrea lineage A; Ss, Saccostrea 
scyphophilla; Ta, Talonostrea sp. nov. 

Port Location Habitat GenBank accession number Latitude 
(°S) 

Longitude 
(°E) 

Dampier Withnell Bay, Burrup 
Peninsula 

Rocky shore and 
Avicennia marina 

mangroves 

SA [OR466862; OR466863] 
Ss [OR466904, OR466905] −20.58 116.79 

Dampier South entrance King Bay Low tide rocks 
SA [OR466864] 

Ss [OR466906; OR466907; OR466908; 
OR466909] 

−20.63 116.75 

Dampier Eastern King Bay A. marina mangroves SA [OR466865; OR466866; 
OR466867] −20.63 116.76 

Dampier Dampier boat landing Artificial rock groyne SA [OR466868; OR466869] −20.65; 116.71 

Dampier Watering Cove, Burrup 
Peninsula 

Rocky shore and A. 
marina mangroves 

SA [OR466888; OR466891; 
OR466896; OR466897] −20.59 116.81 

Dampier 
Archipelago 

Norbill Bay, Rosemary 
Island 

Intertidal rocks 
 

Ss [OR466921; OR466922; OR466930; 
OR466931] −20.46 116.61 

Dampier 
Archipelago 

Karratha Bay, West Lewis 
Island Trial oyster farm 

SA [OR466887, OR466892; 
OR466893] 

Ta [OR466936] 
−20.57 116.65 

Dampier 
Archipelago Whalers Bay, Malus Island Intertidal rocks 

 Ss [OR466925; OR466926] −20.52 116.68 

Dampier 
Archipelago Marney Bay, Malus Island Intertidal rocks 

 Ss [OR466923; OR466924] −20.51 116.68 

Dampier 
Archipelago High Point, Whittaker Island Intertidal rocks Ss [OR466927, OR466928] −20.54 116.68 

Dampier 
Archipelago 

North side of East 
Intercourse Island Old jetty infrastructure SA [OR466890] 

Ss [OR466929] −20.65 116.69 

Ashburton Hooley Creek Low tide rocks 
SA [OR466870; OR466871; 

OR466877; OR466883; OR466884] 
Ta [OR466937] 

−21.87 117.79 

Ashburton Ashburton Island Coral reef and 
beachrock platform 

Ss [OR466910; OR466911; OR466912; 
OR466913] −21.59 114.94 

Onslow Direction Island Beachrock platform Ss [OR466917; OR466918; OR466919] −21.53 115.13 

Onslow East end Thevenard Island Jetty pilings SA [OR466875; OR466876] 
Ss [OR466916] −21.46 115.02 

Onslow Salt creek A. marina mangroves SA [OR466878] 
Ss [OR466920] −21.61 115.19 

Onslow Old Onslow jetty, Beadon 
Point 

Intertidal rocks and jetty 
pilings 

SA [OR466885; OR466886] 
Ss [OR466914; OR466915] −21.63 115.11 

Onslow Beadon Creek jetty Intertidal rocks and jetty 
pilings 

SA [OR466879; OR466880; 
OR466881; OR466882] −21.65 115.13 

Onslow Four Mile Creek Intertidal rocks SA [OR466872, OR466873; 
OR466874] −21.68 115.06 

Point Samson John’s Creek Boat Harbour Artificial rock groyne SA [OR466889; OR466894; 
OR466895] −21.64 117.19 

Balla Balla Intertidal creek Under live A. marina 
branches in tidepool Ta [OR466938; OR466939; OR466940] −20.65 117.76 

Port Hedland Town boat ramp A. marina mangroves 
and rocks 

SA [OR466901] 
Ss [OR466932; OR466933] −20.31 118.58 

Port Hedland Finucane Island Rocky cliffs Ss [OR466934; OR466935] −20.50 118.53 
Port Hedland Port Hedland reef  SA [OR466902; OR466903] −20.30 118.62 

Port Hedland Pretty Pool  SA [OR466898; OR466899; 
OR466900] −20.32 118.61 

Total   79   

requirement of ≥ 99.4% similarity to sequences previously deposited in 
GenBank by Lam and Morton (2006) and Snow et al (2023) was required. 
All sequences were submitted to GenBank https://www.ncbi.nlm.nih.gov/ 
genbank/) and assigned individual accession numbers (Table 1). 

