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FOREWORD 

As part of the French contribution towards celebration of the Australian Bicentenary, a 
joint French-Western Australian scientific expedition was made to Shark Bay in July 
1988, supported by the Governments of France and Western Australia. 

A multidisciplinary team of eight natural scientists from the Museum National 
d'Histoire Naturelle , Paris was accompanied by a similar number drawn from the 
Western Australian Muse um, the University of Western Australia, Murdoch University 
and the Department of Conservation and Land Management. This team revisited the 
areas where early French navigators had landed and collected natural history specimens 
(St Allouarn in 1772, Baudin in 180 I and 1802 and de Freycinet in 1818), with a view to 
comparing the present situation at Shark Bay with the original French observations and 
descriptions. 

On return to Perth a workshop was held in early August prior to departure of the 
French contingent, at which preliminary results of the expedition were reviewed and 
local scientists with past or current involvement in research at Shark Bay were invited to 
present papers. In view of the current interest in the natural history of Shark Bay it was 
decided to publish these papers, together with some others contributed by people unable 
to attend the workshop. (Papers presented at the workshop on preliminary research 
results have not been included.) Although this collection of papers is not a 
comprehensive review of research on the natural history of Shark Bay, it provides a 
timely summary of existing information in some fields and a basis on which to evaluate 
the need for future work. It is hoped that some of this may be undertaken in 
collaboration with French scientists. 

The Expedition was funded by the French and Western Australian governments. The 
Museum National d'Histoire Naturelle provided generous supplementary funding for 
the publication. The Western Australian Fisheries Department provided a vessel and 
logistic support in Shark Bay. The hospitality of the Shark Bay Shire Council and the 
people of Denham is gratefully acknowledged. 

Editorial Sub-Committee 
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RESEARCH IN SHARK BAY 
Report of the Francc-1\.ustralc Bicentenary Expedition Committee 

Archaeological research in the Shark Bay region, Western Australia: 
an introductory account 

Sandra Bowdler* 

Ahstract 

This paper summarises the results so faro[ an archaeological research projecl al Shark 
Bay. This projecL is direcLed Lowards an unclersLancli ng o[ Aboriginal adaplations Lo 
Lhis region in prehisLoric Limes. So far, some 50 archaeological siLes have been recorded, 
consisLing mainly o[ unslraLifiecl shell midden scallers. One slone quarry siLe has been 
investigated in some detail , and small excavations have been carried out at Lwo 
rockshelters. Dating of Lhese, and one open midden siLe, demonsLraLe Aboriginal 
occupation o[ Lhe region since mid-Holocene Limes only. Reasons why any very greal 
anLiquity o[ occupation o[ this area is unlikely are canvassed, and Lhe possibiliLy o[ 
environmental change during Lhe Holocene is also discussed. 

Resume 

Cet article resume Jes resultats obtenusjusqu'ici d'un project de recherches archeologiques dans 
la Baie des Chiens Marins . Ce projet vise a une comprehension des adaptations des Aborigenes 
a cette region a l'epoque prehistorique. Jusqu'ici, quelques 50 sites archeologiques ont ete 
recenses, consistant principalement en petites quantites de fumier de coquillages non stratifies . 
Un site de carriere de pierre a ete fouille en detail, et de petites excavations ont ete effectuees 
dans deux grottes. La datation de celles-ci et d'un site de fumier a ciel ouvert, di:montre 
!'occupation Aborigene de la region depuis le Holocene moyen seulement. Les raisons pour 
lesquelles toute tres haute antiquiti: de !'occupation de cette reegion est improbable sont 
examinees minutieusement, et la possibilite de changement ecologique pendant le Holocene est 
egalement traite. 

Introduction 

Aboriginal people have lived in the Shark Bay area since well before the advent 
of Europeans. Archaeological research has so far demonstrated that this 
occupation began at least 5000 years ago. vVe know from research elsewhere in 
Australia, including Western Australia, that the Aboriginal occupation of this 
continent began at least 40,000 years ago (e.g. Bowdler 1987). One of the questions 
to be addressed is whether the Shark Bay region has been only recently occupied 
relatively speaking, or whether further archaeological research will demonstrate 
a greater antiquity. 

Aboriginal people still live in the Shark Bay area, but their way of life has 
changed greatly since the coming of the Europeans. Before that time, 200 years 
ago, Australia was occupied only by hunter-gatherers: people who subsisted off 
wild plants and animals. In Europe, the inhabitants began to practise agriculture 
not long after the end of the Pleistocene, and, by the time of the Romans, Europe 
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Archaeology 

was entirely inhabited by metal-using farmers. The Aborigines, by contrast, were 
able Lo aclapl successfu ll y to all Lhe d.iffercnL environments of Australia without 
needing domestic plants or animals, nor tools made from anything other than 
stone, wood, shell and bone. This mode or life, which was highly systematic 
in its exploiLaLion and use of land and resources, was successrul ror al leasl 10,000 
years, bul vulnerable to the impact of European colon ists. 

In the Shark Bay region, Lhe firsl European exp lorers passed by in the 
seventeenth century A.D. In 1616, Dirk 1-Ianog was the first E uropean definitely 
known LO have SCL fool on Lhe wesl coas l or Austra lia. He landed on Lhe 
appropriately named Dirk Hartog Island , leaving behind an inscribed pewter 
p late nailed Lo a posl (I-Ienclcrson 1986:19). Other nav igators, on voyages of 
d iscovery, followed, de Vlamingh in 1697 doing a plate switch. Few encounters 
with , or even observ~1Lions or, Abmiginal people were made unLi l the Bauclin 
expedition or 1801-3, and FreycineL's return in 1818, described in detail in 
Marchant ( 1982). From Lhcsc journeys, we hCIVC a rew descriptions of items or 
materi al culture, such as spears, shields and clubs. ()[ a lillle more inlercsl 
a rchaeologica ll y arc the relatively cletailccl descri pt io ns of clusters of huts, 
suggesting quite substanLi<il carnpsi Les used for more than an overnight slay (e.g. 
Baudin 1974:!J07). 

In 1827-1829, Lile British establi shed permanent scukments al King George 
Sound (tile modern Lown or Albany) and Swan River (Penh). Thereafter, iL was 
on ly a mall.er o f Lime before land explorers an d settlers moved in on Shark Bay. 
Grey (1841) passed through, without actuall y encountering any Aborigines, 
although he found cvidenn' for their rl'Ccnt ptcscnce in the form of huts and 
[ires. Further detailed mapping o r the region was carr ied o uL in 18!)0 by Captain 
TF. G ilman and in 18!)8 by Captain H .M. Denham (von Bamberger 1980:69) . 

During the 1850s, Lhc first European land use of the region began, initially 
taking the form of the explo itation of' the guano deposits on Lhe islands and 
mainland. A sma ll garrison was establ ished on Dirk HarLog Island at this time, 
and in the early 1860s, Lhe pearling industry began . Th is was of conLinuing 
sign ificance in the region, particularly since Aboriginal men were taken on as 
labour on the cutters. lL also introduced new ethnic groups to the region, C hinese 
pearlcrs and Malay conLracL labou rers. 

By Lhe 1880s, a ll pas toral land had b een taken up, Lhe pearling industry had 
reached its productive peak, guano contin ued Lo be explo ited, as a lso was sandal
wood. Some Aboriginal people may sti ll have been leading a traditional life, 
buL we have no information on this point. 

In 1904, the Queensland anthropo logist W.E. Roth conceived the idea of 
estab li sh ing lock hospitals (hospitals spccilica lly for patients suffering from 
venerea l disease) for Abor iginal people lrorn N. W. Australia in an :isolated place. 
The Western Australian government irn rnec!iaLely adopted this idea, " the un
happiest decision ever a rrived al by a humane administration, a ghastly failure 
to arres t the ravages of the d isease, and an affliction of physica l and mental 
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torture that it could not perhaps have been expected to forsee", Daisy Bates 
(1938:97) tells us. The hospitals were sited on Dorre and Bernier Islands for women 
and men respectively. Bates visited these institutions in 1910, and described the 
appalling plight of the inmates, Aborigines suffering from leprosy and venereal 
disease, brought from as far afield as Hall's Creek, Broome, Marble Bar and 
Lake Way. This "ghastly experiment" (Bates 1938:104) was abandoned in 1911. 
It is generally assumed that these bleak islands had not previously been occupied 
by Aboriginal people. 

The local Aboriginal people meanwhile had become reasonably well
in tegrated with the British, Chinese and Malay settlers, and their population 
was fairly stable through the early twentieth cen tury (van Bamberger 1980:79). 
With the demise of the pearling industry during the 1930s and 40s, a new fishing 
inclusu-y had begun to emerge, which continues to this day. 

It will be apparent that we know very little indeed aboul the traditional life 
and customs of the pre-Emopean Aboriginal people of Shark Bay. It is not even 
clear whose territory the region was, whether the Nanda people or the Mulgana 
people (Brown 1912; Tindale 197'1:2L19-50 and map; Bates 1985:58; van Bamberger 
1980-65-7; Phillip Playford, W.A. Geological Survey, personal communication). 

Only one piece of sustained anthropological research has been carried out 
in the Shark Bay region. Von Bamberger (1980) addressed the question of the 
socialisation of Aboriginal children in the Denham community. The Department 
of Aboriginal Sites of the Western Australian Museum has recorded information 
about Aboriginal sites of the historical period. 

Archaeological research 

Until very recently, very little archaeological research had been carried out in 
this region. A geologist, van de Graaf£ (1980), collected stone artefacts from smface 
sites on the Peron Peninsula and inferred long-distance raw material sow-ces. 
Further collecting of stone artefacts from surface sites was carried out by Denis 
Byrne in 1980 (unpublished), as a student exercise (he was then employed at 
the University of Western Australia). Small mitigation surveys were carried out 
by Maynard ( 1981 ) in anticipation of the construction of Telecom masts at 
Monkey Mia and Wooramel. She located one surface site a t each place of "minor 
archaeological significance". 

I have carried out archaeological field work at Shark Bay in 1985, 1986 and 
1987. Tha aim of this research is of a rather low level of inquiry, since we know 
so little about this region. The initial aims were simply Lo establish what kind 
of archaeological sites existed in the region, what kind of materials they might 
contain, and whether any were worth more intensive investigation, including 
excavation , to help us establish a chronology of occupation for the Shark Bay 
area, and perhaps provide us with some insights into the nature of the pre
European occupation. 
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Some fifty archaeological sites have now been located, identified and recorded 
on the Peron Peninsula . Most ol these arc surface shell midden sites, comprising 
superficial scatters of stone artefacts, marine shell, and sometimes other [aunal 
remains such as crab claws and mammal Lones. Most directly overlook the shore 
or arc very close to it, and they frcquc11tly occ:urr on weathered reel dune sand. 
I have not located any inland sites, although 1 have Leen told by local identity 
Arthur Bassell. that they exist; al the locations known Lo him however very dense 
scrub has so far made iL impossible lo relocate them. Interestingly, I have not 
found any sites at the south encl o f Hamelin Pool. 

It is not clear whether these sites have always consisted of superficia l scatters, 
or whether indeed they are eroded stratified sites. AL some, it is poss ib le to discern 
on occasional thin horizon in an erosion surface, which may contain midden 
material. Some 01 her chronologica l clues exist however. 

Shell found al these si Les arc usually the common marine species of baler, 
Turbo and oyster, the first o[ which is normally associated with sanely substrates 
while the last two are usually found on rocks. Occasional pearl oyster shells 
occur. or particular interest is the OCCUITCnce or Terebralia shells. These animals 
normall y live in mangrove environments, o [ which there are very few of any 
size along the Peron Pensinsula. The Terebralia shells arc on ly found at some 
sitcs, Lut when th ey occur they <trc very abunclctnt. 

Other bunal rernai11s include the bones or s111all 111auupods (two species, 
Lagostrvphu.s fasciatus and Bellongza pe11.1:c£lla.ta 1

), birds and rodcnls, and small 
crab claws, which sometimes occur very numerously. Occasionally the remains 
or dugo11g and Lurl k arc <tlso round . The association or many or Lhcsc remains 
(especially bird bones) with the sites are however somewhat problematical , given 
their unsLlaLi[ied nature. 

Artefacts of stone are usually present an d, al some sites, abundant. Raw 
materials include chert, silcrele a nd quartz. Anefact types include both backed 
blades and adze slugs. T hese arc typical of a complex known as the Australian 
Small Tool 'Tradition, generally elated Lo within the last 11000 years. 

At some sites, artefacts are found indicating an historica l elate. These include 
clay pipes, and a lso nineteenth century boll.le glass flaked like stone andacts. 
It may be not.eel lhat these artefacts do not occur al sites with Terebralia shells. 

Some sites have been investigated in more detail. These include the Lest 
excavation of two rockshelter sites at Monkey Mia, cont.rolled collections of 
artefacts, shell and other fauna from sur[ace sites, and the investigation of a 
chen quarry site al Yari 1)ga, near G lads Lone. 

The Yaringa quarry site was drawn to my auen tion in 1985 by geologist David 
McConachie (then of the Depart.rnent or Geology, The Un iversity o f Western 
Australia). lL was thought. worthy of more detailed aLLelllion [or several reasons. 
On the one hand, van de Graaff's (1980) previous brief discussion did not mention 

1 Jclent.iri cd by Alex Baynes, 'vVeslern J\ 11s1ralia11 Museum 
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it, nor envisage any such local significant stone somces. On the other hand, 
archaeological quarry studies have not been frequent until recently. Only during 
the 1980s have sophisticated methodologies been developed for the study of 
prehistoric lithic studies (e.g. Ericson and Purely 1984), but there has been little 
applica tion of these in Australia (McBryde e.g. 1984 being a notable exception) . 

Accordingly, in 1987 Allison Clark, an honoms student in the Department 
of Archaeology, T he University o f ·western Australia prepared a disserta tion based 
on a detailed study of the Yaringa quarry. The initial aim of the study was 
to record, describe and characterise the quarry itself. The wider aim of her proj ect 
was to investigate the connection between the distinctive honey colomed chert 
found in sites on Peron Peninsula and a t the Yaringa quarry, i n both petrological 
and archaeological terms. 

Clark (1987:93-6) was able to elucidate techniques of stone exploita tion, and 
other activities, a t the quarry site itself. On petrological grounds, she was able 
to confidently identify the honey chert found at Peron Peninsula sites as 
originating at the Yaringa quarry. Further details as to the overall distribution 
of Yaringa chert in the Shark Bay region, and the nature of its curation and 
reduction at different sites and distances from the quarry, need further work 
and larger samples to establish. 

' 'Vith respect to the materials collected from open sites, on the one hand, 
stone artefacts have been used in Clark's (1987) study of Yaringa chert. On the 
other hand, it was thought useful to obtain a elate for one of the sites with 
abundant Terebralia shells. The site selected for elating in this way was an 
ex tensive site at Eagle Bluff, \•Vhicb is virtually carpeted with Terebralia . A number 
of shell samples were collected, within arbitrarily chosen 1 x lm squares. All 
the Terebralia shells from one of these squares was submitted for radiocarbon 
da ting. The result is a date of 4690 ± 220 BP uncorrected, c. ,12,10 ± 255 corrected 
for the oceanic reservoir effect (Bowman 1985) whose significance is discussed 
fmther below. 

In the low cliff which runs along behind the small settlement at Monkey 
Mia, a number of very small rockshelters occur. Two of these, not far from the 
settlement, appeared to be large enough to encow-age human occupation, and 
to contain deposits which looked as though they might contain stratified 
archaeological materials. A single test pit measuring 1 x lm was excavated in 
each . 

In the first shelter (MMl), the largest and also neares t to the Monkey Mia 
settlement, the deposit was excavated to a depth of 104 ems. The deposit was 
fairly homogenous, of a red sandy nature. Excavation stopped because of large 
limestone boulders, and also cultmal materials appeared to have p etered out 
at this depth. 

The contents included pieces of glass in the top 17 ems, stone artefacts to 
a depth of 96 ems, and bone and marine shell throughout. All these items were 
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sparsely represenLed, wiLh some clustering of anefacLs beLween 73 and 50 ems, 
and bone between 50 and 61 ems. A summary is prescnLed in Table L 

'fable l Mo11kcy Mia Rockshd1cr No. I: 'l(·s1 Pit 

Spit Av.depth 

2 
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:> 
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'i 
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1 
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5 
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Most of the stone artefacts are small primary flakes or flake fragments , made 
of chert ('133), quartz (133 ), and quartziLe (453). There were also three flakes 
with signs of secondary working or utilization, all of chert. 

The faunal remains were not abundant, buL represented a variety of animals. 
As well as numerous crab claws, there are bones of 3 species of small macropod 
(Onychogalea lunata, Lagorchestes hirsutus, and Lagostrophus fasciatus), fat.ff 
species of native rodenl (Leporillus apicalis, L. conditor, Rattus tunneyi, and 
Notomys sp.), not specifically identified bird, fish and reptile, as well as dugong 
and turtle. There are also fragments of sea urchin and of eggshell. The marine 
shells included limpets, turban shells, baler shells, oysters, cockles and venus 
shells. No Terebralia were identified. There are also fragments of cuttlefish. 

A radiocarbon date was obtained from charcoal at a depth of 92 ems below 
the surface. The result is 650±200 BP. 

In the second shelter (MM2), a very similar deposit was excavated to a depth 
of 133 cm. Stone artefacts were only found to a depth of 84 ems, although marine 
shell continued beneath Lhis to the bottom of the excavation. Artefacts and bone 
were not as abundant in this shelter as in MMl, although the density of marine 
shell in the deposit is not dissimilar (Table 2). 

The stone artefacts in MM2 consisted entirely of small primary flakes and 
flake fragments, with a higher proportion (833) being of chert. The faunal 
remains include rabbit (Oryctolagus cuniculus) in the uppermost 32 ems, but 
otherwise represent some of the animals identified from MMl (wallaby, 
Leporillus apicahs, L. conditor, Notomys sp., fish and turtle). Crab claws, sea 
urchin and eggshell fragments were also noted. The marine shell species are 
similar to those of MMl, with again no Terebralia. 

A radiocarbon date was obtained from charcoal from a depth of 58 ems below 
the surface. The result is 1100±300 BP. 

Discussion 
The data gathered so far are exceedingly sparse, and some of them remain to 
be further analysed and elated. lL is possible however to suggest a speculative 
sequence for Aboriginal occupation of the Shark Bay region, to be tesLed by 
further research and which draws to some extent on comparison with other 
information to the north and the south. 

Of particular importance to considerations of past human behaviour in 
Australia is an understanding of past sea levels and associated environmental 
change. During periods of increased glacial activity during the Pleistocene, sea 
levels were lower, on a global basis. Detailed sea level curves have been calculated 
for the last 120,000 years (see especially Chappell and Shackleton 1986), which, 
in our current state of knowledge, comfortably brackets the period of human 
occupation in Australia. The continent of Australia (including the island of New 
Guinea) has, as its predominantly marsupial fauna attests, always been separated 
by a water barrier from southeast Asia and the rest of the v,1orld. Human colonists 
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rnusl a lways have had Lo make a waler cross ing Lo gel here. The crossing would 
however have been lessened during Limes o r lowered sea leve l. I have argued 
elsewhere (1977 , in press) that colonists corning by waLer would probably have 
been well-adapted Lo exploiting the resources o( the sea. Assuming Lhat the earliest 
colonists clung Lo the coastal fringes, Lherclore, it [ollows thal if they arrived 
al a time of lowered sea level, Lhcir earliest sites would have been submerged 
beneath rising seas, and remain so Lo this clay. 

The sea was some 6 rneLres higher Lhan it is now 125,000 years ago. It dropped 
to some GOrn below its presenL level 112,000 years ago, rose subsequenLly Lo about 
-20rn 106,000 years ago, and II uctuatecl beL ween these levels un ti I the height of 
the last glacizi l event about 18 to 17,000 years ago which ca used a maximum 
lowering Lo -130rn. After thal lasl severe glacial began Lo ameli orate, the sea 
rose re lativel y rapidly Lo reach its present position 6000 years ago (sec Figure 
I. ). 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 

(\? 

EARLIEST DATE FOR 
HUMAN OCCUPATION OF AUSTRALIA 

Figure I. Sea level change over the last 120,000 years (from data in Chappell and Shackleton 1986). 

The oldesl firmly elated evidence for the human occupaLion o( Australia is 
the site of Upper Swan, near Penh, where stone artefacts in an old alluvial 
terrace of the Swan River arc associaLecl with charcoal dalecl to 38,000 years BP. 
Most of our firm ev idence is rather more recenL lhan lhis, very possibly due 
to Lhc argumenl presented above, that many early siles are submerged. This 
argurnen l is suppo rted by recenl evidence [rom archaeological siles in the 
norlhwcsl. 
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A rockshelter on Koolan Island, just off the vVest Kimberley coast, has produced 
evidence of human occupation firmly dated to 26,000 BP (O'Connor in press). 
The siLe is not continuously occupied thereafter; there is a date from higher 
in the deposit of c.2<1,000 BP which is directly overlain by a date of cl0,000 
BP, suggesting a hiatus of both occupa tion and deposition. Significantly, the 
oldest date was obtained from marine shell. On the basis of a depth-age curve 
using the radiocarbon dates and the depths of the deposit from which they were 
obtained, O 'Connor (in press) extrapolates a date for first occupation of the shelter 
o f 30,000 BP. This corresponds with one of the Limes when the sea level rose 
bringing it close to Koolan rockshelter (see Figure 1 ). T he hiatus between 24,000 
and 10,000 corresponds with the retreat of the sea a t the last glacial maximum. 
O 'Connor (in press) interprets this sequence as evidence that people were living 
on the Pleistocene coas tline, exploiting marine resources, and following the rising 
and retreating sea. 

A closely similar sequence has been found in a rocksheltcr at North Wes t 
Cape. In Mandu Mandu rockshelter there is evidence for human occupation and 
the exploitation of marine resources at 25,000 BP. T his site has a more ex tended 
hiatus, beLween c.20,000 and 2500 BP, which however also encompasses the 
maximum retreat of Lhe sea (Morse 1988b ). 

The fact that no evidence of human occupation prior to ea. 5000 BP has 
yet been found in the Shark Bay area may be due to the limited amount of 
research so far carried ouL. It may, on the other hand, be because the area was 
not in fact occupied dming the Pleistocene. Or, drawing on the examples of 
Koolan Island and North West Cape, it may precede a considerable hia tus of 
such occupation which will make it difficult, if not impossible, to find in this 
particular area. 

Koolan Island and North West Cape appear to have been occupied at times 
during the Pleistocene when the sea approximated its presem position, ·while 
ye t remaining some 40m lower then iLs present level. It may well be thaL the 
submarine topography around Shark Bay is such that the sea did not come very 
near its present position unless the level was higher than it was at anytime 
before 6000 and after 120,000 years ago. What is needed is a close inspection 
of hydrographic data for the area, to see where iL might be profitable to look; 
a t this stage, it would seem tha t the west coas t of Dirk Hartog Island would 
b e more likely to preser ve evidence of Pleistocene occupation than Peron 
Peninsula. The ul timate difficulty however is the lack of known substantial 
rockshelter or cave sites which are likely to preserve sequences of an appropriate 
an tiquity. 

Tmning Lo the Holocene evidence, at Shark Bay we have one open midden 
site with occupation and exploitation of what must have been quite dense 
mangrove stands dated to 4200 BP, and two rockshelters with occupation dated 
to c.1000 BP and 700 BP respectively. None of the evidence suggests very dense 
or intensive occupa tion. There are again similarities with other areas. 
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Figure 2. Roeksheltcr 2. Monkey Mia . 
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Figure 3. R ocks hcltcr 2. Monkey Mia : lest pit sec tion . 
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Morse (1988a) has carried out a survey of Lhe cliffs near the Zuytdorp wreck 
site just south of Shark Bay. She obtained dates from two shell midden sites, 
showing them to be c.4600 and c.4000 years old respectively. She concluded that 
Aboriginal occupation of the area was probably occasional only, in that the 
area has fewer and less accessible resources for human occupation than Shark 
Bay. Morse (personal communication) has also obtained dates for two open 
midden sites in the North West Cape area of c.5200 and 5000 BP. Some of these 
sites show extensive exploitation of mangrove resources. 

Evidence is accumulating from other parts of northern Australia, and indeed 
Sou theas t Asia, that when the sea reached its present level, c. 7 -6000 years ago, 
extensive stands of mangroves were established in estuarine areas, and that these 
provided important resources for Aboriginal communities (Wooclroffe et al. 1985, 
1988; Hope et al. 1985; Allen 1987). These mangrove swamps were however 
generally replaced between 5000 and 3000 years ago by open floodplains, and 
this is reflected in changes in archaeological sites (Allen 1987). Other evidence 
suggests that the early Holocene climate may have been somewhat moister and 
warmer than that of more recent times (Bm.vler et al. 1976). 

The Shark Bay evidence so far would seem in accord with this panern. One 
of the most extensive surface sites located, at Eagle Bluff, is abundant in Terebralia 
shells, of which a sample has been dated to c.'1200 BP. Other siLes which lack 
Terebralia shells appear to be both more recent and less extensive. The two 
rockshelter sites are dated within the best 1000 years, lack Terebralia shells, and 
show little evidence of intensive occupation. Sites demonstrably recent by virtue 
of the presence of flaked glass and clay pipes similarly lack Terebralia shells. 
Clearly however this pattern needs to be subjected Lo more rigorous testing, by 
a closer examination of more open sites, including the submission of samples 
for radiocarbon dating from an appropriate range of siLes. 

The question of the Pleistocene occupation of Shark Bay however is likely 
to remain an open question unless more substantial stratified sites can be located. 
Such sites would of course also throw more light on questions about the 
Holocene, since they allow so much greater chronological control of the data. 
The nature of the Shark Bay environment is however not encouraging to the 
hope of finding more such sites. It is in that case necessary for the archaeologist 
to wring the maximum amount of information possible from the sites that are 
available, unimpressive though they may be. 
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RESEARCH IN SHARK BAY 
Report of the Francc-Australc Biccnrena ry Expedition Committee 

Geology of the Shark Bay area, Western Australia. 

Phillip E. Playford* 

Ab.stract 

Shark Bay is a shallow embayment bounded by peninsulas and islands, which are 
thought to be localized by subsurface 1ertiary amiclines. Rocks exposed in the area 
consist of Cretaceous chalk, Tertiary sandstone and limestone, Pleistocene eolian 
limestone, eolian sandstone, marine limestone, and evaporites, and Holocene sands, 
beach-ridge deposits, and stromatolites. 

The Pleistocene eolian limestone (Tamala Limestone) accumulated as enormous 
dunes on the western shoreline of the area during glacial periods o( the Pleistocene, 
when the area was subject to extremely strong southerly winds. The linear development 
o( the unit along the Zuytclorp Cliffs may be cldined by a Quaternary fault. 

The Hamelin Coquina is a beach-ridge deposit laid clown around the hypersaline 
waters of Hamelin Pool and Lharidon Bight, and composed almost entirely of shells 
o[ the small bivalve Fragwn erugatwn, which thrives in the hypersaline conditions. 
Hamelin Pool became a hypersaline barred basin about 4,200 years ago, when the 
Faure Sill developed across its entrance, restricting inflow o[ open-marine waters from 
the rest of Shark Bay. Growth of stromatolites on the shallow sublittoral platform 
and intertidal zone of Hamelin Pool may have begun at about that time. 

Hamelin Pool contains the most abundant and diverse stromatolites known in the 
world's oceans. They are believed Lo occur there because the hypersaline conditions 
have severely reduced or eliminated elements of the marine biota that would otherwise 
consume the slromatolite-building microorganisms or compete with them for 
ecological niches. -

The three main types o[ benthic microbial communities that construct stroma
tolites at Hamelin Pool are termed pustula1; smooth, and collo[orm mats. They are 
composed of distinct communities of cyanobacteria ("blue-green algae" ), and 
microalgae. Pustular-mat stromatolites are confined to intertidal environments, 
smooth-mat stromatolites to lower intertidal and shallow subtidal environments, and 
colloform-mal slromatolites Lo subtidal environments (extending to depths of up to 
4 m) . The external morphology of the stromatolites is largely controlled by 
environmental factors , whereas biological [actors are mainly responsible for differences 
in their internal fabrics. 

The Hamelin Pool stromatolites are extremely slow growing, with measured growth 
rates of less than 0.5 mm per year, and they are consequently very susceptible to long
Lenn damage by human activiLies. Many individual stromatolites are believed Lo be 
hundreds or even thousands of years old. 

Resume 

Shark Bay est une baie peu profonde bordee de peninsules et d'iles que !'on pense etre localisees 
audessus d'anticlinaux tertiaires en subsurface. Les roches qui affleurent dans la region 
consistent en craie du Cretace, gres et calcaires du Tertiaire, calcaires et gres eoliens, calcaires 
marins et evaporites du Pleistocene, ainsi qu'en sables, depots de levee de plage et 
stromatolites de l' Holocene. 

*Geological Survey of 'Weslern Australia, Mineral House, 100 Plain Street, East Perth, WA 6004 
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Les calcaires eolicns plcistoccnes (Tamala Limestone) se sont deposes en vastes dunes sur la 
cote occidentalc de la region durant les periodes glacieres du Plcistoccne, lorsque la region ctait 
sous !'influence de vents mcridionaux cxtrcmcmcnt forts. Le developpcmenl lineaire de cetle 
formation le long de Zuytdorp Cliffs peut etre attribut it faille qualcrnairc. 

Le Hamelin Coquina est unc lumachcllc dcposce autour des eaux hypcrsalines de Hamelin 
Pool et de Lharidon Bight, et elle est composce prcsque entierement de pet its bivalves Frai;um 
erui;alum. qui abondcnt dans lcs conditions hypcrsalines. II y a environ 4,200 ans, Hamelin 
Pool est devenu un bassin hypersalin suite a I' obstruction de son cntrcc par unc barre sableuse, 
lorsque le Faure Sill sc dcveloppa, rcstrcignant lcs cchanges d'eaux marines avcc le restc de 
Shark Bay. Le developpcment de stromatolitcs sur la plateformc sublittoralc pcu profonde et 
dans la zone intertidale de Hamelin Pool a pu commencer a cctte epoquc. 

Les stromatolites de Hamelin Pool rcprcscntent lcs plus abondanles varietcs dans lcs oceans 
actuels. Leu r dcvcloppcmcnt pcut ctrc altribuc aux conditions hypcrsalincs qui auraient 
fortement rcduit OU climine une partic du biotopc marin qui qurail autrcmcnl dCLruit lcs 
micro-organismcs constructcurs de stromatolitcs ou aurait ctc en competition pour la niche 
ccologiq UC. 

Les communauti:s microbienncs benthiqucs qui construisent les stromatolites de Hamelin 
Pool sont subdivisces en trois principaux types: pustuleux. lisses et botryciidcs. Elles son! 
composces de communauti:s distinctes de cyanobacti:ries ("algues blcues") et d'algues 
mieroscopiqucs. Les stromatolitcs pustuleux sont confines aux milieux intertidaux, Jes 
stromatolites lisscs aux milieux intertidaux infcricurs et ni:ritiques peu proronds, et lcs 
stromatolitcs botryciides aux milieux infratidaux (s'i:tendant i1 des prorondeurs allantjusqu' it 4 
111). La morphologic externc des stromatolites est largcmcnt controli:c par les racteurs 
i:cologiques, tanclis quc les facteurs biologiques sont principalcmcnl responsables des 
differences dans !curs struclures et textures internes. 

Les stromatolites de Hamelin Pool onl une croissance cxlrcmement lente, avcc des taux de 
croissance inlhieurs a 0.5 mm par an, et ils sont par consequent vulncrables aux dommages 
causes it long terme par les activitcs humaincs. On suppose que de nombrcux stromatolitcs 
individuels sont ftgcs de ccntaines ou mcmc de milliers d'annces. 

Introduction 

Shark Bay is a shallow area of sea in Lhe soulhern Carnarvon Basin, bounded 
Lo 1.he wesl by Dirk I-Ianog, Dorre, and Bernier Islands, and Edel Land Peninsula, 
and divided in to L wo arms by Peron Peninsula (Figure I). 

The Shark Bay area was alrnosl unknown geologically umil Lhe rnid 1950s, 
when Wesl Auslralian Peuoleum Pty LLd conducLed Lhc lirsl reconnaissance 
geological survey ol Lhe area (Jolmslone and Playford 1955, Playford and Chase 
1955), and drilled a series of holes on Dirk Hanog Island. Since Lhen Lhere has 
been a considerable amounl of mapping and olher research carried oul in Lhe 
area by geologisls of Lhe University of Weslern Auslralia, Geological Survey of 
Western Auslralia, and Baas Becking Geobiological Laboralory. 

The Geology Deparlmenl, lJniversiLy of Weslern Auslralia, commenced 
deLailed sLudies of Holocene sedimenlalion in Lhe Shark Bay area in the lale 
1950s (Logan 1959, 1961 ), and B. W. Logan and his co-workers have since 
published 1.wo comprehensive monographs on this work (Logan el al. 1970, 
Logan, Read, el al. 1974). The Geological Survey of WesLern Australia has studied 
the strornaLOliLes of Hamelin Pool since 1968, and mapped Lhe area during tht' 
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1970s (Playford and Cockbain 1976; Playford 1980a, l980b, Butcher et al. 1984; 
Denman el al. , 1985; van de Graff el al. , 1983; I-locking el al. 1987). The Baas 
Becking Geobiologica l Laboratory carried o ut detailed bio logica l, seclimemo
log ica l, and meteorological studies at Hamelin Pool during the late 1970s and 
1980s (Bauld et al . 1979; Bauld l98tl; Burne and James 1986; Walter and Ba ulcl 
1986; Skyring and Bauld in press), and further details or biologica l aspects of 
this work arc being documen ted for p ublica tion. 

Geomorphology 

The peninsu las and islands which confine and divide Shark Bay consist of 
Plc istoccne and H o locene dune depos its , which are tho ught Lo have accum ulated 
0 11 anticlina l ridges ol Tertiary limestone (Figure 1 ). T h e h ypothesis that the 
gross modern mo rphology is controlled by underlying fo lds was first proposed 
by Pla yford and C hase (1955), and was confirmed in the case o f Dirk H artog 
Island by a program of struc ture drilling for petro leum expl ora tion (Butcher 
et al. 19811). 

North-south promontories on the eastern sick: of Edd Land Peninsula (such 
as Bclldin Prong), and the associated inlets (such as Useless Inlet) are defined 

Figure 2. The Zuytdorp Cliffs, adjoining Womerangee Hill. The ty pe section o f the Tamala Limestone is 
exposed at this loca lity. which ma rks the highest point along the cliffs (270 111 above scalcvcl). 
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by major longitudinal dune ridges and interdune valleys in the Pleistocene 
Tamala Limestone. These formed parallel to the strong prevailing southerly 
winds. 

Similar north-south longitudinal dune ridges, in red sand over Peron 
Sandstone, occur on Peron Peninsula, and are also believed to be of Pleistocene 
age. The longitudinal dunes are connected by subordinate transverse dunes, and 
the interdunal depressions are occupied by playa lakes, known by their Aboriginal 
name as birridas. These are also believed to have originated during the 
Pleistocene. 

The most striking geomorphological feature of the Shark Bay area, and one 
o[ the most remarkable features of the ·western Australian coast, is the Zuytdorp 
Cliffs. These form a straight line of sheer cliffs, up to 270 m high, marking 
the western side of Edel Land Peninsula, and extending south for some 200 
km to Kalbarri (Figure 2). They are named after the Dutch ship Zuytdorp, which 
was wrecked at the foot of the cliffs 60 km south of Shark Bay in 1712 (Playford 
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1960). The cliffs arc composed of Pleistocene dune limestone (Tamala Limestone) 
and may be controlled by a fault, alLho ugh it is not known whether this has 
moved during the Quaternary (Megallaa 1980, Butcher et al. 1984). Similar cliffs 
mark the west coast of Dirk Hartog Island. 

Flamelin Pool forms the southcastern arm of Shark Bay. It is a hypersaline 
cmbaymenL, partially barred from the rest o f the bay by a sand and seagrass 
bank, the Faure Sill (Figure 3). The water is hypersaline, with salinities up Lo 
nearly double that of the open sea, because tidal exchange is severely restricted 
by the shallow bank, rainfall is low, and evaporation is high. The hypersaline 
conditions are primarily responsible for the remarkable sLrornatolites and shell 
deposits (1-famelin Coquina) that occur around the margins of Hamelin Pool. 

The most important control on the various types of strornatolites found in 
Hamelin Pool is the tidal range, but previous investiga tions have been made 
without the benefit of accurate tide data. J\s a result, the Geological Survey 
arranged for a Lide gauge LO be installed by the Department o[ Marine and 
Harbours (through Mr D.F. Wallace) at Flagpole Landing, I-lamelin Pool , for 
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15 months from June 1979 to August 1980 (minus a 6-day gap in April 1980). 
Water levels were recorded every 15 minutes, giving some 40,000 pieces of 
information, which are synthesized in Figure 4a. 

The main changes in water level at Hamelin Pool are linked to the weatheL 
The approach of a low-pressure system causes the water level to rise, while a 
high-pressure system causes it to fall. In general the highest levels occur during 
winter, the lowest in summer. No cyclone passed through the area when the 
records were being obtained, but my own observations showed that Cyclone 
Hazel caused the water level al Flapole Landing to rise about ,'1 m above mean 
sealevel on 13 March 1979. 

The tides at Hamelin Pool are classed as mixed semi-diurnal and diurnal, 
but are predominantly semi-diurnal (see record for September 1979, Figure Llb). 
The average daily tidal range is about OA m (D.F. Wallace, pers. comm. 1981). 
The cumulative frequency curve (Figure Llc) shows the percentage submergence 
above and below mean sealevel for the p eriod that the gauge was installed. The 
total extent of water-level change during the L116 clays of observation was 1.6 
m. A point 0.9 m above mean sealevel was submerged on only one clay, one 
at 0.2 m above mean sealevel was submerged on 83 clays (203 of the time), and 
so on clown to a point of 0.7 m below mean sealevel, which remained submerged 
for 415 of the 416 days. 

General geology 

The surface geology of the Shark Bay area west of Hamelin Pool consists of 
Pleistocene and Holocene limestone and sandstone, largely covered by superficial 
sand (Figure 1 ). East of Hamelin Pool the area is largely covered by calcretised 
Cretaceous chalk, with some overlying Tertiary sandstone and calcarenite. 
Drilling has shown that the Shark Bay area is underlain by a thick sequence 
of Tertiary limestone, Cretaceous chalk, sandstone, shale, and Silurian sandstone, 
limestone, dolomite, and evaporites. Details of this subsurface sequence are 
outlined by Hocking et al. (1987); the surface geology only will be further 
discussed in this paper. 

Cretaceous 
The Toolonga Calcilutite, of Late Cretaceous age, is the oldest : mit exposed 
in the area. It outcrops disconti nuously along the east side of Hamelin Pool 
from Flin L Cliff to Yaringa Station. The unit consists of white chalk and greenish
vvhite lime mudstone, usually altered to calcrete at the surface, and often 
containing abundant chert nodules. 

Tertiary 
The Eocene Giralia Calcarenite consists of greenish-grey calcarenite exposed at 
a few locali ties east of Hamelin Pool, overlying Toolonga Calcilutite. The 
Miocene Lamont Sandstone consists of silicified sandstone exposed in rocky 
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headlands, such as Carbla Poinl, and a few olher localiLies near Lhe easl shore 
ol I-Iamelin Pool, overlying Toolonga CalciluLiLe. 

Pleistocene 
The Peron Sandstone is a unil or red eolian sandsLonc, which is primarily exposed 
on Peron Peninsula. IL is overlain by Tamala Limes Lone, and possibly inLerfingers 
wilh the lower pan o[ Lhal lormaLion. T he Peron Sanclslone accurnulaLed as 
a series o[ imerlocking longiluclinal and Lransverse dunes (Hocking et al. 1987). 

The Tainala. Limestone consisLs of a succession o[ eolian limesLOnes, mosl 
of which accumulaLecl during glacial periods ol the PleisLocene, when sealevel 
was much lower than iL is Laday. The uniL is mainly developed on Lhe Edel 
Land Peninsula, bounded to Lhe wesL by Lhe Zuyldorp Clills, which may be 
t.he physiographic expression of a Qualcrnary laull. The type seclion is al the 
highesL (JOinL or Lhese clills ad1"oining> Womeran°ee Hill (Figure 2) where ils ... ' . ..._ b ..._ ' 

measured Lhickness is 270 m (JohnsLone and Playlord 1955). The Lota! Lhickn ess 
o[ the Tamala Limeslone in this area (exlencling below sealcvel) probably exceeds 
300 m , which is Lhe Lhickesl deve lopmenL known Lhroughoul Lhe exlenl o[ Lhe 
lormalion, [rorn Shark Bay lo Lhe south coast. o[ Western Auslralia. T he prevailing 
soulherly winds LhaL lormed Lhe enormous dunes o[ the Tamala LirnesLOne in 
the Shark Bay area during Lhe low scalevcl slancls ol Lhe Pleislocenc are LhoughL 
Lo have been Lhc suongesl along Lhe Weslern J\uslralian coasl al Lhal Lime. They 
were considerably slronger Lhan Lhe prevailing soulherlies in Lhe area today, which 
are sLill Lhe rnosl powerl'ul prevailing winds in Weslern Australia. 

The Dam.pier Limestone is Lile oldesl marine PleisLOcene uniL in Lhe Shark 
Bay area, probably daLing lrom Lhe pen ullimale inlerglacial period, alLhough 
iL has yel lo be accur~1Lely clalecl. ll consisls ol shelly limeslone laid clown under 
walers ol normal marine salinily. The Ca.rbla Oolite J\!Jember is recognized wiLhin 
Lhe Dampier LimesLone on Lhe shores o[ Hamelin Pool. 

The Depuch. Formation is a unil ol calcarenile and calcirudile which occurs 
in narrow slrips along lhe easl side o[ Lhe Edel Land Peninsula . Il is believed 
lo have formed by Lhe eros ion and reworking of older Pleistocene unils. 

The Bibra. Limestone consisls largely of beach-ridge deposiLs, wilh some Lidal
[laL and coralline deposils, exposed along pans of Lhe Shark Bay coas llin e. The 
unil con lains an open--marine Launa, and is believed lo have been deposilecl 
during t.he Iasl inlerglac ial per iod (ea. 120,000 years ago). Hamelin Pool was 
nol hypersaline al Lhal Lime, as shown by Lhe open-marine fauna of Lhe Bibra 
Limeslone around iLs shores. 

Evaporite deposits occur in birridas belween Pleislocene dune ridges. They 
consisl largely o[ gypsum, and have been mined a l places on Lhe Edel Land 
Peninsula. The deposits have nol been accuralely daled, but a re believed Lo be 
PleisLOcene. They are overlapped by Holocene dune ridges (I-Iamelin Coquina) 
on Lhe eas l side of H a melin Pool and have been inundated by Lhe sea near 
Lhe northwesl end o[ Peron Peninsula. 
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An interesting consequence of the inundation of Pleistocene evaporites is found 
on the west side of Hamelin Pool, north of Booldah Well. At this locality there 
are numerous circular ponds on the supratidal flats, up to about 20 m in diameter 
and 5 m deep, which are believed to be due to collapse following the subsurface 
solution of gypsum in a buried birrida deposit (presumably dissolved by 
groundwater flowing out from the land below the surface). The ponds ("blue 
holes") are filled with brine, and the water is replenished periodically following 
very high tides. The incoming water, although itself hypersaline, is less salty 
than the brine already in the ponds, and consequently it spreads out as a fresher 
surface layer, causing the ponds to become meromictic ("solar ponds"). 

The temperature of the brine below the hermocline rises by as much as 20°C. 
When the ponds are meromictic they are a bright blue colour - hence the name 
"blue holes". Stratification of the water is lost with time as the surface layer 
becomes more salty through evaporation, or mixing occurs as a result of wind 
action, and the ponds then become greenish in colow·. 

Holocene 
Detailed information on aspects of Holocene sedimentation in the Shark Bay 
area is given in the monographs by Logan et al. (1970) and Logan, Read et 
al. (1974). Superficial Holocene sand, calcrete, and beach deposits occur 
extensively throughout the area, but the most interesting Holocene units are 
found around the shores of Hamelin Pool. These are the famous stromatolites 
and Hamelin Coquina, which are discussed in more detail than other features 
of Shark Bay geology in this paper. 

Many elements of the open-marine fauna and flora found elsewhere in Shark 
Bay are unable Lo smvive in Hamelin Pool because of its hypersalinity. On the 
other hand, some forms that can adapt to the high salinity are able to thrive 
there, due in part to the reduced abundance and diversity of competitors and 
predatory and grazing animals. The most conspicuous example of such a species 
is the small bivalve Fragum erugatum, which is by far the dominant mollusc 
in Hamelin Pool. This species also flourishes in Lharidon Bight, which is 
similarly hypersaline, but it is not so abundant elsewhere in Shark Bay. Its dead 
shells have accumulated in vast numbers on the shores of Hamelin Pool and 
Lharidon Bight, to form the Hamelin Coquina (Figure 5 ). 

The Hamelin Coquina consists of a succession of beach ridges, in a belt up 
to 1 km wide and L1 m thick, around the shores of Hamelin Pool and Lharidon 
Bight. The beach ridges are composed almost entirely of single shells, uniform 
in size, of Fragum erugatum. The beach ridges consist of loose coquina along 
the modern shoreline, but become progressively more cemented to coquinite in 
the older beach ridges away from the coast. The loose shells have been excavated, 
for a variety of pmposes, at several localities, especially Lharidon Bight. The 
partly lithified coquinite has also been quarried, principally near Boolagoorda 
and Carbla Point, for use as building stone in the Shark Bay area. 
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Figure 5. Ha111cli11 Coquina rro111 the modern beach ridge at Carbla Point. showing shells or Frag11111 
erugatunJ. 

The oldesL (lunhcsl inland) beach ridges rnusl have lo1rned when Lhe waters 
lirsl bccarne hypersaline following developrnenL of the Faure Sill. Preliminary 
radiocarbon clatings by the Geological Survey (yeL to be published) suggcsL Lhat 
this was abouL 11,200 years ago, i.e. abouL 1,800 years after the sea rose Lo iLs 
prcscnL level al the encl o[ the Flandrian 11-;rnsgression. 

Stronialolites are the oLbcr, and rnosl famous, clemcn t of Holocene geology 
of Hamelin Pool; Lhey arc discussed in the lollowing section . 

Stmrnatolites 

Introduction 
The term sLrornaLolite, as used in Lhis paper, is applied Lo organosedimentary 
structures wiLh vertical relic( above the substrale, produced by sediment-trapping 
and / or precipilation resulting lrom the growth ol bemhic microbial commun
iLies, principally cyanobacteria. 

Some authoriLies restrict the Lenn stromaLOlite Lo laminated microbial bodies 
(e.g. Burne and Moore 1987), and according lo their usage many o[ Lhe Hamelin 
Pool Lorms would not be tenned strornatoliLes, as they lack internal lamination 
in whole or in pan. However, l see liLtle advantage in adopting this restricted 
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definilion, and believe Lhat the columnar and mound-shaped microbial structures 
at Hamelin Pool will continue to be known as stromatolites, in accord with 
common usage of the term among geologists and biologists. 

The Hamelin Pool strornaLOlites have been the subject of a great deal of 
research, the principal publications being by Logan (1961), Logan, Hoffman, 
and Gebelein (197L1), Playford and Cockbain (1976), Playford (1980a, 1980b), 
Golubic (1982, 1983, 1985), and Bauld (198'!). 

Why stromatolites occur at Hamelin Pool 
Slromatolites are abundant, in a wide variety of forms, in Hamelin Pool, but 
are rare elsewhere in the world 's oceans. There are two primary reasons why 
they are able to flourish at Hamelin Pool, both of which are linked to the 
hypersalinity ol the water. Firstly it is clear that grazing animals, especially 
gastropods, which would consume the stromatolite-builcling cyanobacteria and 
rnicroalgae, are very much reduced, and secondly there is a general paucity of 
thallophytic algae, such as seaweeds, which would otherwise utilize ecological 
niches now occupied by the stromatolites. 

The Hamelin Pool stromatolites are regarded as modern analogues of the 
fossil stromatolites that occur widely in ancient rocks. Stromatolites are thought 
Lo have flourished during the Precambrian because of the lack of animal life 
and competing plants, but with the rise during the Phanerozoic of grazing and 
burrowing metazoans and higher marine plants, stromatolites became progres
sively less common in the world's oceans, until today they have almost 
disappeared. Thus, the conditions in Hamelin Pool, where most elements of 
the marine biota cannot survive, mimic conditions in the world's oceans during 
the early Palaeozoic. 

Gross distribution 
Stromatolites a nd associated stratiforrn cyanobacterial mats (formerly known as 
"blue-green algal mats" ) are grm.ving today for some 100 km around Hamelin 
Pool (Figures 6-10). They cover wide areas of the intertidal zone and adjacent 
sub lit Loral platform, extending to vvater depths of at least '1 m . The su-omatolites 
tend LO grow together in linear belts, forming wave-resistant reefs. 

Living imertidal forms are commonly backed along the shoreline by older 
dead stromatolites, which apparently grew when relative sealevel was as much 
as 1 m higher than today. These older dead forms are exposed above high-tide 
level , and are being actively eroded. They occur in some areas as a series of 
stepped terraces, which are bes t seen on the west shore of Hamelin Pool 4.5 
km south of Boolclah Well. The oldest stromatolites (frorn the highest terrace) 
at this locality have recently been radiocarbon elated as 1,000 to 1,250 years old 
(A. Chivas, written communication, 1988). Emergence and consequent death of 
these strornaLOlites may have resulted from recent uplift of the land in this area, 
perhaps associated with continued folding of the anticlines benea th the 
peninsulas (Playford I980a) . 
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Nol a ll sLroma LoliLes in Lhe inLenidal zone and on lhe subliuoral shelf are 
living; a significanL proponion are dead. Some died as a result of b eing 
overwhelmed wiLh sedi men L, such as moving sand mcgaripples, and have since 
been uncovered. In many cases such exhumed sLromaLOlites have been recolonized 
by living microbial mats, so that growth resumes. Fiowever, in o ther cases they 
have not been rev ived, ('Ven when in areas where condiLions seem suitable lor 
corllinuing growLh , and it is not known why this is so. 

The rirsL paper Lo be published o n the Hamel in Poo l sLroma tolites claimed 
Lhal Lhey were rcstricLed to Lhe intertidal wne, and this concept was erroneousl y 
cxtemled LO the interprelation 0[ ·

1
ancient stromatolites 1 (Loga n 1961; Logan el 

al. 1964). However, subsequent invest igaLions sho wed LhaL subtidal stromaLOliLes 
arc widespread <tl H amelin Pool (Play ford and Cockbain 1976; Waller and Baulcl 
1986). Burne and Jarncs (1986) have ru nher suggesLcd th a t the present-day 
inLcrLida l forms or igina ted <1s subtidal sLromatolites, which were stranded as a 
resu lt or a relative r<tll in sea level. However, alLhough this may b e true in some 
cases, il is clear lhaL many o r the exisLing interLiclal lorms have grown wholly 
in Lhe in tertidal wne, as evidenced by Lheir inLernal morphology and degree 
o f cemcnlation . 