Results 

Seventy-nine oysters from the 26 sites were sequenced (Table 1). Three 
native species of intertidal rock oysters were recorded in the present 
survey. 
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Saccostrea lineage A (Figures 2a, c, 3; Table 1) 

Brief description of shell: Often densely packed so shells grow to fit available 
space. Medium size, oval, length 5 cm or less, hinge to tip of shell. Margins 
crenulated, margins may have short lobes that can be worn off. Outer 
surface off white. Inner white, adductor scar on left valve purple. Oysters 
grown individually for aquaculture up to 6 cm, elongate, left valve deeper. 

Records in the present survey: Ashburton Port area: East end Thevenard 
Island; Hooley Creek; Salt Creek; Beadon Creek jetty; Four Mile Creek. 
Dampier Port area: Withnell Bay, Burrup Peninsula; Southern entrance to 
King Bay; Eastern King Bay; Dampier boat landing; Watering Cove, 
Burrup Peninsula; Karratha Bay, West Lewis Island; North side of East 
Intercourse Island. Port Samson port area: Point Samson. Port Hedland 
Port area: Public boat ramp, Port Hedland reef, Pretty Pool. 

Previous records in the Pilbara verified by DNA sequences: Lam and 
Morton (2006): Exmouth; Barrow Island; Watering Cove; Withnell Bay. 
Snow et al. (2023): Flying Foam Passage, north of Burrup Peninsula. 

Notes: Saccostrea lineage A occurred on a wide variety of habitats 
including lying loose on intertidal sandflats, and attached to isolated rocks, 
intertidal rock platforms, mangroves and artificial structures on both 
protected and open shores, sometimes at high densities. It frequently co-
occurred with S. scyphophilla, but was more common on protected shores 
than S. scyphophilla. 

Saccostrea cuccullata (Born, 1778) was regarded as a widespread Indo-
Pacific species with a variable shell morphology (Harry 1985), but recent 
DNA sequencing has divided the “species” into a number of separate genetic 
lineages (e.g. Lam and Morton 2006; Sekino and Yamashita 2016; 
McDougall 2020; Snow et al. 2023). The taxonomic status of the various 
lineages is uncertain. Oysters previously identified as S. cuccullata may in 
fact be a species complex, with each lineage representing a separate species 
(McDougall 2020). Lam and Morton (2006) referred to the lineage 
occurring in the Pilbara as S. cuccullata A, but more recent studies 
(McDougall 2020; McDougall et al. 2020; Snow et al. 2023) have reported 
the lineages without a species name, a process followed here. Snow et al. 
(2023) reported that Saccostrea lineage A occurs only in Western Australia, 
from Shark Bay to Broome. It is thus probably an undescribed species. 
Until this is done we have listed the WA specimens as Saccostrea lineage A 
and deposited specimens in the Western Australian Museum..  

Saccostrea scyphophilla (Peron and Lesueur, 1807) (Figures 2b, 3; Table 1) 

Brief description of shell: Shell large, up to 10cm in length, very heavy. 
Usually occurs as individuals that in dense assemblages do not extend over 
each other. Upper surface rounded. Shell off white, margins purplish. Interior 
whitish, adductor muscle scar on right valve may be a deep purple.  
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Records in the present survey: Ashburton Port area: Direction Island; 
East end Thevenard Island; Ashburton Island; Salt Creek; Old Onslow 
jetty, Beadon Point. Dampier Port area: Withnell Bay; Southern entrance 
to King Bay; Norbill Bay, Rosemary Island; Whalers Bay, Malus Island; 
Marney Bay, Malus Island; High Point, Whittaker Island; North side of 
East Intercourse Island. Port Hedland Port area: Public boat ramp; 
Finucane Island. 

Previous records in the Pilbara verified by DNA sequences: Lam and 
Morton (2006): Vlamingh Head, north of Exmouth; Barrow Island; Withnell 
Bay, Burrup Peninsula (all as S. mordax (Gould, 1850). Snow et al. (2023): 
Flying Foam Passage, north of Burrup Peninsula. 

Published distribution (based on DNA analyses): Okinawa, Taiwan, Hong 
Kong, China, Singapore, northern Australia (Western Australia, Northern 
Territory, Queensland, New South Wales) (Lam and Morton 2006 (as S. 
mordax); McDougall 2020; McDougall et al. 2020; Snow et al. 2023). 

Notes: Saccostrea scyphophilla also occurred on a wide variety of habitats, 
from isolated rocks, intertidal rock platforms, mangroves and artificial 
structures on both open and protected shores, sometimes at high densities. 
It frequently co-occurred with Saccostrea lineage A, but was more common 
on open, exposed shores than Saccostrea lineage A. 

Snow et al. (2023) commented that S. scyphophilla in WA was previously 
reported as two lineages, A and B by Lam and Morton (2006), with B being 
very rare. Snow et al. (2023) considered that the differences between 
lineages were relatively small and combined the two, a practice followed 
here. 

Talonostrea sp. nov. (Figure 2d, e) 

Brief description of shell: Shell small, 4cm or less in length, flattened, fragile, 
lack chomata, outer margin of left valve may be extended upwards. Occur 
as single individuals, shape variable to elongate depending on substrate. 
Outer shell colour variable, white to deep purple. Interior of shell chalky 
white. Adductor scar usually white, but may be light purple.  

Records in the present survey: Ashburton Port area: Hooley Creek. 
Dampier Port Area: Karratha Bay, West Lewis Island. Balla Balla port area: 
Intertidal creek. 

Previous records in the Pilbara verified by DNA sequences: None 
published. The WA Department of Primary Industry and Regional 
Development (DPIRD) has sequences from Flying Foam Passage, Dampier 
and Cone Bay, Kimberley collected between 2018-2020. The specimens 
were small and were obtained from spat collectors used during aquaculture 
trials.  

Published distribution (based on DNA analyses): Moreton Bay to Cairns, 
Queensland (McDougall et al. 2020). 
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Notes: The Hooley Creek specimen was collected on an intertidal sandflat in 
the creek. The Karratha Bay specimen was found on a steel support for the 
aquaculture facility. Six specimens were collected at the base of mangroves 
(Avicennia marina) at Balla Balla. 

McDougall et al. (2020) believe this is an undescribed species. WA 
specimens have been deposited in the Western Australian Museum.  

Discussion 

The present study has achieved the primary goals of using genetic sequencing 
to determine the rock oyster species present in the Pilbara and their 
distribution. Seventy-nine oysters were genetically sequenced in the present 
study. Lam and Morton (2006) and Snow et al. (2023) provided an additional 
31 DNA sequences from the Pilbara, for a total of 110 sequences. Three 
native species, Saccostrea lineage A, S. scyphophilla, and Talonostrea sp. 
nov. were detected and are found throughout the Pilbara, including ports 
and nearby localities. No IMS were detected. The study provides a solid 
baseline for monitoring for any future invasions of rock oysters.  

The two genetically distinct lineages (Saccostrea lineage A and S. scyphophilla) 
previously known from the Pilbara (Lam and Morton 2006; Snow et al. 
2023) have been shown to be widespread in the region. The records of 
Talonostrea sp. nov. are the first published records of the species outside 
Queensland. In addition to the present study the new Talonostrea has also 
been collected by DPIRD at Cone Bay in the Kimberley, WA and verified 
by DNA sequences, but no specimens were retained.  