Stromatolite types 
N ine Ly pes ol m icrobia l mats arc recogni1.ed al Hame lin Pool, known as 
coll olorm, gelaLinous, smooth, p incushio n, Lulled, pusLular (rnami llatc) , fi lm , 
reticu late, and blis1 er mats (Baulcl 1984; Goluhic 1985; Skyring a nd Bauld in 
press). Each o f Lhesc has a char;ictcr istic m icrobial assemblage of cyanobacLcria 
(one or mo re species), accompan ied by microa lgae in some ma L Lypes. T he 
diU:erenL maLs occur in wnes pa rallel Lo the shoreline, conLrollecl primar il y by 
their pos iLi on w ithin the tidal range. 

T hree of Lhese maL types build columnar and mo und-shaped stromaLolites 
al Hamelin Pool: pustular, smooth, and colloform maLs. The o th ers form 
stratiform microbial ma ts, wiLh littl e or no relief above Lhe surface. The depth 
distributio n, main hioLic components, and morphology o f the three stroma tolite 
Lypes are illusU"aLecl on Figure 6. 

Pustular rnal (mam ill a te ma t of Go luhic, 1985) form s small Lo large columns 
and mounds, up to l m wide a nd 10 cm high, in Lhc imenidal zone (Figures 
7, 8) . IL may a lso colonize ' L11e Lops of smooLh mat sLromaLolites as they grow 
higher in Lhe in Lertidal zone. PusLula r maL is builL by the cocco id cya nobacLerium 
Entophysalis major. T his organism is Lhought to he a clescendanL o f th e 
Prccambrian stromaLO liLe-builcling cyanobactcrium Eonlophysalis, and thi s 
represents one o f the lo ngest-conLinuing biological lineages known (Go lubic 
1983). 

Smooth rnal construcls sm aller strornaLOli Le columns and mounds, mainly 
relaLively small , in lower inLerticlal Lo shallowes t sub Liclal env ironmenLs (Figure 
10). Smooth mat may a lso colonize the Lops of colloform-maL stromatolites as 
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Figure 6- Diagrammatic section illustrating the distribution in relation to sea level of the Hamelin Pool 
stromatolites, their microbial mats, and their morphological characteristics. 

Figure 7. Club-shaped pustular-mat stromatolitcs in the intertidal zone at Carbla Point. 
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Figure 8. Longitudinal pustular-mat stromatolitcs. elongate parallel to the direction of wave translati o n. 4 
km so uth or Ya ringa Point. 

-'a.---4' ~ - -

Figure 9. Mound-shaped collororm-mat stro111atolitcs. up to 2 111 ac ross and I 111 hi gh. in water about 2 111 
dee p. 200 111 o ffshore , and I 00 111 sout h of C arbla Point. 
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Figure 10. Section through a small smooth-mat stromatolite and the calcrete foundation on which it grew, 
from Flagpole Landing. Note the relatively well-developed lamination and fenestral void system 
in the stromatolite, and the pseudo-stromatolitic (inorganic) lamination and bulbous form of the 
calcrete, which localized growth of the stromatolite. 

they grow upwards into the intertidal zone. The principal agent of stromatolite 
construction is the filamentous cyanobacterium Microcoleus chthonoplastes; 
subdominant filamentous species are the cyanobacterium Schizothrix sp. and 
various flexibacteria (Bauld 1984, Golubic 1985). 

Callo/arm mat forms large stromatolite columns and mounds up to 1 m high 
and several metres across (Figure 9) growing in subtidal environments, in water 
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depLhs of up Lo 1 m (Playford 1980a; Waller and Bauld 1986). The microbial 
assemblage consisls of a very diverse clialom flora and several species of cyano
bacleria (J. Bauld, wriucn communicalion 1989). The diaLoms include some 
stalked forms, whose role in maL conslrucLion is al leasL as irnponanl as LhaL 
of Lhe cyanobacLeria (.J. Bauld, wriLLen comunica1ion 1989). Macroalgae, especially 
Acetabularia, serpulid worms, and various oLher faun a arc commonly auached 
Lo liLhified surfaces of collofonn-maL slromaLOliLes (Ba uld 1981; Golubic 1985; 
Waller and Bauld 1986). 

Of Lhc Lhree slrornaLoliLe Lypes, colloform-mal slromaLoliLes con Lain Lhe mosl 
diverse microbial flora and associaLcd biota, and this is believed to be because 
they remain permanently submerged, under relat ivel y consLan L salinity. The least 
diverse biota is found in high-intcnidal pustular-mat stromaloliLcs, which arc 
exposed and subjecl Lo parLial desiccalion lo r prolonged periods each year. 

Growth rates of stmmatolites 

The Hamelin Pool stromatolites grow very slowly by a process of accretion, 
through the trapping and binding ol lime-sand and mud particles by a network 
of filamentous microorganisms, principally cya nobacteria . Some precipitation 
of ca lcium carbonate probably also occurs as a result of organic processes, and 
rnay play an importanl role in stromaLOlite cernentati on. 

The growlh rates of living sLromalolites have been moniLOred over a period 
or 20 years, using non-corrosive nails placed as markers. This meLhod has shown 
that the stromatoliLcs arc extremely slow growing, wilh maximum growth rales 
or less than 0.5 mm per year (Playford 1980a). Similar; buL more precise, rales 
have rcccnLly been clcLcrmined by carbon-M analyses of sLromaLoliLes collccLed 
al Flamelin Pool, which showed long-term growLh raLes o( about 0.3 mm per 
year (A. Chivas, wriLten communicaLion 1988). Field experimenLal claLa by Bauld 
and olhcrs (1979) have also shown LhaL Lhe highesL primary procluctivily is found 
in subLidal colloform mal, and lhe lowesl in in LerLidal smooth mal. 

Most living inLcrLidal forms seem Lo be vinually static, wiLh growLh balanced 
by erosion through wave aclion. The mosl acLive slromatoliles arc Lhose in 
subLidal environments, alLhough these are sLill subject Lo significanL erosion 
during slorms. A single sLorm may remove Lhe growlh of several years. The 
very slow growlh raLcs indicaLe Lhat some living stromaLOliles are probably 
huncb·eds, or perhaps even Lhousancls, of years old. It seems possible LhaL the 
com mencemenL of sLromaLol iLe growth began some 1,200 years ago, when 
I-famelin Pool firsL became hypersaline. 

The exlremely slow growlh rates of Lhe stromaLoliLes, Lheir lragiliLy, and 
susceplibility Lo damage by human acLiviLies, are well shown by wheel marks 
terL more Lhan 50 years ago by camel wagons pulled Lhrough living stromaLolites 
near Boolclah Well (Playford 1980a). These Lracks are sLill so clisLinct LhaL it would 
appear to a casual observer Lhat they were made during Lhe last year or Lwo. 
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Clearly it will be several centuries before the damage at this locality will disappear 
through regrowth of the stromatolites. 

Controls on stromatolite morphology 
The morphology of the Hamelin Pool stromatolites is governed partly by 
environmental factors, and partly by the microbial communities tha t build them. 
The relationship between internal fabrics and microbial communities is 
illustrated on Figure 6. This shows that the best lamination occurs in smooth
mat strom.atolites (Figure 10), which also have the smallest fenestrae and 
smoothest external surfaces. Colloform-mat stromatolites are weakly laminated, 
with coarse fenes trae and irregular external surfaces, while pustular-mat forms 
are virtually unlaminated, and have very large fenestrae and irregular outer 
surfaces. 

Further work needs to b e clone to more closely link details of the internal 
fabrics of the stromatolites with the microbial communities that build them. 
There is also a need to examine the processes involved in lithifica tion of the 
stromatolites, and the extent to which the precipitation of cement is linked to 
organic versus inorganic processes. Lithification generally begins one or two 
centimetres below the living mat, but the mechanisms involved are not 
unders tood. 

The principal environmental controls on stroma tolite morphology are the 
wave-translation and prevailing wind directions, and the nature of the substrate 
(Playford 1980a). 

Stromatolites a t Hamelin Pool are commonly elongate in the direction of 
wave translation (Figure 8), apparently as a result of the scouring action of waves 
on the living mats. "Leaning" stromatolites near Carbla Point are inclined to 
the south, towards the prevailing wind, which is thought to have controlled 
growth in this direction, although the mechanism involved is not clear. Playford 
(1980a) also invoked wind-induced Langmuir circulation (paired helical vortices) 
in water to expla in "seif" stromatolites on the west side of Hamelin Pool. 

The natme of the substrate is a very important control on stromatolite develop
ment, as the stromatolites generally require a rocky substrate on which to grow. 
In various areas this consists of calcretised Cre taceous chalk (Toolonga 
Calcilutite), Tertiary silicified sandstone (Lamont Sandstone), and calcretised or 
otherwise lithified Pleistocene beach ridges and marine limestone (Bibra 
Limes tone). 

Stromatolites have grown principally around headlands rather than in bays, 
because the headlands have the required rocky substra te to initiate stromatolite 
growth. vVhere there is no rocky substrate, stratiform cyanobacterial mats tend 
to develop rather than columnar or mound-shaped stromatolites. On the east 
side of Hamelin Pool, headlands are localized by outcrops of Lamont Sandstone 
(such as at Carbla Point) or lithified Pleistocene beach ridges; on the west side 
they are commonly marked by similar lithified Pleistocene beach ridges . Stromatolites 
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growing on such beach ridges occur in characLerisLic curvilinear bells, conLrollecl 
by the Ii nes of resistan L ridges. 

Conclusion 

Shark Bay will collli nue lo be an area o[ major inLeresL Lo geologisLs because 
of its unique sedimcnLary cnv ironmellls, which include Lhc habiLaL for Lhe best 
developmenLs o[ living sLromaLOliLes known from modem seas. AlLhough Lhere 
has a lready been cons iderable research conducted in the area, Lhere is sti ll a great 
deal remaining lo be clone, especiaJly in relation Lo the growth and lithification 
of sLromatoliLes and Lhe hisLory of Quaternary sealevel and climatic changes in 
Lhc area. 

The Tamala L imesLone is a uniL or considerable imporLance in coastal areas 
or soulhwes1ern Australia, but iL has yet LO be Sludied in any de tail in the Shark 
Bay area, where Lhe lonnaLion reaches iLs maximum clcvelopmenL The Tamala 
Limestone was probably laid down during several gl acial periods of Lhe 
Plcistocene, and a carefu l study of the uniL at Shark Bay may provide a basis 
[or its subdivision and [or distinguisihing its various phases of deposition. 

T he relationships between the Tama la L imcsLone and Peron Sandstone also 
deserve runher study, especially to de termine the factors responsible for the 
;1CC U1l1Uiati o11 or lime sand dunes O il the O llC hand and siliceous sand dunes 
on the OLher. The associated birrida evaporile deposiLs also warrant research to 
determine the climatic conditions under which they accumulated. 
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A Pleistocene molluscan fauna 
with Anadara trapezia (Deshayes) (Bivalvia: Arcoida) 

from the Dampier limestone of Shark Bay, Western Australia. 

George W. Kendrick* 

Abstract 

A preliminary examination of fossil material from the Dampier Limestone at its type 
area, Broadhurst .. Bight, Shark Bay, records 95 molluscan species (56 bivalves, 39 
gastropods) . Up to nine of these, including the arcoid bivalve Anadara trapezia 
(Deshayes), are not known (rom the modern fauna of the area. The assemblage lacks 
normal trophic diversity and the hyd.rologic palaeoenvironment may have been a 
restricted one, influenced by freshwater discharge. Further study o( correlative faunas 
and palaeoenvironments is indicated and there is a need for absolute ag·e determination 
of emergent Pleistocene units in the ar!:'a. 

Resume 
Un examen preliminaire du material fossile de Dampier Limestone sur sa region typique, 
Broadhurst Bight, Baie des Chiens Marins, recense 95 especes de mollusques (56 bivalves, 39 
gastropodes). Jusqu' a neuf d'entre elles, y compris le bivalve arcoide Anadara trapezia 
(Deshayes), ne sont pas connues de la faune moderne de la region. L'assemblage manque de 
diversite tropihque normale et le paleomilieu hydrologique peut avoir ete un milieu restreint, 
influence par l'i:coulement d'eau douce. Une etude ulti:rieure des paleomilieux corri:latifs est 
indiquee et une determination absolue de !'age des unites Pli:istocenes emergentes est 
souhaitable dans la region. 

Introduction 

Stratigraphic studies (see Hocking et al. 1987 and references) of emergent Quater
nary marine deposits in the Shark Bay area have drawn attention to the rich 
fossil assemblages, mainly molluscan, present there but to date no detailed 
examination of these has been undertaken. 

The purpose of this paper is to provide a preliminary, annotated faunal list 
of the Mollusca of the Dampier Limestone in its type area, Broadhurst Bight 
(latitude 25°32'S, longitude 113°29'E), near the northern extremity of Peron 
Peninsula, Shark Bay. The material utilized in this study was collected by the 
writer during visits to the locality in November 1977 and December 1983 and 
is housed in the palaeontological collection of the Western Australian Museum. · 
Catalogue numbers are as follows: WAM 79.1966-79.2071, 79.2121-79.2186, 84.1486-
84.1495 and 88.1218. 

The type section of the Dampier Limestone (Logan et al. 1970: 63-68; Hocking 
et al. 1987: 197) is a low (1 m) sea cliff of shelly limestone at the south end 

*CJ- Department of Earth and Planetary Sciences, Western Australian Museum, Francis St. , Perth, Western Australia 
6000. 
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of Brnadhursl BighL. T he lower 0.3 m co nLains an a bundance o r large, l'rcquenLly 
<irticulaLcd b ivalves and o Lhcr m ol luscs. The only other rnacrofossils noted arc 
occasiona l pieces ol cora l, noL in grow Lh posi Lion. The base of Lhe form a tion 
is not exposed here buL cx Lcns ions up to 3 km souLhward show a disconfonna ble 
corllacl with an erosion surface ol the underlying Peron SanclsLonc. 

The matrix ol l he shell bed corn prises a pale brown, well-sonecl , quar'Lzose 
ca lcarcnitc with a rather wc<1k, micritic ccrnenl. A strong· calcrcte layer caps the 
Dampier Limestone and lines numerous small solution pipes which descend 
into it. A well-cemented, thin, shelly-cora llinc rubble overli es Lhe calcrele layer 
a nd occupies Lhe soluLion pi pes. This rubble appears Lo represenL a Ple islocene 
depositiona l cvenl younger than !he " D;11npier marine phase" o r Logan el al. 
( 1970) a11d may rnrrclalc with the Bibra LimesLo nc (ibid., pp. G8-73, 78-79). 

A rdaLive chronology or crncrgenl Quaternary dcposiLs al Shark Bay was 
(·stablishcd by Logan r' l al. ( 1970, p . [> I, 'E1blc 2; p. 73, ' fa ble G) buL absolute 
~1gcs were obtained only for the Holocene units and this remains the csscnLial 
position . Rcsulls Imm elccLron spin resonance analysis by Hcwgill el al. (1983) 
suggesLcd <1 Lale Plcistocene age for Lhe Dampier Fo nna Li o n a l its type sectio n 
but these results require ver ification. 

In the chrono-strntigraphic a rrangement of L oga n et al. ( 1970), the Dampier 
I ,irnestonc was assigned <1n inlonnal " middle" Plcistoccnc age, from ev idence 
o l its co11tact 1clatio11ships w iLli o ldn a1 1d yo un ger units. T his i11lonn <:il 
1crrnino logy has been fol lowed by Butcher et al. (19811) and by Hocking et al . 
( 1987). On the other hand, van de GraaU: et al. ( 1983) and Denman e/. al. (198.S) 
1!;1ve ;1ssig1wd the D;nnpin Limesto11c to the Middle Plcist.on· 11c. 

Evidence is <1ccu1n1ilating (e.g., Broeckcr and van Donk 1970; Shack leton and 
Opdyke 1973; St.earns 1976; Chappell and Vcch 1978) that. Lhe "Lasl Interglac ia l" 
o f the Lale Plcistoccne was a co mplex phenomenon , initiated around 128 
thou.sand years ago by a major, transgressive-warming phase corresponding Lo 
substagc Sc of t.he deep-sea , isotopi c chrnnology (Shackleton and Opdyke, 1973; 
Bowen, 1978), followed by a sequence of lesser regressive-transgressive osci ll at.ions 
(substages 5d-a ) and concluding about. 75 Lhousancl years ago. Subjen Lo 
conlirmaLion from abso lu Lc age determinations, it is suggcsLcd tha L uoth Dampier 
and Bibra LirnesLoncs derive from the " L ast I11tcrglacial'', the formn from 
substagc 5e, the I alter from a suliseq uen L llansgressi ve ep isode. 

Systematic listing of molluscs &om the Dampier Limestone 
at Uroadhurst Uight, Shark Uay. 

JUVALV:ES 

Family Arcidae 
l. Arca navicularis Bntguii:'re, 1789. Figured Wells and Bryce, 1985: 148, figure 

553. 
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2. Anadara crebricostata (Reeve, 1844). About 38 narrow ribs on each valve. 

3. Anadara trapezia (Deshayes, 1840). (Figure 1). About 23-26 ribs on each valve. 
Not now living at Shark Bay. Modern range is estuaries from central 
Queensland to southern Victoria with an isolated population at Albany, 
Western Australia. Figured Wells and Bryce, 1985: 148, figure 549. 

1'ff''}b ' 
~ · 

Figw:c l. Anadara trapezia (Deshayes) . WAM 79.1996a, L Southern encl of Broadhurst Bight, Peron 
Peninsula, Shark Bay. Shell bed below prominent calcrete layer exposed on low coastal 
cliff Map reference Denham (1546), G.M. 503724. Dampier Formation type section. 
A - paired valves showing LV exterior. B - LV interior. C- paired valves, anterior aspect. 
All X l. 

Family Mytilidae 
4. Brachidontes ustulatus (Lamarck, 1819). Figured Wells and Bryce, 1985: 152, 

figure 556. 

5. Septifer bi:locularis (Linnaeus, 1758). Figured Wells and Bryce, 1985: 152, 
figure 559. 
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6. Musculus nanulus Thiele, 1930. A minute species. Figured Thiele, 1930: 590, 
figure 70. 

7. Modiolus philippinarum Hanley, 1843. Figured Wells and Bryce, 1985: 152, 
figure 562. 

8. Modiolalus hanle;1i (Dunker; 1882). An uncommon species. 

9. Bo Lula vagina (Lamarck, 1819). Figured Wells and Bryce, 1985: 152, figure 
567. 

Family Pinnidae 
10. Pinna sp. d. P. bicolor Gmelin, 1791. Fragments only, referred provisionall y 

lO this common species. Figured Wells and Bryce, 1985: 154, figure 571. 

Family Ostreidae 
11. Dendoslrea folium (Linnaeus, 1758). A small to medium sized, thin-shelled 

oyster ol irregular form, with radial folds and serrated commissure. 

Family Pectinidae 
12. Ch./(f.mys (f.USlralis (Sowerby, 18112). F ig mcd Wells and Bryce, 1985: 158, figure 

58~. 

Family Spondylidae 
l '.~. Spondylus barhalus (?) Reeve, 1856. S. barbalus figured by Lamprell (1986: 

118, pl. 16, ligures l a-c). 

Family Lucinidae 
H. Wallucina sp. afL W. jachsoniensis (Smith, 1885). A small species, probably 

undescribed, which resembles the eastern Australian vV. jachsoniensis. 

15. Parvi lucina (Bellucina) pisifonnis (Thiele, 1930). A small species with 
cancel late sculpture, assigned to the genus Parvilucina Dall after Britton 
(1972). Figured by Ponder; 1978: 439, pl. 2, figures 3, 9. 

16. Divalinga sp. A thin, orbicular shell with divaricate sculpture and finely 
crenula ted margins. 

Family Fimbriidae 
17. Fimbria soverbii (Reeve, lM2). A rare species, recorded living in Western 

Austra lian waters south to about la titude 23°S but not known at Shark Bay. 
T he Dampier Limestone specimen appears to b e the most southerly record 
for the species. Figured by Nichol (1950: 85-86, figures 3, 5, 8) and by Wells 
and Bryce (1985: 163, fi gure 593). 
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Family Ungulinidae 
18. Felaniella sp. Small, thin, smooth shells with a roundly sub-angular marginal 

outline and two cardinal teeth in each valve. 

Family Oiamidae 
19. Chama sp. A medium-size species with fine lamellose sculpture on each valve. 

Family I..asaeidae 
20. Melliteryx sp. aff. M. acupuncta Hedley, 1902. A minute, punctate species. 

21. Lasaeid, genus and species undetermined. A minute species. 

Family Carditidae 
22. Megacardita turgida (Lamarck, 1819). Distinguished from the rather similar 

M.incrassata (Sowerby, 1825) by the more nodular rib sculpture. M. incrassata 
is figured by Wells and Bryce, 1985: 16'1, figure 595. 

Family Crassatellidae 
23. Eucrassatella pulchra (Reeve, 1842). Figured Wells and Bryce, 1985: 164, 

figure 598. 

Family Cardiidae 
24. Acrosterigma dupuchense (Reeve, 1845). Modern distribution is from Broome 

south to about latitude 23Yz0 S but not known living from the Shark Bay 
area. This is the "Trachycardium flavum Linne" of the "Acropora
Trachycardium Assemblage" of Hagan (1970) and Hagan and Logan (1974). 
Figured and discussed in Wilson and Stevenson (1977: 85-87, pl. 5, figures 
14-17) and in Wells and Bryce (1985: 166, figure 603). 

25. Fragum (Fragum) carinatum (Lynge, 1909). (Figure 2). Living Indo-South 
West Pacific (Lynge, 1909) but not recorded from Australian seas. A synonym 
is Corculum (Fragum) bannoi Otuka, described from Taiwan (Otuka 1937). 
A small, robust species, distinguished by the strong single or double rib on 
the posterior shoulder and the angular outline. Museum collections show 
that in the late Middle to Late Pleistocene (isotopic stages 7 and 5 ), F. 
carinatum occurred, at times frequently, from Barrow Island south to 
Geographe Bay. No post-Pleistocene fossil is known from Western Australia 
but shells of the species have been reworked into the base of the Holocene 
Hamelin Coquina around Hamelin Pool, Shark Bay (WAM 80.382, 80.392). 

26. Fragum (Fragum) unedo (Linnaeus, 1758). Figured Wilson and Stevenson 
(1977: 39, pl. 2, figures 19-22) and in Wells and Bryce (1985: 166, figure 610). 

27. Fragum (Lunulicardia) hemicardium (Linnaeus, 1758). Figured Wilson and 
Stevenson (1977: 46-48, pl. 2, figures 1-5) and in Wells and Bryce (1985: 166, 
figure 609). 
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Figrn-c 2. Frog11111 (Fr11.g11111j rnr/11.11.111.111 (Ly11gl') . W;\IV! 87. !"1<M (part ). Y;1ri11g; 1 S1;11io11, .Shark !fa y 
clistrict , v\ll'stn11 i\11s1r;tli;1. I .; 1rgr cll'pn·ssirn1 rn1 11Tstnn side or l\'rn 1'1 Wc·st Co<1stal 
I lighwa y. Map rdnc1tcc Womanwl ( 17,IG), KS !$03'.67. Erod ing slopes or Pleis1oce11c 
slll'll hcd ovt'rlyi11g greenish ' l<>0lo11g-;1 Calcilu1i1c· (Sa 11to11i<111 ). Uppl'r row - right valves; 
lower row - ldt va lves , ;tll " 2. 

28. Fragurn (A .frocardiwri) erugalum. ('fille, 1889). In some Shark Bay sLudies, 
e.g. Logan el al. ( 1970), Lhe species has been referred LO by i Ls synonymous 
na me Fra.gwn hamelini Iredale, 1949. DisLinguished from Lhe similar-sized 
F.carinalu:m (Lynge) by iLs rounded posLerior shoulder and less angular 
marginal ouLline. T his species dominaLes Lhe molluscan fauna of Lhe modern, 
hypersalinc Hamelin Pool and assoc ia Led Hamelin Coquina beach ridges 
(l-Iocking el al. 1987) buL is only a min o r elemenL in Lhe Dampier Limestone 
at Bro<1dhurs1 Bight. Figured by 'Nilson and Stevenson (1977: 119-51, pl. 3, 
figures 19-21 ) and by \!Velis and Bryce (198[J: 166, ligure 60.S). 

Family Tclliniclac 
29. Tellina (Tellinella) virgala Linnaeus, 17!J8. Figured Wells and Bryce (1985: 

172, figure 626). 

30. Tetlina (Plwraonella) perna Spengler, 1798. Fi g ured Wells and Bryce (1985: 
172, (igurc 627). 

31. Tellina (Plnguitelllna) sp. d. T (P ) robusta Hanley, 18'14. J\ small, rnunclly
Lriangular shell, closely comparable wiLh Lhis wide-ranging Inclo-South WesL 
Pac iric species. 
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32. Macoma (Scissulina) dispar Conrad, 1837). A small, thin shell bearing fine, 
oblique sculpture on the right valve only. 

33. Macoma (s. l.) sp. An uncommon species of uncertain identity, not recognized 
in the modern fauna. 

34. Exotica (Exotica) triradiata (H. Adams, 1870). A v.ride-ranging Inda-South 
West Pacific species, figured in Afshar (1969: 87-88, pl. 37, figure 1). 

Family Semelidae 
35. Leptomya psittacus (Hanley, 1883). A small shell with unequal, thin, white 

valves. 

Family Veneridae 
36. Antigona lamellaris (Schumacher, 1817). Figured Wells and Bryce (1985: 176, 

figure 6'15 ). 

37. Dosinia (Pectunculus) sculpta (Hanley, 1845). A medium-sized shell with 
fine secondary radial sculpture at anterior and posterior ends. Figured Wells 
and Bryce (1985: 176, figure 635 ). 

38. Dosinia (s. l.) biscocta (Reeve, 1850). A small shell with very fine secondary 
radials across the en tire shell. 

39. Gafrarium intermedium (Reeve, 1863). Small, robust shells with transverse 
ribbing over entire valves and divaricate sculpture on flanks and umbones. 

40. Circe scripta (Linnaeus, 1758). Figured Wells and Bryce 1985: 178, figure 649. 

L1J. Circe len ticularis Deshayes, 1853. Figured Wells and Bryce 1985: 178, 
figure 651. 

42. Tapes literatus (Linnaeus, 1758). Figured Dance (1974: 267). Distinguished 
from the following species by its greater size (up to 11.3 cm long), more 
elongate form (length to height ratio of 1.6), finer sculpture and of ten-flarr..ed 
colour pattern. 

43. Tapes dorsatus (Lamarck, 1818). Figured by Fischer-Piette and Metivier (1971: 
21-22, pl. 5, figures 6-9; pl. 6, figures 1-7); Shark Bay specimens most resemble 
their specimen in pl. 6, figure 5. The specimen attributed to Tliteratus 
(Linnaeus) in Wells and Bryce 1985: 178, figure 647 appears to be T dorsatus. 
The species has a stronger transverse sculpture than T literatus and a length 
to height ratio of 1.4. 

L14. lrus irus (Linnaeus, 1758). Figured Fischer-Piette and Metivier (1971: 79-82, 
pl. 15, figures 12-H). 

45. Marcia fumigata (Sowerby, 1853). The species inhabits estuaries and marine 
bays in south eastern Australia but is not known living from Western 
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Australian seas. During the late Middle and Lale Pleistocene, it was present 
throughout southern Australia northward Lo Shark Bay (WAM unpublished 
records). As Ewnarcia Ju.m.igala (Sowerby), figured in Macpherson and 
Gabriel ( 1962: 352, figure 405 ). 

116. Paphia (Callislola.jJes) crassisulca (Lamarck, 1818). Figured Fischer-PieLLe and 
Metivier ( 1971: 11J_1J2, pl. 11, figures 11, 12) Wells and Bryce (1985: 176, ligure 
638). 

117. Callisla (Coslacallisla.) planalella (Lama rck, 1818). Figured Wells and Bryce 
(1985: 176, figure 639). 

118. Pilar ( Pilarina) cilrina (Lamarck, 1818). A sma 11 Lo rne<liurn sized, rather 
in!latccl , robust shell with fine transverse sculpture; corn111011. 

119. Clemenlia pa.fJyrau:a (Gray, 1825). A large, thin rather fragile she ll with weak 
transverse sntlpturc; uncommon. 

50. Anornalocardia (Anornalodiscus) squ.a.rrwsa (Linnaeus, 1758). Figun:d Wel ls 
and Bryce (198!1 : 176, ligure 6111). 

!Jl. Pia.cam.en berri·i (Gray in Wood, 1828). Shell robust, with about 23 low, 
transverse ribs in a height of 311 111111. 

!12. Plaw.rne11 grm1esU'ns (l\ll('nkc, l81l:l). She ll wiLli ;1buuL 17 raised transverse 
ribs in a height of 28 mm. Figured Wells and Bryce (198!1: 176, figure M3). 

Family Corbulidae 

53. Timoclca (G lycydonla) sp. d. T (G.) . 1narica (Linnaeus, 1758). Dampier 
Limeston e specimens arc very c lose lo northern Australian (modern) 
specimens of T rnarica buL diU:er in sculptural details from representatives 
o r Lhe subgenus in the modern launa of the Shark Bay area. T marica is 
figured by Rippingale and McMichael (1961: 19t1, pl. 28, figure 8). 

511. Corbula (Corbula) sp. d . C. (C.) slo la.la. (Ircclak, 1930). Small robust shells 
wilh discrepant valves, Lhe right transversely ribbed and larger than the ldL, 
which is smooth. 

55. Corbula (s. I.) sp. A rare species, smaller Lhan the prececcling and with more 
elongate valves. 

Family Thraciidae 
56. Thracia alC1ope Angas, 1872. A thin shell with smooth valves, the left longer 

and more compressed than the right; hinge cclenLulous. 

GASTROPODS 

Family Trochidae 
57. Euchelus alralus (Gmelin, 1791). Figured Wells and Bryce (1985 : 1[11, ligwe 

78). 
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58. Thalotia (Prothalotia) sp. d. T (P.) flindersi (Fischer, 1878). Small, trochoidal 
shell with spirally-sculptured whorls, stepped a little below the suture; 
umbilical fissure minute. 

59. Calliostoma (Salsipotens) rubiginosum (Valenciennes, 1846) similare (Reeve, 
1863). Figured Wells and Bryce (1985: 44, figure 88). A synonym is Calliostoma 
excellens Thiele, 1930 (Ponder, 1978: 429-432, pl. 2, figures 1, 2). 

60. Monilea callifera (Lamarck, 1822). Figured Wells and Bryce (1985: 44, figure 
81). 

61. Solariella (?) sp. Minute shell with convexly-rounded whorls with light spiral 
and axial sculpture; umbilicus wide. Rare. 

Family Turbinidae 
62. Turbo (Marmarostoma) haynesi Preston, 1914. A small, robust shell with 

beaded spiral threads; operculum faintly pustulose, with a spiral rib and 
central boss. 

Family Cydostrematidae 
63. Elachorbis tatei (Angas, 1878). Figured Ludbrook (1984: 64, figure 78c-g). 

A minute species. 

Family Tomidae 
64. Pseudoliotia micans (A. Adams, 1850). Figured May (1958; pl. 21, figure 8). 

A minute species. 

Family Vermetidae 
65. Serpulorbis sp. d. S. sipho (Lamarck, 1818). An irregularly-coiled, vermiform, 

attached shell. S. sipho figured by Ludbrook (1984: 75, figures 2lr, 79a). 

Family Dialidae 
66. Diala lauta A. Adams, 1862. Figured Ludbrook (1984: 78, figures 2lk, 1, 68j; 

78k; pl. lle). A minute species. 

67. Diala lirulata Thiele, 1930. A minute species with carinate whorls. Figured 
Thiele (1930: 574, figure 21) . 

68. Finella sp. A minute species with elevated spire and convex, plicate whorls. 

69. Scaliola sp. A minute species with elevated spire and convexly rounded, 
smooth whorls. 

Family Litiopidae 
70. Alaba sp. aff A. bowenensis (Laseron, 1956). A minute species with axial 

riblets on spire whorls, becoming fewer and stronger on the last whorl; 
spirally striate between axials and on base. Probably an undescribed species. 
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Family Cerithiidae 
71. Ceri lh iwn lene llum Sowerby, 1855. A smal l shell wilh e levalecl spire, 

channelled sulu1-cs a nd a varicose aperture. 

72. Hhinoclavis fasciala (Bruguiere, 1792). Figured Wells and Bryce, (1985: 56, 
figure 1311). 

73. R.hinoclavis hitubercula/.a (Sowerby in Reeve, 1865 ). Figured We i ls and Bryce 
(1985: 56, figure 136). 

n. Clypeomorus lnfasc1a.la (Sowerby, 1855). Sm<1ll robusl shells wiLh sLrong 
granose - spir<1l sculplure and two varices on Lhe last whorl. 

7S. Billiurn iwru.s (Bayle, 1880). Min ule shel ls with lour beaded spirals on each 
spire whorl. 

Family Strombidae 
76. Slrornbu.s (Doxaiider) carnpbelli Grillilh and Pidgeon, 18311. Figured Wilson 

<1ml Gilleu ( 1971: 38, pl. 17, figmcs 9, 9a). 

Family Muriciclae 
77. Moru la fi.1rP!la (Grndi n, 1791 ). Emerson a11d d'J\llilio ( 1981: 77-82, fi gure 

9) figure a synlypc of Murex margarilicola Broclerip, 1833, which is a synonym 
of Murex fiscellum Gmel in, 1791, lhe presenl species. 

78. L epsiella flindersi (J\. /\clams a11d J\ngas, 1863). T he modern disu ibu lion 
is soulhcrn J\uslralia nonh lo about FrcmanLle; nol recorded living in Lhe 
Shark Bay area. Figured Wells and Bryce (1985: 92, figure 312). 

Family Pyrenidae 
79. Zafra vercoi (Thiele, 1930). J\ minute species. Figured Thiele (1930: 583, figure 

57). 

Family Ruccinidae 
80. Canlharus erylhroslorn:us (Reeve, 1846). Figured Wells and Bryce (1985: 98, 

ligure 343). 

Family Nassariidae 
81. Nassarius albinus (Thiele, 1930). Figured Thiele (1930: 584, figure SS); 

Cernohorsky ( 1984: 106, pl. 16, figures 11-12). 

Family Olividae 
82. Oliva sp. A large specimen, resembling tha t figured by Wilson and Gillelt 

(1971: 106, figures l , la). Specific iclenLify uncertain . 
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Family Costellariidae 
83. Vexillum (Vexillum) vulpecula (Linnaeus, 1758). The modern range of this 

Indo-South West Pacific species extends south to about Point Cloates (latitude 
23°S) but is not known from Shark Bay and adjacen t waters. Modern Western 
Australian specimens are assigned to the subspecies jukesii (A. Adams, 1851). 
Figured Wells and Bryce (1985: 110, figure 427). 

Family Pyramidellidae 
84. Cossmannica sp. Small shell with two columellar plaits and channelled 

suture; rare. Resembles S. subcarina Laseron (1959: 194, figures 24-26) from 
Queensland. 

85. Linopyrga sp. Minute shell with single columellar plait and axially ribbed 
whorls; rare. 

86. Syrnola sp. A. Minute shell with smooth elevated spire, a single columellar 
plait and tl1in peripheral colom band. Resembles S. pulchra Brazier, 1877, 
figured by Laseron (1959: 197, figure 38). 

87. Syrnola sp. B. A minute, attenuate shell, assigned provisionally to this genus. 

88. Cingulina sp. Small attenuate shell with strong spiral sculpture over entire 
spire and last whorl. 

Family Ringirulidae 
89. Ringicula sp. Minute, robust shells with strong columellar plaits, parietal 

callosity and outer lip. 

Family Bullidae 
90. Bulla ainpulla Linnaeus, 1758. Figured Dance (1974: 221). 

Family Hamineidae 
This spelling of the family name (Hamineidae Pilsbry, 1895) follows Cernohorsky 
(1985: 63). 

91. At)JS sp. A minute, thin, involute, globose "bubble shell". 

92. Cylichnatys campanula Burn 1978. Figured Bmn (1978: 104-108, figures 11-
17). 

93. Liloa brevis Quoy and Gaimard, 1833). Figured Ludbrook (1984: 276, figure 
68r). 

Family Retusidae 
94. RetilSa sp. A minute, involute "bubble shell" with sub-parallel sides; apex 

umbilicate. 
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Family Scaphandridae 
95. Acleocina sp. A minute, cylindrical "bubble shell" with a distinct, raised 

apex. 

Discussion 

The study material compri ses 95 mollusc species (56 bivalves, 39 gastropods), 
of which the greater part arc familiars in Lhe modern fauna of Shark Bay (see 
Slack-Smith, this volume). Exceptions to this include many o[ Lhe sma ll to minute 
species (e.g. lasaeicl bivalves and opisthobranch gastropods), which are poorly 
represented in col lections and , [or the most part, scarcely known. Other 
exceptions include a group of nine species which, with varying degrees of 
probability, appear to be no longer living in Shark Bay waters. Further collecting 
may change these assessments but, for the present, this group may be characterized 
as lollows: 

Group J\ - species with recognized modern ranges north of Shark Bay; 

Group B - species with recognized modern ranges south of Shark Bay; 

Group C - species with no known modern range. 

Group J\ 

Firnbria soverbii 
Acroslerigma dupuchense 
Fro.gum carinalum. 
Timoclea sp. d. T 
rnanca 
Vexillurn. vulpecula 

Group B 

A na.dara. trapezia 
J\!J arcia f wnigala 
Lepsiella f lindersi 

Group C 

Ma.co11ia (s.l.) sp. 

T he above group o l nine apparently-absent species constitutes about 10% of the 
Dampier Limestone assemblage recorded from the type area and, for such 
geologically-young material, represents a significant discrepancy from the 
modem fauna of the area. Oxygen isotope studies (e.g. Be and Duplessy 1976) 
indicate that there have been two severe regressive low-temperature episodes, 
substages 11 and 2 of the terrniml Pleistocene, since the time of deposition of 
the Dampier Limestone, which saw substantial northward clisplacements of the 
Subtropical Convergence Zone and severe cooling of surface waters in the 
souLheasl Indian Ocean, i.e., between Cape Leeuwin and Shark Bay. The posl
Pleistocene transgressive-warming phase of the last 10 thousand yea rs may 
represent no more than a partial restoration of temperature conditions prevailing 
in Shark Bay waters during subsLage 5e of the "Lasl Interglacial", the presumed 
Lime of deposition of the Dampier Limestone. 
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Table l Family representa tion in the study material according LO species diversity is as follows: 

Bivalves 

Veneridae 18 species Pinnidae I species 
Mytilidae 6 species Osu·eidae I species 
Telliniclae 6 speoes Pectinidae 1 species 
Carcli idae 5 species Spondylidae I species 
Arcidae 3 species Ungulinidae 1 species 
Luciniclae 3 species Charnidae I species 
Lasaeiclae 2 species Cardi ticlae I species 
Corbulidae 2 species Crassatel liclae I species 

Serneliclae l species 
Thraciiclae l species 

Gastrnpods 

-frochiclae 5 spec. Tbrbinidae l spec. Nassariidae 1 spec. 
Ceri thi iclae 5 spec. Cyclos trernaticlae I spcc. Oliviclae I spec. 
Pyramidcll idac 5 spcc. Torniclae I spec. Costellariiclae I spec. 
Dia lidae 4 spec. Vermetidae I spec. Ringiculiclae I spcc. 
Hamineiclae 3 spec. Litiopiclac I spec. Bulliclae I spec. 
Muriciclae 2 spec. Strombidae l spec. Retusidae l spec. 

Pyrenidae 1 spec. Scaphandridae l spec. 
Bucciniclae I spec. 

The presence of Anadara trapezia, frequently as articulated pairs, in the study 
material should not pass without comment. The species is characteristic of 
shallow-water, sea-grass communities in typically -h yposaline, estuarine 
environments from central Queensland to southern Victoria (e.g. , Macpherson 
1966; Poore and Rainer 1974; Smith et al . 1975) and in southern Western Australia 
(Kendrick and Wilson 1959). The fossil record of the species (G.W.K., unpublished 
data) indicates that its modern, disjunct distribution is but a remnant of a much 
more extensive, maximal range during the Late Pleistocene, clearly a time when 
environments favourable to the species existed through the entire subtropical 
and temperate coastline of Australia. 

Anadara trapezia is a common fossil in presumed Late Pleistocene deposits 
located near the mouths of the Wooramel and Lyndon Rivers of the Shark Bay 
region (WAM registered fossils 66.375, 70.2645) . These occurrences, apparently 
correlative with those of the Dampier Limestone of Broadhurst Bight, may 
indicate a phenomenon regional in scope and consistent with higher and more 
sustained levels of river discharge during substage 5e of the La te Pleistocene 
than now prevail. 

The palaeoenvironmental significance of A. trapezia, a species ,.vith a strong 
environmental signature, in regions such as Shark Bay, where it is no longer 
extant, warrants further study, 

The restricted character of the Dampier Limestone (in its type area) macro
fossil assemblage is indicated by its apparent lack of normal, trophic diversity 
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(Table 1 ). Filter-feeding bivalves comprise over half of all known species and 
Lhe great majority of gasLropods belong Lo recognized herbivorous groups. 

SubsLan tiall y uncler-represen Led in Lerms of both species and i ndi vicluals 
presenl, are Lhe camivorous/ scavanger NeogasLropoda, with some six or seven 
species and few individual specimens. 

Occasional pieces of coral in Lhe shell bed do noL appear Lo have been in 
posiLions of growth and may have been transponed. No echinoderms or other 
inverLebraLc groups arc rcprcscnLed in the material Lo hand. Funher consideration 
of Lhe reasons For Lhis apparenL imbalance is deferred in view of the need Lo 
assemble claLa from oLher, correlative sources representing Lhe "Dampier marine 
phase" of Logan et al ( 1970) around Shark Bay. 
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RESEARCH IN SHARK BAY 
Report of lhc France-Australc Bicentenary Expedition Com mittee 

Dynamics of phosphate in Shark Bay, 
Western Australia 

M.J. Atkinson* 

Ab.sUad 

Mass balances of carbon (C), nitrogen (N) and phosphate (P) for Shark Bay are briefly 
reviewed. P becomes depleted in the bay and appears to limit biomass. The net ra te 
o[ P uptake in the bay is determined by sedimentation. Some preliminary data on 
concentrations of P and iron (Fe) in sediments are presented to distinguish differing 
mechanisms of P sedimentation. 

Concentrations of both P and Fe in sedimen t decrease into the bay (7.59-0.65 µmol 
P g-1 and 11.41-4.71 µmol Fe g-1 , respectively). 83-883 ol' total P in the sediments 
is inorganic P, 10-153 is organic P and 23 is adsorbed P. 903 of the inorganic P 
in Hamelin Pool sediments is in large shells and shell fragments. It is reasoned that 
if most o( the P in sediments of the outer bay is also in larger fragments of calcium 
carbonate (CaC03), then the net rate of P uptake is directly related to the rate of 
community calcification of the bay and not necessarily to the rate of net community 
production , as stated earlier. Shark Bay remains as an important and exciting ecosys tem 
to study interactions and mass balances of biologically labile materials. 

Resume 
Les eq uilibres de masse de car bone (C), d'azote (N) et de phosphate ( P) pour la Baie des Chiens 
Marins sont brievement revus. Le P diminue dans la Baie et semble limiter la biomasse. Le taux 
net de levee du P dans la Baie est determine par la sedimentation. Certaines donnees 
preliminaires sur les concentrations en Pet en fer (Fe) dans les sediments so nt presentees pour 
distinguer les mecanismes differents de sedimentation de P. 

Les concentrations a la fois en P et en Fe dans le sediment diminuent dans la Baie 
(respectivement 7.59-0.65 µm ol P g-1 et 11.41-4. 71 µmol Fe g- 1). 83-85% de la totalite de P dans 
les sediments est du P inorganique. 10- 15% est du P organique et 2% est du P absorbe. 90% du 
P inorganique dans les sediments de Hamelin Pool se trouve dans les grands coquillages et Jes 
fragments de coquillages. Nous pensous que si la majeure partie du P dans les sediments de la 
Baie exti:rieure se trouve egalement ~~ ns de plus grands fragments de carbonate de calcium 
(CaC03) , le taux net de levee du Pest directement Iii: au taux de calcification de la communaute 
de la Baie et pas necessairement au taux de la production nette de la communaute, comme on 
l'a formule anterieurement. La Baie des Chiens Marins demeure unimportant et passionnant 
ecosysti:me pour i:tudier les relations mutuelles et les equi libres de masse des mati:riaux 
biologiquement labi les. 

Introduction 

Nearshore ecosystems are increasingly important as sites for studying marine 
biogeochemical cycles. Recycling and deposition of materials in nearshore 

*Hawaii Institute of Marine Biology, P.O. Box 1346, Kaneohe, Hawaii 96744, USA Contribution 
No. 779 
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benthic systems vary depending on the biological communities and the physical 
features of those ecosystems. Some coastal ecosystems trap terrigenous materials 
and other nearshorc ecosystems act as sources or sinks of materials which are 
exchangeable with the sea. Understanding the dynamics of materials in coastal 
ecosystems is essential Lo predic1 and solve probl ems of coastal pollution, 
determine rates or cycling of anthropogenic compounds and even Lo quantify 
global elemental cycles. 

P is a key compound in understanding the biologica l and geochemical 
processes in the world's oceans. P binds with C Lo form organic and inorganic 
components of plants and animals. There is liule information on the interaction 
of C and P cycles in coastal ecosystems, especially in shallow tropical and 
subtropica l seas. A major goal of my research in Shark Bay has been Lo identify 
some of the dominate biogeochemical processes tha t involve the interaction of 
C and P. I-Jere I summarize earlier work, and present preliminary data indicating 
that the incorporation o f P in Lo CaC0,1 is the major sink for P in Shark Bay; 
I suggest that the neL rate of P uptake in Shark Bay is not necessarily related 
lo organic C production but may be directly related lo the rate of calcification 
by the C:P ratio in shells. 

Uad(gmw1d 

Shark Bay is a very large shallow basin. There is virtually no inpul of material 
from land; consequently nearly all of the ma terial forming the sediments in 
the bay is a tlirecl result of biologica l, chernical and physical processes operating 
within the bay over geological Lime (Logan and Cebulski 1970; Logan 197'1). 
The salinity gradient in Shark Bay can be used Lo determine whether certain 
dissolved compounds in the water are produced or consumed within the bay. 
Concentrations of the major ions in seawater are too high Lo be affected by 
the activity of organisms, consequently salinity can be used Lo quantify physical 
processes such as the rate of evaporation of water and horizontal mixing. Even 
though biologically active compounds are recycled within the bay, p erhaps many 
Limes, some compounds accumulate and form sediments. Sediments of Shark 
Bay include biogenic forms of C and P. 

Estimates of net rates of organic and inorganic C, N and P uptake were made 
by constructing a water budget and by measuring the concentrations of those 
elements in sediments (Table l; Smith and Atkinson 1983, 1984). The deposition 
of inorganic C as CaC03 shirts the pH of water in Lhe bay about 0.15 pH 
units, from 8.25 in the oceanic region of the bay Lo 8.10 in Hamelin Pool. The 
shift in pH creates higher partial pressures of carbon dioxide gas (C02) in water 
than in air; thus C02 gas is released lo the atmosphere. Shark Bay releases about 
as much C02 Lo the atmosphere each year as does the burning of petrol in all 
automobiles within Western Australia. N, as inorganic N compounds, is taken 
up in organic material. There is nol enough N advecting or mixing into Shark 
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Table 1: Rates of net uptake and net production o r C, N and P by Shark Bay (rnrno l m-~ c1·1) . 

From Smi th and Atkinson ( 1983). 

Process 

Org C Prod 
Inorg C Prod 
C02 gas evasion 
net N uptake 
oceanic N input 
net N-fix 
max N-[ix 
net P uptake 

Rale 

l. 2 
32 
2.0 
0.030 
0.002 
0.028 
0.16 
0.0037 

Bay from the Indian Ocean to support the net sink of organic N in rhe sediments. 
The extra N in the sediments is assumed to be created by N-fixation . An estimate 
of N-fixation rate for the bay is about 0.028 mmol N m-2 d- 1 and this rate 
represents a low value for benthic systems. 

P, which is removed from the water by the growth of organisms, is buried 
in the sediments as organic P and inorganic P (Figure I; Atkinson 1987). Other 
than the Indian Ocean there are no major external sources of P in to Shark Bay. 

0.3 

•• . . . ·'· .: ' ... . . . 
55 

(%0) 

• 
• •• 

65 

Figm-c 1: Concentration of clisssolvecl P decreases into Shark Bay. (.)Hopeless R each and Hamelin 
Pool, (+) Freycinet, (o) Lharidon. Reprinted from Atkinson 1987. 
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Approximately Y-1of1.he P inpul from the Indian Ocean is by a slow net advection 
ol water into the bay; the slow advection o l water replaces water that evaporates. 
The remaining Yi of the oceanic input is sustained by horizontal mixing clown 
the gradient of P in the bay (Figure l ; Smith and Atkinson 1983). Horizontal 
mixing is created by reversing tidal currents. 

An interesting result o ( earlier work is that the concentration of inorganic 
P and total P in the sediments decreases as the residence time or salinity of 
the water increases (Figure 2; Atkinson 1987). Presumably the decrease in the 
concentration of P in the sedimen ts is a result of a decreasing input of P into 
the bay and a depletion o( P in organic and inorganic mauer (Atkinson 1987). 
The change in the C:P molar ratio o( organic mall.er in sedimen Ls and autotrophs 
ranges from 100: 1 in the oceanic part of the bay to 10,000: 1 in Hamelin Pool 
(Atkinson 1987). This dramatic decrease in the concentration of P in the water, 
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sediments, and autotrophs is an indicator that P limits the development of 
biomass in the bay. Because P limits biomass, factors ultimately con trolling 
biomass can be elucidated by determining dominate mechanisms of P 
sedimentation. The large changes in the concentration of P in the water column 
and sediments is unique and is useful to study mechanisms of P sedimentation 
in shallow subtropical ecosystems. 