Several intertidal oyster species have been reported in marine biodiversity 
surveys conducted in the Pilbara at the Montebello Islands (Wells et al. 
2000) and the Dampier Archipelago (Taylor and Glover 2004; Slack-Smith 
and Bryce 2004): Saccostrea glomerata (Gould, 1850) (as Saccostrea 
commercialis (Iredale and Roughley, 1933), Saccostrea cuccullata (Born, 
1778) and Saccostrea echinata (Quoy & Gaimard, 1832). None of these was 
confirmed by DNA sequenced material. The S. echinata record of Wells et al. 
(2000) was from a single site in the Montebello Islands and was erroneous. 
Saccostrea commercialis was reported from numerous sites (Taylor and 
Glover 2004; Slack-Smith and Bryce 2004). This is the well-known Sydney 
rock oyster that is a key aquaculture species in Australia. The only DNA 
validated record in WA is Albany on the south coast, where it was 
introduced through aquaculture (Lam and Morton 2006; Snow et al. 2023). 
The specimens recorded as S. commercialis are thus likely to be Saccostrea 
lineage A. ALA (2022) records an oyster valve (C.312696) in the Australian 
Museum identified as Crassostrea bilineata (Röding, 1798) (now Magallana 
bilineata) by the Japanese researcher Dr K. Torigoe. The valve was 
collected southeast of Exmouth homestead on Exmouth Gulf. Willan et al. 
(2021) examined the valve and concluded it is Planostrea pestigris (Hanley, 
1846), but again this has not been confirmed by DNA sequencing. 
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Roberts et al. (2002) analysed the worldwide diversity of corals, fish, 
molluscs and rock lobsters on coral reefs and identified 18 global biodiversity 
hotspots. The west coast of WA, between North West Cape and Rottnest 
Island (32°S off Perth) was a key hotspot. It ranked second in restricted 
range species (56), seventh in species with broader ranges (768 in the four 
groups) and fifteenth in terms of anthropogenic threat. The Pilbara is 
located at the western edge of the Tropical Australian Province, part of the 
vast Indo-West Pacific (Wilson and Allen 1987; Morgan and Wells 1991). 
The WA hotspot lies immediately adjacent to the Pilbara. With 5532 
known species in major taxa, including 1533 shallow water molluscs and 
1565 fish (Wells 2018) there is a substantial basis for extending the WA 
west coast hotspot to include the Pilbara.  

In this context it is surprising that only three native intertidal species of 
oysters were confirmed in the present study. Two (S. lineage A and S. scyphophilla 
were reported from the adjacent Kimberley region of WA, along with 
S. lineage B and S. lineage J (Snow et al. 2023). Talonostrea sp. nov. was 
also recorded on spat collectors as discussed above. In comparison, a recent 
study (McDougall 2020) recorded 14 lineages in Queensland. Nineteen 
sites were listed, with a maximum diversity of 7 lineages in Cairns and 5 or 6 
lineages at 8 other sites. A survey of Singapore oysters conducted in the same 
manner as the present study recorded two species of Magallana (M. bilineata 
and M. belcheri (G.B. Sowerby II, 1871) and several lineages of Saccostrea 
(Tan et al. unpublished). The limited intertidal oyster diversity in the 
Pilbara is not explained by a lack of habitat diversity. The offshore islands 
have a variety of habitats, including protected lagoons, bays, mangroves, 
channels, rocky and sandy shores and coral reefs (Wells and Berry 2000). 
Inshore, the continental coastline has extensive low diversity mangrove 
systems and rocky and sandy shores. The region is arid, so there are no 
major permanent rivers or estuaries (Wells and Walker 2003). 

Huisman et al. (2008) reported that 60 introduced marine species have 
established populations in WA; 13 of these were recorded in the Pilbara, 
only one of which (the ascidian Didemnum perlucidum) is considered to be 
invasive. None of the identified introductions were oysters. The extraordinarily 
high known marine biodiversity (5532 known species; Wells 2018) combined 
with the single known IMS means that it is essential that all practical steps 
be taken to protect the Pilbara marine environment from the establishment 
of additional IMS.  
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