In coastal sediments with high content of organic matter (10-203), such as 
upwelling areas, the concentrations of P in sediment pore water determine the 
relative concentrations of Pin different sediment components. As organic matter 
remineralizes in the sediments, P is released into interstitial pore waters, creating 
high concentrations of P. The interstitial P reacts with inorganic consti tuents 
in the sediment including clays, Fe, aluminium (Al) and Ca to form P containing 
minerals. P can be adsorbed or desorbed rapidly from particle surfaces. P minerals 
are eventually formed by long-term solid-state diffusion of adsorbed Pinto lattice 
structures of particles (Froehlich 1988). Some P can be lost from the sediment 
by diffusion or bioturbation to the overlying water column (Figure 3A). The 
sediments of Shark Bay do not have high concentrations of organic matter (only 
0.5-2.03 by weight) and sedimentation of organic material is relatively low 
(Atkinson 1987). The bay is also shallow with strong tidal currents, so sediments 
get reworked by physical and biological processes. Under these conditions in 

WATER P.,., 

3A 
SEO I MENT Po - PP -7\/:\Pi 

w P.,., P.,., 
3B 

s Pa pp -:er::- pi 
·.::;·:.-

w P.,., P.,., 
3C 

s Po rp~z;;;r pi 
•!///// 

Figure 3: Possible dynamics of Pin Shark Bay sediments. 3A: Organic P (P 0 ) controls the inorganic P (P,) 
sink via concentrations of interstitial P ( P rl· PP efflux to water ( P wl· 38: P; sink buffers PP and P w 

by adsorption and desorption from mineral surfaces (the dots) . 3C: P; desorbs to PP and P was 
shell fragments breakdown. See text for explanation. 
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Shark Bay, high inLersLiLial concenLraLions of P are unlikely; instead, the 
concenLraLion ol Pin Lhe water column may be buffered b y resuspended panicles 
rrom sediments. FasL adsorpLivc-desorpLive reacLions in concen wiLh long-Lenn 
soli<l-sLate diffusion of P inLo the la uice of particles could "control" Lhe 
concenLraLion of inorganic P in the water (Figure 3b). This m echanism is 
common in many estuaries and represents an inorga ni c control o f concenLrations 
of P in Lhe water column (Froehlich 1988); the buffering exchange rates ofLen 
depend on Lhe size and mineralogy of the sedimen L particles. AnoLher likely 
possibiliLy lor Shark Bay sediments is thaL most P is coprecipitatcd wiLh CaC03 

or CaPO,, of shells, Lests , and bones. When Lhc shells arc broken down to 
fragments over millcnia, P is released back Lo Lhe waLer column o r readsorbed 
o nLo the srnallesL particles in the sediment (Figure 3c). In Lhis latter scheme, 
the deposiLion ol P is biogenically conu-olled, not physica lly or chemically 
controlled. lt is IJiogenically controlled because inorganic P, the dominanL sink 
for P, is created by organisms, and Lhc amount ol P in the sediments depends 
on the nature of shells and bones, noL on Lhe concentration of P in inLerstitial 
water or Lhe concentration of the overlying water. 

The preliminary data presented here indicate t.hat Fe, Al adsorption reactions 
a rc not IJuliering Lhe concent.raLion of Pin the water column but the P deposition 
is directly linked Lo CaCO:; production IJy the C:P ra ti o of i11org~111ic biogn1iL 
111;11nial. 

Methods 

I used three approaches LO obtain daLa 011 the dominate mechanism ol P 
deposition in Shark Bay. 

One approach was Lo m easure Fe and P in Lhrce cores, one core from the 
oceanic region of t.he bay, one from the m etahaline region and one from Lhe 
hypersaline (see "C" in F igure 2). If Fe and P covary, boLh venically wiLhin 
each core and horizonta lly bclween cores, then it would be good initial indica tion 
lhat P might b e precipitated as Fe minerals. Cores were collected by pushing 
a 8 cm diameter~ 50 cm long PVC Lube into the seclimenl. The core was removed 
lrom t.he PVC Lube and sliced in Lo 2 cm sections. Each sec tion was frozen 
imrnediaLcly in a field freezer. 

Sections were dried in a laboratory at 60°C, ground to a fine powder and then 
exLracted in IN BC!. The supernatant. of Lhc extractio n was filtered through 
GFI C filters. Fe was measured using ALOrnic AbsorpLion Spectrophotom etry and 
P was measured colorirnetrica lly using Lhe molybclate sulphuric acid reaction 
(Strickland and Parsons 1968). 

The second approach was a serial cxLraction of the core samples Lo delermine 
which chemical fraction contained most of Lhc P. The extraction distinguished 
several chemical forms o[ P: l) adsorbed P; 2) Fe- and Al- P ; 3) organic P ; and 
11) inorganic P in CaC00 . The serial extraction was briefly as follows (Biggs 
and Strom 1983). A 0.5 g sample of powdered sediment from a core was placed 
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in a flask. The sediment was extracted in 0.5 N NaOH for 1 hour; this fraction 
represents Fe- and Al- bound P. The sediment slurry was filtered through GF/ 
C filters; then the filtrate was analyzed for P colorimetrically after adjustment 
of the pH to 4-7. The sediment sample was then washed with citrate-diothionite 
solution. Any P adsorbed back onto CaC03 during the first step is remobilized 
in this step. The filtrate was also analyzed for P This fraction also included 
any free Fe(OH)2. The next two steps were acid extractions, 0.5 N and 1.0 N 
HCl, liberating CaP01 and CaC03, respectively. The remaining sediment was 
redried, oxidized at 550°C and then extracted in 1 N HCL This last fraction 
represents organic P 

The third approach was to determine if the amount of P per gram of sediment 
changes as a function of the size of the sediment particles. If adsorption of P 
from the water column or interstitial water is significant, then the fine fraction 
would be expected to have larger amounts of P. Likewise, if desorption of P 
dominates, then the fine fraction would have the least P, and the larger shells 
and shell fragments would contain most P. A 8 cm diameter core was collected 
from Hamelin Pool on 29 Decernber 1987, 1 km offshore from Boolagorda Station 
in 3 m of water. The core was separated into a top section (1-10 cm) and a 
bottom section (12-30 cm); the sections were frozen . In the laboratory each section 
of core was dried at 60°C. The dried sediment was then shaken through Edecot 
sieves of the following sizes: 0.25 µm, 1.0 µm , 3.35 µm. This procedure left 4 
size classes of sediment: 0.0-0.25 µ m, 0.25-1.0 µm, 1.0-3.35 µ m, and greater than 
3.35 µm . Subsamples from each size class were ground to a fine powder (0.2 
mm screen) in a Culatti grinder and then extracted in lN HCI for inor
ganic P. 

Results 
Fe decreased from 11.41 µmo l Fe g-1 (± 1.62) in the oceanic core, to 8.50 µmol 
Fe g-1 (± 2.35) in the metahaline core and 4.71 Fe (± 1.29) in the hypersaline 
core. There were also significant vertical changes in the concentration of Fe 
within each core, which created large ranges and standard deviations (Table 2; 
Figure 4). 

P also decreased from 7.57 µmol P g-1 (± 0.43) in the oceanic core to 2.41 
µmol P g-1 (± 0.27) in the metahaline core and 0.65 µmol P g-1 (± 0.10) in 
the hypersaline core. Unlike Fe, there were no significant vertical changes of 
P within each core. Consequently the ranges and standard deviations were 
relatively small (Table 2; Figure 4). Fe changed horizontally throughout the bay 
by 2.4 fold while P changed 11.7 fold. 

Results of the serial extraction for all three cores showed that less than 23 
of P was adsorbed, 10-153 was organic P and the remaining 83-88 3 of P was 
included in the acid soluble fraction as CaP04 and CaC03 . These results are 
consistent with earlier results (Atkinson 1987). 
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'fable 2: ]ota l inmgan ic Ft· and P i11 t h rl' t' cores : ocean ic region , 111e1aha lim· region and h ypersal inc 
rl'g io11. Va lul's i11 µ mol g·1. Da ta arc shown i11 ri gu r(' I. 
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Table 3: Amounts and proportions of sediment in each size class for Hamelin Pool core (mm). 

Wt (g) 3 

Core (1-18 cm) 
0.0-0.25 29 6.4 
0.25-l.O 108 24.0 
1.0-3 .35 142 31.6 
3.35+ 171 38.0 

total 450 100.0 

Core (18-33 cm) 
0.0-0.25 51 10.8 
0.25-l.O 105 22. l 
1.0-3.35 102 21.6 
3.35+ 215 45.5 

total '173 100.0 

Intertidal Sand 
0.0-0.25 68 22.0 
0.25-l.O 183 59.4 
1.0-3.35 10 3.3 
3.35+ 47 15.3 

total 308 100.0 

Beach Sand 
0.0-0.25 33 10.9 
0.25-1.0 148 48.3 
1.0-3.35 45 14.6 
3.3.5+ 80 26.2 

total 306 100.0 

Table 4: Acid soluble (lN HCl) and organic fractions in the Hamelin Pool core. Weights in mg. 

filitial Acid Organic 
Sample Wt Soluble Wt 3 Wt 3 
--
(1-18 cm) 
0.0-0.25 595.9 489.0 82. l 8.2 1.38 
0.25-1.0 '176.4 473 .0 99.3 2.7 0.57 
L0-3.35 607.5 603.5 99.3 2.7 0.44 
3.35+ 471.5 469.3 99.5 1.7 0.36 

(18-23 cm) 
0.0-0.25 498.3 424.5 85.2 6.1 1.22 
0.25-1.0 515.2 510.5 99.I 2.8 0.54 
l.0-3.35 <192.8 489.6 99.4 2.0 0.41 
3.35+ 678.2 674.7 99.5 2.0 0.29 

The size fractions of the Boolagorda core revealed the most interesting results. 
403 of the sediment weight was comprised of shells greater than 3.35 mm and 
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abouL 68% o [ Lhe sedimcnL was shell [ragrnenLs g reaLer Lhan 1.0 mm. MosL or 
Llw inLenida l and beach sa11c1 , having been soned by wave energy, were compr ised 
of sma ller panicles (T;:tbl e 3) . 99% o r Lhe Lhree larger size fracLi o ns (>0.25 ) was 
inorganic whereas 85% ol the smalles t size [racLio n (0.0-0.25 mm) was inorganic 
('l~ible 11). The small es L size [rauio n had more organic materi a l Lhan Lhc la rges L 
si1.c (l.3% compared lo less Lhan 0.6% organic rnaLLer; 'fable 11). 

T he exciting rcsulL was LhaL over 80% or Lhc Lotal inorganic P in Lhe core 
was in Lhe she ll fragments greaLer Lha n 3.35 mm and over 92% ol the LoLa l 
inorganic P was in [ragmcnLs greaLcr Lhan 1.0 mm. Only aboul 1 % o l Lhc toLaJ 
P in Lhe sedimenL w as in Lhe smallcsL size fracLion , less Lhan 0.2S mm Ciable 
5). Conscqucrnly, Lhc largcsL size LracLion had 20 fold more P wiLh rcspccL Lo 
Ca Lhan the srna llcsL size lracLio n (Tab le 6). 

'fable 5: !\1110un 1 of P ill mch size frnclioll for 1hc H a 111c lin Pool cor('. Thl' wl' ig-111.cd avcragt · 
concc1 11r~ 11i on of P in l lH' sc tlirnelll is slww n oil 1he las l li ne. Nole 1h;11 1his crn1ffnlra1ioll 
is si mil a r 10 crn 1n·111ra1 io11s showll in Fi g-me 2 fo r hi g h salillili es. 

µmol I' in 
Sample µmol P !{' g fraction % 

( 1-18 Cl ll ) 

0.0-0 2:; 0.0'11 ·1 28. 1) 0.'J I O.li.'i 
0. 2:i- l.O 0 O~l l ' I 108 ;) 9.90 7.1 
l.0-3.3:i 0.0992 1•12.:l l•I. II IO. I 
~u:i+ 0.li742 171 I I l:i .3 82.2 

<1Vl'r:1g(' 0. :11 1 

(18-33 Ull ) 

o.o-o.2 ri 0.03% :i0.9 1. 71 1.2 
0.2:i-l.O O.Ofi87 10•1. .'i 7.2 :; 0 
10-.'l.'l:i 0.181'.l !019 18.:i 12.9 
3.!Vi+ 0.0.?59 210.3 11 0.'I 80.8 

ave rag~ 0 302 

'Utble 6: Ca a llcl P ill H a melin Pool rnre. Weig-his ;ire in µmol g-·1 

Sample G'l p PIG'! (ppm) 

--
( 1-18 cm ) 
0.0-0.2:i 7.041 0.0314 4.:i 
0.20-l.O I0.'187 0.091 11 8.7 
1.0-3.35 6 !)3:i 0.0992 l:i.7 
!l.3:i+ 7.6()1 0.67'12 88.0 

( 18-23 cm ) 
0.0-0.2!» 7.3 10 0.03% 4.G 
0.2:i- l.O 8.6'1 I 0.0687 8.0 
l.0-!UV> 8.370 0.181 3 21.7 
!Uri+ 'i.716 O.:i3:i9 11 3.6 
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Discussion 

The preliminary results presented in this paper indicate that free Fe-P compounds 
are probably not a major sink for P. Even though concentrations of both Fe 
and P in sediment decreased from oceanic sediment to hypersaline sediments, 
that decrease can be simply explained by distance of the sediment, or site of 
deposition, from the oceanic source of new Fe and new P. Vertical changes in 
concentrations of Fe were not related to changes in P; likewise, horizontal changes 
in Fe (between cores) were 2.4 fold compared to changes in P of 11.7 fold. Further, 
results from the serial extraction revealed that there was little P in the Fe fraction. 
Nearly all P was bound in the CaC03 fraction. It is entirely possible that P 
could be bound as Fe compounds within shells (Sherwood et al. 1987), but vertical 
changes of Fe in each core without the concomitant changes in P indicates 
otherwise. The relationship between Fe and P in shells is not well understood 
and Shark Bay would be an excellent site to conduct further research on this 
topic. 

Nearly all of the P in Hamelin Pool sediment was contained in larger shells 
and fragments of shells; this clearly indicates that the major source of P into 
the sediment is via biogenic CaC03, not by organic P compounds. As these 
shells breakdown, P must be lost by desorption back to the water column. If 
the sediments of the oceanic part of the bay also have more P in the larger 
fragments, then the ratio of P to Ca in the shells and bones of live organisms 
must decrease toward the inner bay to explain the horizontal decrease in 
concentration of inorganic P in the sediments. It is likely that most P is in 
the larger fragments of CaC03 throughout the bay because the relative 
proportions of adsorbed P, organic P and inorganic P did not change between 
oceanic sediment and hypersaline sediment. Changes in concentration of P in 
shells may be purely chemical, in which case the P to Ca ratio of shells from 
living animals is proportional to concentrations of P in water; or, it might be 
related to major shifts in the mineralogy of the shells, bones, and tests forming 
the sediment. This later case is entirely possible because of the large changes 
in species composition within the bay. 

On the other hand, if the outer bay sediments have most P in the smallest 
size fraction, then adsorption of P may be the major reaction controlling the 
concentration of P in Shark Bay. Adsorption of P could be directly from the 
water column or from interstitial P. 

If the outer bay sediments have most P in shell fragments, then the net rate 
of P uptake in Shark Bay is NOT related to net organic C production by the 
C:P ratio of organic material, as stated by Smith and Atkinson (1984), but would 
be directly related to the calcification rate of the system by the Ca:P ratio in 
shells etc. If this idea is shown to be correct then it would help explain why 
a number of tropical and subtropical systems that produce biogenic CaC03 
become depleted in P. 
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Shark Bay remains as an important and exciting site Lo answer questions 
about the re la tionsli i ps bet wccn the dcposi Lion or P and the net production o[ 
biogcnic malcrial by com munities of bcnthic organisms. The bay will continue 
Lo serve as a model ecosystem Lo study the interaction of biogeochemical cycles 
in coasta l subtropical ecosystems. 
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RESEARCH IN SHARK BAY 
Report of the Francc-Australe Bicentenary Expedition Committee 

Vegetation and flora of Shark Bay, Western Australia 

G.J. Keighery* 

Ahstract 

Shark Bay, despite being the site of some of the earliest studies made of the Australian 
flora, is still relatively poorly known. The region, because of the activities of early 
French collectors, is a major concentration of type localities for 'v\Testern Australian 
~~~. . 

The flora is greatly influenced by adjacent regions, numerous taxa are at the limits 
o( their geographical ranges (both northern, 145 taxa, and southern, 39 taxa) and 
some (28) have differentiated into separate taxa. The high concentration of species 
at the limits of their ranges makes the area of immense phytogeographical significance both in 
an Australian and world context. 

Resume 

La Baie des Chiens Marins, malgre qu'elle fGt le site de certa ines etudes anterieures effectuees 
sur la f1ore australienne, reste relativement peu connue. La region, a cause des activites des 
collectionneurs francais precedents, est une concentration majeure de localites types de plantes 
d' A ustralie-Occidentale. 

La f1ore est grandement influencee par les regions adjacentes, de nombreux taxa se trouvent 
aux limites de leurs habitats geographiques (a la fois au nord, 145 taxa, et au sud, 39 taxa) et 
certains (28) se sont differencies en taxa separes. La concentration elevee d'especes aux limites 
de leurs habitats rend la region d'une immense portee phytogeographique a la fois dans le 
contexte australien et mondial. 

Introduction 

The Shark Bay Region occurs towards the southern margin of the Carnarvon 
Basin as defined by Hocking et al. (1987) on the northern margin of temperate 
Western Australia which has a warm dry Mediterranean climate. This paper 
considers the botany of the Shark Bay Region in the context of the Carnarvon 
Basin and the Carnarvon Botanical Region defined by Beard (1980) - Figure 1. 

Botanical studies - historical 

Dampier made the first plant collections in the region in 1699 only two years 
after the earliest Australian collections made by Vlamingh at the Swan River. 
Many other early explorers landed in the region but the first extensive botanical 
collections were not made until Leschenault de La Tour collected with the Baudin 
Expedition (1803) and Quoy and Gaimard collected with the Freycinet Expedition 
(1818). These collections were studied by Decaisne and Gauclichaud (1824) making 
Sharks Bay the type locality of numerous Western Australian plants. 

*Western Australian Wildlife Research Centre, Department of Conservation and Land Management, 
PO Box 51, Wanneroo WA 6065. 
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~ Carnarvon Basin 

mt1 Carnarvon Botanical District 

----

Figure I. Map showing Carnarvon Basin and Carnarvon Botanica l District. 

LaLer signilicant early collectors in Lhc region were Cunningham (with King 
in 1827) and Denham and Milne in 1850. These collccLions were studied by 
Bentham in compiling The Flora Australiensis. Mueller (1883) made use of all 
these early studies in his accounL of the region , as well as collections made by 
/\. Forrest and himsel r. 
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Over the next 50-60 years little work was done on the area botanically. With 
improved access to the area in the 1950s the region was the subject of more 
botanical studies both of a general and specific nature. None of these have been 
detailed enough to generate a comprehensive floristic list of the region let alone 
a full flora of the Carnarvon Disu·ict. However sufficient botanical studies have 
been carried out in the region to give some indication of the composition and 
distribution of plants in the region. 

Botanical studies - OJITent 

(l) Phytogeography 

Beard ( 1980) in his phytogeographical map of Western Australia places the 
Shark Bay region as the changeover zone between the temperate South v\Tes t 
and desert Carnarvon Phytogeographical Region (Figure 2). This boundary 
is largely based on the dominant vegeta tion formations, especially the 
presence or absence of hummock grasses (Triodia sp.) as a dominant 
component of vegetation structure. 

Beard (1976a) left most of Edel Land, Peron Peninsula and the islands to 
the north (Dirk Hartog, Bernier and Dorre) in the desert, while recognizing 
their intermediate character. However, a boundary based on floristics, not 
habit and physiognomy is not as discrete. The Edel Land peninsula and 
islands have enough winter rainfall and long enough growing season to 
support some Somh Western species. This is further reinforced by Burbidge 
and George (1978) for Dirk Hartog Island who noted that the majority of 
species listed for the island are south western or have strong southern 
affinities, and the vege tation formations themselves were mainly related to 
heath formations further south. Similarly Bernier and Dorre Islands (Royce 
1962; Prince et al. unpub. data) which have more desert species are still 
somewhat intermediate in floristics and physiognomy. 

Based on the floristic data the boundary between the South Western and 
clesertic Carnarvon Region should be between the two peninsulas and include 
Dirk Hartog, Bernier and Dorre Islands (Figure 2) in the South Western 
Region. 

(2) Vegetation Studies 

The dominant vegetation of the entire Carnarvon disu·ict has been mapped 
by J. Beard at a scale of 1:250,000. These dyeline maps (held at the Geography 
Departmen t, University of Wes tern Australia) were compiled into single maps 
at scale of l: 1,000,000 and published in Beard ( 1976a). 

The Shark Bay Region was mapped and documented separately at a scale 
of 1:250,000 by Beard (1976b ). 
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Subseq uemly Lhc enLire region was mapped a l a scale of 1:250,000 on a land 
system basis (a combination of vegetation and geomorphology) [or ra ngeland 
management by Payne et al. (1988). In this study 89 land systems were defined, 
19 of which occurred in the Shark Bay Region, 7 o f these , being confined 
to Lhis region (Birrida, Cullawarra, Edel, Inscription, Peron, 1aillifer and 
111ma la). T hese endemic land systems rcquirc more deta iled fl oris tic study, 
lo complemcnL Lhc vegetation data already obtained a t their monitoring sites. 

I 
I 
I 
I 
I 
I 
I 

:'I,, '\ ! ;' I 
I '. 
I • 

/,.;. 
I -:: 

I ; 
I :· 

I ' 
' :j' 

I 

I 
I 
I 
\ 

I 
I 
I 
I 

\ 
\ 
I 

\ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 

L d South west on floristics 

\ 
\ 

\ 
\ 

[::::::! South west on physiognomy 
' I 

' 

I 

' I . ... . .... . .. ..... .... ... 
"::::::::::::: ::::::::: 

<:~:~:::::: :: :: : : ::: : : ::: :-.\ 
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(3) Floristics 

As indicated previously little research has been carried out on the floristics 
of areas in the Carnarvon Basin. 

Non vascular plants are perhaps the leasL documented. A list of Lichen species 
can be obtained from Sammy (1985), buL no information is available on 
mosses or fungi. 

Vascular planLs present in the Carnarvon Botanical District are enumerated 
in the revision of the Descriptive Catalogue of Western Australian Plants 
(Keighery, in press - publishing date 1990). At a smaller scale many vascular 
plants have been mapped using a grid scale of 1:250,000. These include the 
Ferns, Gymnosperms and Monocotyledons (reference list and summary in 
Keighery 1984), Acacia (Maslin and Pedley 1981 ), Eucalyptus (Chippendale 
and Wolfe 1981), the families Goodeniaceae (Keighery 1983) and AsLeraceae 
(Keiglwry 1988). 

Species lists with vegetation data exist for North West Cape (Keighery 1987); 
Kennedy Ranges (Newby, unpub.); Bernier and Dorre Islands (Royce 1962) 
and Dirk Hartog Island (Burbidge and George 1978). 

A few detailed siLe based floristic sLudies have been undertaken at Lake 
Macleod (north of Carnarvon) by Tyler (1988) and for three small islets in 
Shark Bay by Abbott (1981 ). Immecliately south of the region studies have 
been undertaken in Coolomia NaLure Reserve (Hopper, unpub.) and the 
Nerren Nerren region (Burbidge et al. 1980). Payne et al. (1988) have set up 
numerous monitoring quad.rats for pastoral appraisal. These are based on 
perennial plants and form a positive basis for updating into complete floristic 
sites. 

For this paper a search was undertaken at Lhe Western Australian Herbarium 
for all known records of vascular plants recorded in the Shark Bay Region . 
This list was augmented by literature searches and fielcl collecting during 
the Bicentennial Expedition, and is presenLed as Appendix I. 

This list represents the known flora of the region to the end of 1988, when 
it comprised 673 taxa, 621 native and 52 naturalised. This is a diverse flora 
for a semi-arid region of lm.v topographic relief. Major families represented 
are the Poaceae, Chenopodiaceae, Myrtaceae, Goodeniaceae and AsLeraceae; 
reflecting the temperate and desert interface thaL Shark Bay is. Reasons for 
the composition and richness of the flora are expanded in the following 
section. 

Analysis of rurrent data 
( 1) Endemics of Lhe Region 

The Carnarvon Phytogeographical Region currently contains 40 known 
endemics and another 19 near endemics. This number is conservative as many 
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A: N.W. CAPE 
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B: CARNAAVON BASIN 
13 species 

C: COAST 
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D: SHARKS BAY COAST 
?3 species 

E: CARBLA PLATEAU 
2 species 

F: TAMALA 
11 species 

G:NERREN 
5 species 

Figure 3. Nodes of endcmism in the Carnarvon Basin. 

groups require (urLhcr sLudy and rcv1s1on, for example Table One lisLs Lhe 
known endemics (or NorLh WesL Cape. or the l l endemics, four were named 
in Lhe period 1963-7 af Lera coll ecLing expedition , but six still have not been 
formally described. 

The known endemics concentrate in 7 regions (Figme 3) which correspond 
wiLh climaLic and geographical zones. The richest of Lhese areas arc the ranges 
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of lhe North West Cape with 11 endemics and the Tamala Sandplain with 
the same numbe1~ Other significant areas are the Nerren-Nerren Sandplain 
(5 endemics), the Carbla Plateau (2 endemics) and the coastal zone around 
Shark Bay. This last area is of interest as it contains 2 endemics (an unnamed 
subspecies of sandalwood, Santalian spicatum, and an unnamed Plectrach.ne) 
and possibly more (?Trach.ymene elach.ocarpa). Another 13 species are 
confined within the general boundary of the Carnarvon Basin. Considering 

~ 
~ 

I 
I 
\ 

I 
I 

\ 

I; 
v 

~ 

\~~ 
\ /\. 

\ 

~~~ 
I ( 

\~ 
\ \ \ 

'~~ 
CARNARVON' 

\' \\\ ~ 

\~~ 
~ 
~ 

Figure 4. Diagrammatic representation of the sand dune systems of the Carnarvon Basin. 
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lhe large number of recently discovered and poorly known endemics in the 
region funher slucly of the region could easil y increase the level of endemism. 

The near endemics are confined lo the Sand Dune System (Figme 1) that 
extends from Kalbarri, so uth of the Region Lo the North West Cape within 
the Region . These Dunes are a unique fcawre of the Carnarvon Basin and 
arc poorly known and largely outside the current reserve network. 

(2) Composition of Lhe Flora 

T he region contains a diverse range of species clue Lo the variety of habitats 
within the region, the number o l desen species tha t reach to the coasl here 
and the large number of northern and southern species whose geographica l 
ra nges end in the region. Considering each of these factors: 

(a) Habitats 
T he presence of large sail lakes, a lluvial flats , birricla lakes, arid range 
systems and a rapidly changing dimalic regime has led lo a diverse annual 
llora. The [amilies Poaceae (Keighery 19M), ArnaranLaceae (Keighery and 
Marchant 1982), Gooclcniaceae (Keighery 1983 ), and AsLeraceae (Keighery 
1988) all con t<iining numtTous a1111u;tl wxa arc species diverse in Lhc 
region, compared Lo other desert a reas ackling marked ly to Lhe diversity 
of the Uora. 

(b) Desert species 
A la rge number of central desert Laxa reach their western range limits 
in lhe Carnarvon Basin, and do no l penetrate the temperate region further 
south. T his desenic elemelll is added to by numbers of semi-arid and 
arid taxa o f southern affiniti es (i. e. those cen tree! in the Austin, Ashbunon 
and Coolgardie Phytogeographical Regions) which a lso occur in the 
Carnarvon Basin . 

(c) Ra nge ends 
The number of Laxa that reach the ends of their geographical range in 
lhe Shark Bay Region is a major fea ture of the region's flora. This can 
be easily seen in the maps of the Fabaceae presented in Keigh ery (1981, 
1981) where the tropical genera Crota.laria, Sesbania and Tephrosia end 
in this area, as do the temperate genera Bossiaea, Bugesia, Oxylobium 
and Pultenaea. 

Similar trends can be seen in Acacia (Maslin and Pedley, 1981) where 
17 species reach their northern limits in the Region and 8 their southern 
limits. T his also happens with species of Ficus (Keighery and Brighton 
1982 - tropical genus). Triocha and Plectra.chne (Poaceae, Keighery and 
Brighton 1983) and Eucalyptus (Chippendale and ·wolfe 1979). 
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These factors, the diverse climatic and habitats present in the Carnarvon Basin 
have led to an unusual and diverse flora that is unique for an arid region of 
Western Australia. 

Future directions 

A major biological survey of the Carnarvon Basin is planned by the CALM 
Biogeography Program during 1990-1995 (CALM 1988). This survey will study 
vertebrates and plants in major geological zones of the basin and recommend 
conservation priori ties. 

Detailed floristic studies should be undertaken on the flora of North West 
Cape, the Shark Bay Peninsulas (Edel and Peron), the Tamala Sandplain, the 
sand dune systems (including the Kalbarri outliers) to enable a clearer 
understanding of the composition, relationships and phytogeographical 
placement of these important regions. 

These studies must be integrated with the land units defined by Payne et 
al. (1988) which provide a convenient framework in which to place floristic 
studies. 

During, and after these surveys it is desirable to stimulate taxonomic studies 
on the many poorly known groups present in the region. A flora of the region 
should be the long term goal of such studies. 

T.-.blc 1 Nonh West Cape Endemics 

MONOCOTYLEDONS 
Dasypogonaceae 

Acanthocarpus nipestris A.S. George 

DICOTYLEDON 
Proteaceae 

Grevillea calcicola A.S. George 
Grevillea stenobotrya ssp. nov. 
Grevillea variif olia C.A. Gardn. et A.S. George 

Mimosaceae 
Acacia sp. 

Fabaceae 
Dabiesia sp. 
Daviesia sp. 

Stackhousiaceae 
Stachhousia wnbella.ta C.A. eL A.S. George 

Sterculiaceae 
Brachychiton sp. 

Mynaceae 
Pileanthus sp. 

Convolvulaceae 
lpoma.ea yardiensis A.S. George 
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Discussion 

T he fl ora or Lhe Shark Bay region can o nl y be undersLoocl in Lhe contexL of 
Lhe adj acen L regio ns. To Lhe sou Lb is Lemperale Weslern Auslralia, and on a ll 
other sides is Lhe cleserlic Carnarvon region . 

T he Carnarvon reg io n is unique for a ny deserl region in vVes Lern AusLra lia 
because of iLs diversity o f a nnua l Laxa a nd range ends (both norLhern and southern 
cenLraI desen Laxa and clesen Laxa of southern a lJinities) occurring in a general 
backgro und or more widespread species. 

Sha rk Bay is a subset o f these inUuences, especia ll y conta ining numerous 
temperate Laxa at Lheir norlhern limits and being Lhe Lype locality or many 
WesLerr1 Australian species. AL leas l 28 Laxa are endem ic to Lhe region, and these 
require further survey. 

Appendix I 

Vascular p la nls recorded fro m the Shark Ba y area . 

'x' na turalized a lien 

Arca recorded: 
I: Bernier and Dorrc Islands 
2: Dirk Hanog Isla nd 
3: Edel Land 
11: Peron Peninsu la 
5: T'l11nala-Harnelin Statio ns 

Comments: 
Northern limit.: a soulh-wes tern species a l Lhe no rLhern limit of iLs range. 

Southern limit: a nonhern o r coasLa l clesen species al the southern limiL of its 
range. 

Wes tern or nonh-western limit: a widespread temperate cleserL species reaching 
the sea only in this area. 

Statistics 
Number of taxa recorded: 673 

M o nocoty ledons: 115; 100 na tive, 15 naturalized 
Dicot.yleclons: 558; 521 na Live, 37 na tura lized 

Endemic Laxa (Shark Bay R egion): 28 
Northern limit: M5 
Southern lirnit: 39 
Western limit: 31 
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Tt\XON COMMENT l 2 3 4 5 
---

FERNS 
Ophioglossum lusilanicwn 

ssp. coriacewn x x x 
lvlarsilea mulica x 

GYMNOSPERMS 
Call1tris colwnellaris x x 

MONOCOTYLEDONS 
TYPI-IACEAE 

Typha domingensis Hamelin Pool x 
POTAMOGETONACEAE 

Potamogeton pectinatus Hamelin Pool x 
Ruppia polycarpa x x 
R . tuberosa x 

ZANNI CI-IELLIACEAE 
Lepilaena sp. I x x 

POSIDONIACEAE 
Posidonia angwlzjolia x x 
P australis x x 
P sinuosa x x x 
P coriacea x x 

CYMODACEAE 
Amphibolus anlarctica x x x x 
A. griffithii x x x x 
Cymodocea. angustala x x 
C. serndata x x 
Halodule uninervis x 
Syringodium isoetifoliwn x 

NAJADACEAE 
Najas marina x 

JUNCAGINACEAE 
Triglochin calcitrapa x x 
T centrocarpa x 
T mucronala x x 
T trichophora x x 

I-IY D ROCHARITACEAE 
I-lalophila ovalis x 
H. spinulosa x x x 

POACEAE 
Amphipogon carzcmus x 
A. turbinatus northern limit x 
*Avena barbata x x 
Bothriochloa ewartiana x 
*Briza minor x x 
Bromus arena.rills x 
*B . diandrus x x x 
*Cen chnts ciliaris x x 
·•c. echinattts x 
*C. setigera x x 
Chrysopogon fallax x x 
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'D\XON COMMENT I I 2 3 4 5 

C:y111by/Jog011. 1u11.bigu11.s x 
C:. o/Jlt:cll/.S x 
•c:y11.odo11. da.cly/011 x 
''Brom.us lwrdeaa us x 
Dm1lhm1ia caespitosa x 
n. rn.ce·1nosa x 
Diw:nlhiu.111. 11.f fin e x 
'''f!.' ltrharta hrevif lorn x x x 
•ti. . calyciiw. x 
E11nea/Jog;rn 1. rn.en t.lescens x x 
L. /Jallidus x 
li.rngro.1tis dielsii x x 
Ii.. ? brow nii x 
r:. Jalrn.ta x 
t•:. s/1 . (?sr:L if u/111 ) x 
/<:. ll/.1/.C1'01/.l/.ll/. x 
J•:u/{{./ia fu.lva x x 
"1-furdeurn leporinwn x x 
•Loli-tun loli1u:eum. x 
• Loplwchloa /nun.ilia x 
i\.I u1w.chat.her parn.dox.{{. x 
l'11.mf'la1•1111111 1w1111r-lwl l1111tl i111· x x x 
l'asp11.lldi11.111 cle111.e11.ti1 x x 
P. gracil1· x x 
P. /{{.bulatum x x 
l' l1·1·tr{{.c/uw /no111.i11itl1•s IH)lilH'l'll li111it x 
I~ tlanthonioules 11 0 1 1 hcrn Ii Ill it x x x 
!'. 1Lruinrrumdii northern Ii mi t x x x 
P. sp. ?c1 Klem ic x x 
"Polypog1111. mm1spelie11.sis x 
'> {Joa annua x 
Sd11.r fr1 dielsii x x 
S. verticillata x x 
S. ? surgens x 
Spir11.f ex longif olius x x x x 
Sporoholu.s virginicus x x 
St.ipa crinila x x 
S. elega.nlissima northern li mit x x 
Thenu:da m.1stralis x 
Tragu.s australianus x 
"Trisetaria cristala x 
7'riodia plurinerv11.la southern limit x x x 

CYPJ.o:RACE/\.E 
JJulbostylis barb11.ta x 
Cyperus b1fax x 
C. bulbosus south ern limit x x 
C. vaginatus x 
Gahnia /11.nigern. northern limit x x 
I solepis cermma northern limit I x 
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TAXON COMMENT 1 2 3 'l 5 

Mesomelaena pseudost ygia northern limit x x 
RESTIONACEAE 

Lepidobol.us preissianus northern limit 

I 
x x 

Ecdeiocolea monostachya northern limit x 
Loxocarya f lexuosa northern limit x x 

CENTROLEPIDACEAE 
CentrolejJis humillima northern limit I x x 

JUNCACEAE 
funcus bufonius ?northern limit x x x 

DASYPOGONACEAE 
AcanthocarjJus preissii 

I 
x x x x x 

A. robustus southern limit x x 
A. verticillatus southern limit x x x 

PHORMIACEAE 
Dianella revoluta var. divaricata I x x x 

ANTI-IERICACEAE 
Corynotheca micra.ntha var. micrantha x x x 
C. pungens x 
Laxmannia sessiliflora ssp. sessiliflora northern limit x 
Dichopogon tyleri southern limit x x 
i\!lurchisonia volubilis southern limit x 
Thysanotus exiliflorus western limit x 
T. manglesianu.s x 
T. jJalersonii x x 
T. speckii northern limit x x 
Tricoryne sp. ?endemic x 

ASPHODEL US 
* Asphodelus fistulosus 

I 
x x x 

Bulbine semibarbata x x 
DIOSCOREACEAE 

Dioscorea hastifolia x 
COLCHICACEAE 

Wurmbea inframedia x 
T'l'. monantha northern limit x x 
W. odorata southern limit x 
W. tenella northern limit x 

HAEMODORACEAE 
Anigozanthos manglesii ssp. quadrans northern limit x 
Conostylis aculeata ssp. septentrionora northern limit x 
C. candicans ssp. flavifolia northern limit x 
C. stylidioides northern limit x 

HYPOXIDACEAE 
Hypoxis sp. (?glabella) northern limit x 

ORCHIDACEAE 
Eriochilus dilatatus northern limit 

I 
x x 

Lyperanth11s nigricans northern limit x 
DICOTYLEDONS 
CASUARIN ACEAE 

A llocasuarina acutivalvis northern limit 
I 

x 
A. helmsii northern limit x 
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T i\XO N COMMENT l 2 3 4 !J 

MO R i\CEi\ E 
Ficus pl11.ty/Jod11. 1111.r. mmor s011t hn11 li m it I x 

lJ RT IC i\CEi\ E 
Parie/11.ria debili.1· I x x x x 

l'RO T Ei\CEi\ E 
//rlen.11.nt lws 11.cm1.tlw/Jhy ll11.s e nde111ic x 
Brmksia ashbyi x x 
n. /Jrionot es no rthe rn lim it x 
n. sceplrurn nor thern li mi t x 
C:onos/Jerm1 1"1n sloeclwdis nort h ern limit x 
( ;revillrn. a mrle/11./Jruides n o rt h em Ii m i t x 
G. erioslllchyll x 
C. roger.1·011.wn11. e ndemic x 
C. slr·nophyllo x x 
(;. slnw11u:rn no rt he m Ii 111 i I x 
( ;, Slf'TIUl!olryo SS /J. '/ W l/ . soutlHTn l imi t x x 
C. lhelr-111.l/.nianr1 ss/J. /Jin.aster n ort h ern li111it x 
11 l/.kt' r1. ? sp. ?endelll ic x 
f /. st<:1 w phyll l/. x x 
Pctroph ii<: se·1111f11.rc11./(I n ort he rn li lll it x 

SAN' l l\ LAC l•'. i\ E 
/ I n/ lw/)()/u.1· fr nwo/(l/'t/S nort ill'rn Ii 111 it x 
1-:xuc11.r/m.1· (l.jJ/i yll 11s x x x x x 
Ii . S/}(/.r/('1/..1' x 
/,eplrn1u•ri11. prr,issimw. 11 m 1 IH'rn Ii rn it x 
I .. s/Jinm·11. nor the rn li mi t x 
So.ntalu1 11 l/. f'//.111in.(ll t1.111 llorth -W<'S l< 'l' ll Ji111 il x 
S. s/Jirnl 11tn x 
S. spicalrnn ss/J . nuu. Clld l' lll ic x x x 

0 1.i\CACl:AE 
() lax !/.11.rn.n t ia x 

LO R ANTI-I ACEAE 
Arn.eyer11.a /J e11. lha111.ii wc.-; tcrn limit x 
11. li11.ophylla x 
II. nw.idenii x 
A. 111.ir!/.culu.rnrn. northe rn limi 1 x 
A. preis.1ii x x 
A. n1.iq1.wlii x x 
Lysi11.na m.urrayi x 

POL.YG ONACEAE 
• fim ex auslrahs x 
Muehlr'nbech i!/. !/.dprn .rn. x 
M . Cll.'l/.ningha:mii x 
* H. 1.1.1 nex vesic11.r ii 1s x 

C H ENO PO DI ACE A E 
A triplex buii.lmryrm.a x x x 
A. cznerc11. x x x 
A . codonurn.r/Ja x x 
A. i.1·atidea x x 

74 



G.J. Kcighcry 

TAXON COMMENT l 2 3 4 5 

A. paludosa ssp. baudinii x x 
A. paludosa ssfJ. moqwnzana nonhem limit x x x x 
A. semilunaris x x 
A. vesicaria ssp. incompta x x 
A. vesicaria ssp. variabilis x x 
Chenopodiwn gaudichaudianum x 
C. melanocarpum x x 
*C. murale x x x 
Dysphania plantaginella x x x 
D. sphaerosperma x 
Dissocarpus paradoxus x x 
Enchylaena tomentosa x x 
Didymanthus roei x x 
Eriochiton sclerolaenoides x 
Halosarcia doleiiformis x 
H. halocnemoides ssp. halocnemoides x x x 
H. halocnemoides ssp. tenuis x 
H . indica ssp. bidens x 
J-1. indica ssp. leiostachya x x 
H. peltata x 
J-1. pergranulata x 
J-1. prninosa x 
H. pterygosperma ssp. pterygosperma x 
1l1aireana appressa x x 
lVI. athinsiana x 
lVI. carnosa x x 
M. georgei x 
M . lanosa x x 
M. oppositifolia x 
M. planifolia x x 
M. platycarpa x x 
lVI. polyjJterygia x x 
M. stipitata x 
lVI. tomentosa x 
N eobassia astrocarpa x 
Osteocarpum acropterum var. acropterum ?western limit x x 
Salsola hali 
Sarcocornia blachiana x 
S. quinqueflora ssp. quinqueflora x 
Rhagodia latif olia ssp. latzf olia northern limit x x 
R. preissii ssp. obovata northern limit x x 
Sclerolaena diacantha x x 
S. eurotioides x 
S. recurvicuspis x 
S. tridens x 
S. unif lora x 
Threheldia diffusa x x 

AMARANTHACEAE 
Amaranthus pallidiflorus x x 
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'D\XON COMMENT I 2 3 4 !) 

/-/ n n.ichroa. climulrn. x 
l'lifolus a.ervoides x 
P. alexandri endem ic x x 
P. ch.a.m.a.edad1.1s 
I'. divarirnt11..1 va.r. divaricalus x x x x 
I'. divarica.tus va.r. ni./Jr<'.1·cr·11.s c11clc111 ic x 
P. drwnmondii x 
P. exa. lta.tus x 
P. gau.diclw.udii va.r. gaudiclw.udii x x x x 
P. gm.1.dich.audii va.r. pa.rviflorus 11onhern Ii rn i L x x 
I'. grnrulifloru.s va.r. grnndiffon1.s x 
P. lwlichrysoirles x 
P. o/Jovatus va.r. obova.lus x x x x x 
!'. obo11alus 11ur. laurifofius c11dc111 ic x 
I'. stirlingii var. pw11ifu.s endem ic x 
/'. 11illosif fonts x x x x x 

NYCD\GINACEAI'.: 
/J oerlutv ia. b1.1r/Jidgr:11.1 1u southern lim it 

I 
x 

n. coccinea x 
(:cn 11n1 icarp·11s a11strn.lis smllhcrn limit x x 

C Y ROSTEMON ACl.':AE 
( ,'1)(/rm11rnr/m.1· co/1mif11/i11s 

I 
x x 

( ;yroste111.un ra 11111./ osus x x x 
AIZOACEAE 

Car/Ju/nolus a.ff. russu x x x x 
C. 11irr•.ff1•11s x x 
( ;11.u11io/J.1is ru/Jra llOl't hcrn Ii Ill it x 
C . sejJlifrng;a x 
(;fin.us lotoides x 
Macarlll.'11.ria i11tricat11 e11dcm ic x 
*M esen1.bry11.11.the111:1nn crysta.lli'11·1i:rn. x x x 
Ses11.vh 1.m portulal'!'11sln1.n1. x x 
'frlr11gm1ia. dijJlera ?endemic x x x x 
T i111.pfexiwma x x 
T lelragonioides x 
Tri1111.lhen1.a. tu.rdigifolia x 

PORT;..JLACACEAE 
( ,'a/anchinia. corrigioiluides northern limit 

I 
x 

C. papillala x 
C. polyandra x 

CARYOPHYLLACEAE 
*Cera.slium glomera./:w 11 x 
'•Silene gallic11 var. tm.ghca x x 
• Polyrn.r/Jon lelrafJh.yllurn x 
"S/Jergularia dimulra. x 
''S. rubra x 

RANUNCULACEAE 
Clerna.tis m.icrophylla. I x x x 

76 



G.J. Kcighcry 

TAXON COMMENT I 1 2 3 4 5 

LAURACEAE 
Cassytha a-urea x x 
C. filiform1s x x x 
C. nodiflora x x 
C. pomiformis northern limit x 
C. racemosa Jonna racemosa northern limit x 
C. racemosa Jonna pilosa x 

PAPAVACEAE 
*Argenome ochroleuca x 

CAPPARACEAE 
Capparis spinosa var. mtmmularia x x x 

EMBLINGIACEAE 
Ernblingia calceoliflora x 

BRASSICACEAE 
*Brassica juncea x 
*B. tournefortii x x x 
Cakile maritima x 
*I-fyrnenobolus jJrocwnbens x 
*Diplolaxis muralis x 
Lepidiwn foliosum x 
L. biplicaturn x x 
L. lin ifolium x 
L. lyratogynwn x 
L. phlebopetalurn x 
L. platypetalwn western limit x 
L. rotundurn northern limit x x 
i'vlenkea ? australis x 
*Rhaphanus raphanistrurn x 
*Szsymbriwn erysimoides x x 
*S. irio x x 
*S. orientale x x 
Stenopetalwn ? pedicellare x 
S. robustum northern limit x 
S. sphaerocarpwn x 

DROSERACEAE 
Drosera stolon if era ssp. humilis northern limit x 

CRASSULACEAE 
Crassula colorata var. colorata 

I 
x x x 

C. colorata var. tuberculata x 
PITTOSPORACEAE 

Billardiera bicolor var. lineata 

I 
x 

Bursaria occidentalis x x 
Cheira.nthera preissiana var. preissiana northern limi t x 
Pitlosporurn phylliraeoides 
var. phylliraeoides x x x x 

CUNONIACEAE 
Aphanopetalwn clematidellm northern limit x x 

STYLOBASIACEAE 
Stylobasium spathulaturn x x 
S. au.strafe x 
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Ti-\XON COMMENT l 2 3 4 5 

*111edicago polymorpha x 
Nlzrbelia ramulosa x x x 
Psoralea cinerea x 
Swain.son.a beasleyana ssp. elegantoides x 
S. canescens var. canescens 
S. elegans 
S. hingii ssp. hingii 
S. phacoides 
S. pterostylis 

GERANACEAE 
Erodium angustilobum x x x 
*Erodium aurewn x 
*Erodium cicutariwn x x x 
Erodium cygnorum x x x 

OXALIDACEAE 
Oxalis perennenans x x x 

ZYGOPHYLLACEAE 
Nitraria billardierei x x x 
Tribulus platyptera ?southern limit x 
T occidentalis x 
T forrestii x 
T terrestis x x 
Zygophyllum ammophilwn x 
Z. auranliacwn x 
Z. apiculatum x 
Z. fruticuloswn x x x x 
Z. ere1naewn western limit x 
Z. tesquorum x 

RUTACEAE 
Boronia crenulata var. gracilis northern limit x 
B. purdieana northern limit x 
Diplolaena grandiflora x x x 
D. microcephala northern limit x x 
Geleznowia verrucosa northern limit x x 

POLYGALACEAE 
Comesperma integerrima northern limit x 
C. scoparia northern limi t x 

EUPHORBIACEAE 
Adriana tomentosa southern limit x x 
Beyeria cinerea x x x 
B. cyanescens ?endemic x x 
Euphorbia alsiniflora western, southern 

limit x 
E. atoto x 
E. australis western limit x x 
E. boopthona western limit x 
E. drummondii western limit x x 
E. myrtoides western limit x x 
E. sharhoensis southern limit x 
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'li\XON COMMENT I 2 3 4 r> 

J·:. /.m1 ·1u'nsis ssp. emrnop lii/11. \Vl'Stl'lll limit x x 
Mu11.ul11.xis lurid11 northern limit x 
PrJT(l.n/./i.era 111.icruplt ylla x 
Phylla11llrns rnlyci11.1ts northern Ii 111 it x 
P. f'/l.nnrohrii sot1the111 li111it x 
·•N i('( ·i11.u .. 1· nnn.111.11.nis x x 
Sm1.rop·11s crassifolius x 

S' li\CKHOLJSI!\CE!\E 
Stnckhm1sia 111.u.rica.la 

I 

x 
S. pubescens x 
S. vi111i·11.e11. x x 

S!\PINDACEAI!: 
/Jiplopdt.is h11.egdii 1111.1: .1·'/l.bi11 legr11. nmthcrn limi t x 
0. inlf~n11.edi11 1111.r. inl<'1T//.l'lli11 x 
/J. j1eliolaris 110rt hern Ii rn it x 
/)or/ onat'I/. 11./J/ 1•rn. nol'lhcrn limit x 
/J. in11ffr11ifoli11 nort hem lim it x x x x 
0. 11iscorn. ssp. 11.1/..f.!,'l!.Slissi.111.(1. northern lilllit x 
1-frl<'m<il•ndnm ole1jol1.un1. i111r. 
oll'i{<1liw11. Wl'StCl'll Jitllil I x x x 

Rl 11\MNJ\CU\ I•: 
Cry/1/11111/m 1!•11n1j1/1m!'/11 x 
C. 111:11.1.i/11. no rt hcrn Ii Ill it x 
C. 11.1Ulif lor11 endemic x 
S/Jyridiu.111. di1111.rirn t11.111 clldc111ic x 

STF.RC:lll .11\C:F./\F. 
( :r1 111.r11crso11.i11 p;r1.11.dich11.1ulii tlorthlTn limit x 
1Jrn.d1.)'<'hilo11. gT<'gurii ?western Ii 111 it x 
c; 11.iclw1w/.i11. INlifolia northern limit x x 
l-fm111.u.Jrmha <p1.11.driv11.lvis x x 
K era.1ulr<"11.i11 hen11.m1:11.iifolia x x 
K. inlegrifolia x 
L11.sit1pet11.i'i1.1n. o/1/Josilif11li-11·1n. llotthern limit x x 
R'/l.lingiu cyg11.01·1u11. v11r. borr:alis northern lilllit x 
R. luteiflor11 x x 
H. densiflora nonhern Ii mi L x 
a. 111.alvifoli11 var. bore11lis northern lim it x 

cl ILl!\CEJ\E 
Tri·11.m.f1:ll11. apjxndic1da/.a x 

VITl\CEAE 
Cle111.11/.iciss1.1s a:11.g11slissirn.11. northern Ii mi t I x 

Mi\LVJ\CEJ\E 
A lmlilrm cryptopet11.h.u11. western li 1nit x 
A. 1•xonem.u.r11 sot1tltern limit x 
ii. gern.11.ioidt•s southern limit x x x 
ii. oxyrn.rpu.m sou Lhcrn Ii Ill it x x 
ii logyne cw1.cif orrnis x x 
A. pi11.0·11.ian11 x x x 
.. Lm111./.ern. crel.icn x 
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-

Hibiscus aff. coalesii 

I 
x 

Hibiscus sturtii var. truricatus western limit x 
Lavatera plebeia 
Lawrencia densif Lora x x 
L. viridigrisea x x 
*Malva parviflora x 
Sida calyxhymenia x 
S. corrugala x 
S. kingii x 
S. fibulifera ?southern limit x 

DILLENIACEAE 
Hibbertia acerosa northern limit I x 

FRANKENIACEAE 
Franhenia cinerea western limit x 
F. confusa wesLern limit x 
F. jJauciflorn x x x x 
F. setosa western limit x 

THYMELAEACEAE 
Pimelea gilgiana northern lirniL 

I 
x x 

P. lehmanniana ssp. lehmanniana northern limit x 
P. microcejJhala var. microcephala x x x 

MYRTACEAE 
Baeckea pentagonantha x x 
Beaufortia dampieri northern limiL x x x 
Calothamnus formosus ssp. f ormosus endemic x 
C. quadrifidus northern limit x x 
C. halbarriensis northern limit x 
Calytrix brevifolia northern limit x x x 
C. strigosa northern limit x x 
Eucalyptus decipiens x 
E. beardiana northern limit x 
E. dongarraensis x x 
E. eudesmoides x 
E. fruticosa southern limit x x 
E. mannenszs x 
E. gittinsii x 
E. jucunda x 
E. orana x x 
E. redunca x 
E. roycez endemic x 
E. oldfieldii northern limit x 
Lamarchea haheifolia var. hakeifolia endemic x x 
NI alleostemon pedunculatus northern limit x 
NI elaleuca cardiophylla x x 
i\tl. eleutherostachya x 
i\!I. holosericea northern limit x 
M. huegelii northern limit x x x 
i\!l. lanceolata northern limit x 
M. leiopyxis northern limit x 
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M . ? lepto.1pennoides northern limit 
o r endemic x 

M. af f. nesoph.ila. northern Ii rn i l 
or end cm ic I x x 

M . ? old/ ieldii north ern limi1 
or cndcm ic 

I 

x 
M. scabra x 
f\!T. uncinata northern lirn i1 x 
M. ? urceolaris norlhcrn Ii rn i l. or 

endemic I x 
M icrom.yr /.us pelligera 
M. racernosa. 
Pilea.nl lm.s lirn.11.cis sou thern li rn i1 x x 
P. sp. x x 
Sclwltzia leptantha x x 
S. o ligandra. x 
S. urnbellif era x 
S . sp. ?endem ic x 
Thryplmnene baeckea.cea x 
T decu.ssala x x 

l IALORJ\GACEAE 
(;li.w:hron1.ryon a.ureum var. au1P1t1n. 11or1lwrn li mi1 x 
( ;. f lavescens 11ortltc rn li111i1 x 
/-Ja.lorngis gos.1ei x 
f-1. lrigonocarpa x x 

APIACF.AF. 
Dmnus g luch idiat.us x x 
Neosciadiwn gluchidia.t.urn. north ern li mit x x 
7\·achynu:ne el1.1choc1.1rp11 endemic x x x 
T ornata x 
T pilosa x x x 
U lchnia cera.locarpa x 

PRIMULACEAE 
"11nagall is arvensis var. arvenszs x 
"11. arvensis var caerulea x x 
Sarno lu.s junceus x x 
S. repens var. repens x 
S. rcJ..'ens var. f loribu.ndus x 

PLUMBAGJNACEAE 
Muellerolirnon salicorniace11.rn I x 

OLEACEAE 
]asrninurn calcareurn. ?so uthern limiL x x 

LOGl1NIACD11:: 
Logania af f. vaginali.1· soulhcrn limit I x x 

GENTIANACEAE 
*Cenlauriurn erythra.ea x 

APOCYNACEAE 
11 lyxia buxif olia x x 
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ASCELEPIDACEAE 
Cynanchum floribundum I x 
Gymnanthera nitida 
Leichardtia australis 

I 
x 

Rhyncharrhena Linearis x x x 
Sarcostemma australe x x 

CONVOLVULACEAE 
Bonamia rosea x 
Convolvulus erubescens x x x 
Porana sericea x x x x 
Wilson ia humilis x 

CUSCUTACEAE 
Cuscuta australis I x 

BORAGINACEAE 
Halgania littoralis northern limit x x x 
H. viscosa x x 
H eliotropum curassavicum x 
H. undulatum x 
Trichodesma zeylanicwn var. 
zeylanicum I x x 

CHLOANTHACEAE 
Cyanostegia lanceolata northern limit x 
Dicrastylis cordif olia western limit x 
D. julva northern limit x x 
D. linearif olia northern limit x 
D. micrantha northern limit x 
Lachostachys eriobolrya northern limit x 
Newcastelia chrysophylla nonhern limit x 
Pityrodia atriplicina northern limit x x 
P. cuneata northern limit x x x 
P. glabra endemic x 
P. hemigenioides northern limit x 
P. loxocarpa x 
P. oldfieldii northern limit x 
P. pannicula.ta ?southern limit x x 

AVICENNIACEAE 
Avicennia marina I x 

LAMIACEAE 
H emiandra sp. (]SB 7059) ?endemic x 
H. macrantha northern limit x 
H. sp. northern limit x 
*Salvia verbenacea x 
Westringia dampieri x x x x 
Eremophila panlonii western limit x 
E. platycalyx x 
E. pterocarpa x 
E. ? serrulata western limit x 
E. subf loccosa x 
MyofJorum adscendens I x 
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li\XON COl'vll'vlENT I 2 '{ ·I :, 

M. insulare x x x x 

M. rleserli x x x 

M. lelrandru:m. x 
SOLANACEAE 

Anthocercis liUorc11 northern limil x x x 

A. inlrica.la 11or1hern limi1 x 

Dubosia. hopwoodii x 

Anlhotroche walcollii northern limiL x 

Lycium australe x 
.. L. fero cissirnum x 
Dalu.ra leich.h.ardtii x 
·•solanum am.eric1111un i x 
S. hespcriwn nor1hern limil x x 
S. la.siophyllum x x x x x 
·•s. nigrwn x 
S. oldf ieldii northern lim il x 
S . orbiculatwn ssp. orbicu.la.lw11. x x 
.. Nicotiana. glauca x x 
N. occidentalis ssp. obliqua wcslern Ii 111 i I x x 
N. occidenlahs ssp. h.esperi.1· x x x 

SCRO PH ULARIACEA E 
Morg·rwia florifm.1l!la. 

I 
x 

Stemodia. v iscosa x 
MYOPORACEAE 

f<:rnno/1h.ila cla.rla'i i111prl'cisc locali1y I x 
!•:. r.lffijJif'1/,.\ 
/!,. glabra x 
E. leucophylla wesLcrn limiL x 
/.!, . rnachlinyai west.em limiL x 
/!,, maculala. va.1~ brev if olia x 
E. maitlandii southern limiL x x 
/!,, oldf ieldii nonhern lim it. x x x 

PLANTi\GINACEAE 
Pla.nlago drwnrnondii northern lim it. I x 
P. sp. (Cranfield 2583) I other collect.ion 

Yar inga St.n. I x 
HUBIACEAE 

Opercu.laria spermacocea nonhern limiL 
I 

x 
0. vaginata northern limit. x 

CUCURBITACEAE 
Muhia rnaderaspalana sou1hern limit. x 

CAMPANULACEAE 
Wahlenb ergia gracilenla I x 

LOBELIACEAE 
Lobelia helerophylla I x x x 

GOODEN IACEAE 
Dampiera allissima. 

I 
x 

D. incana. var. incana x x x 
D. incana. var. fuscescens no rthern lim it. x 
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D. lindleyi northern limit x 
D. spicigera. northern limit x 
Goodenia berardiana x x 
G. corynoca.rpa. southern limit x x 
G. mimuloides northern limit x 
G. ochracea endemic x 
G. pinnatifida north-western limit x 
G. xanthosperma. north-western limit x 
Lechenaultia linearoides endemic subspecies x x 
L. subcymosa southern limit x 
Scaevola anclmsifolia x x 
S. crassif olia nonhern limit x x x x 
S. depauperata western limit x 
S. clielsii x 
S. globulif era x 
S. holosericea x x 
S. j;aludosa x 
S. parviflora x 
S. poroca.rya x 
S. spinescens x x x x x 
S. tomentosa x x x x x 
Velleia cycnopotamica. northern limit x 

ASTERACEAE 
Actinobole condensatwn northern limit x x x x 
A. clrwnnwndia.na. southern limit x x 
A. oldfieldiana x 
Angianthus acroh)ialinus southern limit x x x x 
A. cunninghamii x x x x x 
A. microcephalw western limit x x x 
A. milnei x x 
A. tomentosus northern limit x x 
*Arclotheca ca.lendula x 
*Bidens bifJinnata x x 
Brachycome cheilocarpa x 
B. ciliaris x x x x x 
B. ciliocarpa. x 
B. ibendifolia x x x 
B. latisquamea southern limit x x 
Ca.loccj;/wlus brown.ii x x 
C. multiceps x 
C. fra.ncisii x x 
Calotzs multicaulis x x 
Centipedia cwmingha.mii x 
C. minima x 
Cepha.lij;tcrum drwnm.ondii x 
*Ccntauriwn melitensis x 
Chrysocoryne pusilla northern lirni t x 
ChthonocejJha.lus pseudevax x 
C. tomentellus endemic x x 
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Cotula cotuloides x 
Caloceplw. lu.1 multiceps x 
Gilrut h ia osbornei x 
Gnaplwlwn ? indutwn l nor! hern or 

polycaulon (ASW 10549) so111hern limi1 x 
Gneplwsis macrocefJhala x 
G. gynotriclw x 
G. fmsilla x x 
G. skirrophora x 
G. ? lenuissima x 
f-lelichryswn ayersii wesLem lirniL x 
l-1. condensaturn nor1hcrn limi1 x x x 
1-1. craspedioides x 
/-/. hurnboltian11.111. weslcrn Ii mi I x x 
1-1. hya.losper rrn a11. 11orthern limi1 x x 
H. splcndidum x 
/-!. leiu:llwn x 
1-lypoclweris gla lm1. x x 
M illotia rnyosotidif olia x x x 
Myrioccplwlus gueri1uu: x 
0 Leria. axillaris x x 
0 . j1ii11!'linirf1'S x 
0 . revolu/.11 x 
0. sp. (ASG ll568) ?cndcniic x x 
PI uchea rubel I iflora souLhern limi 1 x x 
l'odokpis c:1rn·scc11s norllH'rn lirni l x x x x 
P. gardncri x 
*Pscudog naphali11111 l11t.eoa lln1m x x 
Pogonolepis strina x x 
Podotheca angust.i [ol ia x x x 
P. g napha lio ides no rthe rn limit x x 
Schoenia cassiniana x 
Scnccio g lossanth11s x x x 
S. g regorii x 
S. lautus ssp. laul.lls x x x x 
S. lautus ssp. m a rit.im11s x 
S. la utus ssp. clissce1ifolius x x 
*Sonchus o leraccus x x x x x 
Streptoglossa liatroicles x 
*Urospermurn picroiclcs x 
Vittadinia cervicularis va1~ cervicular is northern limit x 
V. cervicularis va1: olclficldii nor1hern limit x 
Waitzia citrina x 
W. cor ymbosa x 
W. poclolepis x x 

86 



G.J. Kcighcry 

References 

Abbott, I. ( 1980). "The floras of 37 south-western Australian islands". Western Australian Herbarium 
Res. Notes 3: 19-36. 

Beard, JS. (1976a). Murchison, Vegetation Survey of Western Australia, Explanatory Notes to Sheet 
6, l: 1,000,000 Series, University o[ W.A. Press, Nedlancls. 

Beard. JS. (1976b). The Vegetation o[ Shark Bay and Edel Area. Vegmap Publica tions. Penh. 
Beard, JS. (1980). A new phytogeographical map [or Western Australia. Western Australian 

I-Ierbarium Research Notes 3: 37-58. 
Burbidge, A.A., Fulle1; P . .J. and Cashin , K. (1980). The wildlife of the proposed 1oolonga Nature 

Reserve, Shark Bay Shire, Western Australia. Dept. Fish. Wild!. West. Aust. Rept. No. 39. (Dept. 
Fish. Wild!. : Perth). 

Burbidge, A.A. and George, A.S. (1978). The [Jorn and fauna of Dirk Hartog Island, Western 
Australia. Journ.Roy.Soc. West.Aust. 60: 71-90. 

CALM (1988). Research Division 5 year plan, 1988-1993. Dept. Conservation and Land Management, 
Perth. 

Chippendale, G. and Wolf, L. (1981). "The Natmal Distribution of Eucalyptw in Australia". 
Australian National Parks and Wildlife Service : Canberra. 

Gauclichaud, F. (1826). Botanique, Atlas and botanical supplement to Freycinet: Voyage autour 
du monde fail sur Jes corvettes Uranie et Physicienne, Paris. 

Hocking, R .M. , Moore, P.S. and Van de Graaf(, W.J.E. (1987). "Geology of the Carnarvon Basin, 
Western Australia. Geological Survey of Western Austalia, Bulletin 133. 

Keighery, G.J (1981). "Distribution Maps of the Fabaceae of Western Australia". Kings Park 
Research Notes 6: 1-123. 

Keighery, G.J (1983). " Notes on the Biology and Phytogeography o[ Western Austra lian Plants, 
37: Goodeniaceae". Kings Park Board. 80 pp. 

Keighery, G .J (1984). Phytogeography of the Monocotyledons of 'Western Australia. Kings Park 
Research Notes 8: 39-67. 

Keighery, G .J. (1987). Flora List for North West Cape. Dept. Conservation and Land Management. 
Keighery, G.J. and L. Brighton (1982). "Notes on the Biology and Phytogeography of Western 

Australian Plants, 29 : Moraceae". Kings Park Board. 8 pp. 
Keighery, G.J and Marchant N.G. ( 1982). Notes on the Biology and Phytogeography o[ Western 

Australian Plants 16 : Pt1lotus (Amarantaceae). Kings Park Board , Perth. 35 pp. 
Keighery, G.J , L. Brighton and C.J. Robinson (1982). Notes on the Biology and Phytogeography 

of Western Australian Plants 26 : Ferns and Fern Allies. Kings Park Board, Perth. 28 pp. 
Keighery, G.J. and L. Brighton (1983). " Notes on the Biology and Phytogeography of 'v\lestern 

Australian Plants; Poaceae, Distribution Maps". Kings Park Board, JIG pp. 
King, P.P. (1827). Narrative of a survey of the intertropical and wes tern coasts performed between 

the years 1818 and 1822, Vol. II , John Murray, London. 
Maslin, B.R. and Pedley, L. (1982). "The Distribution o[ Acacia (Legurninosae : Mimosoideae) 

in Australia, Part I. Species Distribution Maps". West. Australian Herbarium Res. Notes 6: 
1-128. 

Mueller, F.V. 1883. The plants indigenous around Sharks Bay and its vicinity, Parliamentary Paper 
No. 26, Govt. Printe1; Penh. 

Payne, A.L., Curry, P.J. and Spencer, G.F. (1988). An inventory and condition survey of rangelancls 
in the Carnarvon Basin, Western Australia. West.Australia Dept.Agr. , Tech. Bulletin. 62. 

Royce, R.D. (1962). Bernier and Dorre Islands: Botan y, in Ride el al. , Bernier and Dorre Is., Fauna 
Bull. No. 2, Fisheries Dept., Perth. 

Sammy, N. (1985). "The distribution of lichens in Western Australia ". Wes tern Australian 
Herbarium Res. Notes. 11: 53-JJ3. 

Tyler, .J.P. (1988). "Vegetation surveys near Lake MacLeod". Kingia 1: '19-7'1. 

87 



RESEARCH JN SHARK BAY 
Report of the Francc-Australc Bicentenary Expedition Committee 

The marine algae of Shark Bay, Western Australia 

John M. Huisman*, Gary A. Kendrickt, 
Diana I. Walkeri- & Alain Coute:t 

Absti:act 

One hundred and fifty-three species of marine algae are reported from Shark Bay, 
Western Australia, comprising 102 species of Rhoclophyta, 27 species of Chlorophyta 
and 2'} species of Phaeophyta. 

Resume 

Cent cinquante-trois especes d'algues marines vivant dans ea Baie des Chiens Marins, 
Australie-Occidentale sont repertoriees, comprenant 102 especes de Rhodophycees, 27 especes 
de Chlorophycees et 24 especes de Pheophycees. 

futroduction 

The early French exploration of Shark Bay saw a number of algae collected, 
many of which were new species and were subsequently described in various 
publications (e.g. Acetabularia calyculus Lamouroux in Quoy & Gaimard, 1824). 
Unfortunately a complete flora of the area was never published, and it is only 
recently that there has been an upsurge of interest in the marine plants of the 
area. Recent publications have been concerned with the seagrasses (Walker 1985; 
Walker et al. 1988; Walker & McComb 1985, 1988), the seagrass epiphytes (Harlin 
et al. 1985; Kendrick et al. 1988; Walker & Woelkerling 1988) and the benthic 
algae (Kendrick et al. 1990). This paper collates all of the species recorded in 
those works and gives a reference to a recent description and illustration to aid 
in identification. 

Materials and methods 

Surveys of Shark Bay were made using SCUBA and snorkel during March, June, 
August, October and December 1982, September 1984, August 1985, July 1986, 
July and August 1988. All samples of algae were preserved in 63 formalin in 
seawater. Voucher specimens of all species collected were deposited in the herbaria 
at Murdoch University and The University of Western Australia. 

Results and discussion 

Although seagrasses dominate the sedimentary environments of Shark Bay, 
macroalgae are found on the rare subtidal rock platforms, on extensive sandflats 

*School of Biological & Environmental Sciences, Murdoch University, Western Australia, 6150 
·1-Botany Department, The University of Western Australia, Nedlands, ·western Australia, 6009 
tMuseurn National d'Histoire Naturelle. Laboratoire de Cryptogamie, 12 rue de Buffon, 75005 

Paris, France 
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Marine algae 

LhaL clominaLe Lhe shallows of the bay, or as epiphyLes on seagrasses, oLher algae 
and mangroves. Tn addiLion many species survive as clrif L a lgae amongsL the 
seagrass beds. Tropical species preclominaLe. The Rhoclophyla are represen Led 
by Lhe greatest number or species, bul Lhese Lenci lo be largely inconspicuous 
epiphyLes. Members or Lhe Ch lorophyla are mosL abundant with Penicillus 
nodulosus (Lamouroux) Blainville and Polyphysa pen£culus (R. Brown ex 
Turner) C. Agarclh the mosL common species. Polyphysa peniculus dominates 
the high salinity area soulh of the Faure Sill. The brown algae Hormophysa 
cuneiformis (Gmelin) Silva and D1:ctyota furcellata (C. Agarclh) J. J\garclh were 
a lso common in high salinity areas (Allender and SmiLh 1978). Species richness 
was lower in high salinity regions for both benthic (Kendrick et al. 1990) and 
epiphyLic algae (Kendrick et al. 1988). 

Species list of algae found in Shark Bay, W.A. 

(E epiphytic; B benthic) 

CHLOROPHYTA 
CJ\ULERPALES 

Caulerpaccac 

B Caulerpa cupressoides (Yah l) C. Agardh. Taylor 1960: 147, pl. 14, figures 
3, 11, 6, pl. l.1, ligurcs 1-11, pl. 18, figures 11-13. 

B C. lent.illifera JJ\garclh. Cribb 1958: 213, pl. 4, figures lA, pl.3, figures 
1-17. 

B C. papillosa J. Agarclh. Wornersley 1984: 270, figures 91C, 92E. 
B C. racemosa var: clavifera ('Turner) Weber-van Bosse. -faylor 1960: 151, pl. 

18, figure 3. 
B C. racemosa var. uvifera (Turner) Weber-van Bosse. Tay lor 1960: L51, pl. 

18, figure 4. 
B C. sertularioides (Gmclin) Howe. Taylor 1960: 144, pl. 13, figures 1-7. 

U cloteaceae 

B Halimeda incrassata (Ellis) Lamouroux. Hillis-Colinvaux 1980: 93, figure 
22. 

B T-l. simulans Howe. Hillis-Colinvaux 1980: 103, figure 26. 
B H. tuna (Ellis & So1ancler) Lamouroux. Hillis-Colinvaux 1980: 122, figure 

35. 
B Pencillus nodulosus (Lamouroux) Bla inville. Gepp & Gepp 1911: 86, pl. 

XX, figures 172-175. 
B Udotea argentea Zanardini. Gepp & Gepp 191 l: 125, figures 21, 22C, 22D, 

57-60. 
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DERBES IA.LES 
Bryopsidaceae 

B Bryopsis plumosa (Hudson) C. Agardh. Womersley 198'1: 282, figw-es 96C, 
97A. 

CO DIA.LES 
Codiaceae 

E B Codium spongioswn Harvey. Womersley 1984: 228, figw-es 75E, 76F. 
B C. duthieae Silva in Silva & Womersley. Womersley 1984: 235, figw-es 77F, 

78G. 
B C. harveyi Silva in Silva & Womersley. Womersley 1984: 236, figures 79A, 

80A. 

DASYCLADALES 
Polyphysaceae 

B Acetabularia calyculus Lamouroux in Quay & Gaimard, Womersley 1984: 
295, figures lOlB, 102B-D. 

B Polyphysa peniculus (R. Brown ex Turner) C. Agardh. Womersley 1984: 
296, figures lOlC-E, 102E-G. 

CLADOPHORALES 
Cladophoraceae 

E B Chaetomorpha valida (Hooker & Harvey) Kuetzing. Womersley 1984: 178, 
figures 56B, 57D. 

B Cladophora feredayi Harvey. Van den Hoek & Womersley 1984: 196, figures 
62C, D, 63D, E. 

E C. valonioides Sander. Van den Hoek & Womersley 1984: 196, figures 64A, 
65A, B. 

B Cladophora sp. 
B C. vagabunda (Linnaeus) van den Hoek. Van den Hoek & Womersley 1984: 

202, figures 64E, 65G. 
B Rhizocloniwn sp. 

Anadyomenaceae 

E B Microdictyon wnbilicatum (Velley) Zanardini. Womersley 1984: 217, 
figure 72. 

ULVALES 
Ulvaceae 

B Enteromorpha clathrata (Roth) Greville. Womersley 1984: 157, figures 50A, 
51B, c. 

E B Enteromorpha intestinalis (Linnaeus) Nees. Womersley 1984: 161, figures 
SOD, 51G, H. 
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B Ulva auslralis Arcschoug. Womersley 1984: 141, figures 44B, 45D-F. 
E B Ulva lacluca Linnaeus. Womcrsley 1981: 141, figures 1l4A, 1151\.-C. 

PHAEOPHY1A 
SPHACELARlALES 

Sphaceleriaceae 

E B Spha.celaria rigidula Kuetzing. Womersley 1987: 166, figures 51D, 54A-G. 
E B S. lribuloides Meneghini. Womerslcy 1987: 160, figmes 45G, 52A-C. 

ECTOCARPALES 
Ectocarpaceae 

E B Ecloca.rpus siliculo.1us (Dillwyn ) Lyngliye. Womerslcy 1987: 33, figures 2D, 
5A-E. 

B Hinchsia. sp. 

SCYTOSIPFIONALES 
Sey tosi phonaceae 

E B Colpo1 nenia sinuosa (Mertens ex Roth) Derbes & Solier. Womerslcy 1987: 
297, figures 107 A, l08E, F. 

E B I-iydroclalhn.ls clathralus (C. Agardh) 1:...Iowe. Womersley 1987: 300, figures 
1091\, 1101\, B. 

DICTYOTALES 
Diel yoLaceac 

E B Diclyota furcellala (C. Agardh) ]. Agardh. Womersley 1987: 196, figures 
65C, 66A-C. 

E B D. dicholonia (Hudson) Lamouroux. Wornersley 1987: 194, figures 64H
M, 65A, B. 

B D. ciholala. Kuclzing. Taylor 1960: 223, pl. 32, figure 3. 
B Diclyopleris pla.giogra.mma (MonLagne) Vickers. Allender & Kraft 1983: 

103, figures 17A, B, ISA, B. 
B Diclyopleris sp. 
B Lobophora variega. la. (Lamouroux) Womersley. Wornersley 1987: 253, 

figures 91F, G, 92A. 
B Pa.din.a. sanclae-crucis Boergesen . Wornersley 1987: 219, figures 74A, 

751-I-J. 
E B Padin.a sp. 

B Stypopodium flabellifonne Weber-van Bosse. Allender & Krall 1983: 96, 
figures 11 D, F, 12. 
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FU CALES 
Cys toseiraceae 

E B Caulocystis uv ifera (C. Agardh) Areschoug. v\Tomersley 1987: 359, figure 
129A. 

E B Oystoseira trinodis (Forsskal) C. Agardh. Womersley 1987: 357, figures 128B, 
131£, F. 

E B Honnophysa cuneiformis (Gmelin) Silva. Womersley 1987: 356, figures 
128A, 131C, D. (as H. triquetra) . 

B Platythalia angustifolia Sonder. Womersley 1987: 404·, figures 150A, 155B. 

Sargassaceae 

E B Sargassum decurrens (R. Brown ex Turner) C. Agardh. Womersley 1987: 
421, figures 157 A, 160A. 

E B S . fla v icans (Mertens) C. Agardh . ]. Agardh 1889: 82 , t.25 , 
figure 3 

B S. spinigulerum Sonde1~ Womersley 1987: H2, figures 166A, 168D. 
E B S. varians Sander. Womersley 1987: 426, figures 159A, 160E. 

B S. verruculoswn (Mertens) C. Agarclh. Womersley 1987: 426, figures 159B, 
!60F. 

RHODOPHYTA 
ACROCHAETIALES 

Acrochaetiaceae 

B Audouinella daviesii (Dillwyn) Woelkerling 1971: 28, figures 67, 22. 
E A . 1nicroscopica (Naegeli ) Woelkerling 1971: 33, figure 10. 

E B Liagora sp. 

NEMALIONALES 
Liagoraceae 

Galaxaw·aceae 

B Galaxaura co llabens J. Agarclh. Kjellman 1900: L16, pl. 2 figures 19-24, 
pl. 3, figure 1, pl. 20, figure 15. 

B G. obtusata (Ellis & Solancler) Lamouroux. Papenfuss et al. 1982: 418, 
figures 14-16, 27, 39. 

B G. rugosa (Ellis & Solander) Lamouroux. Papenfuss et al. 1982: 421, figures 
17-19, 29, '10, 41, 45. 

BONNEMAISONIALES 
Bonnemaisoniaceae 

B Asparagopsis laxiforinis (Delile) Trevisan. Cribb 1983: 28, pl. 4, figures 
1-2. 
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GELIDIALES 
Gel icliaceae 

B Gelidiella acerosa (Forss ldl) Feldmann & 1-Iamcl. Cribb 1983: 29, pl. 6, 
figure l. 

B Geli:diwn pusillum. (Stackhouse) Le Jolis. Fuhrer el al. 1981: 14, p ls 55, 
56. 

B Pterocladia capillacea (Cmcl in) Bornet in Barnet & Thurct. Fuhrer el al. 
1981: 112, pl. 57 (as P. pinna.la) . 

B 
B 

CORALLIN ALES 
Coral l inaceae 

Am.phiroa a:nceps (Lamarck) Decaisnc. Jaasuncl 1976: 79, figure 160. 
Amphiroa sp. 
l-!aliptilon rosewn (La marck ) Carbary & Johansen. Johansen & Womersley 
1986: 551, figures l -Ci. 

E B ]ania micrarlhrudia Lamouroux 1816: 271, t.9, figure 5. 
.f ania sp. E 

E 

E 

E 

E 

Foshella cruciata Jones & Woclkcrli11g 19811: figures J ,2,'1,20. 1-larlin el al . 
1985: figures 1l, I l. 
F cy11wdoceae (Foslic) jo11es E.: Woclknli11g 198·1: figurl's 3,Ci- 13. Harlin 
et nl. 1985: figures 7, 13. 
Pneophyllwn caulerpae (Foslic) Jones & Woclkcrling 1984: [igurc 18. 
1 brlin et al. 198.S : figures :l, 8-10. 
Melobesia menibranacea (Esper) Lamouroux, Chamberlain 1981!: [igures 
17, 19. 

E B Melagoniolitlwn slelliferum (Lamarck) Weber-van Bosse. Ducker 1979: 83, 
figures l-3. 

B Neogoniolithon sp. 

CIGARTJNALES 
Dicrancrnaceac 

E Dicranema revolulum (C. Agardh) J. Agardh . Kraf L 1977: 223, figures l-
3, 12, 13. 

Gracilariaccae 

B Ceralodiclyon spongioswn Zanard ini. Cribb 1983: 55, pl. 12, 
figmcs 3, 4. 

E. B Gracilaria harveyana J. Agarclh. May 1948: S6, pl. 15, figure I 
B Gracilaria sp. 

Grateloupiaceae 

B Graleloupia filicina J Agarclh var. luxurians A. & E.S. Gepp 1906: 259. 
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Hal ymeniaceae 

B Cryptonemia kallynienioides (Harvey) Kraft in Scott et al. 1982: 246, figures 
2-25. 

Hypneaceae 

E B Hypnea musc1formis (Wulfen) Lamouroux. Lucas & Perrin 1947: 90, 
figure 57. 

B H. pannosa J. Agardh. Cribb 1983: 59, pl. 15, figures 2, 3. 
E H. valentiae (Turner) Montagne. Dawson 1954: 436, figures 46L, 47. 

M ychodeaceae 

E !Vlychodea pusilla (Harvey) J. Agardh. Kraft 1978: 533, figures 7-9, 33, 34. 

Plocamiaceae 

B Plocamium sp. 

Rhizophy llidaceae 

B Portieria hornemannioides (Lyngbye) Silva. Cribb 1983: 35, pl. 8, figure 
2 (as Chondrococcus hornemannii). 

Solieriaceae 

E B Eucheuma speciosum J. Agardh. Harvey 1859: pl. 64. 
B Solieria robusta (Greville) Kylin. Min-Thein & Womersley 1976: 7, figures 

1, 2, 49. 

B Coelarthrum sp. 

RHODYMENIALES 
Rhoclymeniaceae 

E B Rhodymenia a:ustralis (Sander) Harvey. Fuhrer et al. 1981 : 27, pl. 27. 
B Botryocladia leptopoda (J. Agardh) Kylin. Jaasuncl 1976: 103 , 

figure 209. 

Champiaceae 

E Champia affinis (Hooker & Harvey) J. Agardh. Reedman & Womersley 
1976: 82, figures 3, 4, llB, 12. 

B Champia compressa Harvey. 
B ChamjJia sp. 

CERAMIALES 
Delesseriaceae 

E B Hypoglossum heterocystideum (J. Agardh) J. Agarclh. Womersley & 
Shepley 1982: 326, figures lB, C, 4 (as H. hypoglossoides). 
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B Martensia elegans Hering. Harvey 1847: 73, L. '13. 
E Platysiplwnia intermedia. (Grunow) Wynne. 
E P. minia.ta. (C. Agardh) Borgesen. Ballan line & Wynne 1985: 1161, figures 7-

8. 
E Platysiphonia sp. 

Dasyaceae 

E B Dasya sp. 
E B Heterosiphonia ca.llithaninion (Sonder) Falkenberg 1901: 61l7 . 

B H. crassipes (Harvey) Falkenberg. KueLzing 1864: pl. 72. 
B H. wurdema.nnii (Bailey ex Harvey) Falkenberg. Taylor 1960: 565, pl. 72, 

figure 9. 
E J-1 elerosiphonia. sp. 

E 
B 

F B 

E 

E 
B 

E B 

E B 

B 

E 

E 
E 
E 
E 

B 
E 
E 

B 
E B 

Ccramiaceae 

A crotha.mnion preissii (Sonder) Wollaslon 1967: 323, figure 24. 
Aglaotharn.nion cordatwn (Boergcsen) Feldman-Mawyer. Cribb 1983: 72, 
pl. 56, figure 1. 
A110tri:c /i.i11.rn lenue (C. t\g ;.mlh ) Naegeli. Cril..>b 1983: 72. pl. 32, figures 1-
5 
Antitha.mnion arrnatwn (.J. Agan.lb) De Toni. WollasLon 1967: 290, figure 
18A-J. 
A . divergens (.J. t\gardh) .J. Agardh. WollasLon 1967: 281 , figure 15. 
Antitha.mnionella sp. 
Cenlroceras cla.vulatu.m (C. Agardb) Montagne. Cribb 1983: 75, pl. 25, 
figures 2, 3. 
Ceramiu.m australe Sonder. Wome rsley 1978: 230, figur es 3B, C, 
l3A-D. 
C . codii (Richards) G. Mawye r. Cribb 1983: 80, pl. 27 , 
figures 1-4. 
C. fla.ccidwn (KueLzing) Ardissone. Cribb 1983: 82, pl. 31 , figure 2, pl. 59, 
figures 1-4. 
C. puberulum Sonder. Womersley 1978: 216, figures l E , F, 6. 
C. shepherdii Womersley 1978: 212, figures l A, B, 5A-C. 
Crouania capricornica Saenger & WollasLon 1982: 79, pl. 6 
Griffithsia ovalis Harvey. Baldock 1976: 527, figures 19-21 , 78. 
Grif fithsia sp. 
Haloplegma preissii Sonder. Fuhrer et al. 1981: 51, pl. 75. 
Ptilocladia australis (Harvey) WollasLon 1967: 265, figures 5£-J, 12. 
P. veslita. (Harvey) WollasLon 1967: 263, [igure 11. 
Spyridia jilamenlosa. (Wullen) H a rvey. Womersley & Canleclge 1975: 222, 
[igures 1, 3, A, B. 
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E B SjJyridia dasyoides Sonder. Womersley & Cartledge 1975: 231, figures. 3J, 
K, 5. 

E Spyridia ve lasqu ezii Trono 1971 : 53, pl. 9, figures 1, 2, pl. 10, 
figure 3. 

E Tiffaniella cyinodoceae (Boergesen) Gordon 1972: 121, figures 
39D-F, 40. 

E Wrangelia plwnosa Harvey. Gordon 1972: 21, figures 4, 5, lOG, H, J , 51. 
B J;T;: argus (Montagne) Montagne. Cribb 1983: 9'1, pl. 66, figure 1. 

E Wrangelia sp. 

B 
B 

E B 

E 
B 

E 

B 

B 
E 

E 
B 

E B 

E B 

B 
E B 
E B 

B 

B 

E 
E B 
E 

B 

Rhodomelaceae 

Acanthophora dendroides Harvey. Kraft 1979: figure 7. 
Acanthophora spicifera (Vahl). Boergesen. Cribb: 1983, 105, pl. 32, figure 2. 
Chondria niinutula ·weber-van Bosse. Cribb 1983: 108, pl. 3'1, figures 4-
~ 

:J. 

Chondria sp. 1 
Chondria sp. 2 
Coeloclonium umbellulwn (Harvey) Falkenberg. Harvey 1860: pl. 47 (as 
Chondria umbellula) . 
Dasyclonium flaccidwn (Harvey) Kyhn. Scagel 1962: 1024, figures 4, 32-
34. 
Digenia simplex (Wulfen) C. Agardh. Cribb 1983: 109, pl. 32, figure 3. 
HerposijJlwnia secunda (C. Agardh) Arnbronn f. tenella (C. Agardh) 
Wynne. Cribb 1983: Ill, pl. 67, figures 1-4 (as H. tenella ). 
Herposiphonia sp. 
Laurencia brongniartii J. Agardh. Saito & Womersley 1974: 839, figures 
11 C, D, 20, 21. 
L. filiformis (C. Agardh) Montagne. Saito and Womersley 197'1: 832, figures 
3 C, D. 
L. ma]uscula (Harvey) Lucas. Saito and Womersley 1974: 819, figures IA, 
6, 14-16. 
L. papillosa (Forsskal) Greville. Jaasund 1976: 139, figure 281. 
L. shepherdii Saito and Womersley 1974: 826, figures 2C, D, 10. 
Leveillea Jungermannioides (Hering & Martens) Harvey. Cribb 1983: 127, 
pl. 32, figure 4. 
Lophocladia harveyi (Kuetzing) Schmitz. Kuetzing 1864: pl. 71E, F, (as 
Dasya harveyi). 
Neurymenia fra xinifolia (Mertens ex Turner) J. Agardh. Jaasuncl 1976: 133, 
figure 271. 
Polysiphonia amphibolis Womersley 1979: 474, figme 3F, G, 4A-C. 
P. a.bscissoides Womersley 1979: 492, figure 9E-H. 
P. decipiens Montagne. Womersley 1979: '199, figure 12. 
P. ferula.cea Suhr ex J. Agardh. Cribb 1983: 129, pl. 71, figures 2-4. 
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P. infestans Harvey. Womcrsley 1979: 481, figure 6A-E . 
P scopulorurn 1-Iarvcy. Womerslcy 1979: 1l67, figme 2A-E . 
P. sertularioides (GraLeloup) J. J\gardh . Womcrsley 1979: 478, figure 5/\
D. 
Tolypiocladia glom.erulala (Agardh) Sclrn1iLL Cribb 1983: 135, pl. 68, 
ligurc 4. 
Vidal£a .1 jnra.li:s Lamouroux. l-farvey l81J7: 25, L. 9, figures 1-6 (as Epineuron 
spira.le). 

Rdcrcm:cs 

i\ganlh , JG. 188<J. Spec il's .S<1 rg:1ssm11111 i\11str: tl it· clcscrip1;1l' c l disposil:ll'. f...". S1•e11. Vr:t.cns!wps11/wd. 
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RESEARCH IN SHARK BAY 
Re po rt of the Francc~Ausrralc Bicentenary Expedition Co mmiucc 

Seagrass in Shark Bay, Western Australia 

D.I. Walker* 

AbstJact 

There are 4000 km2 of seagrass meadows in Shark Bay, mai nly species o[ southern 
tem perate afl'initi es. This paper summarises th e ava il a ble in[o rmation on th eir 
distribution, abundance and significance in Shark Bay. The dominant species is 
Amph.ibolis anlarclica. which can achieve biomass values of up LO 2 kg dry weight 
nY2 with maximum production ra tes of 17 g dry weig ht m - 2 d-1. This high rate of 
production is supported by e[[icient recycling of nutri ents. Seagrass has modified the 
physical , chemical and bio logical environment, as well as the geology of the area, 
and hence is the found a tion of the marine ecosystem in Shark Bay. 

Resume 

II y a 4000 km2 de prairies d'herbes marines dans la Baie des Chiens Marins, principalement des 
especes a affinites tempi:rees meridionales. Cet article resume les informations disponibles sur 
leur repartition, leur abondance et leur importance dans la Baie des Chiens Marins. L'espece 
dominante est l'Amphibo/is amarcrica qui peut realiser des valeurs de biomasse allantjusqu a 
2kg de poids sec m-2 avec des taux de production maximum de I 7g de poids sec m-2d-1• Ce 
taux eleve de production est soutenu par le recyclage efficace des substances nutritives. L'herbe 
marine a modifie le milieu physique, chimique et biologigue, ainsi que la geologie de la region, 
et par la est le fondement de l'ecosysteme marin de la Baie des Chiens Marins. 

Introduction 

Seagrass may be regarded as the dominant organism in Shark Bay, as it has 
modified the physical, chemical, and biological environment, as well as the 
geology of the area. Shark Bay contains the larges L reported seagrass meadows 
in the world, as well as some of the most species rich seagrass assemblages. 
Twelve species of seagrass (Table 1) have been found in Shark Bay (Walker et 
al. 1988). Several species are of essentially southern distribution at the northern 
limit of their range e.g. Aniphibolis antarctica and Posidonia australis. Shark 
Bay also contains species of tropical affinity such as Syringodium isoetifolium 
and Halodule uninervis (Walker and Prince 1987). Cymodocea angustala, endemic 
Lo the northern section of the Western Australian coastline, is common in Shark 
Bay. 

The most abundant species in the bay is A. antarctica which occupies some 
3754 km2, 85% of the Lota! seagrass area. It forms monospecific stands, with a 
maximum aboveground biomass of some 2 kg dry wt ni-2 and with erect stems 
up to 2 m long. The canopy m ay be very dense, 300-500 erect shoots m-2 and 
4500 leaf clusters m -2 (Walker 1985), giving a leaf area index of approximately 
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Table I. Seagrass species found in Shark Bay. 

Amphibolis ontorctico (Labill.) Sander et Aschers . 

Cy111odoceo OllKU.\"/010 Osten l"cld 
C. r111 odoceo .1·e1Tu/010 ( R . Br.) Aschcrs. a nd Magnus 
Holodule uninervi.1· ( Forsk.) Aschcrs. 
Halophilo de cifJiens Ostcnfcld 
l/olofJhila ova/is (R.Br.) H ook.I". 

HalofJhila 0 1•aro Gaud. 
/-la/ophila .vpinulo.w ( R . Br.) Aschcrs. 
Posidonio onKu.\"flfolio Ca mbridge and Kuo 
Posidonio austro/is Hook . f. 
Posidonia coriacea Ca mbrid ge and Kuo 
SrrinKodium i.wel i/(J/i wn ( Asc hers.) Da ndy 

15. Aniphibolis a.nlarc:t£ca is found under a w ide range of curren t regimes and 
in varying sediment types. T he large surface area of leaves a lso provides a 
substratum for allachmenl o l epiphytes (66 species o[ algal epiphy te (Kendrick 
el al. 1988) and about 110 species o l all ima l cpiphytes (Le thbridge, pers. com m .)) 
as well as a refuge for juven ile lish (Robertson , pers. comm .) and notably in 
Sha rk Bay, ~ 1 habitat for the abundant populations of scasnakes (Pers. Obs.). 
T he upper depth limi t o l A. anlarc: tic:a distributio n is at ELWS, as the p la llls 
seem unable Lo to lerate cmers ion. T he lower limit appears Lo be beyond the 
dep th o f substratum present in the bay, a lthough dense meadows are rare below 
13 m . P. auslrahs a lso [orms monospeci lic meadows but these a re large ly conlin ed 
10 cfo1n ll c ls , ~ 1s described by Read (1971!) ;1nd by Cambr idge ( 1980) for the 
Woorarncl delta. S111all patches arc oftc11 found <1djaCl'11l to 11. anlarclirn ll1 L' ~1dow .~ . 
app<1 re11Ll y 0 11 the "leading edge'', projectin g inLo the prevailing curren t, where 
sccli m en t accre tio n is occurring. "Ridge and furrow " o r ril I structures occur on 
till' F<1t11L' Si ll which ;n l' mil'llll'd <1 l ri gh t <111gks to the rnajor ti cl; tl ch;111nc ls. 
Observa ti ons o f w~1lcr fl ow in silu show that duri11g a fl ood ti de, wa ter llmvs 
a lo ng the cha nnels thc11 spreads across the banks, with the lines of seagrass 
(ma inl y A. anla.rctic:a) parallel Lo the prevailing currents. 

I-Ialodule 1minervis is the only oth er species lo occur in a la rge rnonospecific 
m eadow, at th e m ou th o f the Wooramel delta, in a n area o r fine anox ic mud. 
This area is the most irnporta n l surnn1cr feeding ground for clugong (pers. obs. 
a nd Anderson 1986). T he dugongs remove large amounts o r rhizome mat, rich 
in starches (Masini 1983). 

T here is a decrease in seagrass cover w ith increasing salinity, with little seagrass 
present in I-farnelin Pool. A. anlarc:tica i s rarely found a t sa linities greater than 
60°1oo, and P.a:ustralis rarely above 50°1oo. Halodule uninervis is preselll al salinit ies 
o f 62°/oo, but in very low densities, as is o la ted pla nts. In areas where larger 
seagrasses were abse nt , various combinations of sma ller seagrasses occur -
J-Jalo fJhila ova.Lis, J-Jalophila ovala, both n a rrow- and wide-leaved Halodule 
uninervis, Cymodocea anguslala and Syringodium isoetifolium. These habita ts 
include inte r~ tidal sand fla ts (up lo 2 km wide), sand patches within meadows, 
the edges of channels and banks, and around islands. T h ey occupy an area o f 
approximately 500 km2, about 4% o[ the bay. T h ese have a low biomass (ea. 
100 g dry wl rn -2 ) but they are highly productive and form a pre[erred food 
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source for dugongs (Anderson 1986). Below about 8 m depth, Halophila spinulosa 
becomes abundant, with up to 800 shoots m-2, commonly with large leaved 
I-1 alophila oval is, Oymodocea angustata, and S. isoetifolium. 

Productivity and biomass and the influence of the salinity gradient 

A. antarctica has above-ground biomass values of 1-2 kg dry wt m-2 (Walker 
1985 ). P. austral is has leaf biomass values of less than 400 g dry wt m-2, but 
has up to 1.5 kg dry wt m-2 in below-ground material. At one site, A . antarctica 
had an annual average productivity of 1.6 kg m-2, and P. australis, 1.0 kg 
m-2 (Walker & McComb 1988). Maximum biomass and productivity in A. 
antarctica occurred at intermediate salinities, above those of normal seawater 
(Walker 1985). Specific growth rates also showed a similar trend, with maximum 
specific growth rate a t 42.5°/oo. The densest seagrass cover is also within the 
L10-50m0 /oo salinity range and artificial seawater culture experim ents with 
Am,phibolis seedlings have confirmed that there is a primary response to salinity 
(Walker and McComb 1990). 

Seasonality in productivity, biomass and nutrient content 

A. antarctica displays marked seasonality, with maximum productivity and 
specific growth rate, coinciding with the period of highest light intensity (Walker 
& McComb 1988). This is accompanied by a decrease in the concentration o f 
phosphorus in the leaf tissue but no overall change in the phosphorus pool 
contained in the plant m a terial on an area basis, suggesting redeployment of 
phosphorus within the plants (Walker & McComb 1988). Phosphorus concen
trations at all times of the year were relatively low, certainly well below the 
1.3 mg g -1 threshold concentration described by Gerloff and Krombholtz (1966) 
as being limiting for a number of aquatic macrophytes. 

P. australis showed no clear seasonal pattern, with differences in production 
and specific growth rate occurring at different times. A low specific growth rate 
in winter was correlated with low light intensity and temperature. Biomass was 
found to be correlated with productivity. However, there was marked depletion 
of phosphorus in October, a period of low above-ground biomass, suggesting 
loss from above-ground material either to the rhizomes by retranslocation, or 
Lo the water column. Tissue concentrations were generally higher in P. australis, 
and leaf bases were particularly rich in phosphorus, as noted by Hocking et 
al. (1981 ). 

A . antarctica has nearly tv,1ice the annual production of P. australis, (L!.53 and 
2.65 g dry wt nr2 d-1, respectively). A similar amount of nitrogen (11.0 and 9.7 
mg g-1 production) was incorporated into new leaf ti ssue in both species, but 
this is not so for phosphorus (0.79 and 1.62 mg g-1 production). The mean N:P 
ra tio for A. antarctica is H , but is only 6 for P. australis, suggesting tha t for 
P. australis more phosphorus is required to support a lower productivity. 
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Nutrient cycling 

By uLilizing all Lhe disLribuLion, biomass, null icnl contenl and produclivity data 
previously described, a Lola I ll ll ll ient budgcl has been calculaLcd ror the seagrass 
meadows o[ Shark Bay, by grouping results on Lhc basis of salinity. Table 2 
summarises LoLal area covered by seagrass (calculaLed [rom aerial photography 
and ground Lruthing). Using seasonal measurements of proclucLiviLy from one 
siLc, an annual Lola! was calculated, assuming the same pallern or seasonaliLy 
Lhroughoul Lhe bay. These resulLs were Lhen mulLipliecl by the area, Lo give a 
Lola! producLiviLy for Lhe whole bay of 7.7 x 101i Lonnes dry weight yc;.ir- 1, 3 
x 106 Lonnes Carbon yea r -1. 

Table 2. T able of total areas, productivity, a nd nutrient content 

Salinity Arca % cover area Production Production TN required TP required 
% km2 km 2 kg-2yr- 1 l06kg yr-• I 06kg yr- 1 106kg yr-• 

35-40 A 965.3 60 562.1 1.92 1. 080 14.407 1.210 
p 84.9 40 34.0 0.81 .0.028 0.310 0.026 
Total 1052. 1 596.1 1.108 14. 717 1.236 

40-45 A 797.6 75 583.6 3.85 2.244 22.662 1.815 
p 49.3 40 19.7 0.8 1 0.0 16 0.180 0.015 
Total 850.4 603.3 2.260 22.844 1.830 

45-50 A 1207.6 75 879.9 4. 2 1 3. 705 41.149 2.58(J 
p 73 .8 40 29.5 0.81 0.024 0 270 0.023 
Total 1281.4 909.4 3.729 41.4 19 2.609 

50-55 4030 55 2217 2.29 0.507 5. 7K6 0.346 

55-60 269.9 35 94.5 1.06 0.100 1.144 0.060 

> 60 33.0 5 1.6 0.93 0.001 0.013 0.001 

TOTAL 3887.8 2426.5 7.706 85.926 6.082 

T he results of nulricnl ana lyses or whole leaf clusters were averaged lor each 
salinity band and showed a trend or decreasing phosphorus and increasing 
niLrogen wilh increasing salinity. From these results an estimate of annual 
u Li I ii.a Lion of nitrogen and phosphorus was made for Lhe whole bay. Smith and 
ALkinson (1983) estimaLed phosphorus inpul inLo Lh e bay Lo be 5.8xl08 g 
phosphorus year -1, approx imately 10% of the calculated requirernenL Lo suppon 
seagrass procluc LiviLy. Discussions by Mann (1982) suggest LhaL [or semi-enclosed 
systems, dorninaLed by bclllhic rnacrophytes, net i11puL should be aboul 10% of 
gross proclucLion , giving a [aCLor or 10 for recycling or nutrients. 

Two main Lypes of recycling may accounl for mosL of Lhe req uiremen t for 
phosphorus: interna l recycling within Lhe seagrass plants themselves, by re Lrans
locaLion, and recycling within meadows by dccornposiLion and remineralisaLion. 
Nutrient concen trations within each leaf decrea se wiLh increasing age or leaves 
(Wa lker 1989). This suggests eiLhcr reLranslocaLion or an increasing "leakiness" 
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with age. Uptake by epiphytes of such "leaked" material has been shown to 
be rapid (Penhale and Smith 1977; Penhale and Thayer 1980), but an estimate 
of L10% retranslocation from these data is conservative by terrestrial standards, 
where 703 retranslocation is not uncommon. R ates of decomposition by both 
P. australis and A . antarctica have been measured to be 0.5% day-1 about one 
third of the specific growth rate for A. antarctica and about one half of that 
of P. australis (Walker and McComb 1985). 

Thus the production of the seagrass meadows in Shark Bay is supported by 
the input of oceanic phosphorus to the bay, relying heavily on recycling. As 
net production cannot be supported by recycling, the amount of oceanic input 
of phosphorus may determine total net production. 

Significance of seagrass in Shark Bay 

The presence of extensive meadows of large seagrasses has influenced the curren t 
regimes of the bay, as the seagrasses slow the rate of water flow over the 
substratum. Rates of sediment accretion associated with th e seagrass meadows 
in Shark Bay are greater than those associated with coral reefs (Logan, 
pers.comm.). This is largely a function of the rapid rates of leaf turnover (Walker 
1985; Walker & McComb 1988). The leaves carry a heavy load of calcareous 
epiphytes (Harlin et al. 1985) which are also trapped under the seagrass. Over 
geological time, these processes have led to the development of large sedimentary 
banks, such as the Faure Sill (Logan et al. 1970, 1974; Walker and Woelkerling 
1988). The build up of these barrier banks and sills has restricted the circulation 
of oceanic seawater, and in combination with low rainfall and high evaporation, 
has resulted in the increase in salinity observed in the inner reaches of the bay. 
This hypersaline environment has been unsuitable for the further growth of 
seagrass, but has provided suitable conditions for the development of 
su-omatolites. 

The restriction of exchange between the waters of the bay and the open ocean 
has resulted in depletion of phosphorus (Smith & Atkinson 1983). However, the 
seagrass meadows represent large accumulations of nutrients. The majority of 
the seagrass production is not consumed directly, but is broken down, providing 
a huge inpu1 to deu-ital food chains. Dugongs and turtles, as well as some fish 
and crustaceans, feed directly on the seagrass. Shark Bay is the only locality 
where dugongs feed on A. antarctica, as this is the only place where the 
distribution of the two species overlap. 

Shark Bay provides an impressive example of the roles that seagrasses play 
in shallow benthic ecosys tems, resulting in modification of the whole ecosystem. 
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RESEARCH IN SHARK BAY 
Re port of the Francc-Australc Bicentenary Expedition Co mmittee 

Preliminary observations on the zooplankton of Shark Bay, 
Western Australia, with emphasis on medusae and description 

of a new rhizostome jellyfish (Cnidaria, Scyphozoa) 

Jacqueline Goy* 

Abstract 

The zooplankton of Shark Bay is of interest both because of the work by the French explorers 
at the beginning of the 19th century, especially Peron and Lesueur, and because of the unique 
hydrology of the Bay. 

Samples revealed a high diversity of oceanic and neritic species in oceanic and metahaline 
waters in contrast to low species diversity in hyperhaline waters; high diversity and density of 
larval stages indicating importance of the area as a nursery; and concentrations of gelatinous 
species at the fronts of haloclines. 

Phy//orhiza peron/esueuri sp. nov. is described from Hamelin Pool. 

Resume 

L'etude de Shark Bay presente un double interet: historique d'abord par la recolte de specimens 
observes par Peron et Lesueur !ors de la premii:reexpedition fran'Saise aux Terres Australes de 
1800 a 1804, et oceanographique par l'originaliti: de son hydrologie. 

Les quelques peches pratiquees font apparaitre le contraste entre les eau x oceaniques et 
metahalines riches en especes et en stades larvaires, veritables nurseries. et les eaux 
hyperhalines desertiques. Les fronts halins sont materialises par des cordons de macroplancton 
gelatineux. 

Phy//orhiza peronlesueuri sp. nov. est decouverte a Hamelin Pool. 

Introduction 
The pelagic fauna of Shark Bay was the subject of work by the first French explorers in 
the beginning of the l 9th century, especially Fran\:ois Peron and Charles-Alexandre 
Lesueur, who observed the bioluminescence of Aequorea as well as the morphology and 
swimming behaviour of Beroe ovata and Physalia physalis - a remarkable feat 
considering how very fragile these animals are. The same species were also encountered 
in the planktonic samples obtained during the present study. 

Shark Bay is of interest not only historically, but also because of the effects of the 
unique hydrc;ogy (see Logan and Cebulski 1970) on the distrib ut ion and diversity of 
zooplankton. 

Methods and Sampling 
A specially designed small net was used (60 cm mouth opening; 2 m length; nylon netting 
500 µmesh) because the Bay's depth does not permit use of a standard net. Surface tows 
were made 20 m behind the ship at slow speed . Nineteen stations were sampled, chosen 

*Laboratoire d' lchtyologie generale et appliquee Museum National d'Histoire Naturelle, 43 rue Cuvier 
75231 Paris France 
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to cover the oceanic and metahaline water masses as defined by Logan and Cebulski 
( 1970) (see Figure I). 1 n the hyperhaline areas specimens were collected by diving. 

Temperature and salinity were measured with a portable thermo-salinograph. 

Results 
Oceanic water: 36%0 to 38%0 salinity: A wide diversity of planktonic organisms were 
represented: Medusae, Siphonophora, Chaetognatha (Sagilfa robusta, Sagitta nagae), 
Hyperida, Appendicularia (Oikop/eura rufescens), larval stages of crustaceans and 
ichthyoplankton. 

Metahaline water: 38%0 to 42o/00 salinity: Oceanic species were less abundant with 
some Chaetognatha, Appendicularia (Oikopleura dioica), eggs of fishes, larval stages of 
crustaceans, but the gelatinous zooplankton were very common, namely the medusa 
Aequorea a nd the ctenophore Beroe. 

Medusae 
During the first French Exped ition of Baudin ( 1800-1804) the medusae were of 

considerable interest because they were treated for the first time as a separate zoological 
group ( Bonnemains and Goy 1988). 

Knowledge about them began during this cruise. Linne ( 1758) classified the 22 known 
species in the single genus Medusa. Peron and Lesueur described 29 genera and 122 
species, from the coasts of the Land of Endracht or Witt (north-western Austral ia), 
exp lored by the French sc ientists. Many of the species are sy nonymous because Peron 
and Lesueur were not able to distinguish the morphological variations or growth or 
sexual dimorphism, and many were damaged. 

Medusae found by Peron and Lesueur 
Land of Arnhem: Berenix thalassina, Favonia octonema, Aequorea bunogaster, A. 

phosperiphora, A. cyanea, A. thalassina, A. pleuronata, A . undulosa, Pegasia 
cylindrella; 

Land of Witt (Kimberley and Pilbara): Eudora undulosa, Phorcynia cudonoidea, 
Aequorea amphicurta, Melitea purpurea, Melicerta pleurostoma, Ephyra tuberculata, 
Ocyroe lineolata, Cassiopea dieuphi/a, Cephea fusca; 

Land of Endracht (Shark Bay): Orythia viridis, Aequorea sphaeroidalis, A. purpurea, 
Evagore capillata; 

North-west coast of Australia: Callirhoe micronema; 
South-east coast and Bass Strait: Lymnorea triedra, Phorcynia petasella, P. 

istiophora, Aequorea eurodina, Pe/agia australis, Euryale antarctica, Chrysaora 
pentastoma, C. hexastoma; 

Austral Ocean: Eulimenes sphaeroidalis; 
Ten species are now recognised: Berenix thalassina. Rhacostoma bunogaster, 

A equorea aequorea, Zygocanna purpurea, Z. pleuronota, Z. diploconus, Pelagia 
noctiluca, Cassiopea andromeda, Cephea cephea, Chrysaora hysosce/la (Goy 1980). 
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In Peron's manuscript of the collection at Musee d'Histoire naturelle du Havre 
(Collection Lesueur) , the sea water temperatures were mentioned: 22° to 24°C in June at 
Land of Arn hem; I 6° to I 7°C in July at Land of Endracht; I 0° to I 2°C in April at Bass 
Strait; I 4° to I 5°C in January at Bass Strait. Peron wrote "in all the parts of the sea that 
we have seen, none is richer in pelagic zoophyta than those along the coast of the Land of 
Witt and Arnhem." Peron noted also that the winter was poorer in medusae than 
summer and suggested that the same rules regulate marine production in the two 
hemispheres. 

Medusae of the present expedition 
(Systematic after Kramp I 96 I and Bouillon I 985). 
In August 1988, the samples contained I 8 species: 15 meroplanktonic (at the hydroid 

stage) and 3 holoplanktonic species (not at the hydroid stage) i.e . Liriope tetraphy /la, a 
very cosmopolitan species in warm and temperate water of all oceans, Ag/aura 
hemistoma and Solmaris /enticula. 

The dist ribution was the same as for the other groups; i.e. maximum diversity in 
oceanic and metahaline waters with lower diversity in the other parts of the Bay. Liriope 
and Aequorea, which are associated with Beroe ovata, were always at the front of the 
haloclines. 

Oceanic and metahaline waters: Dipurena halterata, Sarsia eximia, S. gracilis, 
Euphyrn aurata, Ectopleura minerva, Podocoryne carnea, Bougain vil/ia britannica, B. 

fu/va , B. prolif'era, Nubie/la mitra, Cly tia sp., Obeliafi'mbriata, Cirrholovenia tetranema, 
Aequorea australis, Liriope tetraphylla, Ag/aura hemistoma, Solmaris lenticula. 

F ront, salinocline water: A equorea australis, Liriope tetraphylla and the cten o phore 
Beroe ovata. 

Hyperhaline waters: A large scyphomedusa (described below as a new species) is 
always associated with stro matoli tes. This appears to be the preferred habitat for the 
species as different growth stages were observed (2 to 25 cm in diameter). It is a 
microphagous medusa and nanoplankton and phytoplankton were abundant. 

Conclusions 
The samples have not been fully studied, but the initial results reveal that a high 

diversity r·f oceanic and neritic zooplankton is represented and the variety and density of 
larval stages of crustaceans, fishes and medusae, indicate that Shark Bay is an important 
nursery ground for these species. 

Gelatinous species such as Aequorea australis and Beroe ova ta are useful indicators of 
halinoclines . 

The most important feature observed was t he high diversity and density of 
zooplankton in the oceanic and metahaline waters compared with the hyperhaline 
waters, in which only a bivalve mollusc Fragum hamelini and a large scyphomedusa 
predominate. 

Sha rk Bay is an ideal locality for research on species with unknown meroplankto nic 
life-cycles, by diving. 1 t is a lso a potentially ideal area to observe gelatinous zooplankton 
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accumulated at salinity fronts and to study distribution of plankton in relation to 
hydrographic conditions. 

Phyllorhiza peronlesueuri sp. nov. 
Figure 2 

Diagnosis 
Rhizostomeae with some double velar lappets typical of Phyllorhiza, with marginal 

arrangement between two rhopalar lappets: two single, two double, two single velar 
lappets, oral filament with triple heart-shaped distal knob with aperture of a branch of 
oral canal at the end. 

Differs from Phyllorhiza punctata von Lendenfeld, 1884 in the arrangement of the 
velar lappets in each octant, the triple heart-shaped knob of oral filaments, the smaller 
diameter 25 cm, and the localization. 

Holotype 
Museum National d'Histoire Naturelle 1720; Hamelin Pool, Shark Bay, August 1988, J. Goy. 

Other material 
Seven specimens, data as for holotype. 

Description of holotype 
Dome-shaped bell diameter and length 15 cm; without warts on apical part; without 

marginal tentacles; 8 rhopalia; 10 inter-rhopalar velar lappets with arrangement: 
rhopalar lappet, two single lappets, two double lappets, two single lappets and a rhopalar 
lappet; circular muscle; 8 rhopalar radial canals; 10 to 13 anastomosed canals by octant; 
4 gonads with very large ostiums; 8 tripteral oral-arms with frilled mouths and stalked 
suckers. Two to three long filaments with a terminal triple heart-shaped appendage from 
the oral arm and many other smaller ones scattered between frilled mouths. The long 
oral tentacles contain a branch of the oral canal into the terminal club where there is an 
orifice. 

Etymology 
Named in recognition of the early studies on the medusae of Australia by Peron and 

Lesueur. 

Discussion 
Phyllorhiza peronlesueuri shares the following characters with Rhizostoma or 

Anomalorhiza (Kramp, 1961): the canal and orifice of the oral long tentacles; with 
Phyllorhiza trifolium of Haeckel ( 1880): the number of oral tentacles; with immature 
specimen of Cotylorhizoides pac!ficus of Light ( 1921): the number and arrangement of 
velar lappets and the oral club filament ends. In the systematic revision by Kramp ( 1961 ), 
the latter two species are actually synonyms of Phyllorhiza punctata von Lendenfeld, 
1884. 

In 1958, Southcott initiated a re-study of the South Australian medusae and he sent an 
interesting collection to the world renowned specialist P. L. Kramp. In this revision, 
Kramp ( 1965) examined the genus Phyllorhiza with its numerous species and concluded 
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that many are synonymous. Thus the only valid species in Australian waters (Port 
Jackson, northern Queensland and the Swan River) is Phyllorhiza punctata. Although 
P. peronlesueuri from Shark Bay has characters typical of the genus Phyllorhiza, 
marginal arrangement of the velar lappets and the terminal triple heart-shaped 
appendages of oral arms are sufficiently original to create a new species. The hyperhaline 
habitat also supports this. The rhythm of the bell's contractions, observed and filmed 
while diving, is so regular that I conclude that hyperhaline water is its preferred habitat as 
in general, when medusae are in bad conditions the pulses become spasmodic, irregular 
and asymetrical. 

A revision of the jellyfishes of Australia, using fresh material , is needed in order to 
make comparisons with the descriptions of early authors . 

Figure 2 Phyl/orhiza peronle.rneuri sp. nov. 
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RESEARCH IN SHARK BAY 
Report or the Francc-Australc Bicentenary Expedition Committee 

Hermatypic corals of Shark Bay, Western Australia 

L.M. Marsh* 

Abstract 

Shark Bay, lying between latitudes 24° and 26°S, has a depauperate coral fauna 
compared with the Ningaloo Reef lo the north and the Houtman Abrolhos to the 
south. Intensive collecting has yielded only 80 species of 28 genera in scattered coral 
communities. No coral ree(s occur in the bay nor around its margin. Strong, permanent 
salinity and seasonal temperature gradients either directly or indirectly restrict the 
occmrence of corals lo areas of near normal salinity in the western half of the bay; 
a few species occm in the metahaline areas but none in the hypersaline waters. The 
exposed coasts of Dirk Hartog Island and Steep Point also have a very limited coral 
fauna. 

Resume 
La Baie des Chiens Marins, se situant entre 24° et 260 de latitude sud, possede une faune 
corallienne imparfaitement develop pee en comparaison du ri:cif de Ningaloo au nord et de 
Houtman A bro I hos au sud. Le ramassage intensif n'a produit que 80 especes de 28 genres dans 
les communautes coralliennes eparses. Aucun recif corallien n'apparait dans la Baie ni autour 
de son bard. Une salinite elevee et permanente, et des gradients saisonniers de temperature 
restreignent soit directement OU indirectement !'apparition de coraux a des regions de salinite 
quasi normale dans la moitie occidentale de la Baie; quelques especes apparaissent dans les 
regions metahalines mais aucune dans les regions hypersalines. Les cotes exposees de l'ile Dirk 
Hartog et de Steep Point ant egalement une faune corallienne tres limitee . 

futroduction 

Some of the corals described by Lamarck from "Nouvelle Hollande" may have 
been collected in Shark Bay by the Baudin Expeditions (1801 and 1803) but 
without precise locality data it is not possible to be sure. The first reference 
to hermatypic corals in Shark Bay is by Saville-Kent (1897) who remarked on 
the predominance of Turbina.ria species and noted that this genus was an 
important component of the coral fauna of extra-tropical areas in Australia. He 
also remarked on the large number of species and large size of coralla of 
Turbinaria in Shark Bay and figured specimens of T peltata and T conspicua. 
Shark Bay is the type locality of T conspicua Bernard 1896 and of T magna 
Bernard 1896, a junior synonym of T frondens (Dana, 1846), both collected by 
Saville-Kent. No publications on corals resulted from the Hamburg Expedition 
( 1905) which collected other taxa extensively in Shark Bay. 

The Western Australian Museum collection of corals from Shark Bay began 
with a donation from the University of Western Australia of specimens collected 
by E.P. Hodgkin and B.R. Wilson at South Passage in 1957. Apart from a few 
trawled specimens, the next collection, again from the South Passage area, but 

*Western Ausu·alian Museum, Francis Street, Perth vVA 6000 
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including sampling stations outside the bat~ ofl Steep Pt and oll the S. W. encl 
of Dirk Hartog Island, was made by the author in 1979. Cape Ransonnet, the 
soul h encl of Dirk Flanog Island, Sunday lsla11d and Egg Island were also sampled 
at this time (a total of 19 stations). 

Jn 1980 S. Slack-Smith collected from Bernier and Dorre Islands (21 stations) 
and in 1981 Slack-Smith and Marsh collccied corals from Tunle Bay and Louisa 
Bay (on the north and cast sides ol Dirk Hartog Island), Cape Peron North, 
l~lcrald Hight, Eagle Bluff and Denham Channel (in Freycinct Reach). Other 
sites sampled, where no cora ls were found, include Useless Inl et, Faure Island, 
Freycinct Harbour and Hamelin Pool. Eleven stations were sampled by SCUBA 
and snorkelling while 63 were sampled by dredging and trawling. A comparison 
o[ the distribution ol sampling sites at which cora ls were round with those where 
corals were abse111 (figure l) indicates the pallern ol cora l distribution in the 
bay. 

Physical features 

Shark !fay sl retches lrom the north end ol Bernier Island (21l0115'S, 113°10'£) Lo 
the soul Ii end of Freycinet Harbour (26°36'S, 113°4 l 'E). It is a large shallow 
L·mbaymrnt approximately 13,000 km~ in are;.1 with an average depth ol 9 m 
;tl)(I ;1 g1ctll'S( cl<'pl Ii or(. 29 111. The h;1y is ('IJClosccl by Bern in, Dorrc and Dirk 
Hartog islands aml is subdivided i11Lc111ally by dune ridges and submerged banks 
or sills into numerous inlets, gulls and basins. This resulted lrom marine 
1r;111sgrcssion into <t terrain composed mainly of Plcistocene dunes; the flooding 
created a snies ol broad gulls and 11;11row i11lcLs, which arc partly cul off from 
the Indi<tll Ocean. Influx or oceanic water is Lhrough the wide northern 
Geographe Channel, the Naturaliste Channel between Dorre and Dirk Hartog 
Islands and South Passage between Dirk Hartog Island and Steep Point. 

Salinity 
The ernbayment is adjacent to a hinterland o f low relief in an arid Lo semi
arid climaLe (evaporation exceeds precipitaLion). Two rivers drain into Shark 
Bay, but their llow is inLcirniLtcnt and runofl innux is small. Climatic factors 
comb ined with low runolJ and restricted ci rculation resulL in an increase of 
salinity values from normal oceanic in the norLhcrn and western pans of the 
bay Lo hypersaline in the southern extremities (Logan and Cebulski 1970). 

T he inner p<.uLs of Shark Bay were lirsl inundated by the r ise of the postgfacial 
sea about 8000 years BP. The bay had an oceanic - metahaline salinity regime 
from 8,000 Lo 11,500 yr BP and the hypersa line salinity regime ol Hamelin Pool 
and Lhariclon Bight has developed during the past 3000AOOO years (Logan 1974). 

AL present the salinity gradiem (figure 1) ranges from oceanic (sa linity 35-
110%0) in the northern a nd western parLs of the bay through metahaline (sa linity 
110-56%0) Lo hypersaline in Hamelin Pool and Lharidon Bight (salinity 56-70%0) 
(Logan and Cebulski 1970). 
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1-krnwtypic: corals 

lkrmatypic cora ls are, wiLh a lew exceptions confined Lo Lhe waLers of near 
normal ocean salinity barely exLcnding inLo the meLahaline zone in FreycineL 
Reach. 

Temperature 
Sea surface LemperaLLire ouLside Shark Bay varies lrom 20.9°C (August-September) 
10 26°C (Febn1ary-March) (Pearce 1986). Surface and boLLom tcrnperatures within 
the bay (1965 data, Logan and Cebulski 1970) have a greater range than the 
open sea temperature; the inner parls ol the bay, including FreycineL Reach, 
lall Lo 17-18°C in August and to 19-22°C in the zone ol oceanic salinity. In February 
a maximum ol 27°C was recorded in Hamelin Pool , 211-26°C in Freycinet Reach 
and 22-211°C in the oceanic sa linity zone. There is liule di!Jc rencc between bouom 
and surface temperature either in summer or winter. 

The Lceuwi11 Cmre111 (Cresswell and Golding 1980), an inLrusion of warm 
low-sali11ity Lropical water that !lows southward near the Western Australian 
continc11ta l slope, occasion;tlly mca11ders into Shark Bay but more ofLen bypasses 
it. ·rhe current ilows largely in autum11 and winter buL is very variable from 
month lo month and year to year. 

/\.11 i11frarcd s;11ellite image o f 30 Apri l 1980 shows a slight inuusion into 
the northern pan of the bcty (between Bernier Island and Carnarvon), between 
Done lsLt11d ;11HI the 110r1h ('IHI of Dirk I L111og Isl ;111d ;111d into So111h P;1ss<1g(' 
(Lcgcckis and Cresswe ll 1981 ). An image ol 22 October L979 (Lcgeckis and 
Cresswell 198 1) shows a complete absence of Lhc Leeuw in Current while one 
of 18 Oc1ohcr 19811(Pearce1981)) .~hows a L1itly wel l deve loped current penetrating 
well into Shark Bay. 

Oxygen 
Bollom waters wiLhin Shark !fay general ly arc saturaLed with oxygen although 
large diurnal fluctuations occur in proximity Lo scagrass stands (Logan and 
Ccbulski 1970). 

Tides 
Tide is Lhe major !actor causing waLer movement in Shark Bay. The tides arc 
mixed diurnal with a spring range of l.70 m and a neap range of 0.61 m al 
Carna rvon (Logan and Ccbulski 1970). 

Wind 
Shark Bay is in the belt ol south-cast trade winds which are locally reinforced 
by a strong sea-breeze system during summer and by winds associated with 
depressions in the Southern Ocean during winter. Winds are predominantly 
southerly with a mean velocity or l0-15 knots in summer (October Lo Apri l) 
with a mean maximum velocity of 25 knots in January and February. Southerly 
winds a lso prevail during winLer (May to SepLembcr) but with a lower velocity 
in a range or S-8 knots with periods ol ca irn. Strong northerly winds can occur 
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in association with depressions in the Southern Ocean and cyclonic disturbances 
from the north occasionally affect Shark Bay with severe winds. 

The interaction of wind drift with tidal currents leads to a circulation in 
which net movement is from west to south-east, then east and finally north
west. This movement is probably along the density (salinity) trend lines (Logan 
and Cebulski 1970). The prevailing southerly winds generate substantial seas 
predominantly on shores vvith a south-easterly and south-westerly aspect. 
Sustained wave action mobilises fine sediments causing turbid conditions in the 
bay for much of the time. 

Coral habitats in Shark Bay 

The three elongate, narrow, north-south trending islands, (Bernier, Dorre and 
Dirk Hartog Islands) provide the principal coral habitats in Shark Bay. The 
islands are composed of Pleistocene coastal limestone (Tamala Eolianite) 
overlying Cretaceous limestone (Logan and Cebulski 1970). Bernier Island 
(24°45'S, 113°10'E to 24°59'S, 113°08'E) is 26.5 km long by 2.8 km wide, at its 
widest point; Dorre Island (2"1°59'S, 113°07'E to 25°16'S, 113°05'E) is 30.6 km 
long by 3.2 km wide at its widest point. 

Bernier and Done islands are predominantly flat topped masses girt by cliffs 
which rise abruptly from the sea on their western side and reach an elevation 
of about 46 metres at Quoin Bluff North on Dorre Island (Ride 1962). Limited 
areas around Bernier and Dorre Islands have been sampled, to a depth of c. 
5 meu-es, but they probably include those most favourable for coral growth. These 
are principally the southern end of Bernier Island (Cape Couture) where there 
is a coral covered platform, on the western side, at 1-2 m, with 'gardens' of 
staghorn and tabular Acroporas, and the northern end of Dorre Island (Cape 
Boullanger) where reefs extending northwards from the Cape support a diverse 
coral fauna. 

The two islands are separated by a narrow channel 3-4 m deep through which 
there is considerable water movement. 

Other areas with a fair diversity of corals are the eastern side of Cape Couture 
where there is 20-303 cover of living coral, principally l\!fontijJOra spp, tabular 
Acroporas and faviids; Disaster Cove (N.E. side of Dorre Island) which has a 
coral community on rock substrate near the entrance to the bay, vvith 10-203 
coral cover, principally Turbinaria spp, Montipora spp. and faviids. A few 
kilometres to the south near Smith Point is a fairly diverse coral community 
dominated by Turbinaria spp. Red Cliff Pt on the south-east side of Bernier 
Island has less than 53 coral cover, principally Turbinaria spp and faviids . 

The western sides of Bernier and Dorre Islands are subjected to heavy wave 
action and have not been investigated. The principal coral areas appear to be 
those with some shelter from wave action but with close proximity to the open 
sea. Species richness drops, the diversity of Acropora species decreases and the 
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diversiLy of Turbin.aria species increases on Lhe more she lLered easLem sides of 
1he islands. Filly-live species of 23 genera ol hcrmalypic corals have been lound 
<1l Bernier and Dorn~ Islands, very similar Lo Lhe numbers for Lhe Soulh Passage 
area, however Lhere arc apparenl differences in Lhe species compos ition of the 
fauna (Tab le 1 ). 

'fable I. I lcnnatypic <m:ds of Sh:11k B:1y. D:it;1 frnlll th l' Western /\ 11 st rali:i 11 M11s<.:111ll co ll ection ; 
rq.\"istration 1111mbers of speci1m·n .-; are given in Veron a11d l\ihir~h ( 1988). Sylllbols: 
+ = presc11t , - = 11ot fonnd , V = vis11al record. 
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l'rwillojJmo dr1111iunllis ( l .i 1111;1l't 1s. 17 r1H ) + + \I v v 
I '. 11r'1Tt1n1sr1 (1':I li s & Sola11dcr, l78li) I· + 
I~ r·ydrmxi Fdwards & l laime, IH(i() + 
.'ilyluj1/wr!I jJist ilia/a ( I<:spl'I. 1797) + + 

1":1111ily /\nopmid:tl' 

Mu11lipom. ·111.unas/r:riala (hirsk:; 1 177.'"1) + 
M . t11.berc11/o.rn. (Lnnarck. IHl(i) + 
J\11. 11101/is lk111ard , I 897 + 
/\// pr·ltifonnis Bcn1ard. 1897 + + 
l\tl. 11.irgescens Bernard , 1897 + + + 
M. rnprimr'/l.is Veron. 19Wi + 
M. spungodcs Bernard, 1897 + 
M. s/JWIWSI/. (Lama rck. 181li) + 
M. fovea/all/. (Dana, 18%) - + 
M. r111p,1.tla.la (L11mirck, 1816) + 
M. hispida (Dana, 18%) + + + 
M. aequil'1.1./Jercu.lal11 Bernard, 18~)7 + 
M. spp. v 
1/cmfwra. rligilifem (D;ma, 1846) + + 
A. venveyi Veron & W;d lace, 198'1 + + 
A. rnlm.1/a (Dana. i8'1G) + + + 
11. ln1shyr·m·is Veron & Wallace, 1984 + 
A. r1sjJera (Dana , 1846) + + 
A. jnrlch.rn (Brook, 1891) - + + 
11. rniLLepora ( t:hrcnberg, 18;)4) + + + 
A. h)1aci11lhu.1· (0 <111<1 , 18'16) + 
A. spicifern. (Dana, 1846) + 

120 



L.M. Marsh 

1 
N 

"O ~ 
~ §}:i ~ 

~ 
"O 

~ ~ & ~ ] 8 ;S i "O ;S ::l 

§ ::l ~ i i g 
~ Oj 

b O.I 

·~ ~ 
~ ·§ O.I "O '-' 

l "O '.0 ':::l 6 lfomatypic oorals of Shark Ray ] 8 ~ j ~ ~ 
~ 

A. lalislella (Brook, 1892) + 
11. valida (Dana, 1846) - + 
A. solilaryensis Veron & Wallace, 1984 + 
A. florida (Dana, 1846) + + + 
A. spp. - v + 

Family Poritidae 

Poriles Zabala Dana, 1846 + + 
P. lulea Edwards & Hairne, 1860 + 
P. sp. + - - + 
Goniopora Zabala Edwards & Hairne, 1860 + - - + 
G. lenuidens Quelch, 1886 + 
G. stulchburyi Wells, 1955 + 
G. sp. + 
ALveopora alLingi Hoffmeiste1~ 1925 + 
A. spongiosa Dana, 1846 + 
11. Lizardi Bassett-Smith, 1890 - + 
11. sp. + 

Family Siclerastreiclae 

Psammocora conligua (Espe1~ 1797) + + v + 
P. superficiaLis Garcline1~ 1898 - + 
Coscinaraea columna (Dana, 18'16) - + 

Family Agariciidae 

Pavona explanulala (Lamarck, 1816) + 
P. minuta Wells, 195'1 + + v 
Leploseris myceloseroides Wells, 1954 - + + 

Family Fungiidae 

Cycloseris cytiolites (Lamarck, 1801 ) + + - + + + 
Diaseris fragiLis Alcock, I 893 - - + 

Family Pectiniiclae 

Echinophyllia aspera (Ellis & Solancle1~ 1786) + + 
E. orpheensis Veron &:: Pichon , 1980 + 
Oxypora lacera (Verrill, 1864-) - - + 

Family Mussiclae 

Acanlhaslrea echinata (Dana, 1846) + 
A. hillae Wells, 1955 + + 
SymphylLia wilsoni Veron, 1985 + + + - + 
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Dirk Hartog Island (25°29'S, 112°58'E to 26°10'S, 113°13'E) is the largest of 
the three islands, 76 km long by 12 km wide at its widest point. The exposed 
western side is cliffed for its en tire length, while the eastern side tends to be 
lower and is sheltered from the ocean swell. 

Localities on the north, east, south and south-west sides of Dirk Hartog island 
were sampled for corals. 

At Turtle Bay, 1 km east of Cape Inscription, a dissected limestone reef at 
3-6 m was algal covered with scattered corals. Seven species of six genera were 
recorded (Table 1 ). 

Several sites on the east coast of Dirk Hartog Island were searched for corals: 
A point at the south encl of Louisa Bay; near Egg Island; c. 10 km south of 
Homestead Point and Sunday Island. At all these localities the coral fauna was 
depauperate and dominated by Turbinaria species. At Louisa Bay and Egg Island 
Bay nine species of six genera were found but around Sunday Island the coral 
fauna was richer with 15 species of 11 genera (Table 1). In Egg Island Bay and 
at Sunday Island Turbinaria spp. particularly yellow and green colonies of T 
11iesenterina formed dense stands reminiscent of Saville-Kent's (1897) description 
of stands of T conspicua at Egg Island as resembling "subaqueous plantations 
of Brobdingnagian, crinkle-leaved, savoy cabbages". Curiously no specimens of 
T conspicua were found in Egg Island Bay in 1979. It is possible that Saville
Ken t confused the two species in the field. 

One colony of Acropora sp was found in Louisa Bay but only fragments 
of dead staghorn Acropora at Egg Island Bay and in the bay north of Homestead 
Point. 

The South Passage Area 
At the south end of Dirk Hartog Island the coral diversity increases from Cape 
Ransonnet to Surf Point and changes from a Turbinaria dominated community 
to a more diverse one including AcrojJora spp. Between Cape Ransonnet and 
Surf Point an area of dead Acropora reef was found in 1979, some in situ but 
mostly staghorn Acropora rubble with no living Acropora species. 

On the eastern side of Surf Point a moderately sheltered rock and rubble bottom 
at 2-3 m supports a fairly diverse coral fauna including six species of Acropora. 
A. robusta and A. digitifera formed very large colonies and Pocillopora 
dmnicornis was abundant in this area. 

In contrast the southern shore, inside South Passage, is predominantly sandy 
with algal covered rock substrate offshore and very few corals. Dirk Hartog Island 
is linked to Steep Point by a limestone ridge, the outer bar, which rises to about 
six metres from the surface, and breaks heavily except in very calm weather. 
The reef top slopes seawards to 10-11 m then drops vertically to c. 18 m or 
is undercut by caves. The reef top is algal covered with scattered low-growing 
colonies of Acropora, J\!Iontipora, Pocillopora and faviids. The outer wall is 
covered mainly with alcyonaceans, sponges and ascidians with the ahermatypic 
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corals Tubaslrea spp under ledges. ln places species of Favia, Favites, Monlipora 
and Oxypora occur on the wall but more corals occur on boulders and as cora l 
bornmies on a gent ly slop ing bottom at c. 20 m. In this area Coscinaraea columna 
fonns large colo nies and the cora l fauna includes Tu.rb ·inar·ia, Goniaslrea, Favia, 
Fa.viles, Poriles, A lveo fJora, Pavona, NI oseleya., Du.ncanopsainmia and other 
genera. 
On the south side o[ South Passage a red connectin g Monkey Rock to the 
ma inland was examined. It slopes seaward and has scauerecl corals on the deeper 
part at c. 5 rn. On the slope al c. 3 m there was 10-30% cover of living coral, 
predominantly Monlipora spp wil11 scattered colonies of Acropora spp, 
Pocillopora da.inicornis, P. verrucosa and P. eydouxi, a lew species of Fav iidae 
and no Turbinarias. 

Two other seaward sites were examined: nonh o[ Sur f Point (Dirk I-Ianog 
Island) at 10-12 m the bottom was gcnlly sloping algal covered rock with sparse 
coral s, mainly JV/onlipora and Acropora. spp; ofl the north cast side o[ Steep 
Point a narrow inteniclal plat[onn drops vertically to c. 9 m then slopes to sand 
at 18 m. Rock tmvers c. 6 m diameter~ rise from c. 15 m to 6-9 m lrom the 
surl'ace. The sides are covered by sponges, asc iclians, alcyonaccans and Tubaslrea 
spp. No hermatypic cora ls were found on the towers but scattered colonies of 
T11r/Jirn1.ria , Acrof)()rn, Monlipora., l llveopora, Coniaslrca, Fav iles and Moseleya 
were found on the rock slope near their bases. 

From these observations it seems unlikely that extensive coral areas occur on 
rile seaw;ml sides of Bernier, Done or Dirk Hartog lsl a11ds, all o f which arc 
subjected to heavy wave action on their western coasts. 

A total o[ 53 species of 26 genera were lound in the South Passage area, 
combining records from she I tercel and exposed waters. 

ln Freycinet Reach islets oil Eagle BluU have a very depauperate coral fauna 
on rocks ris in g from silty sand. An isolated patch of corals yielded Cyphaslrea 
sera.ilia, Goniaslrea aspera, Faviles penlagona, Favia sp. Goniopora. lobala and 
Turbinaria spp. No cora ls were found further south in Freycinet R each . 

Ofl Cape 1-Icirisson on a sil ty sand and shell rubble bottom at 16.!1 m, among 
sponges and gorgonians, colonies o[ Turbinaria pellala and T frondens were 
common with a few colonies o[ Favia and JVIoseleya. 

Cape Peron North 
There is liule suitable habitat for corals at the cape. The bottom is predominantly 
sand with some rock substrate at c. 2 m. 

A lew small Turbinaria spp and small faviids were the o nly corals found. 

Herald Uight 
This large bay on the east side ol Cape Peron North has a silty sand bouom 
with scattered rocks and coral at 5-6 m . The water was turbid and many ol 
the coralla were dead or partly dead. Three species of Turbinaria. (Table 1) were 
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the most abundant corals, particularly T bifrons. No corals were found fmther 
south off Fame Island or in Hamelin Pool. 

Corn.ls of soft suhstiates 

The solitary fungiid Cycloseris cyclolites has been dredged from many parts 
of Shark Bay except in metahaline and hypersaline areas but no Fungia spp 
have been found. Diaseris fragilis, from Freycinet Reach, is the only other fungiid 
recorded. 

Cyphastrea spp form free living coralliths, often with a hollow centre inhabited 
by a Xanthid crab. These are occasionally found on soft substrates both in coral 
areas and in deeper water away from other corals e.g. at a depth of 11 m, east 
of Castle Pt. , Dorre I., where several examples were found. Lamberts and Garth 
( 1977) reported Xan thid commensalism with corals of seven genera, this 
observation adds an eighth. 

Turbinaria spp of ten attach to small fragments of rubble or shell on soft 
substrates and are tolerant of silty areas such as Freycinet Reach. 

The coial fauna 

Overall the known hermatypic coral fauna of Shark Bay numbers 80 species 
of 28 genera. This is an impoverished fauna compared with the Ningaloo Reefs 
to the north (21°'17'S to 23°38'S) where 217 species of 5'1 genera are recorded 
or the Houtman Abrolhos to the south (28°16'S to 29°S) with 18'! species of 
'12 genera (Veron and Marsh 1988). 

From Table 1 the pattern of distribution of coral species in the bay is evident. 
Turbinaria is the most widespread genus in the areas sampled but the presence 
or absence data does not indicate the dominance of this genus at all the sheltered 
localities whereas at the seaward sites it becomes a small component of the fauna. 
Montipora, Acropora and PocillofJora species dominate the fauna of the seaward 
sites. Goniastrea aspera is one of the most common and widely distributed species 
in Shark Bay, found in almost all the habitats sampled. The temperate Western 
Ausu·alian endemic species, Symphyllia wilsoni, reaches the northern limit of 
its distribution in Shark Bay. 

Figme 1 shows the presence or absence of corals at the localities sampled. 
The distribution of corals closely follows the zone of oceanic salinity, impinging 
on the metahaline zone in Freycinet R each. 

Discussion 

While the list of corals from Shark Bay is probably not yet complete, sufficient 
is known to comment on the distribution patterns. The limits of coral distribution 
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in Shark Bay, a lthough co incid ing [a irly closely with the boundary between 
water o f oceanic salinity and metahalinc water and w ith the winter temperature 
minimum o[ 18-l9°C (although data is lacking for some of the local ities) may 
be affected indirectly as wel l as directl y by these [actors. 

Kinsman (19611) louncl 11 species o[ 11 genera of corals living in waters with 
an extreme temperature range a nd high sa lin ity in the southern Pcrsian Gulf. 
Temperatures varied seasonally from 16° to >110°C at thc sur[ace and from 20° 
Lo 36°C below 11-5 metres depth. Sa linities ranged from 1l2 to 45%0 w ith 48%0 
i11 lagoons where large Por£tes colonies occu r. Kinsman fo und that Porites could 
no t surv ive salinity >118%0 w hile Acropora, Platygyra, Cyphastrea, S tylophora, 
Fa:u£a a nd Turb£naria could not tol erate saliniti es much in excess of 1l5%o. T hese 
salinities correspond w ith the mctahalinc waters o f Shark Ba y. 

It is gn1crally ~ 1 cceptecl that red corals fl our ish best i11 the temperature range 
25° to 29°C and that reds arc 11o t usually fonnecl where the seasona l minimum 
fa lls below 1!)°C although man y species cc111 withstand minimum temperatures 
or 16° to 17°C for sho rt periods a11d a maximum o l 36°C (Kinsman 1961). 

T he initia tion ol the Lccuwi11 Current co incides approx imately with the mass 
spawni11g o f hennatypic corals o n the Western Australian c:oasl and is believed 
10 be a major factor in the distributi o n o f cor;ds and t.hc maintenance ol cora l 
((J lll lllll llitics Oil the west CO~tst (Si111pso1l 1!)80). The sligh t iinp i11 gcnw11 1 or tlH· 
Lecuw i11 C urren t on Shark Blty, shown by Lcgecki s a nd Cresswell ( 198 1, ligure 
I) coincides with the mai n areas occupi ed by cor<.il communities in the bay. 

' ril l' qucstio11 or whether hcnn;it ypic (Ol<tls lll't'd to feed hctcrotrnphica ll y or 
whether they G iil OUtll ill sulli cicnt lllltricnts rro111 prnduc:Ls trnnslocatcd fr rn n 
woxa11 the I lac has been dcba 1.cd for some years. From expcr i mental evidence 
Gladfelter ( 1985) concluclecl that where light is not limiting products uansloca ted 
from zooxanthellae might bc sufficient to fuel a red coral 's daily metabolic 
expend iture but where light limits productivity hc terotrophic sources o r energy 
arc required even to lulfil mai ntenance respiratory needs. In a ll environments 
it appears that a sou rce or nutrition other than t.ranslocated products from zoo
xltnthellac is required to susta in growt h (i.e. net synthesis o l new tissue). 

Kim merer et al. ( 1985) have shown that there is a seven fold increase in 
zooplankton fro m the ocea n to the central pa rt of Shark Bay, then a decrease 
o r [our orders o[ magnitude into the hypersalinc bas ins, possibly clue LO nu trien t 
limita tion in the hypersaline waters. Thus the lack of zooplankton as well as 
drecl.s o f salinity, temperature and turbidity may restrict t.he distribution of corals 
in the high salinity parts o f Shark Ba y. T he lack o r nutrients may also affect 
cora ls directly since they a re capab le of taking up phosphorus ions, ammonia 
a nd dissolved organic nitrogen lrorn the environment (Musca tine 1973). N utrient 
limjta tion may a lso affect the coral 's zooxanthellae. Ye ll owlccs and Miller (in 
press) suggest, from experimental da ta, that phosphorus rather than n itrogen 
limitation seems more like ly as a regulatory fac tor in lhe symbiotic association 
be tween cora ls a nd zooxanthellae. Smilh a nd Alkinson (1984) report lhat Shark 
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Bay is a P - limited ecosystem with a slow exchange of materials ,.vith the ocean 
and residence time of water exceeding 1 yr. 

Hermatypic corals in Shark Bay are further limited by the lack of hard substrate 
in may parts of the bay and by the limited water movement in the enclosed 
basins. 

Taking all these factors into account it is not surprising that the distribution 
of corals in Shark Bay is confined to the areas of oceanic salinity where there 
is adequate water movement to bring zooplankton and adequate light for photo
synthesis. Further ecological research may define more precisely the physical 
factors controlling coral distribution in Shark Bay. 
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RESEARCH IN SHARK BAY 
Report of the Francc-Australc Bicentenary Ex ped it ion Committee 

The bivalves of Shark Bay, 
Western Australia 

Shirley M. Slack-Smith* 

Absu<1ct 

Two hundred and eighteen species of bivalves are recorded from Shark Bay and offshore 
waters. The pa ttern s o f their geographic clistribution are cliscussed with reference to 
the biogeography of the Western Australian marine mo lluscan fauna as innuenced 
by la titude and the longshore current systems. T he spa tia l distributions of these biva lves 
within the Shark Bay area are given and are related primarily to the salinity regime 
of this negative es tua ry. 

Resume 

Deux cent dix-huit especes de bivalves vivant dans la Baie des Chiens Marins et pres des cotes 
sont repertoriees. Les modeles de leur repartition geographique sont examines en ce qui 
concerne la biogeographie de la faune de mollusques marins d'Australie-Occidentale tcls qu'ils 
sont influences par la latitude et les systemes des courants littoraux. Les repartitions spatiales 
de ces bivalves dans la region de la Baie des Chiens Marins sont donnees et mises en relations 
essentiellement avec le regime de salinite de cet estuaire negatif. 

Introduction 

Shark Bay is a large marine embayment of almost 13,000 km2 lying between 
the latitudes of 24°30'S and 26°'15'S, and the longitudes of 113°E and 114°20'£ 
on Lhe semi-arid central western coast of Australia. 

The physiography of the area and the bottom topography of the Bay have 
been well described by Logan (1959), Davies (1970), Hagan (1970), Logan and 
Cebulski (1970) and H agan and Logan (197'1a, b). These authors discussed the 
effects which various factors (e.g. high evapora tion ra te, low freshwater input, 
vigorous mixing through the water column and the restricted tidal flow with 
its anLi-clockwise circula tion pattern) have in producing the distinctive salinity 
regime described as a negative estuary. 

Logan and Cebulski (1970) found that there is no general horizontal salinocline 
but that there is a series of vertical water layers of different salinities. These 
layers form a relatively stable salinocline over the shallow Fame Sill and a less 
stable salinocline running north from the Fork Flat Sill. The presence of these 
salinoclines enabled these authors to define areas of oceanic (35-40°1oo), metahaline 
(40 to about 56°!oo) and hypersaline water masses as in Figure 1. The exact 
positions of the boundaries between these water bodies shift with changes in 
the external physical environment. 

*Dcp;u-unent o f Aquatic Invertebrates, Wes tern Austra lia n Museum, Francis Street. Perth, Western Austra lia 
6000. 
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Figure I: Map of Shark Bay, Western Australia, showing distribution of oceanic (salinity 35 to 40%u). 
metahalinc (salinity 40 to about 56%0) and hypcrsaline water masses and the Cape Peron and 
Faure Sill salinoclines (after Logan and Ce bulski 1970). 
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Interest in the molluscan fauna of Shark Bay has been maintained since 
Dampier's visit in 1699. He commented on the abundance and diversity of the 
drift shells and on the "Muscles, Periwinkles, Limpits, Oysters, both of the Pearl
kind and also Eating-Oysters, as well as the common Sort as long Oysters; beside 
Cockles, etc." (Dampier 1729). Some of the bivalve and other molluscan specimens 
collected in Shark Bay by Peron and fellow-members of the Baudin Expedition 
in 1801 and 1803, and by Quoy & Gaimard during the Freycinet Expedition 
some fifteen years later, served as the bases of descriptions of a number of new 
bivalve species (Peron 1807, Quoy & Gaimard 1824, Lamarck 1818, 1819 and 
Deshayes 1835, 1836). The German expedition of the "Gazelle" in 1875 yielded 
a bivalve collection reported upon by von Martens (1889). Hedley ( 1916) listed 
217 species of bivalves from ·western Australia which were represented in the 
collections of the Australian Museum and/ or which had been recorded in the 
scientific literature to that time. He specified that 24 of these occurred in Shark 
Bay, which is the type locality for more than half of them. A report on collections 
made during the Hamburg Museum expedition of 1905 was published by Thiele 
(1930). It listed 37 bivalve species from Shark Bay, 33 of which had not been 
recorded from Shark Bay in Hedley's list. These included 6 new species. 

Early visitors to the Bay were particularly interested in those groups of bivalves 
of value as food or for commerce. This interest was pursued by Saville-Kent 
(1897) who investigated the potential of the pearl-shell and natural pearl fishery 
and commented upon the oysters of Shark Bay. At present, the farming of pearl
shell for the culture of pearls, the farming of rock oysters and the trawling of 
saucer scallops are important commercial bivalve fisheries there. 

This account of the major components of the Shark Bay bivalve fauna is 
principally based upon the collections of the Western Australian Museum. Most 
records are derived from field work carried out in 1980 and 1981. This was 
accomplished with considerable assistance from the ' 'Vestern Australian 
Department of Fisheries (then the Department of Fisheries and Wildlife). These 
surveys included trawling and dredging as well as SCUBA-diving operations, 
and covered approximately 110 stations throughout the Bay. The results of those 
surveys are supplemented by records based upon other collections made by staff 
of the Western Australian Museum, the University of Western Australia and the 
Western Australian Department of Fisheries, and by private collectors. Where 
possible these records are correlated with those published by previous workers. 

The species recorded in Table 1 are accompanied by data on their distributions 
within Shark Bay. The Bay has been divided into areas which correspond approxi
mately to the distribution of water masses as described by Logan and Cebulski 
(1970). In each area intertidal, shallow and deep sublittoral rock and soft 
substrates, both bare and seagrass-covered, have been sampled. This record is, 
of necessity, a summation over time and does not reflect changes in distribution 
which might have occurred during the period of collecting (i.e. about 1950 to 
the present). Records from dead shells have been included and have been noted 
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as such only when Lhey constilule Lhe sole record in Lhe mosL saline zone for 
thal species' range. However some such records mighL represent collecLing bias 
only, where dead shells have been collected in preference Lo living ones. 

In addiLion Thble l also inclicaLcs Lhe geographic disLribuLional ranges or the 
species included , ii Lhesc a re known. Such ranges arc based upon Lhe co llections 
o f Lhe Weslcrn AusLra lian Museum and of oLher Australian museums, as well 
as upon advice lrom private colleclo rs and upon some liLeraLure records. 

In general, minute species or bivalves have been omiued because of a lack 
o[ expertise in identifying them and because or Lheir poor representation in 
col lcctions. 

Table I. Distribution of bivalves (a) within the Shark Bay sa linity zones as defined by Logan and 
Cebulsk i ( 1970) and (b) a long the coast of Western Australia. (Sec Appendix). 
An arrowhead indicates that a species' range exte nds beyond the borders of the State. 

NI JCULIDAE 
Nu.cula /Ju.silla Ang·as , 1877 
N .. mperba. Heclky, 1902 

NUCULANIDAE 
Nuc11Lana. verco11is (T;11c, 1891 ) 

SOLUVIYIDAE 
Sulem.ya. sp. 

AHC:IDAE 
Anadara. crebricoslala (Reeve. 18'14) 
A. kilw.izirn.a.na. (Nomura & Zi11bo, 193'1) 
11 . vellirnln (Reeve, 18114 ) 
Arca naviculari.1· Bruguiere, 1789 
A . ven lrico.rn. L1111al'Ck, 1819 
lfo.rbalia. a.m.ygdalun1.lusl'lu11 (Ronling, 

1798) 
B. helbliu.gii (Lam y. 190'1) 
B. /Jislachia (Lunarck, 1819) 
Trisidos sernilorla (Larna rck, 18 19 ) 

NOETIIDAE 
Arcopsis afra. (Gmelin , 1791 ) 
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Distribution within Geog1:aphic 
Shark Bay Disu-ibution 
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CUCULLAEIDAE 

Cuculla.ea labiata. (Solancler, 1786) / * 

GLYCYMERIDIDAE 
Glycymeris ?broa.dfooti Ireclii le, 1929 cl* 
G. damjJierensis Matsukuma, 1984 cl* 
G. persimilis Iredale, 1939 I I 
G. sordida (Tate, 1891) cl* 
G. slriatularis (Lamarck, 1819) I 
G. sp. I 

MYTILIDAE 
Botula vagina (Lamarck, 1819) I 
Brachidonles ustulatus (Larnarck, 1819) I I I I 
Lioberus sp. I ? I I 
Modiolalus hanleyi Dunke1~ 1882 cl 
Modiolus auriculatus Krauss, 1848 I cl 
M. philippinarum (Hanley, 1843) I I I cl 
Musculisla glaberrima (Dunkei~ 1857) I cl 2 
Musculus namdus Thiele, 1930 I I 
Ryenella cumingiana (Dunker, 1857) I I cl 
Septifer bilocularis (Linn e, 1758) I I I 
Stavelia. horrida Dunke1; 1857 I 

PINNIDAE 
Atrina pectinata. (Linne, 1767) I I cl 
P. bicolor Gmelin, 1791 I I cl 
Streptopinna saccata. (Linne, 1758) I 

PTERIIDAE 
Pincta.da. a.lbina. (Lamarck, 1819) I I I I 
P. fuca.la (Gould, 1851) I I 
P. ma.cula.ta. (Gould, 1851 ) I I I I 
P. margaritifera (Linne, 1758) I 
Pteria. lata (Gray, 1845) I 
P. penguin (Roecling, 1798) I 

ISOGNOMONIDAE 
Crenatula modiolaris Larnarck, 1819 I 
Isognomon legumen (Gmelin, 1791) I 
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Distribution within Geogiaphic 
Shark Bay Disuibution 
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GRYPI-IAEIDAE 
Hyotissa hyotis (Linne, 1758) I 

TRIGONIIDAE 
Neotrigonia uniophora (Gray, 1847) I 

LUCINIDAE 
Anodontia pila (Reeve, 1850) I I I cl 
A. sp . aff. A. omissa (Iredale, 1930) I cl 
Bellucina pisiformis (Thiele, 1930) I I I I 
B. ?semperiana (Issel, 1869) I I cl 
Ca.llucina lacteola (Tale, 1897) I cl I <E 
Codakia punctata (Linne, 1758) I 
Ctena bella (Conrad, 1837) I cl 
C. ?transversa Dall, Bartsch & Rehcle1J938 I 
Divalinga sp. I I I d 
Divaricella omala (Reeve, 1850) I I I I cl 
Epicodahia sp. I I I I d 
Wallucina sp. all l'f/. jacksoniensis (Sm iLh, 
1885) I I I I 

UNGULINIDAE 
Felaniella sp. I I I cl 
Numella ?conspicua (SmiLh, 1885) I I cl 

CHAMIDAE 
Chama fibula Reeve, 1846 I I I 
C. iostoma Conrad, 1837 I 
C. lazarus Linne, 1758 I 
C. pacifica Broderip. 1835 I 
C. pulchella Reeve, 1846 I I I I 
C. ruderalis Lamarck, 1819 I I I I 
Pseudochama sp. I 

ERYCINIDAE 
Lasaea sp. aff. L. australis (Lamarck, 1818) I I I 

KELLIIDAE 
gen. and sp. unclet. I 

LEPTONIDAE 
Mysella sp. I 
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C/\ RDIT[[)/\E 
Cardi/(/. 11.uicu.lin.11. L11narck, 181!) I I I 
C. rmssico.1!11. L1111arck, 18 19 I 
11!/i:g(l.cardita incrns.rn.ta (Sownuy, 182!i) I 
"f\!I . .. ?q1.wy1 ( Dt-sha yl's , 18!i2) 1 • 
M. !11.rgirl(I. (Larnarck , 1819) I I I I I ;::;.. 
Ple11.ro111.eris sp . I 

C R/\SS/\TELLID/\ E 
li. 1UTl/.SSl/.idla pulrhrn. ( Ret'Vl' , 18'12) I I 

<:/\ R I> 11 DJ\ I•: 
/ lcrosierig11w. 11 w.rielne Wi lson & S1cvt·11srn1, 

1977 I 
11. remJe11.num. (Dimker, 18!i2 ) I I I 
A. ro.11•11 1.11ri1•n.1·is \;\l il so11 Ri: S11·vt·11 so11. l!l77 I d 
,·I. ult1111.i11.g1. Wil son & Sit'Vl 'll SOi l, 1~)77 I I I 
Ct.1:11ornrdi11 fJeronw/.a lred;d c, 1!)29 I I d 
Fra.gu.111. eru.gnl. 11.111. ("l i11e, 1889) I I I I I 
F. hem.icardiwn (Linne, 17!i8) I I I I 
F. rt:111.s11.111. (Li nne, 1767) I I d 
1-·. uncdo (Linne, 17!i8) I I I I 
Fulvio. aperla (Brug uic re, 1789) I I d 
Nemorn.rdium. bedu:i (Reeve, 18'10) / "-
N. thet1:dis (H edley, 1902) / "-

TRID/\CN IDAE 
Tridacna 1naxirrw. (R occli11g, 1798) I I 

MACTRID/\E 
L u.irn.ria rhynclw.ena .Jo11 ;1s, 184 '1 I I d 
Maclra cuvieri Deshayes, 18!i3 I / / I 
M. incarnn/11. Rel'VC, I 8!i4 I 
M. ova.Lina Lamarck, 18 18 I 
M. ?pura Des hayes, 18!i3 I I I 
M. sericrn. Dcsh<tyes, I 8!i' I I 

MESODESM/\TID/\E 
II lactodea slriata. (Linne, 1767) I I I I 
Pa/Jhies (A rnesod1:srna ) elongaturn. (Reeve, I 8!i1I) I 
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CULTELLIDAE 
Phaxas cultellus (Linne, 1758) 

TELLINIDAE 
Apolymetis sjJectabil is (Hanley, 1844) 
Arcopagia elegantissima (Sm ith, 1885) 
Exotica obliquilineata (Conrad, 1837) 
E. clathrata (Deshayes, 1835) 
E. trira.diala (I-I. Adams, 1876) 
Macoma dispar (Conrad, 1837) 
M. hemicilla (Iredale, 1936) 
Phylloda foliacea (Linne, 1758) 
Quadra.ns parnilas Iredale, 1931) 
Tellina (Cadella) semitorla Sowerby, 1866 
T (Merisca.) ?oslra.cea Larnarck, 1818 
T (?i\!foerella) sp. 
T (Plwra.onella) perna Spengle1; 1798 
T. (Pinguilellina) ? murra.yi SmiL11, 1885 
T (P. ) robusta Hanley, 184'1 
T (Semelangulus) tenuilirala Sowerby, 1868 
T. (S mithsonella) pulcherrima Sowerby, 1825 
T (S.) verrucosa H anley, 184'1 
T (Tellinangulus) sp. 
T. (Tellinella) slaurella Lamarck, 1818 
T (T) virgata Linne, 1758 
T. (Tell inides) cochbwnensis Brearley & 
Kendrick, 1984 

DONACIDAE 
Donax columb ella Lamarck. 1818 
D. faba Gmelin, 1791 

PSAMMOBIIDAE 
Asaphis violacens (Forskal, 1775) 
Gari amethystus (Woocl,1815) 
G. anomala (Deshayes, 1855) 
G. maculosa. (Lamarck, 1818) 
G. occidens (Gmelin , 1791 ) 
G. jJulcherrim.a. (Deshayes, 1854) 
G. ra.silis Melvi ll & Standen, 1899 
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Distribution within Geographic 
Shark Uay Distribution 
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Sanguinolaria sp. I I I d 
Soletellina sp. I 

S EMEL! DAE 
Leptmnya /1sittac11s (H a n ky, 188:\) I d 
Sernele exam.ta (Adams & R eeve, 18!'>0) I 
S. julw.1ii /\da rn s, 1853 I I I 

SOLECU RT IDAE 
// zori1ws sp . I I cl 
Soli:curtus divaricalus (Lisch ke, 1869) I I I 
.'i. sulrntus (D1111k<'r, 18ti2) I I d 

TR A Pl'.ZIID/\ E 
Trapezium bicarinatum (Sc:l 1u1nacher, 1817) I 

VENERIDAE 
!111.011111.locl/.rdil/. .1qw1.11wsl/. ( Li 11 11l-, 17!'18) I I I I 
ll 11ssin11 disj1:cll/. (Pen y, 1811 ) ; • I <E 
C11 llisla irnpm (La 111 ;m :k, 1818) I I I I 
Chioneryx sp. I I I 
Circe len ticularis Deshayes, 1853 I I cl 
C. scripta (Lin ne, 1758) I I I I 
C. sulcala Gray, 1838 I I I I 
Clernen tia pa/Jyrncea (G ray, 1825) I 
Costacall ista p la:nalella (Larna rck, 1818) I I I I 
Dosinia biscocl.a (Reeve, 1850) I I I I 
D. des hayesii A. /\dams, 1856 I I -----37 
D. incisa (R eeve, 1850) I I I d 
D. lucinalis (Lama rck, 1818) I 
D. sculpla (H a n ley, 1845) I I I 
Ca.Jrariwn internu:dium (R eeve, 186'.l) I I I I I I -----37 
G l)11.ydonla ?custell ifera (Adams & Reeve, 1850) I I cl 
G. ?recogwla (Sm i1h , 1885) I 
Comphinn w1.dulosa (Lamarck , 1818) I I I I cl 
l rus sp. a lL l. irw (Linne, 1758) I I I I I 
Kate lysia hiantina (La m a rck, 1818) / ''' 
Marcia indula (Hed ley, 1906) 1 ·~ 

Paph ia crassisulca (La m a rck, 1818) I I I I 
Periglypta resliculata (Sow erby, 185:3) I I I 
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P. retirnlata (Linne, 1758) I 
Pi tar af finis (Gmelin, 1791) I I 
P. citrina (Lamarck, 1818) I I I 
P. ?pellucidn (Lamarck, 1818) I I I I 
P. ?porrecla (Roemer, 1867) I I I 
Placamen berrii (Gray, 1828) I I I I 
P. ?foliacea (Philippi, 1846) I cl 
P. gravescens (Menke, 1843) I I I I 
Si.metla aliciae A. Adams & Angas, 1863 I 
S. contempta Smith, 1891 I I I 
TajJes literatus (Linne, 1758) I I I I 
T deshayesii (Hanley, 1844) I 
T. dorsatus (Lamarck, 1818) I I I I 
Tawera coelata (Menke, 1843) I 
T subnodulosa (Hanley, 18,!S) I I I I 
Ventricolaria embrithes (Melvill & Standen , 

1889) I I I 
JI. torewna (Gould, 1851 ) I I I 
Venus chemnitzii (Hanley, 1845) I I I 
JI. lmnellaris (Schumacher, 1817) I I I cl 

PETRICOLIDAE 
Mysia sp. I I I 

CORBULIDAE 
Corbula monilis Hinds, 1843 I I I 
C. stolata (Iredale, 1930) I I cl 
C. scaphoides Hinds, 1843 I I cl 

GASTROCHAENIDAE 
Gastrochaena ci.meiformis (Spengler, 1783) I I 
G. pupina Deshayes, 1854 I I 

HIATELLIDAE 
Hiatella sp. I I cl <E 

PANDORIDAE 
Pandora (Frenamya) sp. I 

CLEIDOTHAERIDAE 
Cleidothaerus albidus (Lamarck, 1819) I I 
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'fahlc 2. Gcog1•1phi<: R.mgt,-:; of Shark Hay llivalvcs 

·I ci1;i/ spl'cil's recorded rro111 Shark l3;1y an"<1 
' lcll;i/ S h;1 rk Bay sp<'cil's wi1h grogr;iphic rang<' known 

(;11 il'ast i11 parl ) 

'liopic;d r;111gc 
(;1 ) l11do-Wl'sl Pacific r;111 gl' 
(I>) Norl lH'rn i\11str;i/i;1 11 l'lldl'rn ics 

11 SouthLTil J\11str;d i;111 r;ll1gl' 

111 ·wl'st coas t t'l n/('111 ics 

No of spl'cit~ s ·• 

218 

210 

l!i 7 (74.8%) 
/

117 (70.0%) 
10 ( 11.8%) 

21 ( 10%) 

'12 (I !i .2%) 

"' rigurl'S i11 lm1ckl'lS () giVL' total in c;ich ca ll'gory expressed as a />lTCClll<lgc of total of Shark 
Bay spl'cies with gl'ograph ic range known (al least in parl ). 
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Table 3. Bivalves with Distributional Range limit at Shark Bay 

Total 

Tropical species (Inda-West Pacific and northern 
Australian and endemic species) 

11 Southern Australian species 

m ·west coast endemics 

No of species* · 

103 ('19.03) 

72 (46.23) 

12 (57.13) 

17 (53.13) 

* figures in brackets () give total in each category expressed as a percentage of the total o[ Shark 
Bay species with that geographic range (see Table 2). 

Results 

In Table 1, 218 species of bivalves are recorded from the Shark Bay area and 
their geographic ranges are indicated. Annotations on these species are given 
as an Appendix. A summary of their geographic ranges (where known) is given 
in Table 2. This illusu-ates the mixed nature of this fauna with tropical faunal 
elements (74.8%) dominating those of the west coast endemic ( l 5.2%) and southern 
Australian (103) faunas. 

Table 3 summarises the significance of the Shark Bay area as a geographic 
limit for those bivalve species inhabiting the inshore waters of the central west 
coast of Australia. Of all species included in the survey for which geographic 
ranges are known, 49.03 reach their range limit in the Shark Bay area. Of the 
species belonging to the tropical Indo-West Pacific and/or northern Australian 
fauna L16.23 have been found no further south than Shark Bay, Of the few species 
representing the ·warm temperate Southern Australian fauna, 57.13 extend no 
fmther north. Of the species which appear to be endemic to the western coast 
of Australia, Shark Bay represents the geographic limit for 53.13 of them. 

Table 1 also indicates the local distribution of bivalve species within the Shark 
Bay area. Of 218 species, 14 have been found there only in offshore waters (depth 
>30 m). Of the true Bay fauna of 204 species, 184 have been recorded from 
the area of the Oceanic ·water Mass, 13L! from the area of the Cape Peron 
Salinocline, 129 from the area of the Metahaline Water Mass, 53 from the area 
of the Fame Salinocline and 9 from the area of the Hypersaline 'Water Mass. 

Discus.5ion 
The composition of the bivalve fauna of Shark Bay is, in part, related to the 
latitudinal location of the area. This was recognised by Peron ( 1816) who 
remarked upon the many tropical molluscan species found there. Wilson and 
Gillett (1971) and Wilson and Allen (1987) included the Bay within the Western 
Overlap Zone between the temperate and tropical marine faunas, rejecting the 
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older concepL of a nonh-wcst Dampierian Region. Wells (1980), in his analysis 
of the known distribuLional ranges of groups of bcllcr-known Western Australian 
gaslropocls, sta led LhaL 91% of Lhose species recorded from Shark Bay arc of 
Lropical affinity. The bivalve fauna, as indicated in this sLudy, differs in LhaL 
only 71.6% of Lhc Shark Bay species are Lropical, Lhough nonh-western AusLralian 
endemic species arc noL included in this figure. 

The south-fl owing Leeuwin CurrcnL (Cresswe ll and Golding 1980) is 
important in the temperature regulation of coastal waters of Western AusLralia. 
This current of low-salinity, tropical waLcr flows close Lo Lhc coast in Lhe North 
West Cape-Shark Bay area from approximately 22°S (Legeckis and Cresswell 
1981). Nol on ly does this current modify the waLer temperature but it also serves 
Lo ca rry tropi ca l marine organisms southwards, particularly during the winter 
months. In summer a coo lc1; more saline water mass moves northwards (Pearce 
1985). The imponancc of the role of such a current system in the long-shore 
distribution of marine plankLonic larvae can be reasonably inferred . In addition, 
seasonal and annual variation in Lhe relative strengths of the system's components 
is presumably associated with temporal variation in Lhe local abundance of those 
species with p lanklotrophic larvae. Thal significa nL longer term variation has 
occurred in the hydrological condit ions of the Bay is indi cated by Kendrick's 
.'itudy of the PlcistoCl'Jll' mollusc<111 fau11a of the Darnpin Li1m:~to 11 c uf Shark 
Bay (Kendrick, this vo lume). 

Though an exam ination of the bivalve fauna of the western Australian 
coasLli ne is 011tsidc the SCO!Jl' or this JXlplT. disLribuLional lXltttTllS of the Shark 
Bay species indicate thl' significance or Shark Bay as an area of geographical 
limitation o f boLh the Lropical a nd the much smaller warm LcmperaLe elements 
of Lhal faun a. Wells (1980) demonstrated Lhal Lhe Shark Bay area occupied only 
a subsidiary posiLion as an area of major geographical limitation o( the gastropod 
groups he exam ined. 

As a habitat for bivalves, Shark Bay is of major significance on the western 
coast of Australia. Species divers it y as well as the densities of many species are 
high. T he abundance o f bivalves in Shark Bay was remarked upon by Dampier 
(1729), by Peron (1816) and by later visitors. Recent work by Peterson and Black 
(1987, 1988) indicates the high densities of some species of venerids in their Lidal
flaL study areas. Pearl shells (Pinctada albina) and saucer scallops (Aniusium 
balloti) in quanLiLies sufficient to support commercial fisheries give further 
indications of the bivalve proclucLiviLy of this area. Thal the dense though paLchy 
aggregations of Lhc carcliid Fragum erugatwn in Lhe southern areas of the Bay 
arc of long standing is aLLcsLed by Lhe thick coq uina beds which h ave been 
accumulating, particularly along its soulheaslern coas l, since Lhe Middle 
Holocene (van de GraaU, Hocking & Butcher 1983). The irnponance Lo this 
system of the extensive beds of sea grasses as a mollusca n habitat has been 
clernonstraLed by Wells, Rose & Lange (1985). Smith & Atkinson (1983) showed 
Lha l they are the most irnporLan L source of primary production in Shark Bay. 
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The patterns of distribution of bivalves within Shark Bay show an apparent 
link with salinity gradients. Kimmerer, McKinnon, Atkinson & Kessell (1985) 
found that diversity of planktonic organisms in Shark Bay was related to salinity, 
as was the abundance of individual species. However the pattern of total 
abundance was apparently due to limitation of nutrients, particularly 
phosphorus, in the southern areas of the Bay (Smith & Atkinson 1984). 
Investigation of salinity tolerances and of other factors directly or indirectly related 
to nutrient supply is needed to elucidate their roles in governing the abundance 
and distribution of bivalves within Shark Bay. 

Acknowledgements 

I wish to thank the Director and staff of the WA Department of Fisheries for 
their considerable assistance in providing ship time, transport and enthusiastic 
practical support in the field. 

Taxonomic advice and information has been kindly provided by Ms S.E. Boyd 
of the Museum of Victoria, Melbourne, by Dr. D. O'Foighil, University of 
Victoria, Canada, by Dr. R. Willan of the University of Queensland, St. Lucia, 
and by Dr. B.R. Wilson of the WA Department of Conservation and Land 
Management, Perth. 

I would particularly like to express my appreciation for the generous advice, 
and valuable and valued co-operation of Mr. G.W. Kendrick of the Dept of 
Eanh Sciences, W.A. Museum. 

The manuscript was typed by Mrs. A. Nevin with her much-appreciated 
exper tise and patience. 

143 



Bivalves 

Appendix: Annotations on Shark Uay nivalves 

Nucula pusilla lnfaunal in shallow subliuoral sand. 

Nucula superba Off Shark Bay in depths to 80 m; sand. 

Nuculana verconis Off Shark Bay in depths to 300 rn; sand. 

Soleniya sp. Similar to, but apparently distin ct from, S. lerraereginae Iredale, 
1929 lrorn North Queensland; infaunal in subtidal sea -grass beds; rare in 
collections. 

Anadara crebricoslala Synonym Arca fulloni Sowerby, 1907 (S.E. Boyd pers. 
comm.); shallow subliuoral to about 30 m. 

Anadara hilwizimana Apparently conspecific with .Japanese species; shallow 
subticlal to 30 rn. 

Anadara vellica/.a. OU Shark 8ay in depths to 80 m. 

Arca. na.v icularis First recorded [rom Shark Bay by Thiele (1930); subliuoral to 
80 rn 011 hard substrn tes. 

Arm N'11lricnsa Syno11y111 A. rwdlan.a I ,arn~1rck. 1819; \VJ\. coast;d forms <ilT 

relatively shor LC'r than offshore [orms; shallow, subtidal, hard substrates. 

Barbalia arnygdalu.mloslurn Synonym is Arca fusca 8ruguiere, 1798; intertidal 
to sh;illow sul>li1tor;d 011 hard subslratcs. 

Barbatia helhlingii Common in intertidal and sublittoral reefs aucl flats, 
particularly in crevices. Synonym Arca decussala, Sowerby, 1833. 

Barbalia pislachia Shallow to deep subliuoral, hard substrates. 

Trisidos semitorla Apparently conspccific with specimens which Thiele (1930) 
recorded from Shark Bay as Arca (Trisidos) torluosa (Linne, 1758), not 
otherwise recorded south of Exmouth Cul(; intertidal 10 subtidal sand and 
weed. 

AcrojJsis afra Collected on and under intertidal rocks in Shark Bay area. 

Cucullaea labiata OIL Shark Bay in sand to about 80 m. 

Glycymeris '?broadfooti Th<:' radial ribs ol specimens from the Shark Bay area 
have sharper edges than those of specimens from further south; subticlal sand 
LO 80 m. 

Glycymeris dampierensis Only small specimens taken rarely in deep water off 
Shark Bay, elsewhere larger specimens taken in shallow su blittoral sand. 

Glycymeris sordida Synonym is G. insignis Pilsbry, 1906; dredged in 10-150 m 
off W.A. coast. 
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Gl;1cy11ieris persi1nilis In shallow sublittoral sand in Shark Bay. 

G lycymeris striatularis Abundant shallow sublittoral species, possibly conspecific 
with specimens recorded from Shark Bay by von Martens (1889) (fide Hedley, 
1916) as G. radians (Lamarck, 1819), a similar but more southern species. 

Glycymeris sp. Apparently an undescribed west coast endemic which can be 
distinguished from generally sympatric G. crebrelirata (Sowerby, 1889), by its 
unpatterned exterior and stronger radial sculpture; 5-80 m. 

Botula vagina Possibly conspecific with Shark Bay specimens recorded as 
Modiolus (Botula) fuscus (Gmelen) (sic) by Thiele (1930); in weed and sand 
at 0-20 m. 

Brachidontes ustulatw Apparently the species recorded by Thiele (1930) as 
Brachyodonles (Hormomya) subramosus (Hanley) from Shark Bay and 
Rottnesl I.; intertidal lo shallow sublittoral rock. 

Lioberus sp. Intertidal to sublittoral seagrass beds; congeneric with American 
L. castaneus (Say, 1822) and similar to but not conspecific with Nlodiolus 
pulvillus Iredale, 1939. Possibly undescribed species (B.R. Wilson pers. comm.) 

Nlodiolatus hanleyi Congeneric with Nlytilus plicatus Gmelin, 1791, the type 
species of i\!Iodiolatus (B.R. Wilson pers. comm.); shallow sublittoral. 

lVIodiolus auriculatus Common on more exposed shores, shallow subtidal rock 
and weed. 

Modiolus philijJpinarum Abundant in shallow sublittoral sea-grass and algal 
beds. 

Musculista glaberrima Infaunal in silty sand; shallow sublittoral to 40 m. 

Musculus nanulus Type locality is Shark Bay; common in byssal mat attached 
to other shells; sublittoral. 

Ryenella cwningiana Recorded by Thiele (1930) as Musculus cumingianus from 
Shark Bay; embedded in tests of simple ascidians, shallow subtidal. 

Septifer bilocularis Recorded by T hiele (1930) as Brachyodontes (Septifer) 
bilocularis from Shark Bay and Houtman Abrolhos; intertidal and sub tidal 
rocks. 

Stavelia horrida Rarely found in Shark Bay; shallovv sublittoral. 

A trina pectinata Shallow sublittoral to 30 m; sand and sea-grass flats; possibly 
conspecific with Pinna tasmanica Tension Woods, 1876. 

Pinna bicolor Recorded as P. bicolor Chemnitz by Thiele (1930) from Shark 
Bay. Intertidal and sublittoral sea-grass beds and sand. 
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Slreplopinna saccala In crevices and under rocks; inlerLidal reds and shallow 
su b! i lloral. 

Pinclada albina Described . wilh Shark Bay lype loca lit y, by Jameson (1901 ) as 
Margarilifera carchariaruni 11.sp. , and recorded from Lhere and placed in Lhe 
genus Pleria by T hiele (1930); abundant and auached lo any hard subsLrate 
on inlenidal and subLidal reefs and fl als. 

Pinclada fucala. Probably conspecific wilh Jameson's (1901) record of Ma.rga.ri
lifera vulgaris (Schumacher) and Thicle's (1930) record of Pleria (Ma.rga.niifera) 
vulga.ris, bolh from Sha rk Bay; sublidal, occasionally common in seagrass b eds. 

Pinclada rna.culala Small; rare ly found on sha llow subliclal banks. 

Pincl.acla. margaril'i(era Found very rarely in inlerLidal red crevices , mo re common 
subticlally. 

Pleria. lala. Usually a llached to sublida l seagrass (Arnphibolus) slems. 

Pien:a penguin U sually al.lached lo gorgon ians; subLida l. 

Crena.lula. modiolari.1· Possibly synonymous with C. n:igrina Lama rck as recorded 
from Shark .Bay by Th iele ( 19:30); in sponges. 

lsognomon legwnen Small specimens usually fou11C..I i11 crevices and u nder rocks, 
intenidal and shallow subtidal; group needs revision. 

Malleus albus Recorded frnrn Shmk B;iy by Thick (1930); juveniles attached 
by fine byssus, adu lls usually free; rarely found. 

Ma.lleus rneridia.nus Commo n in Shark Bay byssally allachcd Lo imertidal and 
shal low subliuoral ha rd subslrales. 

Vulsella vulsella Recorded from Shark Bay by Thie le (1930); synonym V. 
spongia.rwn Lamarck; embedded in sponges, sublidal. 

Annachlarnys leopardus R ecorded from Shark Bay by Thiele ( 1930) as Peclen 
leopardus; on sublida l sand. 

Chlarnys auslralis R ecorded from Shark Bay as Pecten au.slra.lis by van Manens 
( l889) (tide H edley 1916). Consistently larger Lhan , and wiLh cliHerenl micro
sculpltire from Lhe more southern C. a.sperrirna (La marck, 1819) recorded from 
Shark Bay by T hiele ( 1930); covered wilh sponge, auachecl or free in seagrass 
beds. 

Ch.la.mys scabricostala Sublidal seagrass beds and hard subsLrale; sma ller Lha n 
C. auslralis bul with relative ly larger, spaced ~calcs o n dominant ribs. 

Chlamys squamosa Rare ly Laken in Shark Bay; intertidal lo subLida l scagrass 
banks. 
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Decatopecten strangei Rarely taken in Shark Bay in subtidal seagrass beds. 

Pecten modestus Shark Bay specimens generally more strongly sculptured than 
those further south; subtidal sand and seagrass. 

Semipallium luculentum Conspecific with Pecten dringi Reeve, 1853 recorded 
from Shark Bay by Thiele (1930); subtidal seagrass beds. 

Amusium balloti Locally abundant and fished commercially; subtidal sand. 

Plicatula australis Australian forms of Plicatula need examination; intertidal and 
subtidal hard substrates. 

Spondylus barbatus Species interpreted as in Lamprell 1986: 48; shallow subtidal 
hard substrates. 

Spondylus squamosus Species interpreted as in Lamprell 1986: 46; shallow 
subtidal, hard substrates. 

Dimya sp. Inhabits offshore waters of 50 to 270 m. Possibly conspecific with 
Indonesian dimyids identified as D. Zima Bartsch, 1913. 

Mania sp. Insufficient available material does not yet allow critical comparison 
with central Indo-West Pacific species of this genus; shallow subtidal, hard 
substrates. 

Lima Lima Synonym L. persquamifer Iredale, 1939; shallow sublittoral, usually 
under rocks. 

Lima nimbifer Specimens identified by von Martens (1889) as L. multicostata 
Sowerby, 1843 and L. sowerbyi Deshayes, 1863 (fide Hedley 1916) may be 
conspecific with this species; shallow sublittoral. 

Stabilima tadena Possibly a synonym of Lima strangei Sowerby, 1872; sandy 
substrate to 80 m. 

Dendostrea folium Varies from acutely folded form attached to gorgonians, to 
less folded forms attached to flat rocks, dead coral etc.; subtidal. 

Ostrea tuberculata Usually attached to and often embedded in living corals; 
sub tidal. 

Ostrea ?virescens Of ten confused with partly sympatric 0. angassi, this small 
oyster shows distinctive anatomical, habitat and growth characteristics; subtidal 
hard substrates. 

Saccostrea ?commercialis Work in progress casts doubt on conspecificity of 
western and northern forms with this south-east Australian species; moderately 
sheltered intertidal and shallow subtidal hard substrates. 

147 



Bivalve~ 

Saccoslrea cuccullala. Jn Shark Bay is found only where wave action is constantly 
moderate to strong; on intertidal rocks. 

Hyolissa hyolis Ofte11 detached from hard substrate when large to lie free on 
bollom; subtidal. 

Neolrigo1lia. uniophora. Shallow subli1 Loral to 80 m depth. 

Anoclonlia pita Distinguished from A. edenlula (Linne, 1758) by depressed lunule, 
this species has not yet been found a live in Shark Bay; subtidal silty sand 
and seagreass beds. 

Anodonlia. (Cavalicle11s) sp. aff. A. (C.) ornissa The close similarity of the shells 
o[ species in this subgenus makes a tentative identifica tion advisable pending 
anatomical and other s1uclies; subticbl silty sand and seagrass beds. 

Bellucina pisiforrnis Described from Sha rk Bay holotype by Thiele (1930) as 
Phacoides ( Parvilucina) pisiform.is (sec Ponder, 1978); subtidal sand. 

Bellucina ?semperiana WA forms are larger, more rounded and have more distant 
posterior lateral teeth than more typical forms; subtidal sand. 

Callucina laclr1ola Generally smaller 1lian more sot11hcrn specimens; sub1idal 
S~I t HJ. 

Codahia puncla.la Rarely found; subtidal and intertidal sand flats . 

c1r~na bdla /\bu11da111 ;1s dc;1d shells, r;11dy 1akc11 <dive; i111cnidal <tnd sub1idal 
sa11d. 

Ctena ?transversa. Closely resembles topotypic I-lawaiian specimens; interti da l 
and subtida l sand. 

Divalinga sp. Supcr li cially resembles Divaluc£na cwningi (Adams and Angas, 
1863) but with dissymmetric lunule and short anterior adductor muscle scar 
as in Divalinga; subtidal sand and weed beds. 

Divaricella orna/.a. Abundant as dead shel ls, rarely taken alive; subLida l sand and 
weed beds. 

Epicodahia sp. Smaller, slightly more oblique and more inflated than E. la.lei 
(Angas, 1879) from southern Austra lia; inLerticla l and sub1idal weed beds. 

Walluc£na sp. all W. jachsoniensis WA forms have stronger, more distant growth 
ridges, more indented lu nule, deeper hinge plate, stronger right anterior lateral 
and more slender lef t anterior cardina l teeth than south-east Australian forms; 
intertida l and subtidal weed beds. 

F elaniella (Zemysia) sp. Ligamen L more superficial and posterior cardina l tee th 
more vertical than in F. (Z.) globularis (Larnarck, 1819); subLida l sand and 
weed ll a ts. 
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?Numella ?conspicua More globular than type species N. adamsi (Angas, 1867); 
possesses internal anterior denticles but is more equilateral than originial 
figw-e of type of conspicua; shallow sublittoral. 

Chama fibula Apparently conspecific with east Australian form; subtidal hard 
substrate. 

Chama iostoma Possibly same species as Thiele's (1930) record of Chama reflexa 
Reeve; subtidal hard substrates. 

Chama lazarus Subtidal hard substrates. 

Chama pacifica Intertidal and subtidal hard substrates. 

Chama pulchella Apparently conspecific with Queensland forms; subtidal hard 
substrates particularly other shells. 

Chama ruderalis Rarely taken in Shark Bay; intertidal to subtidal hard substrates. 

Pseudochama sp. Attached on exposed intertidal reef flats; rarely taken, possibly 
due to collecting bias . 

Lasaea ?australis Possibly conspecific with southern Australian forms (work in 
progress, O'Foighil pers. comm.); intertidal to subtidal nestler. 

Kelliid sp. Possibly is the species recorded by Thiele (1930) as Kellya ?rotunda 
(Deshayes); subtidal. 

Nlysella sp. Not conspecific with ribbed Coriareus pusillus Thiele, 1930 (type 
locality Shark Bay); subtidal. 

Cardita aviculina Described with Shark Bay type locality; intertidal and subtidal. 

Cardita crassicosta Recorded by Thiele (1930) from Shark Bay (and elsewhere) 
as Cardita crassicostata Larmarck, which is an American species; subtidal reefs. 

Megacardita incrassata Shallow sublittoral specimens have stronger hinge 
elements than do specimens from depths of 80 m or more; sub tidal weed 
beds, though intertidal further south. 

"Megacardita" ?quoyi Possibly conspecific with south-east Australian Cardita 
rosulenta Tate, 1886 (S.E. Boyd pers. comm.), may be better placed in Glans; 
subtidal sand. 

Megacardita turgida Perhaps conspecific with Cardita nodulosa Lamarck, 1819 
described from Shark Bay types; intertidal to 40 m. 

Pleuromeris sp. Tan and white, less than 5 mm, similar to Venericardia propelutea 
Cotton, 1930 which might be a synonym of Cardita bimaculata Deshayes, 1852 
according to Cotton (1961 ); shallow sub tidal sand. 
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Eucrassa/,ella pulchra Subtidal sand and weed beds. 

Acroslerigrna mariela.e Sha llow sublittoral banks in Shark Bay, though elcscwhere 
usually found in deeper waters. 

Acroslerigina. reeveanum Probably conspccific with Thiele's (1930) record of 
Cardium flrwum Linne, which species is regarded as indeterminable by Iredale 
(1936) and Wilson & Stevenson (1977); intertidal and shallow subtidal banks. 

A croslerigma rosenw.riensis Sub Lida I sand and weed banks. 

Acroslerigrna vlmningi Subticla l sand and weed banks. 

Ctenocardia perornala Sha llow subtidal to about 80 rn. 

Fragwn (Afrocardium) eruga.lurn Shark Bay specimens usually small (< l cm 
long); synonym F hanieli11i Iredale, 19119, type locality Shark Bay; subtidal 
sand. 

Fragwn ( Lunulicardia) heniicardium Recorded from Shark Bay by Thiele (1930) 
as Cardiwn (T-/emicardium) hernicardium; Wilson & Stevenson (1977) followed 
Thiele ( 1930) in regarding C. lwnorijerum Lunarck, 1819 (type locality Shark 
B<ty) ; 1s <1 synonym; intcllidal and subiicLtl fbls. 

Fragum ( Lunuhcardia) reluswn Subtida l sand banks. 

Fragurn (Fragum) unedo Abundant on intnticbl and shallow subiidal bctnks. 

Fulvia a.pcrla 1ntcnidal and sub1idal banks. 

Ncrrwcardiwn (Ncrrwcardiwn) bechei Off Shark Bay in sand at 80 m. 

Nernoca.rdium (Pratulum) thetidis 0[[ Shark Bay Lo 80 m. 

Tridacna ma.x1>ma. Recorded from Shark Bay and the Houtman /\brolhos by 
Thiele ( 1930) as T elongala Larnarck; open coast intertidal reefs and wave
washed sublittoral rocks. 

Lutraria rhynchaena Subtidal banks. 

Mactra ciwieri Intertidal and subtidal banks. 

f\!Jaclra incarnala Subtidal Lo 80 m. 

Mactra o-ualina The relationships between the Australian species o f this and other 
species placed in the sugenus Maclroloma. need examination ; inLenidal a nd 
subtidal flats. 

Maclra ?pura The conspecificity ol northern and soulhern Aus tralian lorms needs 
verilicaLion; intertidal and subtidal banks. 

NJactra sericea This species appears Lo be the west coast equiva lent ol the easLern 
coas t f\!J. eximia Deshayes 1853; sha llow subLidal. 
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Ata.ctodea stria.ta Shark Bay specimens show differences in size and shape of 
pallial sinus and hinge plate and teeth, but are here included in this variable 
species; inter tidal and shallow subtidal sand. 

Paphies (Amesodesma.) elongatwn Differs from southern Australian P. (A.) 
angustum (Reeve, 185<!) and WesL Irian P. (A.) altenai (Rooij-Schuiling, 1972) 
in hinge teeth details; intertidal and shallow subtidal sand. 

Phaxas cultellus Shallow subtidal flats. 

Apolymetis (Leporimetis) spectabilis Rarely taken on shallow sublittoral banks. 

Arcopagia (Clathrotellina) ?elegantissima Subtidal sand and rubble; differs from 
figured type specimen and description in having a narrower posterior area, 
less convex anterior slope and a stronger yellow colour. 

Exotica (LoxoglyjJta) obliquilineata Inter tidal and subtidal sand. 

Exotica (E xotica) clathrata Shallow subtidal sand and weed banks. 

Exotica (Exotica) triradiata Intertidal and subtidal sand. 

Ma.coma (Scissulina) dispar Intertidal and shallow subtidal sand banks. 

!Vla.coma (Pinguima.coma) hemicilla. Intertidal and subtidal sand. 

Phylloda foliacea In subtidal sand. 

Quadrans (Quadrans) parvita.s Subtidal sand and weed fla ts. 

Tellina. (Cadella) semitorta Shallow subtidal sand and weed flats . 

Tellina (Merzsca) ?ostracea Differs somewhat from figure cited by Lamarck in 
original description in being more rosu-ate posteriorly, more convex antero
dorsally and with sharper posterior ribs, but agrees with Hanley's (1846) 
description and figure; uncommon in subtidal sand. 

Tellina (?JVIoerella.) sp. Differs from type species donacina Linne, 1758 in having 
larger right anterior lateral and shorter right posterior lateral teeth and in 
being less rostrale posteriorly; subtidal sand. 

Tellina (Pharaonella) perna Intertidal and shallow subtidal sand. 

Tellina (Pinguitellina) ?murrayi Shark Bay specimens are relatively higher, shorter 
and less rostrate posteriorly than in Smith's description. However they possess 
the characteristic fine radial sculpture between concentric lirae which, at 
intervals, become stronger and almost lamellate; subtidal sand. 

Tellina ( Pinguitellina) rob us ta Sub tidal sand. 

Tellina (Semelangulus) tenuilirata Sub tidal sand to 80 m. 

Tellina (Smithsonella) pulcherrima Shallow subtidal sand. 
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Tellina. (Sniithsonella) verrucosa SubLidal sand, 0-80 m. 

Tellina. (Telhnangulu.s) sp. Subgeneric placement is doubLlful as Lhis small (< 
l cm) species has a posLcrior righL lateral LooLh, apparenLly unlike Lhe Lype 
species T aethiopicus (Thiele & .Jaeckel, 1931). 

Tellina. (Tellinella) slaurella lnLertidal and shal low subLidal sand and reef. 

Tellina (Tellinella) virgata ln Lenidal Lo subLidal sand flals. 

Tellina (Tellinides) cuchbu.rnensis SubLidal sand and seagrass banks. 

Donax colwnb ella In LerLiclal and sha ll ow subLida l sand. 

Dona.x faba Inlert.idal and shallow subLidal sand. 

Asaph.is vio lacens Rarely taken in Shark Bay; occurs in deeper waLer than further 
north. 

Gari amelhystus SubLida l sand Lo 80 rn. 

Gari anomala Sha llow subLidal sand. 

Gari m.aculosa Subtida 1 sand. 

Cari occidf'ns Sli;1 llow sub Iida I .~ ; 11 id . 

Gari pulc!terrirna Subt idal sand to 60 rn. 

Gari rasili.1· Subtidal sand. 

Sangw:nolaria (Psarnmotellina) sp. More elongatcly ovaLe Lhan S. (P. ) ambigua 
(Reeve, 1857) wiLh rayed colour pattern just anLerior to poslerior area; inLerLidal 
and shallow subtidal banks. 

Solelellina sp. A new species to be described by R. Willan (pers. comm.). 

Leplotn)Ja psillacus Rarely taken in Shark Bay, sha llow subtidal sand. 

Semele exa.rala SubLiclal sand Lo 80 rn. 

Semele juhesii Sub tidal sand, weed and reef. 

?Azorinus sp. Common in sheltered waters of norLh-west AusLralia buL only 
Lcntatively identified. The shel l is obliquely radially furrowed, is longer 
posLeriorly with a deep, moderaLely rounded pallial sinus, and has two long 
flat cardinal teeLh in each valve; sha llow subLidal sand. 

Solecurlus divarica.lus Subtidal sofl substrates. 

Solecurlus sulcalus SubLidal sofL substraLe Lo 80 m . 

Trapezium bicarinalum Synonymous with Cypricardia angulala Larnarck, 1819 
described wilh Shark Bay as type locality; intenidal and subLidal reef. 
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Ano1nalocardia squamosa Recorded from Shark Bay as Chione squamosa by 
Thiele (1930); intertidal sand and weed flats. 

Bassina disjecta Rarely taken in Shark Bay area and in greater depths (80 m) 
than further south. 

Callista impar Recorded from Shark Bay by Thiele (1930); intertidal and shallow 
subtidal sand and seagrass flats. 

Chioneryx sp. Resembles apparently variable C. lionata (Smith, 1885) but has 
a relatively larger and stronger hinge structure, a larger and more pointed 
pallial sinus and stronger and fewer crenulations only on the ventral part 
of the lunule lip; locally abundant on subtidal banks. 

Circe lenticularis Intertidal and subtidal banks. 

Circe scripta Intertidal and subtidal sand and weed. 

Circe sulcata Intertidal and subtidal sand and seagrass. 

Clementia papyracea Intertidal sand flats. 

Costacallista planatella Intertidal and subtidal sand and seagrass banks. 

Dosinia biscocta Sand and weed banks. 

Dosinia deshayesii Subticlal sand and weed. 

Dosinia incisa Subtidal sand to 80 m. 

Dosinia lucinalis Intertidal and shallow subticlal sand flats. 

Dosinia sculpta Intertidal and sublittoral sand. 

Gafrarium intermediwn Intertidal and shallow subtidal sand flats. 

Glycydonta ?costellifera Lynge (1909) considered that costellifera is a synonym 
of G. recognita (but see below). Shark Bay specimens closely resemble the 
original description and figures of costellifera in shape and in the sculpture 
of strong, simple, close-set, strongly scaled radial ribs; intertidal and shallow 
subtidal sand and weed banks. 

Glycydonta ?recognita WA shells resemble those figured by Smith, but are more 
closely radially ribbed with each rib bisected by a groove so that paired nodules 
are formed where ribs intersect concentric lirae; intertidal and shallow subtidal 
sand and weed. 

Gomphina undulosa Type locality Shark Bay (collected by Peron); intertidal 
and subtidal sand and weed. 

Irus sp. aff. I. irus Recorded from Shark Bay as Venerupis irus by Thiele (1930). 
Inda-West Pacific forms have not yet been convincingly distinguished from 
this European species; shallow nestler. 
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Kalelysia hianlina Taken rarely in Shark Bay area and at greater depths than 
[urthcr nonh. 

Marcia (Granicorium) indula Off Shark Bay in sand al 80 m. 

Paphia crassisulca Type locality Shark Bay (collected by Peron); intenidal and 
subtidal sand and weed banks. 

Periglypla resliculala Intertidal and subtidal sand and reef. 

Periglypla reliculala Intertidal and sublittoral sand and reef. 

Pilar (Pilarina) a/ finis Sub tidal sand. 

Pilar (Pi larina) cilrina Inter tidal sand flats. 

Pilar ( Pilarina) ?pellucida Resemble Pacific Ocean forms in shape, texture and 
colour pallerns o( shell bul have finer posterior and median cardina l teeth; 
intertidal and shallow subtidal sand. 

Pilar (Cos lellipilar) ?porrecla Shark Bay (arms (with tan zig-zag shell pallerns) 
have deeper shells with smaller beaks, less obvious growth striae and more 
posteriorly-placed interna l co lour ray than in Romer's description; shallow 
subti tbl s;111d . 

Placamen berrii, which Thiele (1930) recorded as Clausinella berryi, occurs in 
inlcrticlal sand, rubble and seagrasses. 

F'lacarnen ?foliacea The sculpture and colour pallerns of J\uslralian specimens 
more closely resemble Philippi 's description and illustrat ions than those of 
Dillwyn 's (1817) P. tiara, which has been considered synonymous by some 
authors; shallow subtidal sand and weed. 

Placamen gravescens Intertidal sand and weed flats . 

Sunella aliciae Shallow sublittoral, wave-washed sand. 

Sunella conlempla Shallow sublittoral, wave-washed sand. 

Tapes lileralus In lertidal and shallow subtidal sand, reef and weed. 

Tapes deshayesii Shallow subtidal sand. 

Tapes dorsalus Intertidal and shallow subtidal sand and weed. 

Tawera coelala Inteniclal and shallow subtidal sand and weed; the generic 
placement in this southern temperate genus seems to be appropriate here and 
below. 

Tawera ?subnodulosa Shell more oval than in figured types, with slightly exert 
lunule and with concenu-ic ribs broken anteriorly to form nodules; intertidal 
and shallow subtidal sand and weed. 
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Ventricolaria embrithes Shallow subtidal to 80 m . 

Ventricolaria toreuma Intertidal flats to 80 m. 

Venus (Antigona) chemnitzii Recorded from Shark Bay as Antigona (Periglypta) 
chemnitzii by Thiele (1930); synonym Venus laqueata Sowerby, 1853; shallow 
subtidal among rocks and sand. 

Venus (Antigona) lamellaris Shallow subtidal to 80 m . 

Mysia sp. Not yet taken alive. Similar to southern Australian M. pellucida (Tate, 
1891) but lacking external sculpture. 

Corbula monilis Subtidal sand. 

Corbula stolata Subtidal sand. 

Corbula scaphoides Subtidal sand and weed. 

Gastrochaena cuneiformis Described, with Shark Bay as type locality, as G. 
tumidula Thiele, 1930; subtidal in silty sand. 

Gastrochaena pupina In shells of other bivalves e.g. Annachlamys leopardus. 

Hiatella sp. Recorded from Shark Bay by Thiele (1930) as Saxicava arctica Linne. 
The relationship of the northern Australian form with the southern H. 
australis (Lamarck, 1818) needs examination. 

Pandora (Frenamya) sp. Relatively more elongate than P. (F.) patula (Tate, 1889) 
from southern Australian waters; subtidal soft substrates. 

C leidothaerus albidus Sub tidal hard substrate. 

Laternula ?anatina Possibly the same species as that described from Shark Bay 
type locality as L. imperfecta Lamarck, 1818; shallow subtidal and intertidal 
sand flats . 

Niyochama anomioides Shallow subtidal; attached to shells and other hard 
substrates. 

iVIyadora ?complexa Distributional range apparently discontinuous with that of 
south-east Australian population; subtidal soft substrate. 

Thracia alciope Described with Shark Bay as type locality; intertidal and shallow 
subtidal flats . 

Brechites (Foegia) novaezelandiae Shallow subtidal sand and rock. 
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Rcpon of the Francc·Australc Bicentenary Expedition Committee 

Genetic divergence of venerid clams in Shark Bay, 
Western Australia 

Michael S. Johnson and Robert Black* 

Absu:act 

Steep environmenLal gradients and low rates of water exchange in Shark Bay favour 
genetic divergence among populations of marine species. An earlier study of 
electrophoretic variation of enzymes in snapper revealed genetic cli[(erences between 
populations within Shark Bay and those outside, and between the eastern and western 
guHs of the inner portion o[ the Bay, confirming the isolation of stocks in clifferent 
areas. A study of five species of venerid clams provides adclitional examples of genetic 
clivergence associated with Shark Bay. Although the am01111t of clivergence is generally 
less than that found for snappe1~ each of the species of clams shows genetic clifferences 
among sites within Shark Bay. Larger clifferences were found between the populations 
in Shark Bay and those further north. These results confirm the importance of Shark 
Bay as a focal point for genetic divergence of marine species, and encourage [urther 
stuclies of rnicroevolt.nionary processes. 

Resume 

Les pentes ecologiques raides et les taux bas d'echange d'eau dans la Baie des Chiens Marins 
favorisent Ja difference genetique parmi les populations d'especes marines. Une etude 
anterieure sur Jes variations electrophoretiques des enzymes chez le mordeur a revele des 
differences genetiques entre les populations a l'inti:rieur de la Baie et celles a l'exterieur, et entre 
les golfes orientaux et occidentaux de la partie inti:rieure de la Baie, confirmant l'isolement des 
especes dans les diffi:rentes regions . Une etude sur cinq especes de clams venerides fournit des 
exemples supp!ementaires de difference genetique associee a la Baie des Chiens Marins. Bien 
que J'importance de la difference soit generalement moindre que celle trouvee chez le mordeur, 
chaque espece de clams montre des differences genetiques entre les sites a l'interieur de la Baie 
des Chiens Marins. Des differences plus grandes ont ete trouvees entre les populations de la 
Baie des Chiens Marins et celles plus au nord. Ces resultats confirment !'importance de la Baie 
des Chiens Marins comme foyer de difference genetique des especes marines, et encouragent 
les etudes ulti:rieures sur les processus micro-evolutionnaires. 

In tnxluction 

Two features make Shark Bay an outstanding laboratory for studies of population 
genetics. The most striking aspect of the Bay is its steep environmental gradients. 
Salinity is the most obvious of these, with an increase from 36 g 1-1 in the 
outer bay to 60-70 g J-l in the eastern heads of the bay, but temperature gradients 
are also considerably steeper than along the outer coast (Davies 1970; Logan 
and Cebulski 1970). This environmental heterogeneity should favour genetic 
divergence among populations, through localised effects of natural selection. 

*Department of Zoology, The University of Western Australia, Nedlands, Western Australia 6009 
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Genetic divergence is a lso favoured by the low rates of exchange of waters between 
the inner and outer portions of the Bay, as evidenced by the steep salinity gradients 
and estimates of salt and water budgets (Smith and Atkinson 1983). T hese low 
rates of exchange reduce the probability of passive dispersal of eggs or larvae, 
th ereby in creasi ng the o pportunity ror localised subdivision and genetic 
divergence of popular io ns. 

Genetic studies of marine species in Shark Bay are of interest in two con texts. 
The first is the opportunity Lo study genetic divergence in rela tion Lo this unique, 
partia lly isola ted environment. Since pelagic dispersal greatly limi ts the potential 
for genetic divergence of many marine species, popula tions away from the main 
flow o f currents, such as in Shark Bay, may be o f specia l significance in the 
diverge nce and speciation o f marine organisms. Sha rk Bay is of specia l 
evolutiona ry in te rest, because its o rigin is geologically recent. F looding of the 
basin by the sea occurred 7000 Lo 8000 years ago, and its unique character istics 
have developed only over the past 5000 yea rs (Hagan and Logan 1974), providing 
the opportunity to study genetic change over a significant, but evo lutionarily 
short period of Lime. 

ln additi on Lo their theoretical con text, genetic studies of marine species in 
Shark Bay are o r interest in the managemen L of the species and communities 
ol t. lie Bay. Genetic difJerenccs o r populations from different areas can prov ide 
strong evidence for isola tion of those popula tions. The specia l value o f the genetic 
evidence is t.ha l it reflec ts isolation or connectedness over genera tions, without 
being con[incd to particular life stages. As a source of genetic m ar kers, 
electrophores is o [ enzymes has p roved pa rticularly useful in the detection of 
isolated ureed ing popula tions, selling the spatial scale over which effective 
management must be made (reviews in Shaklee 1983; Ryman and ULLer 1987). 

T he first genetic study in Shark Bay was, in fac t, initiated in Lhe practical 
conLext of management of the fishery for snapper, Chrysophrys auralus (=C. 
unicolor). Snapper are caught commercially in the ouLer portions of the Bay, 
and by ama teurs in the inner gulfs, and potentia l conflicts of management have 
ueen considerable. EleclrophoreLic studies of enzyme pol ymorphisms showed that 
there was genetic isola tion between populations from the inner and outer 
portions of the Bay, and between the eastern and western gulfs of the inner 
bay (Johnson el al. 1986). T hese results complement tagging studies (Moran 1987), 
confirming that there arc isolated stocks of snapper within Shark Bay, and that 
the commercia l and amateur fisheries can be managed independently of each 
other. 

Studies of snapper populations across souLhern Australia make clear the im
portance of Shark Bay as a focus of genetic divergence. Genetic evidence indicates 
that random mixing of coastal populations occurs over distances o[ about 1000 
km (MacDonald 1980, discussed in Richardson et al. 1986), compared with the 
isolation of populations on a scale of less than 100 krn in Shark Bay. Furthermore, 
populations in Shark Bay have some alleles which are not found throughout 
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the species' range across coastal southern Ausu·alia. This genetic uniqueness 
indicates that the Shark Bay populations are not simply a filtered subset of the 
genetic variants found outside the Bay. Instead, the accumulation of these alleles 
has apparently occurred in response to special conditions in the Bay, developing 
within the past 8000 years. 

As a first extension of these genetic studies to other species, we have examined 
polymorphic enzymes in 5 species of venerid clams. Clams are abundant in Shark 
Bay, being the most obvious of the intertidal benthic consumers, and have been 
the subject of ecological studies (Peterson and Black, 1987, 1988). The initial 
questions of the genetic study were: 1) is there genetic subdivision of populations 
within Shark Bay and 2) are there genetic differences between Shark Bay and 
other areas? 

Materials and methods 

Between 2 and 8 samples were collected in Shark Bay (Figure 1) during 1987 
for each of the following species: Anomalocardia squamosa ("1 samples); Callista 
impar (5 ); Circe lenticularis (2); Placamen berryi (8); Placamen gravescens (2). 
All of these species have largely tropical distributions, and Shark Bay is the 
southern limit of any appreciable populations. In addition, the habitat between 
Shark Bay and Exmouth Gulf, a distance of about 400 km, is largely unsuitable 
for these species, and few specimens of any of the species are known from that 
area. Thus, the populations in Shark Bay are disjunct extremeties of the species' 
distributions. To compare the Shark Bay populations with those further north, 
samples of all of the species except C. lenticularis were collected from Bay of 
Rest, in Exmouth Gulf (22°19'S, 114°7'E), and samples of C. lenticularis, C. impa1; 
and P. gravescens were collected from Withnell Bay, near Dampier (20°3Ll'S, 
116°48'E). With few exceptions, each sample consisted of 48 specimens. 

Genetic markers were obtained through a survey of variation of several 
enzymes, using standard starch-gel electrophoresis of extracts from hepatopan
creas. The eight polymorphic enzymes which were used to study geographic 
variation were isocitrate dehydrogenase (ldh), leucine aminopepticlase (Lap), 
leucylglycylglycine peptidase (Lggp), malate dehydrogenase (Mdh), mannose
phosphate isomerase (Mpi), phosphoglucose isomerase (Pgi), phosphoglucom
utase (Pgm) , and phosphogluconate dehydrogenase (Pgd). Each species was 
polymorphic for 4 to 6 of these enzymes. Recipes for staining these enzymes 
can be found in Richardson et al. ( 1986). At each locus, for each species, alleles 
were labelled alphabetically, in order of decreasing electrophophoretic mobility 
of their corresponding allozymes. 

Variation of allelic frequencies among populations was quantified using FsT, 
the standardised variance of allelic frequencies. FsT can vary between 0 and 1, 
and is the proportion of the total genetic variation in a set of samples which 
is due to differences among samples; thus, the larger the value, the greater the 
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Figure I. Map showing sampling locations within Shark Bay for five species or ve nerid clams. 
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genetic divergence among the sampled populations. This was calculated for each 
allele, each locus, and across loci, using the methods of Weir and Cockerham 
(1984). To provide a less biased estimate of the mean F sT across loci, the jackknife 
procedure (Reynolds et al. 1983) was used. A contingency X2 was calculated from 
FsT using the method of Workman and Niswander (1970). To ensure a valid 
X2, alleles for which the average expected value within populations was less 
than 4 were pooled in the determination of the degrees of freedom for that locus. 
To test the significance of the average FsT across loci, we used the summed X2 
values and their degrees of freedom from the individual loci. Where available 
samples permitted, analysis of FsT was conducted at several levels: within the 
eastern and western gulfs; between these two inner gulfs; among the inner gulfs 
and the outer bay; and between the pooled Shark Bay samples and the northern 
samples. 

Under the island model of population structure, without selection, genetic 
divergence is related to gene flow by the formula 

Nm = (l/FsT - 1)/4 

where Nm is the genetically effective number of migrants between populations 
per generation (Slatkin, 1985). We used the jackknife procedure to estimate Nm 
and its variance from the average FsT across loci. Since this estimation ignores 
any effects of selection, it provides only a rough estimate, but it helps to put 
the values of FsT into an ecological perspective. 

Results 

The five species of clams show a large range of divergence, as measured by average 
FsT; but generally less than the snapper populations (Table 1). Of the clams, 
A . squamosa shows the greatest variation among populations within Shark Bay; 
among the three major sections of the Bay, the average FsT is O.Oll, the same 
as found for the snapper populations. The spatial scale of that variation is 
relatively small, however, with 3 of 5 polymorphic loci showing significant 
differences between Monkey Mia and Herald Bight, the two sampling sites in 
the eastern gulf, and which are only 25 km apart. This variation within the 
eastern gulf is of the same magnitude as found between the eastern and western 
gulfs for the snapper, with an average FsT of 0.016. The divergence between A . 
squamosa populations from the two gulfs is somewhat smaller, and is significant 
only for the Pgm locus. Including the outer bay in the comparisons does not 
increase Fs~r, confirming that the spatial scale of variation in this species is small 
relative to the major sections of the bay. 

Considerable divergence within Shark Bay was also found for C. impar, which 
also shows a pattern of localised differention. Although the two samples from 
the eastern gulf did not differ significantly for any of the four polymorphic loci, 
two of the loci varied significantly among the three samples from the western 
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'fable L Values or FsT ror snapper (C. rwrn.111.s) ;111d rive species of clams rrom ."lhark Bay. 

Within Shark Hay 

Eastern Western Eastern Easl/Wcsl/ Shark Uay 
Spccjcs L>eus gulf gulf vs.Wc..">lern Outer nay vs.North 

( : .11.·1 nr1.t11.s 
h i ll .C. 11.C. 0.000 0.008"'"' .. 11. L 
ldh 11.C. 11.C. 0.02:1 '"'' 0.01 11.,.. , 11.C'. 
Mpi 11 .C. 11.C. 0.008 ' 0.01'.t' .... 11. (. 
l'gi 11. C. ll . C. 0.0.'Fi'''··•· 0.01:3"'"'• 11. C. 
Avcriigc !J.C. n.c 0.016''*' 0.011 °"' 11.C. 

A .srr11.a11w.rn 
ldli 0.(Hli'• 11. C. 0.000 ()OOO 0.0•111'.,.. 
J,;1p O.Olli·• 11.C. 0.006 0 007 0.01()**• 
Lggp 0.000 11.C. 0.00:> 0.00() 0.012• 
Po-111 
" 

0008 11.C O.!MO''' • O.O'll "'' 0.0:>1 '" 
l'gi 0.02:)*' 11.C'. 0.000 0. 0 I 0 0.011 ••• 
/\vcr<ig<' O.Olli''"' 11.C'. 0.010'''' (l.011 *""* 0.020·• .. 

( :. i 1 n/Jr1.r 
L q> 0.000 0.0 17• 0.0 1!) ••H 11.C. 0.007 -u-x 
l'grn ().009 0.008 0.009*'' 11.C'. 0.01 2"*" 
l'gd 0.011 0.00·1'" O.OOG* 11.C. 0.012• .. •·• 
l'g i O.OO'I 0.000 000.'l 11. C. 0.000 
i\vt'ragr O.OW> 0.01 2'''. O.Olll '' • 11.t '. 0.02!i"'"' 

c:.lr:11.lint.la.ris 
ldl1 11. C. 11.C. 11.C. 11 .C. 0.021 '' 
l ,;1p 11.C'. 11. C'. (l.001 ll. C'. 0.008""' .. 
Mdh 11.C. 11.C. 0.000 11. C. 0 01 11 
l\ilpi 11.C". 11. C. 0.00l) 11.C. 0.02.'l'"" 
!'g m 11.C. ll.C. 0.000 11.C. 0.000 
Pgi n.c. ll.C. 0.0 111 ll.C. 0.06 1 .... 
Average ll. C. ll.C. (l.007 11.C. 0.()'!!j • •.• 

P. /Jnr)'i 
Lip 0.008 0.00:1 0.007* 0009° 0.'18*·•·• 
l\ildli -1 0000 0.0()'1 0.000 0.000 0.026''· ..... 
l\ildh-2 11. C. ll.C'. 11.C. 11 .L. 0.012"'' 
l\ilpi 0.017* 0.012 0.0011 0.006'' 0.006 .. " 
Pgrn 0.000 0.010 0.001 0.002 0.010·•·•* 
Pgi 0.000 0.000 0.006' 0.002 0.061 °" 
1\ veragc O.Oo:l O.OO(i 0 0011 0.0011'' 0.031•0 

f '.,t.;Ta.ll('.\'('('l/S 

ldh 11. C. 11.C. () 006 ll.C. 0.000 
Lap ll.C. 11.C. 0.000 11. C. 0.02Y'• .. 
Mdh 11. C. 11.C. 0.000 11. C. 0.006 
Po-111 

'"' 
ll. C. 11.C. O.OOG 11.C. 0.01 '.l"" 

Po·i 
b ll. C. 11 .C. 0.015" 11. C. 0.0,12• ... 

Average 11.C. 11 .C. 0.008 11.C. 0.026 '"" 

1i.c. = 110 companso11 possible 
,,, = p < 0.05; .... = p < 0.0!: .•.•• = p < 0.00! 
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gulf. The differences between the two gulfs were similar in magnitude to those 
within the western gulf. 

Less differentiation among populations was found for C. lenticularis and P. 
gravescens, for which the average FsT between the inner gulfs was only 0.007 
and 0.008, respectively. For both of these species, analyses are limited because 
we obtained only a single sample from each of the inner gulfs. For P. gravescens, 
the two samples differ for only the Pgi locus, of the five polymorphic loci 
Pxamined. For C. lenticularis, the samples do not differ significantly for any 
of the six polymorphic loci. Nevertheless, some differentiation in this species 
is evident for particular alleles. The Mpia allele was found at a frequency of 
0.122 at Monkey Mia, in the eastern gulf, and was absent from Denham, in 
the western gulf (P<0.001). Similarly, in the Monkey Mia sample Lapa and Lap" 
have a combined frequency of 0.084 and Pgia and Pgi" have a combined frequency 
of 0.071, but none of these alleles were found at Denham. Although not large, 
these differences are the only sign of uniqueness for any populations or regions 
for any of the five species of clams examined. 

The species showing the least differentiation in Shark Bay is P. berryi, with 
an average FsT of only 0.004 between the two inner gulfs or among the three 
major sections of the Bay. Nevertheless, there are significant differences in some 
comparisons: Mpi differs between the two samples in the eastern gulf; Lap and 
Pgi vary significantly between the eastern and western gulfs; and Lap and Mpi 
vary significantly among the three major areas of the bay. Overall, the magnitude 
of differentiation is as great within the gulfs as between them. 

For each of the five species of clams, the magnitude of differentiation between 
Shark Bay populations and the northern populations was substantially greater 
than the differentiation within Shark Bay. The increase in average FsT ranged 
from 25% for A. squamosa, to 675% for P. berryi. For the latter species, all six 
polymorphic loci showed highly significant differences between Shark Bay and 
the northern populations, and for the other species, the majority of loci examined 
showed detectable differences. Despite this pervasive differentiation between 
Shark Bay populations and those further north, no alleles in any of the species 
were found to be unique to either Shark Bay or the northern populations. 

Discussion 
All five species of clams show some genetic divergence of populations within 
Shark Bay, although only A. squamosa approaches the level of divergence found 
previously for snapper populations. For the three species in which it was 
examined, variation within the inner gulfs was as great as between them or 
among all three major areas of the Bay. Thus, the processes causing genetic 
divergence within the Bay are largely local, rather than regional. 

The values of FsT in Shark Bay are small, which is typical of species with 
pelagic larvae. They are, on average, slightly larger than the values found over 
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a distance of <tbout 600 km in souLhern California and Baja Cal ilornia, for several 
species of lish wiLh pelagic la rvae (Waples, 1987). Geograph ical ly, Lhe most useful 
comparaLivc data available are for the i11Lcnidal !im pel Siphonaria jeanae, which 
has an average F~T of only 0.0011 over 2500 km [rom Kalbarri, Western J\uslra1ia, 
10 Pon Robe, South Australia (Johnson and Black, 19811), a value smaller than 
those found wiLhin Sh;uk Bay for all of the spec ies of clams except P. berryi. 
For Lhc clams Lhemselves, Lhe divergence wiLhin Shark Bay is rough ly ha]( as 
gn:·<it c.ts 1hal bcLween Lhc Bay and the nonhern populations, despite Lhc 
considerably larger distances in the latle r cornpa risons. 

J\ usdul pcrspcnive 0 11 the divergence is provided by Lhe estimates of the 
number o f migrallls per generat io n bet wecn the caslcrn and WCSLern guHs of 
the Bay, which r<t11ge lrnm about 9 Lo 57 (11tblc 2). These arc estimates o[ Lhc 
genetically dlcctivc tH1mbcr of 1nigra1lls, which wi ll be less th;1n the total number. 
On Lhc other hand, the estimates ol Nm rclkct the dfccts of gene fl ow over 
long periods, nol just recenl gcneraLio11s. Since Lhese clams can have occupied 
Shark Bay [or no more than a few Lhousancl gnwraLions, Lhey have probably 
110L reached geneLic equilibrium, and Lhe currenl rale of migraLion is presumably 
much less Lhan Lhc cs1imC1Lcd values. From an ecological perspecLive, Lh e 
implica tion is LhaL recruiuncnt beLween Lhe gulfs is negligible in the short Lerm, 
and cvc11 within Ilic gu lls pnpulc1Lio11s 111 ;:1y be la rgely self-replenishing on a 
fairly loca l scale. This implicaLion musl be tempered by Lhe possibiliLy LhaL some 
of Lhe variation could be due to selection wiLhin a single generaLion, which 
is ig11orcd in Llw <·stirnation of Nm. This caveat is particularly importanl for 
JJ. uerryi, as Lhc small ainoulll of genetic divergence a1n011g populations found 
in Lhis species could result from selection, even in the face of substanLial gene 
llow. 

T<1blc 2. Vstimates of the gcnc1icdly dkctivc numbt·r of migTa111s (± s.c.) between eastern and 
Wl'Sll'!'n Sh ;11 k Bay ;111cl bet WLTn Shark B;1 y ;1nd nort hcrn pop1 ilal io ns. 

Species 

C. 1111.icolm 
I/. sq /ll/.f//.OSll 

C. i1np11.r 
C. lf'nlic11.lnris 
P. {}(:rryi 

P. p;r11111'.w:ens 

11.c. = 110 comp;inson 

Eastcm/Wc~tcrn Shark nay 

8.13 ± 212 
8.80 ± 3.01 

2'.·H8 ± 1.27 
23.06 ± 2.21 
!°J7.19 ± 1!)2 
1652 ± 2.9.'> 

Shark nay/North 

11. C 

1()/1 5 ± 0.51 
0.10 ± 250 
11.8 1 ± 0.14 
4.77 ± 0.4!) 
6.17 ± 081 

The cliHerences among Lhe species in Lhe arnounl of divergence is anoLher 
slriking [eaLUre or the results. AILhough an explanaLion for Lhese cbl1erences is 
beyond this sLucly, some obvious possibiliLies are worth considering. T h e [irsL 
o[ Lhese is the potential effecl of variable recruiunenL, which has been shown 
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to cause spatial genetic heterogeneity in other sedentary molluscs (Johnson and 
Black 1984). Studies at Monkey Mia indicate that yearly recruitment to 
populations of all five species is generally low, but all species except P. berryi 
had one or two years of fairly heavy recruitment in the period 1982 to 1987 
(Black and Peterson, unpublished data). Interestingly, A . squamosa showed the 
greatest variance in recruitment, which could contribute to its relatively large 
spatial genetic variation if different cohorts are genetically different and if the 
temporal pattern of recruitment varies among sites. Unfortunately, we have no 
data on either of these points, and the sporadic nature of recruitment will make 
such data difficult to obtain. Furthermore, the hrge variance in recruitment and 
the fact that, despite its abundance, P. berryi received almost no recruitment 
at Monkey Mia in the period studied, indicate that a very long term study is 
necessary even to confirm possible differences in the pattern of recruitment among 
the species. 

Another factor which might be expected to affect the amount of divergence 
among populations is the vertical distribution of a species. Because intertidal 
sites are influenced by local atmospheric conditions, we might expect greater 
divergence among high-shore populations. Among the species examined, A . 
squamosa is one of the more intertidal species (Peterson and Black, 1988), and 
shows the greatest genetic variation among sites. However, the species which 
is most restricted to intertidal sites is P. berryi, which shows the least genetic 
heterogeneity among populations in Shark Bay, destroying any simple connection 
with depth. 

A possible confounding factor could be the relatively continuous distribution 
of P. berryi, which was the only species found at all eight sites sampled in Shark 
Bay. Greater continuity is likely to increase gene flow through a stepping stone 
effect, possibly contributing to the low level of genetic differentiation of P. berryi. 

Whether or not it affects the extent of divergence within Shark Bay, 
discontinuity presumably contributes to the relatively large divergence between 
the Bay and the northern populations. Such disjunctions are not uncommon 
for species found in Shark Bay. A good example is the gastropod Littoraria 
cingulata, which occurs as far south as Exmouth Gulf, and has a disjunct 
subspecies within Shark Bay (Reid, 1986). Disjunctions favour genetic divergence 
through the reduction of gene £low, but they also emphasize the special ecological 
characteristics of Shark Bay. Because of this, it is difficult to determine the relative 
balance between gene flow and selection in bringing about the genetic 
differentiation associated with the Bay. Our work on this and other questions 
about the nature of genetic divergence of populations in Shark Bay is continuing. 
The most informative studies are likely to be those on the relatively few species 
which have continuous distribution along the outer coast as well as into Shark 
Bay. 
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RESEARCH IN SHARK BAY 
Report of the France-Australe Bicentenary Expedition Committee 

Annotated checklist of marine decapod Crustacea 
from Shark Bay, Western Australia 

Diana S. Jones * 

Abstract 

Two hundred and thirty two species of decapod crustaceans are recorded from the 
marine habitats of Shark Bay, Western Australia. For each species information is 
presented on distribution, habitat, previous records from the area and specimens housed 
in the Western Australian Museum, Perth. Shark Bay is the type locality for 14 species. 
Biogeographic affinities of the fauna are discussed. The bulk of species (llS) occmring 
at Shark Bay show Inclo-West Pacific fauna! affinities. Only 16 species are endemic 
Lo Western Ausu·a!ia and 17 show affinities Lo southern Australian temperate species. 

Resume 

Deux cent trente-deux especes de crustaces decapodes vivant dans les habitats marins de la 
Baie des Chiens Marins sont repertoriees. Pour chaque espece, des informations sont 
presentees concernant la repartition, I' habitat, Jes recensements anti:rieurs dans la region et les 
specimens conserves au Muse um d' A ustralie-Occidentale, a Perth. La Baie des Chiens Marins 
est la localite type de 14 especes. Les affinites biogeographiques de la faune sont traiti:s. La 
majorite des especes ( 115) apparaissant dans la Baie des Chiens Marins montrent des affinites 
avec la faune indo-pacifique occidentale. Seulement 16 especes sont endemiques a l'Australie
Occidentale et 17 montrent des affinites avec les especes tempi:rees de l'Australie mi:ridionale. 

Introduction 
The first historical reference to Crustacea occurring in Western Australia is in 
the 17th century in the region of Shark Bay. It is contained in the journals 
of Francis Pelsart, whose ship "Batavia" was wrecked at the Houtman Abrolhos 
Islands on June 4th, 1629. Pelsart, leaving crew and passengers on the islands, 
crossed to the mainland, and on 15th June, a little to the north of Shark Bay, 
"found remains of crabs ... " around a native fire (Alexander 1914). No references 
to crustaceans were made by the Dutch explorer Vlamingh (1677) or the 
Englishman Dampier (1699) and it was not until nearly two hundred years later 
that reference was again made to the occurrence of crustaceans in Western 
Australia. 

In the 19th century the French and English expeditions of discovery heralded 
the commencement of the scientific study of the Western Australian fauna. These 
expeditions were accompanied by professional naturalists who made collections 
which were returned to Europe to be described by various experts. The distin
guished naturalist Fran~ois Peron was on board the French ship "Gfographe" 

* Department of Aquatic Invertebrates, Western Australian Museum, Francis Street, Perth, vVestern 
Australia 6000. 

169 



Marine dccapod Crustact.:a 

which, accompanied by "NaLuralisLe" reached Lhe souLh-wesLcrn coasL of AusLralia 
on 27Lh May, 1801. Travelling nonhwards, "Gfographe" anchored off Bernier 
Island, Shark Bay on J unc 27Lh, where Peron observed many marine snakes. 
On opening Lhe stomachs of these snakes Peron found Lhcm Lo be " ... chiefly 
fill ed wiLh small fish and wilh divers pelagic crusLaceans ... ". Landing on Bernier 
Island on June 29th, Peron noLcd " ... The Cruslacean family does noL embrace 
a large number of species on Lhcsc coasts; there arc but L woof the genus Porlunus 
of M. Latreille (P. pleuracanlhus and P. euchro1nus n. sp.) which cover Lhe rocks 
with Lhcir greedy multiLuclcs. Some of Lhese crabs arc nol much less than JO 
or 13 cm in breadth, and their flesh was excellenl. They might afford, in case 
of need, a clicL inexhaustible as well as healthful " (Peron 1807). 

Captain Freycinct commanded the French ship "Uranie" ;md "Physicienne" 
which visited Shark Bay in September 1818 during a world voyage. The naturalists 
Quoy and Gaimard n:porll'cl on the wological specimens, including crustaceans, 
whi ch had been collcncd during the expedition, in Frcycinct's account of the 
voyage (Quoy & Ga imard 18211). Quoy and Gaimard were also members of 
Dumont and d'Urville's expedition on ' 'Astrolabe". They published an account 
of the zoology of 1his voyage, which co llected specimens al King George Sound 
(Albany), but Lhey also included descr iptions of a few specimens which had been 
obLa i ned by "ll ran ic" and "Physicien nc" (Quoy & Gaimard 183''1). 

Nearly Lwo hundred years later the knowledge of the crus1acca11 fauna of Shark 
Bay, and of Western Austra lia in general, is still fairly scant. Miers (1884) described 
some crustacean specimens wh ich had been collected at Shark Bay by Surgeon 
FM. Rayner on I-1.M.S. "Herald" and Hale ( 1929) reported 011 specimens from 
Dirk 1:.:ranog Island. The works of Montgomery (l931) and Rathbun (1914, 19211), 
pertaining LO crustaceans collected at the FlouLman Abrolhos Island , Lhe Momc 
Bello Islands and north-western Australia, are pert inent to defining the clecapod 
crustacea n fauna of Shark Bay. There has been no syslemalic review of Lhe 
clccapocl fauna o f Wes tern Australia, most sluclics having been centred on the 
decapod species occurring in eastern, south-easlern and southern Australia (e.g. 
Haswell 1882; Whitclegge 1900; Baker 1905; Rathbun 1918, 1923; Hale 1917; Ward 
1933; Griffin 1969, 1972; Griffin & Campbell 1969; Griffin & Yaldwyn 1971 ). In 
Weslern Australia, however; there have been a number of systematic revisions 
of various taxa (e.g. Alpheidae - Banner & Banner 1973, 1975, 1982; Thalassinidac 
- Poore & Griffin 1979; Hyrnenosomatidae - Lucas 1980). 

This paper is an attempt Lo clocumcnL Lhe decapod crustacean species presemly 
known f'rom Shark Bay. The check-lisl has been generated from scientific 
literature and from Lhe collections of Lhc Crustacean Department, Western 
Australian Museum, Perth . Crustacean orders and larnilics arc based on the 
sequence ol Bowman & Abele (1982) and genera and species arc alphabetically 
arranged w ithin famili es. Brief notes on the clistribution and habital of each 
species are provided, as are published records ol occurrence in Shark Bay (or 
nearest localities) and vVestern Australian Museum (and in some cases Australian 

170 



D.S. Jones 

Museum) accession numbers. Western Australian Museum crustacean registration 
numbers prior to the year 1930 are discussed by Jones ( 1986). 

The following abbreviations are used in the text: AM, the Australian Museum, 
Sydney; BMNH, The 1 British Museum (Natural History); ' PM, Museum ~ National 
d'Histoire Naturelle, Paris; WAM, Western Australian Museum, Perth. The symbols 
(H), (A) and (P) are used to indicate holotype, allotype and paratype material. 

Checklist 

Order Decapoda Latreille, 1803 
Suborder Dendrobranchiata Bate, 1888 

PENAEIDAE Rafinesque, 1815 

Metapenaeopsis crassissima Racek & Dall, 1965 
N.T (Darwin), W.A., S.Aust. To 30 m over muddy bottom. 
Racek & Dall 1965: 26; Grey et al. 1983: 74. 

Metapenaeopsis lamellata (de Haan, 1850) 

Type Locality 

Qld. (northeastern) to W.A. (to Shark Bay); Japan, Malaysia. In 30-200 m, often 
associated with hard bottoms (reef, coral debris, etc.). In significant numbers 
but of minor economic importance. 
Grey et al. 1983: 78. 
WAM 171-73, 173-73, 175-73, 447-88 Shark Bay; 172-73 Bernier I.; 448-88 
Carnarvon. 

Metapenaeopsis novaeguineae (Haswell, 1879) 
Qld. to W.A. (to Shark Bay); Papua New Guinea. In 5-30 m, over muddy to sandy 
bottom. 
Dall 1957: 172; Grey et al. 1983: 70. 
WAM 358-87 2 km E of Koks I. 

Metapenaeopsis palmensis (Haswell, 1879) 
N.S.W. (Sydney), Qld., N.T, W.A. (to Shark Bay); Indonesia. In 5-30 m over 
muddy to sandy bottom. Abundant but not commercially significant. 
Miers 1878: 304; 18811: 296; Racek & Dall 1965: 23; Grey et al. 1983: 72. 

Metapenaeus dalli Racek, 1957 
N.T (Darwin), W.A. (Broome to Mandurah); south-eastern Japan. Inshore (estua
rine and rivers) out to marine waters (to 33 m). Generally over sandy mud or 
sand bottoms. Basis of extensive amateur fishery. 
Racek & Dall 1965: 73; Grey el al 1983: 96. 

Metapenaeus endeavouri (Schmitt, 1926) 
N .S.W. (northern), Qld., N.T, W.A. (to Shark Bay). Juveniles in shallow estuaries 
(< 10 m), adults deeper (to 50 m). Trawled over mud or sandy bottom. Commercial 
speoes. 
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Dall 19!J7: 187, 189; Racek & Dall 196!J: 77; Grey el al . 1983: 86. 
WJ\M 170-73 Hopeless R<'ach . 

Metapenaeus <,··nsis (ck Haan, l8!JO) 
N.S.W. (<l'lllra l). Q ld. , N.T, W.J\. (to Shark Bay); lndo-WcsL Pacifi c (Sri Lanka 
10 Japan ). Inshore wa1ns (< 3 m) to offshore (GS m), usually m ost ahunc!anl 
over rnud or sandy bouo111s . .Juwn ilcs cslu;irinc. Commercia l spcc!l's. 
Dall 1%7: 190; Racck & Dall 1965: 58; Grey el al . 1983: 90. 

Penaeus esculenlus 1-laswcll , 1879 
N.S. W. (m id), Q ld., Gulf or Carpcnlaria , N.T , W.J\. (to Shark Bay); S. Borneo . 
.Juveni les occupy shallow waters or estuaries' Clc. , ad u lls Lo 200 rn buL genera ll y 
trawled in 10-20 111, over mud , sandy rnucl bouom. Commercia l species. 
Da ll 1957: l!J9; Racck & Da ll 1%!J: 11 ; Grey el al. 1983: 66. 
WJ\M 160-73 Denham ; 177-7'3 Hopeless Reach ; 570-73 Carnarvo11. 

Penaeus latisulcalus Kishi11ouyc, 1896 
N .S. W. (northern), Qld. , N.T, '-N.J\. , S. Ausl.; lndo-Wes l Pacific (Red Sea and 
sou lh-eas lcm Africa 10 Indonesia, New G uinea , Japan) . Trawled over ha rd 
bot.toms o f sand, sandy mud , o r g ravel Lo 90 rn. J u ven iles occupy nursery areas 
in shallow wa1ers or hi gh sa liniLy. Major com mercial species. 
Dall 1%7:15 1; Pcnn & Ha ll 197'1: I ; Pnu1 1975: 93; Grey r: l ol. 198'.l : !Jfi. 
WJ\M 156-73 Bernier I. ; 57 1-73 Ca rna rvon. 

Penaeus longistylus Kubo. 1913 
Qld. , Gull o r Carpenla ria, N.T, W.J\. (Lo Shark Bay), Lord lLlowe I.; Soulh Ch i11a 
Sea, Malays ia. Tn 35-!"i5 m, ;.1ssocia1ed with hard bouoms near reefs. 
Penn 1980: !"i 1l7; Grey el al. 1983: 50. 
WJ\M 1'13-73 Bernier I; l!"i7-72 6 km NE Koks I.; 14 11-73 o ff Koks I. 

Penaeus marginatus R a ndall , 1840 
Nort heasLern and noithwcsLern Australia (10 Shark Bay); Tnclo-Wesl Pacific (Easl 
Africa, Madagascar lo Hawa ii). In 'lO Lo 300 m over sand and muddy sand, 
uncommon. 
Grey el al 1983: 118. 

Penaeus merguiensis clc Man, 1888 
N.S.W. (northern ), Qlcl., C ull of Carpentaria, N.T, W.A (Lo Shark Bay); lndo
West Pacific (Persia n G ull to New Guinea, New Ca ledon ia). Trawled over muddy 
bouorn, in I0-1l!J m. Commercial species. 
Racek & Da ll 1965: 17; Grey el al. 1983: !"i8. 

Trachypenaeus anchoralis (Ba le, 1888) 
Qlcl. (Keppel Bay), N.T , W.A. (to Shark Bay). To 60 m over varyin g bot to m 
type (mud Lo coral debris ). 
R acek & Dall 1965: 93; Grey et al. 1983: 122. 
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Trachypenaeus curvirostris (Stimpson, 1860) 
N.S.vV. (Sydney), Qld., N.T, WA. (to Shark Bay); Inda-West Pacific (Red Sea 
to Japan) through Suez Canal to Mediterranean. In 13-150 m, over muddy sand. 
Racek & Dall 1965: 89; Grey et al. 1983: 124. 

Trachypenaeus fulvus Dall, 1957 
Qlcl. (Moreton Bay), N.T, WA. (to Shark Bay); Philippines, Malaysia, Indonesia. 
From 60 m, over muddy bottom. 
Grey et al . 1983: 120. 

Suborder Pleocyemata Burkenroad, 1963 
Infraorder Stenopodidea Claus. 1872 

STENOPODIDAE Claus, 1872 

Stenopus hispidus (Olivie1~ 1791) 
N.S.W, Qld., N .T, WA. (to Rottnest I.); Inda-West Pacific (E Africa to Hawaii), 
also W Indies and Caribbean Sea. In rock crevices, coral or underwater caves; 
known to clean fish. 
Holthuis 1946: 20. 
WAM 486-73 W of Carnarvon; 2334-86, 2337-86 Carnarvon Blow Holes. 

Infraorder Caridea Dana, 1852 

PALAEMONIDAE Rafinesque, 1815 

Anchistus custos (Forskal, 1775) 
Qld. , S. Aust., W.A. (Shark Bay and Monte Bello Is), S. Aust. (St. Vincent Gulf); 
common and widespread throughout the Indo-v\Test Pacific region (to Fiji). 
Mainly in associa tion with bivalves of the genus Pinna. 
Miers 1884: 291 (as Harpilius inermis); Rathbun 1914: 656 (as Anchistus inermis); 
Bruce 1983: 199. 
WAM 1193-85 Denham. 

Coralliocaris graminea (Dana, 1852) 
Qld. (Palm Is, Great Barrier Reef); WA. (Rottnest I., Pt. Quobba); Indo-West 
Pacific (except Hawaiian Is). Obligate symbiont of Pocillopora and Acropora 
corals. 
Black & Prince 1983: 139 (as Coralliocaris ?viridisl ?graminea); Bruce 1983: 201. 

Harpiliopsis beaupressii (Audouin, 1825) 
Qld. (Heron I.), WA. (Rottnest I., Pt. Quobba) . Throughout Inda-West Pacific, 
also Easter I. Abundant on corals of the genera Pocillopora and Sh,1lophora, 
in Ll-6 m . 
Black & Prince 1983: 139; Bruce 1983: 202. 
WAM 25-82, 39-82 Pt. Quobba. 

173 



Marine <lcc;1pod Crustacc<i 

l'alaemonella rotwnana (Horrada ilc, 1898) 
Q ld . (Low Isles, Oue Tree I., Heron I., Moreton Bay), WA. (Rottnest l., Shark 
Bay); Jndo-v\ies t Pacific. One of the com monest and most widely djstributed 
pontoninc species, from Reel Sea Lo I-h1waii a nd into E Mediterranean. Frce living, 
in shallow waltT to 125 m (common in 11-G m) , associated with bu1 nol necessa ril y 
symbio1ic with coral. 
Black & Prince 1983 : 139; Bruce 1983: 2011. 
WAM 477-63 Ou1cr Beacon I. 

Palaenwnetes atrinubes Bray, 1976 
W.A. - Swan R. 10 Cock<1loo I. Usual ly close Lo shore in shallow water, over 
mud or detr itus. 
Bray 1976: 76, Figs 23-112. 
WAM 1l!J6-n (P ) G ladstone. 

Periclimenes amymone de M ;111 , 1902 
Qld. (Heron I., One 'Tree I. ), W.A. (PL. Quobba); Nicoba rs lo Samoa n Is. 
Associa ted with corals o f the genera Pocillopora, Stylophora and Acropora. 
Black & Prince 1983: 139. 
WAM 41-82 Pt. QuolJba. 

ALPHEIDJ\E Rafincsquc, 181!) 

Alpheopsis trispinosa (Stimpson , 1861 ) 
N.S. W. (Por t Jackson), Tas., S. Aust. , W.J\. (lo Sha rk Bay). Trawled from ll-
137m. 
Banner & Banner 1982: 308. 
WAM 250-79 between C. Inscr iption and C. SL Cricq. 

Alpheus alcyone de Man , 1902 
Qlcl. (Liza rd I.), N.T, W.A. (lo Shark Bay); lndo -Wes l Pacific (Red Sea, Persian 
Gull, E Africa to Fi ji , Tonga a nd Samoa). To 130 m, associa ted with dead coral 
heads a nd living sponges. 
Banner &: Banner 1982: 113. 
WAM 202-79 NW of Carnarvon . 

Alpheus bicostotus de Man, 1908 
Qld. (Lo One T ree I. ), N.T , W.A. (Lo Shark Bay); Indonesia, Philippines. Intertidal 
to 12 rn. 
Banner & Banner 1982: 127; Black & Prince 1983: 139. 
WAM 116-65 near bar of South Passage; 28-82 PL. Quobba. 

Alpheus chiragricus H. Milne Edwards, 1837 
Qld. (to Port Curtis), N.T, W.A. (Cape Jaubert to CocklJu rn Sound); Indo nesia, 
Mergui Arch. U nder inLertidal rocks, also dredged Lo 20 m; in dead cora l heads, 
in fo uling communities on buoys, etc., in spo nges. 
Banner & Banner 1982: 270. 
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Alpheus collumianus Stimpson, 1861 
Qld. (northern), N.T, v\T.A. (to Houtman Abrolhos Is); Indo-West Pacific (Red 
Sea, Madagascar to Hawaii and Society Is). Common on reef flats and dredged 
to 75 m; associated with dead coral heads. 
Banner & Banner 1982: 49; Black & Prince 1983: 139. 
WAM 29-82 Pt. Quobba. 

Alpheus distinguendus de Man, 1909 
N.S.W. (Botany Bay), Qld., N.T, W.A. (to Perth); Mergui Arch., Singapore, China, 
Japan. Trawled in <37 m. 
Banner & Banner 1982: 160. 
WAM 13Ll-65 N of Peron Flats; 241-65 Shark Bay; 264-65 Shark Bay. 

Alpheus edwardsii (Audouin, 1827) 
All coasts of Australia; Indo-West Pacific (Red Sea, Philippines, Thailand). 
Largely intertidal, under rocks in sandy, muddy conditions; dredged to 26 m; 
also from buoys, beacons and dead coral. 
Rathbun 1914: 654 (as Crangon edwardsii); Hale 1927: 308; 1929: 68; (both as 
C. edwardsi); Banner & Banner 1982: 273. 
WAM 167-65, 179-65, 243-65 Shark Bay; 123-65 Denham; 168-65, 169-65 Monkey 
Mia; 106-65 Dirk Hartog I.; 161-65 'tween C. Inscription and C. St Cricq; 286-
65 Pt. Gregory, NW side of Peron Pen. 

Alpheus facetus de Man, 1908 
N.S.W. (Sydney), Qld., N.T, W.A. (to Perth); Vietnam, Thailand, Indonesia, 
Philippines. Intertidal to 30 m, mostly collected in 6 m or less, from dead coral 
heads. 
Banner & Banner 1982: 65. 

Alpheus gracilis Hellei~ 1861 
W.A. (Rotmest I., Pt. Quobba); Indo-West Pacific (Red Sea. ?S . Africa to Society 
Is, Hawaii). 
Black & Prince 1983: 139. 

Alpheus inopinatus Holthuis & Gottlieb, 1958 
N.S .W. (Grafton), Qld., N.T, WA. (to Perth); Mediterranean coast of Israel, W 
Pakistan. Intertidal under rocks. 
Banner & Banner 1982: 2L12. 
WAM 256-79 Pt. Gregory, NW side of Peron Pen. 

Alpheus lobidens lobidens de Haan, 1850 
N.S.W. (Sydney), Qlcl., N.T, W.A. (Houtman Abrolhos Is) , Lord Howe I.; Inclo
West Pacific (Reel Sea to Hawaii). Intertidal to 26 m . In mud, occasionally in 
dead coral heads. 
Banner & Banner 1982: 252. 
WAM 142-65 SW of Herald Cay. 
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Alpheus lottini Guerin, 1829 
N.S.W. (Sydney), Qld., N.T, W.J\. (Dampier Arch. Lo Penh), Lord Howe I.; 
widespread lndo-Wesl Pacific (Red Sea Lo Gulf of California). Obligale symbionl 
on Pocillopora coral; subLida l, associated wiLh crabs of Lhe genus Trapezia. 
Banner & Banner 1982: 68; Black & Prince 1983: 139. 
WJ\M 32-82 Pt Quobba. 

Alpheus novaezealandiae Miers, 1876 
All coasls of Auslralia; New Zealand. lnlcrtidal under rocks, or associaLed wiLh 
scagrasses and Lunicales; dredged LO 26 m. 
Banner & Banner 1982: 148. 
WAM 23-65 Carnarvon area; 237-65 Shark Bay or Exmoulh GulL 

Alpheus pachychirn.s Stimpson, 1861 
Qlcl. (Lo Pon Douglas), N .T, W.A. (Lo Pt Quobba); Indo-West Pacific (Red Sea 
Lo T;o1hi Li) . Main ly an obligale dweller in algal Lubes, lower inLer Lidal Lo 36 m. 
Banner & Banner 1982: 105; Black & Prince 1983: 139. 
WJ\M 33-82 Pt Quobba. 

Alpheus pacificus Dana, 1852 
N.S.W. (Lo Sydney), Qkl., N.T, W.J\ . (to Penh); Indo-Wes t Pacific (Reel Sea and 
E. Africa Lo Clipperto11 1.). l11tcnidal under rocks on reel fl<its , occasionally 
burrowing in clean sand, and from dead coral heads, Lo 20 m. 
Banner & Banner 1982: 220. 
WJ\M 113-65 PL. Quobba. 

Alpheus palyxo de Man, 1909 
Qld. (to Stradbroke I.), N.T, W.J\ . (Lo Shark Bay); Indonesia. In dead coral Lo 
1 m , exLending to 130 m. 
Banner & Banner 1982: 276. 
WJ\M 201-79 NW of Carnarvon; 222-79 Shark Bay. 

Alpheus papillosus Banner & Banner, 1982 
N.S.W. (Carecl Bay), Qld. , N.T, W.A. (Lo Cockburn Sound), also S. Ausl. 
(Kangaroo I.) . InLertidal, under sLoncs and dredged Lo 18 m. 
Banner & Banner 1982: 263; Jones 1986: 27. 
WJ\M 31 -65 (P) ExmouLh Gulf or Shark Bay. 

Alpheus paracyone Coutierc, 1905 
Qlcl. (Heron I. Lo Lizard I.), N.T, W.A. (off Carnarvon); lndo-Wcsl Pacific 
(Maldives, Seychelles, Ceylon, Indonesia , Lo Hawaii). From dead coral heads, 
subticlal to 165 m. 
Banner & Banner 1982: 116. 
WAM 290-65, 219-79 W o[ Camarvon. 
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Alpheus parasocialis Banner & Banne1~ 1982 
Qld. (to Moreton Bay), N.S.W. , Vic. , Tas., S. Aust., W.A. (to Shark Bay), Tas. 
Intertidal and subtidal to 135 m. 
Banner & Banner 1982: 72; Jones 1986: 28. 
WAM 23-65 (P) Carnarvon; 95-65 (P), 108-65 (P), 203-65 (P), 228-65 (P) near 
bar of South Passage; 173 to 175 Bernier I. 

Alpheus parvirostris Dana, 1852 
Qld. (to Capricorn Gp.), N.T, W.A. (to Houtman Abrolhos Is); Indo-West Pacific 
(Red Sea, South Africa to Japan, Society Is). Dredged to 32 m , also abundant 
on reef flats; in dead coral and living sponges. 
Banner & Banner 1982: 188. 

Alpheus rapacida de Man, 1908 
Qld. (One Tree I.), N.T, W.A. (to Shark Bay); Indo-West Pacific (Red Sea, South 
Africa to Hawaii). Intertidal to 56 m, burrows in sandy to muddy bottoms. 
Banner & Banner 1982: 163. 
WAM 244-65 Shark Bay. 

Alpheus spongiarum Coutiere, 1897 
Qld. (Heron I.), N.T, W.A. (to Cockburn Sound); Indo-West Pacific (Djibouti, 
Gulf of Aden to Japan). Intertidal to LJ2 m, in sponges. 
Banner & Banner 1982: 116. 
WAM 203-79 NW of Carnarvon. 

Apheus sulcatus Kingsley, 1878 
Vic., N.S.W. (Sydney), Qld., W.A. (C. Leveque to Rottnest I.); Indo-West Pacific 
(Red Sea to Society Is); E. Pacific (Galapagos to Panama and Peru); E. Atlantic. 
Intertidal, under rocks, and in corals from shallow water. Dredged to 24 m. 
Banner & Banner 1982: 83. 
WAM 41-65, 173-65 Shark Bay, 80 km SW of Carnarvon. 

Athanus areteformis Coutiere, 1903 
Qld., Torres Str., W.A. (Pt. Quobba); Indo-West Pacific (Red Sea, South Africa 
to Tonga, Samoa and Society Is). In dead coral heads . 
Banner & Banner 1973: 306; Black & Prince 1983: 10. 

Athanas dim01phus Ortmann, 1894 
N.S.W. (to Port Jackson), Qld., N.T (Darwin), W.A. (to Perth); Indo-West Pacific 
(to Philippines, New Caledonia). Under rocks and associa ted with coral heads 
and rubble. 
Banner & Banner 1973: 316; Black & Prince 1983: 139. 

Athanas ornithorhynchus Banner & Banner, 1973 
N.T, W.A. (to Cockburn Sound). From growth on pearl shell. 
Banner & Banner 1973: 321. 
AM Pl8001 (P) Shark Bay. 
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Athanas sibogae de Man, 1910 
QlcL (WhiLsunclay and Capricorn Gp), Torres Su·., N.T, W.A. (Dampier Lo 
Rockingham); Inclo-WesL Pacific (Reel Sea, Singapore, Indonesia, Japan, Philip
pines, Tonga, Samoa). lnLeniclal under rocks on sandy beaches, also dredged 
Lo 70 m; in live and dead coral and living sponges. 
Banner & Banner 1973: 321l; Black & Prince 1983: 139. 

Metalpheus paragracilis (CouLiere, 1897) 
Qld. (C. MoreLon to Coral Sea), N.T, W.A. (I-IouLman Abrolhos Is and Dirk 
l-Iartog I.); ?circumlropical (Red Sea Lo Hawaii and SocieLy Is); SL H elena 
(ALlantic Ocean). Largely on dead coral, calcareous algae and under inLer-ancl 
sub-Lidal rocks, also dredged Lo 20 m. 
O'Lough lin 1969: 37; Banner & Banner 1983: 282. 

Synalpheus comalularum (Haswell , 1882) 
Qlcl. (C. Grenvi lle), Torres SLr., W.A. (Broome Lo BussclLon); Ceylon, Singapore. 
OfLen associaLed with cr inoids. 
Banner & Banner 1975: 290. 
WAM 115-65, 128-65 near bar ol SouLh Passage; 190-65 Shark Bay; 37-65 Dirk 
l -Iartog I.; 220-65 ? Shark Bay. 

Synalpheus carinalus (de Man, 1888) 
Qld. (Moreton Bay to Capricorn Gp.), W.J\. (Bluff PL. and Shark Bay); Indonesia, 
Malaysian Arch., Caroline, Marshall and Gilben Is. Ohen associated wiLh 
crinoids, Lo 98 m. 
Banner & Banner 1975: 2M. 
WAM 171-65 near bar ol SouLh Passage. 

Synalpheus demani Borradaile, 1900 
W.A. (between Shark Bay and C. Farquar); Indo-WesL Pacific (Red Sea, Indonesia, 
Philippines, Japan, Loyalty and Marshall Is). Often associated wiLh crinoids. 
Banner 1975: 326. 
AM 177 dredged 'L we en Shark Bay and C. Fa rq ua r. 

Synalpheus fossor (Paulson, 1975) 
Qlcl. (Southpon), N.T, W.A. (Shark Bay to south-wesLern areas), also S. Aust. 
(Spencer Gulf and Kangaroo I.); Inda-West Pacific (Reel Sf'a, Malclivc Arch., 
Indonesia, Thailand, Philippines). Associated with dead coral and living sponges. 
Banner & Banner 1975: 340. 
WAM 108-65 near bar ol SouLh Passage. 

Synalpheus heroni CouLiere, 1909 
Qld. (Great Barrier Reef), W.A. (Dirk Hartog I.) ; Inda-West Pacific (Reel Sea 
LO Fiji, Phoenix and Line Is, Society Arch .). Associated with dead coral heads, 
LO 5 m. 
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Banner & Banner 1975: 334. 
WAM 192-65 W of Dirk Hartog I. 

Synalpheus iocosta de Man, 1909 
Gulf of Carpentaria, N.T., W.A. (to C. Naturaliste); Aru Is. Dredged from many 
types of bottom to 132 m. Associated with spong·es and bryozoans. 
Banner & Banner 1975: 368. 
vVAM 290-65 W of Carnarvon. 

Synalpheus lophodactylus Coutiere, 1908 
Qld. (off Port Douglas to Whitsunday Gp.), W.A. (Dirk Hartog I. ). Mostly from 
sponges, or dredged from 4 m, or from dead coral (1-2 rn). 
Banner & Banner 1975: 352. 

Synalpheus neomeris (de Man, 1888) 
Qld. (Bundaberg), Gulf of Carpentaria, W.A. (Carnarvon to Esperance); Indo
West Pacific (Suez Canal, Red Sea, Persian Gulf to J apan). Commonly associated 
with a lcyonarians, also sponges and dead coral heads; shallmv water to 130 m. 
Banner & Banner 1975: 361. 
WAM 91-65 NW of Carnarvon. 

Synalpheus neptunus neptunus Banner & Banner, 1975 
N.S.W. (Port Jackson), Qld., N.T, WA. (to Perth ); Indo-West Pacific (Red Sea 
to Japan, Sulu Sea). Associated with coral heads or sponges in shallow water, 
or dredged to 20 m. 
Banner & Banner 1975: 317. 
WAM 189-65, 2L13-65 Shark Bay; 289-65 W of Carnarvon. 

Synalpheus nilandensis Coutiere, 1905 
WA. (Exmouth Gulf, Dirk Hartog I., Houtman Abrolhos Is); Indo-West Pacific 
(Red Sea to Hong Kong, Tuamotus). Dredged 32-13<1 rn. 
Banner & Banner 1975: 327. 

Synalpheus stimpsoni (de Man, 1888) 
N.S.W. (Sydney), Qld. , N.T, WA. (to 27°S); Indonesia , Singapore, Thailand, 
Celebes, Philippines, Japan, Marshall and Gilbert Is. Commonly associated with 
crinoids. 
Banner & Banner 1975: 292. 
WAM 115-65 near bar of South Passage. 

Synalpheus streptodactylus Coutiere, 1905 
All coasts of Australia; Indo-West Pacific (Red Sea to H awaii, Samoa). Intertidal 
lo 68 m, in dead coral and living sponges. 
Banner & Banner 1975: 364. 
WAM 107-65 Denham; 290-65 W of Carnarvon; 34-65 Exmouth Gulf or Shark 
Bay. 
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Synalpheus tumidomanus (Paulson, 1875) 
All coasts of Auslralia, Norfolk I., Lord Howe I.; Inclo-West Pac ific (S. Africa, 
Reel Sea lo Phoenix Arch. ). lnlerticlal Lo 118 m, from heads of dead corals and 
living sponges. 
Banner & Banner 1975: 382; Black & Prince 1983: 139. 
WAM 76-65 Pt Peron; 125-65 Pl. Gregory, NW of Peron Pen. 

HIPPOLYTIDAE Dana, 1852 

A lrype australis Baker, 1901 
S. Aust , WA (Dirk Harlog I. ). 
Ha le 1929: 67. 

I-lippolysmala vittata Slimpson, 1860 
W.A. (D irk Hanog I. ). 
1-Iale 1929: 67. 

Saran mamwratus ( 0 Ii vier, 1811) 
WA. (PL Quobba); Inclo-Wes l Pacific (Red Sea and Mozambique to Hawaii ). 
In 2-4 m, from dead cora l heads. 
Black & Prince 1983: 139 (as S. ?mannornlus) . 

Thor amboinensis (I-Iel ler, 1861 ) 
WA. (Pl. Quobba); Indo-Wesl Pacific (Reel Sea and Madagascar lo Mariana Is). 
From 2 m , associated with living and dead cora l, and Cynwdocea and Sargassum 
beds. 
Black and Prince 1983: 139. 
WAM 38-82 Pt Quobba. 

Infraorder Thalassinidae Lalreille, 1831 

AXIIDAE I-Iuxley, 1879 

Axiopsis brochi (de Man, 1887) 
N.T (Darwin), WA. (lo Aug usla ); Indones ia. lnlcrticlal and shallow subtidal, 
usually on reds. 
Poore & Griffin 1979: 228. 

Scytoleptus serripes Gerslaecker, 1856 
Norlhern and north-western Australia (W.A. - Cockatoo L lo Exmouth G ulf); 
lndo-Wes l Pacific (Maurilius, Madagascar, Aldabra, S. Africa to Indonesia ). On 
in Lcrlidal reels. 
Poore & Griffin 1979: 243. 

UPOGEBIIDAE Borraclaile, 1903 

Upogebia (Calliadne) hexaceras (Onmann, 1894) 
Qld. (northern) , N.T., WA. (Dampier Arch. to Bunbury); Persian GuH, Salawali 
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Is, Indonesia. Intertidal to 20 m; associated with sponges. 
Poore & Griffin 1979: 299. 

Infraorder Palinma Latreille, 1803. 

PALINURIDAE Latreille, 1803 

Panulirus cygnus George, 1962 
W.A. (North West Cape to C. Leeuwin). Shallow subtidal to 120 m, on rocky 
reefs. Basis of major fishery. 
George 1962: 100, pls I-II , Figs 1-4; Jones 1986: 31, 32. 
WAM 54-58 (P) W of Herald Heights, Dirk Hartog I.; 106-62 (P), 110-62 (P) 
Dirk Hartog I.; 111-62 (P) South Passage; 79-62 puerulus, W of Dirk Hartog 
I. and W of Steep Pt.; 81-62 puerulus, Dirk Hartog I.; 86-62 puerulus, W of 
Dirk Hartog I. 

SCYLLARIDAE Latreille, 1825 

Ibacus alticrenatus Bate, 1888 
N.S.W. (Newcastle), Vic., Tas., S. Aust., W.A. (to Shark Bay); New Zealand. In 
20-500 m, soft mud and sand. 
Holthuis 1985: Morgan & Jones 1987: 14. 
WAM 256-82 NW of Shark Bay. 

Ibacus peronii Leach, 1815 
N.S.v\T. (to Newcastle), Vic., Tas., S. Aust., WA. (to Shark Bay). In 40-250 m, 
fine to coarse bottoms. Minor economic significance in W.A. 
George & Griffin 1972: 228; Holthuis 1985: 63 . Holotype dry (PM) "Nouvelle 
Hollande" 1801-1803 F. Peron. 
WAM 156-81 NW of C. Cuvier; 157-81 off Carnarvon. 

Scyllarides squammosus (H. Milne Edwards, 1837) 
Eastern Australia and WA. (Shark Bay); Indo-West Pacific (Zanzibar to Hawaii 
and N of Clipperton I.). Rocky areas of coral reefs. 
Hollhuis 1946: 99. 
WAM 350-33 Shark Bay. 

Scyllarus demani Holthuis, 19,16 
WA. (Shark Bay); E of SumaU"a. Trawled in prawn trawls, over sand. 
Holthuis 1946: 91. 
WAM 166-57, 65-58, 319-64, 320-64, 325-64 to 327-64, 330-64, 19-65, 93-66 to 96-
66, 1-71 Shark Bay; 332-64 nr Homestead, Shark Bay; 328-64 80 km SW of 
Carnarvon; 333-64 Denham Sound; 239-70 Hopeless Reach; 572-73 Carnarvon; 
329-64 Exmouth Gulf or Shark Bay; 236-70 'tween Shark Bay and Onslow. 
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Therms orientalis (Lund, 1793) 
Qld. (Lo Moreton Bay), N.T , W.A. (Lo Shark Bay); Red Sea, MamiLius to E. 
TncLia, Kermadec ls, China. Taken in prawn Lrawls, over muddy, sandy bouom. 
George & Griffin 1972: 228. 
WAM 20-65, 573-73 Carnarvon . 

Infraorder Anomura H . Milne Edwards, 1832 

DIOGENIDAE Ortman, 1892 

Calcinus dwpsiles Morgan, in press. 
WA. (E of Albany to Shark Bay). SubLidal (rarely imcrtidal) Lo 20 m, sand, rock, 
sea grass. 
Morgan , in press. 
WAM 191-88 (P), 193-88 (P) Shark Bay. 

Calcinus latens Randall, 1839 
EasLern, nonhern and western Ausualia; Indo-\Vest Pacific (E. Africa and Persian 
Gulf Lo Tuamolu and 1-Iawaiian ls). Littoral and shallow subliuoral, often 
associaLed wiLh coral. 
Morgan, in press; Hale 1929: 68. 
WAM 91 L-88 Sunday I. 

Clibanarius taeniatus (H. Milne Edwards, 1818) Type LocaliLy 
N.S.W. (Pon Hacking), Qld., Gulf of Carpcntaria, N.T, WA. (Lo Shark Bay). 
Quoy & Gaim<u·d 1821!: 529 (as Pagurus clibanarius); Miers 18M: 265; McCulloch 
1913: 349; Morgan 1987: 173. 
WAM 906-88, 908-88 Shark Bay. 

Clibanarius virescens (Krauss, 18113) 
Qld., N.S.W, W.A. (Shark Bay), Lord Howe I.; New Caledonia, FunafuLi - Ellice 
Gp. 
McCulloch 1913: 31!6; Hale 1929: 68; Morgan 1987: 171; Morgan, in press. 
WAM 921-88 Shark Bay. 

Dardanus imbricatus (H. Milne Edwards, 1848) 
Qld. , N.T, WA. (Shark Bay); ? New Zealand; Ceylon, Vietnam. 
Miers ISM: 261; Morgan 1987: 18'1. 

Dardanus setifer (H. Milne Edwards, 1836) 
N.T , WA. (Shark Bay); Inclo-Wesl Pacific (E. Africa Lo Hong Kong). 
Morgan 1987: 181. 
WAM 816-86. 

Diogenes granulatus Miers, 1880 
WA. (Shark Bay). 
Miers 1880: 373; Haswell 1882: 158. 
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PAGURIDAE Latreille, 1803 

Pagurus sinuatus (Stimpson, 1858) 
N.S.W. (to Sydney), Vic., S. Aust., W.A. (to Shark Bay). Subtidal to 20 m, usually 
associated with high energy shores. 
Morgan, in press. 

LOMIDIDAE Bouvier, 1895 

Lomis hirta Lamarck, 1810 
Tas., Vic., S. Aust., W.A. (to Shark Bay). Intertidal under rocks on medium to 
high-energy coasts. 
Hale 1929: 68; Phillips et al. 1984: 111. 

GALATHEIDAE Samouelle, 1819 

Allogalathea elegans (White, 1848) 
Qld. (southern), Torres Sn:, W.A. (C. Jaubert, Shark Bay); Indo-West Pacific (Red 
Sea to Fiji Is). Littoral to 146 m, frequently associated with comatulid Crinoidea. 
Haig 1973: 276. 
WAM 91-68 'tween Shark Bay and Nickol Bay. 

Galathea australiensis Stimpson, 1858 
N .S.W. (to Port Jackson), Vic., S. Aust., W.A. (to Shark Bay). Usually occmring 
under rocks in the shallow subtidal. 
Miers 1884: 278; Glauert 1924: 62; Haig 1973: 277. 
WAM 47-72 NE corner of Dirk Hartog I. 

Phylladiorhynchus pussilus (Henderson, 1885) 
Qld. (Capricorn Gp), N .S.W., Vic., Tas., S. Aust., v\T.A. (to Shark Bay); Indian 
Ocean (Providence I.), Japan, New Zealand. Littoral to 310 m, common in deeper 
water. 
Haig 1973: 277, 282. 
WAM 276-64 Outer Beacon, Shark Bay. 

PORCELLANIDAE Haworth, 1825 

Pachycheles johnsonii Haig, 1965 Type Locality 
N.T (Darwin), W.A. (Broome to C. Leeuwin); Palau, Caroline and Marshall 
Is. Intertidal, under stones, on rocky reefs; also trawled in 29 m . 
Haig 1965: 102; Jones 1986: 32. 
WAM 197a-60 (H), 197b-60 (P) Pt. Gregory, NW side of Peron Pen. 

Pachycheles sculptus (H. Milne Edwards, 1837) 
Qld., N.T, W.A. (SW of Troughton I. to Cottesloe); Mergui Arch., China, 
Philippines, E. Indies, Ryukyu Is, Loyalty Is. Intertidal, under stones, also trawled 
to 180 m. 
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Haig 1965: 102; 1973: 283. 
WAM 356-60, 321-62, 332-62, 331-62, 337-62, 77-68 Shark Bay; 196-60 Pt Gregory, 
NW side Peron PC'n.; 338-62 near bar of South Passage; 3511-62, 355-62 NE side 
of Peron Flats; 115-72 NE corner Dirk Hartog I.; 76-62 Exrnouth Gulf or Shark 
Bay. 

l'etrolisthes boscii (Audouin, 1826) 
?Qld., ?N.T, W.A. (Pender Bay to Pon Gregory); Jmlo-Wesl Pacific (Reel Sea 
to Japan). Intertidal, under stones a nd coral , on reef flats, beaches. 
WAM 201.1-57 SE end Dirk 1-:IarLog I.; 194-60 Pt. Gregory, NW side Peron Pen; 
112-68 Quoin Blull, Dom~ I. 
McCulloch 191 3: 353; Hale 1929: 68; Haig 1965: 99. 

Petrolisthes haswelli Miers, l881l 
Qld., N.T, W.A. (Yarnpi Sound Lo Shark Bay). Intertidal, under stones on red 
llaLs, beaches. 
Haig 1965: 100. 
WAM 1911-60 Pt. Gregory, NW side o[ Peron Pen.; 57-68 Monkey Mia. 

Petrolisthes militaris (He! Icr, 1862) 
Qld ., N.T, W.A. (Broome Lo Shark Bay); Indian Ocean (Seychell es to Nicobars), 
Japan to Philippines, E. Indian Arch. ln 9-12 m. 
Haig 1965: 98. 
WAM 356-60 off Shark Bay; 76-68 Shark Bay; 113-68 W o[ Koks I.; 115-68 off 
Carnarvon. 

Petrolisthes ohshirnai (Miyake, 1937) 
Qld ., W.A. (Roebuck Bay to Shark Bay); Indo-Wesl Pacific (Zanzibar to Marshall 
and Fiji Is). Low tidal levels. 
Haig 1965: 101. 
WAM 39-68 Shark Bay. 

Petrolisthes scabriculus (Dana, 1852) 
W.J\. (Peak I. , Onslow, Shark Bay); Philippines, E Indian Arch. In 11-18 m. 
Haig 1965: 98. 
WAM 46-72 NE corner Dirk Hartog I. 

Pelrolisthes teres Melin , 1939 
Qld., W.A. (Broome lo Shark Bay); Gu][ o[ Siam. Intertidal, under stones, on 
rocky reds, beaches. 
Miers 1884: 268 (as P. ]aponicus var. inennis); l -Jale 1929: 68 (as P. Japonicus); 
Haig 1965: 100. 
WAM 179-60 Monkey Mia; 195-60 Denham; 40-62 Pt. Gregory; 75-62 Dirk Hartog 
I. ; 58-68 Reel Blu[[, Shark Bay. 
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Pisidia spinuligera (Dana, 1852) 
W.A. (Pender Bay to Abrolhos Is); Ryukyu Is, Palau Is, Hong Kong, East Indian 
Arch. Intertidal, among coral, also to 27 m. 
Haig 1965: 106. 
WAM 206-57, 207-57 SE of Dirk Hartog I. 

Pisidia dispar (Stimpson, 1858) 
Qld., N.S.W., S. Aust., W.A. (Warnbro Sound to Broome); Japan. Intertidal, on 
reefs, boom piles, also to 54 m . 
Haig 1965: 107; 1973: 284. 
WAM 339-62 near bar of South Passage, Shark Bay. 

Polyonyx biunguiculatus (Dana, 1852) 
Qld., W.A. (King Sound to Shark Bay); Indo-Wes t Pacific (Eritrea, Seychelles 
to East Indian Arch., Taiwan). In 24-37 m. 
Haig 1965: 113. 
WAM 76-62 Exmouth Gulf or Shark Bay; 78-68 Shark Bay; 112-68 off Carnarvon. 

Polyonyx maccullochi Haig, 1965 
Qld. (Port Curtis), W.A. (Broome to Shark Bay). Low tidal level to 17 m. 
Haig 1965: 114, Fig. 3; Jones 1986: 33. 
WAM 334c-62 (P) Shark Bay. 

Polyonyx obesulus Miers, 1884 
Qld., N.T, W.A. (SW Troughton I. to SW of Geraldton); Inda-West Pacific (Gulf 
of Iran to E Indian Arch., Philippines). Littoral to 54 m. 
Haig 1965: 113; 1973: 285. 

Polyonyx triunguiculatus Zehntner, 1894 
W.A. (Broome to Shark Bay); Inda-West Pacific (Red Sea to Singapore, Amboina, 
Sumatra). In 18-42 m. 
Haig 1965: 113. 
WAM 76-62 Exmouth Gulf or Shark Bay; 334-62 Shark Bay. 

Porcellana gravelei Sankolli, 1963 
N.S.W. , Qld., N.T , W.A. (Broome to Esperance); India. Intertidal to at least 17 
m , usually under rocks on sand or reefs. 
Haig 1965: 108. 
WAM 196-60 Pt. Gregory, NW side of Peron Pen. 

Porcellana triloba White, 1852 
Qld. (Bowen and off C. Capricorn), W.A. (SW of Adele I. to Shark Bay). In 
6-73 m . 
Haig 1965: 111. 
WAM 34-68 W of Koks I. 
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J\LBlJNEIDJ\E Stimpson, 1858 

Austrolepidopa trigonops Elford & Haig, 1968 
W. J\. (Beagle I. lo RoLLnes l I.). To 35 m , from sol L subsLra Les . 
Elford & I_:Ia ig 1968: 904; .Jones 1986: 33. 
WAM 72-62 (P) near bar ol SouLh Passage. 

HIPPIDAE 

l-Iippa pacifica (Dana, 1852) 
N.S.W. (ColJs Harbou r), Qld., N.T , W.A. (Lo Rou11esL l.); lndo-WcsL Pacifi c (E. 
Africa Lo Panama). Intenidal , sa ndy substrates. 
Haig 1971: 18 1. 
WJ\M 117-68 Pl. Q uobba . 

I nfraordcr Brach yma LaLre i lie, 1803 
SecLion Dromiacea de Haan, 1833 

DROMIIDAE de l-laan, 1833 

Droniidiopsis michaelsensi Balss, 1935 'Type LocaliLy 
W.A. (Cockb urn Sound, Warnbro Sound, Shark Bay). 111 7-1 l m . 
Ba lss 193S: 113. 

Petalomera lateralis (Gray, 1831) 
Qld. (Low Isles), N.S.W., Vic., S. J\usl. , W.J\. (lo N ickol Bay); ?Japan , Philippines. 
lnLntidal , 10 220 111 . Usually canics sponges o r ascidians o n carapace. 
Miers 1884: 259; Griffin & Yaldwyn 1971: 1111; Griffin 1972: 55 . 
WJ\M 58-8:3 Hope less Reach. 

l'latydromia thomsoni Fu lLOn & G ra nL, 1902 
Vic. (lo WesLernporL Bay), S. AusL., W.A. (lo Shark Bay). In 46-137 m . 
Gr iffin 1972: 52. 
WAM 12118-85 14 km W of Sou th Passage. 

Section Archaeobrachyura GuinoL, 1977 

RANINIDAE de 1-laan, 1839 

Lyreidus tridentatus de Haan , 1841 
Qld. (from N o[ C. Moreton), Vic. (to Bass Str.), W.A. (from R o llnes l 1. 10 

Carna rvon ); lndo-WesL Pacific (Japan , Hong Kong, New Caledon ia , New 
Zea land, Hawaii). In 50-100 m, over muddy sand or sand. 
Grilfin 1972: 56. 
WAM 58-61 NW o[ Carnarvon. 

Notopus ovalis Henderson, 1888 
W.A. (Houtman Abrolhos, Shark Bay); J apa n , Little Ki I. Dredged in 70 rn, 
over sand. 
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Tyndale-Biscoe & George 1962: 90. 
WAM 348-60 3 km W of C. Couture, Bernier I. 

Section Oxystomata H. Milne Edwards, 1834 

DORIPPIDAE Macleay, 1838 

Dorippe (Dorippe) frascone (Herbst, 1785) 
Qld., W.A. (Shark Bay to Dampier Arch.); E. Africa to China, Japan, Banda 
and Amboina. To 20 m, over sand, weed and rock. 
Miers 1884: 257 (as D. dorsipes); Tyndale-Biscoe & George 1962: 66. 
WAM 62-64 NW Bluff Pt.; 63-64 NW of Carnarvon; 64-64, 68-64, 72-64, 73-64, 
12-70 Shark Bay; 65-64 W of Dirk Hartog I.; 67-64 NE side of Peron Flats; 4-
70 SE Corner of Dirk Hartog I.; 5-70 Hopeless Reach; 7-70 W of Koks I.; 11-
70 'tween Shark Bay and Onslow; 334-60 Exmouth Gulf or Shark Bay. 

CALAPPIDAE de Haan, 1833 

Calappa calappa (Linnaeus, 1758) 
W.A. (Shark Bay); Inda-West Pacific (E. Africa, Mauritius to Hawaii). To 10-
50 m, bottoms of rock or broken shells. 
Tyndale Biscoe & George 1962: 69. 
WAM 296-60 Koks I.; 14-70 to 16-70 Shark Bay; 17-70 South Passage, mainland 
side. 

Calappa hepatica (Linnaeus, 1758) 
Eastern Ausu·alia, v\T.A. (Abrolhos to Yampi Sound); widespread in Inda-West 
Pacific. In 10-50 m, on hard substrates, coral reefs. 
Tyndale-Biscoe & George 1962: 69. 
WAM 616-85 Carnarvon. 

Calappa philargius (Linnaeus, 1758) 
Eastern Australia, W.A. (Swan R. to Dampier); Inda-West Pacific (Red Sea to 
Japan, Samoa). In 30-100 m, substrate sand or broken shells. 
Tyndale-Biscoe & George 1962: 69. 
WAM 9623 Maud Landing; 401-38 Dirk Hartog I.; 301-60 9 km W of Cape St 
Cricq, Dorre I.; 302-60 Carnarvon; 195-64 to 197-64 Shark Bay. 

Matuta granulosa Miers, 1877 
Qld., W.A. (Yampi Sound to Shark Bay); Indian Ocean. Intertidal to 55 m, 
substrate sand. 
Tyndale-Biscoe & George 1962: 71. 
WAM 318-60 9 km SW C. Ronsard, Bernier I.; 151-64, 106-70, 107-70 Shark Bay; 
163-73 NE Koks I. 

Matuta planipes Fabricius, 1798 
Northern and north-western Australia (W.A. - Broome to Shark Bay); Indian 
Ocean, East Asia and Japan. In shallow waters, substrate sand. 
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Tynclale-Biscoe & George 1962: 71. 
WAM 137-Gtl 'Lween Shark Bay and PL. Sampson. 

Maluta inermis Miers, 1881! 
Qld. (Thursday I.), Torres Su·. , N.T, W.A. (Brnome Lo Shark Ba y). In 11 rn, 
subsLrate sand. 
Tyndale-Biscoe & George 1962: 72. 
WAM 102-70 W of Koks I. 

Maluta lunaris (Forsldll, 1775) 
Eastern Australia, W.A. (Yampi Sound to Shark Bay); Indian Ocean, East Indies, 
Asia. ln1.eniclal and Lo 15 m, substra te sand. 
Miers 1884: 256 (as M. victrix); Tynclale-Biscoc & George 1962: 71. 
WAM 217_,!7 110 km N ol Cirnarvon; 316-60 Pt. G regory, N W en c.I of Peron 
Pen. 

LEUCOSUDAE Samouclle, 1819 

Actaeomorpha erosa Miers, 1878 
Qlcl. , W./\.. (Shark Bay); lVlauriLius, Kennaclcc Is, Hawaii. Inteniclal to 20 rn , 
substrate sane.I, cor;tl reds. 
Balss 1935: 117; Tynclale-Biscoc & George 1962: 76. 

Arcania novemspinosa (Adams & While, 18L19) 
North-eastern and north-western Australia (S hark Bay); Phi Ii ppines, I nclian and 
Malaysian Archs. Dredged in 70 rn over loose coral and rock. 
Tyndale-Biscoe & George 1962: 76. 
WAM 283-60 'Lween C. Inscription and C. SL Cricq. 

Arcania quinquespinosa Alcock & Anderson, 1894 
\i\1. A. (Shark Bay); lndo-West Pacific (Reel Sea to Japan). In 60-150 m , on sandy 
mud. 
Sakai 1976: 95. 
WAM 168-61 NW of Carnarvon; 169-6,1 NW of Dirk I-lanog I. 

Arcania undecimspinosa de Haan, 18111 
Qlcl., W.A. (Shark Bay, Rottnes L I.); India, Seychel les, China, Japan. In 30-lOOrn 
over sand, sanely mud , sponge and Bryozoa. 
Sakai 1976: 91. 
WAM 180-64 Shark Bay. 

lxa acuta Tynclale-Biscoe & George, 1962 
Qlcl ., WA. (Shark Bay to Onslow); India, Seychelles, China, Japan. Trawled 
30-100 m, over sand and sanely mud. 
Tyndale-Biscoe & George 1962: 72. 
WAM 33-71 'Lween Shark Bay and Onslow. 
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Ixoides comutus MacGilchrist, 1905 
W.A. (Shark Bay); Persian Gulf, Hong Kong, Japan. In 50-100 m, on bottoms 
of sand or rock. 
Sakai 1976: 103. 
WAM 245-64 NW of Dirk Hartog I.; 247-64 NW of Carnarvon. 

Leucosia haematosticta Adams & White, 1848 
Qld., N.S.W., W.A. (Shark Bay and Malus I., Dampier Arch.); Inda-Pacific 
(including Palk Str., Singapore, Japan and Timor) . In 18-100 m on shelly or 
soft sandy bottoms. 
Tyndale-Biscoe & George 1962: 80; Griffin 1972: 64; Sakai 1976: 121. 
WAM 223-60 16 km W of C. Couture, Bernier I. 

Leucosia haswelli Miers, 1886 
Qld. (Thursday I.), W.A. (Shark Bay and Dampier Arch.); Bay of Bengal, Anda
mans, Gulf of Siam, Singapore, Celebes. In 18 m on sandy bottom. 
Tyndale-Biscoe & George 1962: 84. 
WAM 237-60 E side of Dirk Hartog I.; 240-60 near Homestead, Shark Bay; 242-
60 C. Inscription; 116-64 Shark Bay. 

Leucosia perlata de Haan, 1841 
Qld. (Thursday I.), W.A. (Yampi Sound to Cockburn Sound); Persian Gulf, Indian 
Arch. to New Guinea, Hong Kong. On sandy bottoms in shallow water. 
Tyndale-Biscoe & George 1962: 86. 
WAM 118-64 'tween Shark Bay & Pt. Sampson. 

Leucosia pubescens Miers, 1877 Type Locality 
W.A. (Shark Bay, Rottnest I.); Indian Ocean from Red Sea to India, East Indies, 
Japan. From inshore waters and estuaries. 
Miers 1877: 238; Haswell 1879: 46; 1882: 119; Glauert 1924: 61; Tyndale-Biscoe 
& George 1962: 84. 

Leucosia reticulata Miers, 1877 Type Locality 
Northern and western Australia (W.A. - Yampi Sound to Shark Bay). Intertidal 
on reefs and beaches. 
Miers 1877: 237; Haswell 1882: 119; Tyndale-Biscoe & George 1962: 80. 
WAM 1525-30, 1526-30 Shark Bay; 15-50 Carnarvon (donated to BMNH); 208-
60 Denham; 214-60 Monkey Mia. 

Leucosia unidentata de Haan, 1841 
Torres Str. , W.A. (Shark Bay, Rottnest I.); Japan, Hong Kong, Malabar, Moluccas. 
In 30-150 m, over sand or sandy mud. 
Sakai 1976: 119. 
WAM 122-64 NW of Dirk Hartog I. 
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Marine dccapod Crustacea 

Leucosia whitei Bell , 18SS 
North-eastern Australia, W.A. (Dampier Arch., Onslow, Shark Bay); lndo-Wcst 
Pacific (E. Africa to E. Indies). In 26-SI m, over sand and mud, sponge. 
Miers 18811: 249; Tyndalc-Biscoe & George 1962: 77. 

Myra a/finis Bel I, I 8SS 
North-eastern and north-western Austrnlia (W.A. - Shark Bay to Dampier Arch.); 
Persian Gull, Inchan Arch., E. Indies. In S-Wl rn, over sand, mud, gravel, shell. 
Rathbun 1924: 26; Tyndalc-Biscoe & George 1962: 88. 
WAM 1510-86 Shark Bay. 

Myra australis Haswell , 1880 
Q ld ., Times Su., W.A. (Dampier An:h., Shark Bay); Singapore, G ull of Mmtaban. 
In S-S7 rn , over sand , mud . 
Mins, 1881[: 2Sl; Tynd~ile-Biscoc & Georgt· 1962: 88. 

Myra mammillaris Bell, 1855 
Qld. (Port Dennison), S. Aust., W.A. (Leighton Beach to Yampi Sound). Estuarine 
Lo marine, in 18 rn over sa nd, weed and rock. 
'Ty ndalc-B iscoe & George 1962: 89. 
WAM !""178S , 1-6 1, 219-61! , 220-6'1 Shark Bay; 281-60 2 km E of Koks I., 
Bernier I. 

Pseudophilyra perryi (M iers, 1877) 
W.A. (Sha rk Bay). 
Miers 1877: 237 (as Leucvsia. Perryi); Haswell 1879: 116 (as L. Pr'rryi) ; Haswell 
1882: 119 (as L Perryi). 

Randallia eburnea Alcock, 1896 
W.A. (Sha rk Bay); India , Laccadivcs, E. Indi es, Japan. In 30-150 rn, over sand 
or shel I. 
Tyndalc-B iscoc & George 1962: 87. 
WAM 207-60 2S km NW ol C. SL Cricq . Durre I. ; 98-61 NW of Bluff PL.; 99-
611 NW of Dirk Hartog l; 102-611 W of Carnarvon; lO:J-6'1 NW of Carnarvon. 

Section Oxyrhyncha LaLreillc, 1803 

MAJIDAE Samouelle, 1819 

Achaeus brevirostris I-Iaswell, 1879 
N.S.W. (Port Jackson), Qld., N.T , W.A. (to Fremantlc); Inclo-Wcsl Pacif ic 
(Zamibar Lo Indonesia). To 50 111, over sand, gravel and clay. 
Miers 1884: 189 (as A. affinis); Gri flin & Yalclwyn 1965: 117; GriUin 1970: 98. 

Achaeus curvirostris (A. Milne Edwards, 1873) 
Eastern Australia (S Coral Sea to Bass Su-.), W.A. (C. NaLuraliste Lo North West 
Cape); widespread Indo-West Pacific (E Africa Lo Philippines, Japan, New 
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Zealand) . In 36-160 m over coral, sand, shells. 
Griffin 1970: 102; 1972: 69 (as A . fissifrons) . 
WAM 276-67 NW of Carnarvon. 

Achaeus lacertosus Stimpson, 1857 
N.S.W. (Port Jackson), Qld., N.T, W.A. (Lo Shark Bay); widespread Indo-West 
Pacific (S. Africa, Iranian Gulf to Japan). Low tidal levels to 90 m, over sand, 
shells, coral, mud. 
Griffin 1972: 69. 

Achaeus podocheloides Griffin, 19'7<) 
W.A. (C. Naturaliste to Pt. Cloates). In 128-137 m . 
Griffin 1970: 112. 
WAM 276-67 (part.) NW of Carnarvon (now AM Pl677). 

Achaeus pugnax (de Man, 1928) 
W.A. (Pt. Cloates Lo Shark Bay); southeastern Japan. In 78-216 m, over sand, 
coral sand. 
Griffin 1970: 116. 
WAM 67-67 NW of Dirk Hartog I.; 167-67 NW of Carnarvon (now AM Pl6772). 

Camposcia retusa Latreille, 1829 
Northeastern, northern and north-western Australia (Shark Bay); Philippines, 
Guimaras and Bmeas, Fiji, Ngau, Mauritus. Shore and coral reefs, to 38 mover 
stones, corals. 
Miers 1884: 189; Balss 1935: 118. 

Cyclax suborbicularis (Stimpson, 1858) 
W.A. (Houtman Abrolhos and Shark Bay); Indo-West Pacific (Red Sea and 
Zanzibar to Rotuma). In 0.5 to 3.5 m; coral reefs. 
Hale 1929: 68; Montgomery 1931: 420; Balss 1935: 125. 

Cyrtomaia murrayi Miers, 1886 
W.A. \Pt. Cloates to Rottnest I.); E Africa, Kai Is. , Japan, South China Sea. 
Dredged to 200 m, over sponges, Bryozoa, shells. 
Griffin & Tranter 1986: 29. 
WAM 13-67 W of Dirk Hartog I. 

Ephippias endeavouri Rathbun, 1918 
N.S.W (northern), S. Aust., WA. (Rottnest I., Houtman Abrolhos Is, Shark Bay). 
Subticlal to 50 m. 
Montgomery 1931 : 416; Griffin & Tranter 1986: 31. 
WAM 3-85 NW of Shark Bay; '189-86 Denham. 

Hyastenus diacanthus (de Haan, 1839) 
Qld., WA. (Shark Bay); India to Japan, China Sea. In 12-108 m, over sand, stones. 
Miers 1884: 195; Rathbun 1924: 3; Griffin 1966b: 290. 
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WJ\M 223-86 WSW of Carnarvon; 225-86, 226-86, 299-86, 301 Lo 303-86, 305-86, 
309-86, :H0-86 Denham; 2/18-86, 252-86, 2.1 11-86 Carnarvon; 307-86 W ol Carnarvon; 
312-86 SW ol Carnarvon; 1611-67, 158-72 Shark Bay; 235-67 2 km W of C. St 
Cricq, Done I. 

Hyastenus elatus Griffin & T ralller, 1986 
N .S.W. (Lo Botany Bay), Qlcl. , \VJ\. (Lo just N ol Penh); lrian Jaya, J\ralura 
Sea. lntcrticlal and clrcdgecl Lo 21 m, over sand, sponges, sa nely mud beds o( 
Cymodosia and Posidonia. 
Griffin & 'Tranter 1986: 141. 
AM P l881H 118 km S of Carnarvon; AM Pln01l Shark Bay. 

Hyastenus sebae White, 18117 
Qld. (Thursday !.), "HH-res Sll., \VA. (Monte !kilo ls Lo Rotu1est l.); common 
in tropical Indo-West Pacilic (Ceylon Lo China, Philippines, Palau). Littoral Lo 
120 m (Lo ? '100 m), associated with coral, shell, sand, rarely mud . 
Miers 1884: 195 (as H. oryx); Rathbun 1914: 661 (as I--1. or)1x); Balss 1935: 123 
(as H. or)1x); Griffin & Tranter 1986: 155. 
WJ\M 236-67, 2118-67 near bar ol South Passage; 84-71 SE corner of Dirk Hartog 
I.; 86-71 , 2011-86, 2Ei-8() South Passage; 203-86 South Passage, near mC1inland side. 

Lahaina agassizii (Rathbun, 1902) 
W.J\. (S hark Ray. J\brolhos ls , Geralcl1on); Indian Ocean LO Philippines, Nevv 
Caledonia. Shore and red Lo 150 rn, over mud, sand, cmal, sponge and Bryozoa . 
Griffin & Tranter 1986: 159. 
WJ\M 295-67 6 km vV of C. St Cricq, Done I.; 85-71 o l( Carnarvon . 

Leptomithrax sternocostulatus (H. Milne Edwards, 185l) 
Qld., N .S.W., S. Ausl., W.J\. (Shark Bay); New Zealand. fn 5.5 m. 
Balss 1935: 125; Griffin 1966b: 290. 
WJ\M 8-67 NW of Carnarvon; 69-67 NW of Dirk Hartog I. , 237-67 NW ol C. 
Inscription . 

Menaethius monoceros (Laueille, l82S) 
N.S.W. (Lo Pon Jackson), Qld., Torres Str., W.A. (Cossack, Shark Bay, Rottnest 
I.), Lord Howe I.; common and widespread in lndo-Wesl Pacific (Reel Sea and 
E Alrica Lo Japan and Hawaii). Between high and low Lide levels on rocky, 
weedy beaches. 
Miers 18811: 190; Hale 1929: 68; Montgomery 1931: 4l7; Ba lss 1935: 122; CriHin 
1972: 71; Black & Prince 1983: 40; Griffin & Tranter 1986: 90. 
WAM 5788, 253-67 Shark Bay; 87-67 South Passage; 208-67 Denham; 216-67 near 
bar of South Passage; 218-67, 89-71 l km N ol Denham; 242-67 Pt. Gregory, 
NW of Peron Pen.; 255-67 Dirk Hartog l.; 78-71 0.5 km W of C. Pernn. 
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Micippa curtispina Haswell, 1880 
Qld., W.A. (Shark Bay, Rottnest I.); Singapore. In 9 m. 
Griffin & Tranter 1986: 275. 
WAM 70-67 NW of Dirk Hartog I. 

Micippa philyra (Herbst, 1803) 
Eastern and northern Australia (W.A. - Houtman Abrolhos to Broome); Indo
West Pacific (Red Sea to Japan). On beaches, reefs, and trawled to 45 m over 
mud, coral sand, coral, Lithothamnion. 
Miers 188L!: 198; Montgomery 1931: 405; Griffin 1976: 202; Griffin & Tranter 
1986: 277. 

Naxioides carnarvon Griffin & Tranter, 1986 Type Locality 
W.A. (NW of Carnarvon, Pt. Cloates). Trawled in 128-131 m . 
Griffin & Tranter 1986: 169. 
WAM 147-67 (H) NW of Carnarvon. 

Paranaxia serpulifera (Guerin, 1829) 
Qld. (Torres Str., Thursday I.), N.T, W.A. (to Abrolhos Is). In 7-26 m. 
Haswell 1882: 21; Miers 188Ll: 196; Rathbun 1914: 661; 1924: 7 (as Naxioides 
serpulifera); Montgomery 1931: 419; Balss 1935: 127; Griffin 1966b: 290; Griffin 
& Tranter 1986: 280. 
WAM 12192 Carnarvon; 152-72 Shark Bay; 575-86, 576-86 Sunday I. 

Paratymolus sexspinosus Miers, 1884 
North-eastern and north-western Australia (Broome, S of Carnarvon); southern 
India, Aru Is, Japan. In 7 m, over sand and rubble, algae. 
Griffin & Tranter 1986: 42. 
AM P25101 3 km S of Carnarvon. 

Phalangipus hystrix (Miers, 1886) 
Qld. (Coral Sea); W.A. (Shark Bay, Rottnest I.); widespread Indo-West Pacific. 
In 50-150 m (? to 353 m), from bottoms of sand, sandy mud or broken shells. 
Miers 1886: 60; Griffin 1973a: 178. 
WAM 44-67, 100-71 NW of Dirk Hartog I.; 80-67 W of Dirk Hartog I.; 96-67, 
146-67, 73-71, 99-71 NW of Ca.rnarvon; 87-71 'tween Shark Bay and Onslow. 

Pseudomicippe varians Miers, 1879 Type Locality 
Qld. (Thursday I.), Torres Str., W.A. (Shark Bay). Intertidal amongst stones and 
dead coral, on reefs below low tide level, amongst thick Sargassum. 
Miers 1879: 12; 1884: 197; 1886: 68 (all as Zewa varians); McCulloch 1913: 334 
(as Z. varians); Bass 1935: 121 (as Z. varians); Griffin 1966b: 277 (as Z. varians); 
Griffin & Tranter 1986: 237. 

Schizophrys dama (Herbst, 1804) 
Torres Str., N .T, W.A. (C. Jaubert, Monte Bello Is, Shark Bay, King George 
Sound); Straits of Malacca, Indonesia, Malaysia. Intertidal to 9 m, rocky bottoms. 
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Miers 1884: 197; 1886: 67; Rathbun 1911: 662; 19211: 6; Montgomery 1931: 420; 
Balss 1935: 124; Griffin 1966b: 286; GriUin & Tranter 1986: 249. 

Simocarcinus pyramidatus (Heller, 1861) 
W.A. (Barrow I. to Lancelin I.); Indian Ocean (Aldabra, Mauritius to Cocos 
Keeling ls). In 1.5-18 rn, over sand. 
Griffin & 'Tranter 1986: 99. 
WAM 348-73 (part.) near bar of South Passage. 

Simocarcinus simplex (Dana, 1852) 
W.A. (Shark Bay, Abrolhos Is); Indo-Wesl Pacific (Reel Sea to Hawaii). On shore 
platforms, reds, to 5 m; under weed and stones. 
Griffin & Tranter 1986: 100. 
WAM M8-73 (pan.) near bar ol South Passage. 

Sunipea indicus (Alcock, 1895) 
Central eastern and north-western Australia (NW of Pt. Clo~Hes to NW o[ Bluff 
Pt.); Reel Sea, Amirante and Seychelles, Andamans, Ceylon, Philippines. In 69-
130 m, over coral, shells, sand, gravel and lithotharnnion. 
Griffin 1972: 68 (as Aepinus 1ndicus). 
WAM 276-67 (part.) NW of Carnarvon (now AM Pl6779). 

Thacanophrys albanyensis (Ward, 1933) 
North-eastern Australia, Arafura Sea, W.A. (to Shark Bay). In 25-57 m, over sand 
and shells, stones, coral, sponge, mud. 
Griffin 1966a: 4, 10, 13 (as Chlorinoides albanyensis); Grilfin & Tranter 1986: 
254. 
WAM 349-67 'twecn C. Inscription and C. St Cricq. 

HYMENOSOMATIDAE MacLeay, 1838 

I-lalicarcinus bedfordi Mon tgornery, 1931 
Qlcl. (to Moreton Bay), N.T, W.A. (to Swan R.). Estuarine, littoral, on muddy 
substrate, associated with scagrasses (Posidonia australis). 
Montgomery 1931: 1125; Lucas 1980: 181. 
WAM 267-64 Monkey Mia. 

Trigonoplax spathulifera Lucas, 1980 
Qlcl. (to Gladstone), N.T, W.A. (to Lancelin I.). Under stones at low tidal levels, 
from coral reefs, to 137 m over sponge and Bryozoa. 
Lucas 1980: 189. 

PARTI-IENOPIDAE MacLeay, 1838 

Cryptopodia spatulifrons Miers, 1879 Type Locality 
N.S. W. (Port Jackson); northern Australia (Thursday I., Prince of Wales Channel); 
WA. (Shark Bay). In 5-13 m. 
Miers 1879: 26; Haswell 1882: 38; Miers 18811: 203. 
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Oreophorus morum (Alcock, 1896) 
W.A. (Shark Bay); India, Japan. In 55-150 m on bottorn of sandy mud or sand. 
Sakai 1976: 81. 
WAM 163-64 NW of Dirk Hartog I. 

Parthenope (Parthenope) nodosus (Jacquinot, 1853) 
North-eastern, northern and western Australia (W.A. - Shark Bay), Japan. Habitat 
unknown. 
Miers 1884: 200. 
WAM 384-73, 385-73 Shark Bay. 

Rhinolambrus pelagicus (Ruppell, 1830) 
Northern and western Australia - W.A. (Montebello Is, Shark Bay); tropical Indo
Pacific (from E Africa to Samoa). In 50-100 m, on sandy mud bottoms. 
Rathbun 1914: 663 (as Parthenope (Rhinolambrus) pelagicus); Balss 1935: 128. 

Section Cancridea Latreille, 1803 

ATELECYCLIDAE Ortmann, 1893 

Kraussia nitida Stimpson, 1859 
Qld. (Thursday I.), W.A. (Houtman Abrolhos Is, Shark Bay); Japan. In 30-55 
m, on bottoms of sand or broken shells. 
Balss 1922: 98; Montgomery 1931: L!33; Balss 1935: 132; Serene 1972: 51. 

Kraussia pelsartensis Serene, 1972 
W.A. (Pt. Cloates, Houtman Abrolhos Is, Rottnest I.). In 37-'16 m. 
Serene 1972: L19; Jones 1986: 35. 

Section Brachyrhyncha Borradaile, 1907 

POR TUNIDAE Rafinesque, 1815 

Charybdis feriata (Linnaeus, 1758) 
Qld. (to Moreton Bay), N.S.W., W.A. (Swan R. to Exmouth Gulf); Madagascar, 
S. Africa, India to Japan. In 10-18 m, over sandy mud, also from live coral. 
Stephenson et al. 1957: 497; Stephenson 1972: 31. 
WAM 63-58, 64-58 between Koks I. and Quobba Pt. (as C. cruciata). 

Charybdis helleri (A. Milne Edwards, 1867) 
Qld., N.S.W., W.A. (Shark Bay to C. Bossut); Mediterranean, E African coast 
to Hawaii. Intertidal, under rocks and stones, amongst live coral, dredged in 
6-38 m. 
Stephenson et al. 1957: 497. 
WAM 14-66 flats S of Dirk Hartog I. 

Charybdis jaubertensis Rathbun, 1924 
Qld. (to Mackay), N.T, W.A. (to Shark Bay). In 4-37 m, over mud and sandy 
mud. 
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Stephenson et al. 1957: 1198; Stephenson 1961: 116; 1972: 32. 
WAM 36-60 near bar of South Passage; 1-65, 6-65, 5-66, 7-66 Shark Bay; J0-65 
N o f Peron Flats. 

Charybdis lucifera (Fal>rici us, 1798) 
Qld. (Mooloolabah Lo Cairns), WA. (Nonh West Cape, Bernier I., Shark Bay); 
India to Japa n. Dredged, also possibly intert idal. 
Stephenson et al. 1957: 500; Stephenson 1972: 33. 
WAM 11153 Bernier I. 

Nectocarcinus spinifrons Stephenson, 1961 Type Locality 
WA. (Shark Bay). Trawled in 73 rn . Dredged ?tl-80 rn. 
Stephenson 1961 : 92; 1972: 22; Jones 1986: 35. 
WAM 17-60 (I-1), 476-60 (/\), 117c-60 (A) 2 krn W of C. St Cricq, Dorrc I. 

Ovalipes australiensis Stephenson & Rees, 1968 
Qld. (Lo Wide Bay), N.S.W., Vic., S. Aust., W.A. (lo Shark Bay), Lord Flowe 
I. Subticlal to 60 rn ; in sandy areas on low energy coasts . 
Haswell 1882: 84 (as Platyonychus bipustulatus); Miers 1886: 202 (as P. bipuslu
lalus ); Stephenson & Rees 1968: 231; *Gri ffin & Yaldwyn 1971: 19; Griffin 1972: 
76; Stephenson 1972: 227. 

Portunus argentus (A. Milne Edwards, 1861) 
W.J\. (Onslow & Dampier Arch.); Natal Lo Honolulu. Dredged, in 10-150 m , 
owr sand and mud. 
Stephenson 1961: 105; 1972: 38. 
WJ\M 107-71 NW of Carnarvon. 

Portunus granulatus H . Milne Edwards, 18311 
N.S .W., Qld., W.A. (Shark Bay, Dampier Arch.); Madagascar and Red Sea Lo 
Hawaii, Samoa. Dredged in 9-12 m, or on reds in shallow water. 
Stephenson & Campbell 1959: 108; Stephenson & Rees 1967: 25; Stephenson 1972: 
39. 

Portunus hastoides Fabricius, 1798 
Qld. (Lo Moreton Bay), Torres SLr., J\ra[ura Sea, N.T (Darwin), W.A. (Roebuck 
Bay Lo Shark Bay); Madagasca r and E Africa Lo Japan, Philippines and Australia. 
LWM Lo 82 m, over soil mud, mud and shell. 
Stephenson & Campbell 1959: 101. 
WAM 51-60 E side of Dirk Hartog T. 

Portunus orbitosinus Rathbun , 1911 
Qld. (Lo Capricorn Gp.), N.T, W.A. (Lo Shark Bay); Indo-West Pacifi c (Seychelles 
Lo Japan). Shore to 75 m, over sand and mud. 

·•These <1u1hors s11ggesL 'Shark B<1y ' loe<tlity in Stephenson & Rl't'S 1968 is ;1 la./;su.s for G<'ogr<tphe 
Bay. 
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Stephenson & Campbell 1959: 114; Stephenson 1961: 108; Stephenson 1972: 41. 
WAM 47a-60 2 km W of C. St Cricq, Dorre I.; L19-60 2 km SW C. Ronsard, 
Bernier I. 

Portunus pelagicus (Linnaeus, 1766) 
S. Aust. (Spencer Gulf), Vic., N.S.v\T., Qld., N.T, W.A. (to Fremantle), Lord Howe 
I.; widely distributed in Indo-West Pacific (E Africa to Tahiti). Intertidal, in mud 
and Zostera, shallow pools and under stones; estuarine, also trawled to 65 m. 
Basis of commercial fishery. 
Miers 1884: 229 (as Neptunus pelagicus); Rathbun 1924: 22; Montgomery 1931: 
427; Balss 1935: 130 (as N. pelagicus); Stephenson & Campbell 1959: 97; 
Stephenson 1972: 41. 
WAM 12193 Carnarvon; 13-60 Shark Bay. 

Portunus pseudoargentatus Stephenson, 1961 
W.A. (Houtman Abrolhos Is, Shark Bay). Surf to 65 m, dredged in coral rubble, 
sponge, seaweed. 
Stephenson 1961: 209; 1972: 42. 
WAM 258-62, 259-62 Shark Bay. 

Portunus rubromarginatus (Lanchester, 1900) 
N .S.W. (to Port Jackson), Qld., W.A. (Cygnet Bay to Shark Bay); Malay Arch., 
Hong Kong, South China Sea. Depths to 38 m, over sandy mud. 
Stephenson & Campbell 1959: 112; Stephenson 1972: 42. 
WAM L14-60 0.5 km E of Koks I., Bernier I.; 105-71, 108-71, 109-71 Shark Bay. 

Portunus rugosus (A. Milne Edwards, 1861) 
Torres Str., W.A. (Sb.ark Bay to Cottesloe). In 7-120 m, substrate sand. 
Stephenson 1972: 42. 
WAM 47-60 NE side of Dirk Hartog I.; 51-60 E side of Dirk Hartog I. 

Portunus sanguinolentus (Herbst, 1783) 
Qld., N.S.W., S. Aust., WA. (to Exmouth Gulf); E Africa to Hawaii, including 
Japan; alsos Adriatic. Trawled, subticlal to 30 m. 
Stephenson & Campbell 1959: 98; Stephenson 1972: 43. 
WAM 53-86 Dirk Hartog I. 

Thalamita gatavakensis Nobili, 1906 
Australia - W.A. (Shark Bay, Maud Landing); Madagascar and Tuamotus. Dredged 
10-20 m over coral. 
Stephenson 1972: 47. 

Thalamita macropus Montgomery, 1931 
Qlcl. (southern), N.S.W. (Port Stephens to Eden); W.A. (Houtman Abrolhos Is, 
Shark Bay). In 7-100 m, dredged or trawled. 
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Monlgomcry 1931: 1131; SLephcnson & Hudson 1957: 3113; Stephenson & Rees 
1961: 122; 1968: 295; Griffin 1972: 77; Stephenson 1972: 119. 
WAM 1l7b-60 2 km W of C. St Cricq, Dorre I. 

Thalamita prymna (I-krbsL, 1803) 
Qlcl. (Torres Su·.); N.T, W.A. (to Houtman J\brolhos Ts); Tndo-WcsL Pacific 
(Delagoa and Red Sea Lo Marshall Is). Intertidal coral reels to 30 m. 
Montgomery 1931: 1127; Stephenson 1972: 50. 

GONEPLACIDAE MacLcay, 1838 

Eucrate crenala de Haan, 1835 
W.A. (Shark Bay); India , Andamans, Seychelles, I-long Kong, China, Korea, 
Japan. ln 35-100 m, substrate sand or sandy mud. 
Sakai 1976: 535. 
WAM 1808-85, 1809-85, 18211-85, 1827-85 Shark Hay. 

XANTl-IIDAE MacLeay, 1838 

Actaea jacquelinae Guinot, 1976 
Tbrrcs Str. , N.S. W., S. J\usL, W.J\. (RntLncst I. , l-Ioutman J\bmlhos ls, Shark 
Bay, Holothuria Bank); lndo-West Pacific (Red Sea Lo Tithiti ). Subtidal, from 
cora l reds in shallow waters. 
Odhner 1925: .S3 (as A. calculosa); Montgomery 1931: 1137 (as A . calculosa); Balss 
1935: 1% (as A. calculosa); Serene 198/1: 113. 

Actaea michaelseni Odhner, 1925 
W.J\. (Shark Bay). In 0.5-3.5 rn . 
Odhner 1925: 113; Hale 1929: 69; Balss 1935: 136. 

Actaea savignyi (H. Milne Edwards, 1834) 

Type Locality 

W.J\. (Shark Bay); Indo-West Pacifi c (Suez Canal, Sinai, Gulf ol Aden, 
Mozambique to Japan). ln 7-M6 m. 
Odhner 1925: 52; Montgomery 1931: 1138; Balss 1935: 136. 

Atergatopsis globosa Balss, 1935 
W.A. (Shark Bay). 10-13 rn. 
Balss 1935: 137. 

Calvactaea tumida Ward, 1933 

Type Locality 

N.S. W. (Port Jackson and Port I-lacking), W.J\. (Shark Bay); southeastern Japan. 
On rocky beaches and in 10-30 rn; occasionally associated wiLh Alcyonarians. 
Sakai 1976: 520; Griflin 1972: 79. 

Chlorodiella nigra (Forskal, 1775) 
Northern Australia, WA. (Shark Bay); lnclo-WesL Pacific (Red Sea, E Africa to 
I-fawaii). Intertidal, on rocky beaches and coral reefs, in shallow waters. 
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Hale 1929: 69 (as C. niger); Montgomery 1931 : 441 (as C. niger); Serene 1984: 
258. 

Cymo andreossyi (Audouin, 1826) 
Qld., W.A. (Beagle Bay, Shark Bay), Norfolk I.; throughout Inda-West Pacific 
(Red Sea to Tahiti). Associated with coral reefs in shallow waters; probably an 
obligate symbiont of Pocillopora corals. 
Balss 1935: 139; Black & Prince 1983: 140; Serene 1984: 3L1. 
WAM 19-82 Pt. Quobba. 

Demania splendida Laurie, 1906 
W.A. (Shark Bay); Madagascar, Ceylon, Indian Ocean. In 15-35 m, on rocky or 
sandy bottoms. 
Serene 198'!: 190. 
WAM L148-87 NW of C. Inscription. 

Etisus anaglyptus (H. Milne Edwards, 183tl) 
W.A. (Pt. Quobba); Indo-West Pacific (Red Sea to Japan). Intertidal, on rocky 
or stony beaches, under stones or in rock crevices, shallow waters. 
Black & Prince 1983: 11 ; Serene 1984: 228. 

Leptodius exaratus (H. Milne Edwards, 1834) 
Northern Australia, W.A. (Shark Bay); common in tropical Inda-West Pacific 
(Red Sea to Hawaii). Intertidal on rocky beaches under stones or in rock crevices. 
Miers 188Ll: 214; Serene 198Ll: 184. 

Liomera cinctimana (White, 1847) 
Northern Australia, W.A. (Shark Bay); Indo-West Pacific (Madagascar to Japan); 
also lower California to Galapagos. Intertidal, on coral reefs and rocky beaches, 
to 35 m. 
Odhner 1925: 14 (as Carpilodes cinctimanus); Hale 1929: 69 (as C. cinctimanus); 
Serene 198'!: 57. 

Liomera hartmeyeri Odhner, 1925 Type Locality 
W.A. (Shark Bay). In 7-16 m. 
Odhner 1925: 23 (as Carpilodes hartmeyeri); Balss 1935: 145 (as C. hartmeyeri). 

Liomera rubra (A. Milne Edwards, 1865) 
Northern Australia, W.A. (Shark Bay); Indo-West Pacific (Madagascar to Hawaii). 
Coral reefs, in shallow waters. 
Odhner 1925: 23 (as Carpilodes ruber); Hale 1929: 69 (as C. ruber); Serene 1984: 
65. 

Liomera rugata (H. Milne Edwards, 1834) 
Northern Australia, W.A. (Shark Bay); Indo-West Pacific (Red Sea to Hawaii, 
Tahiti). Intertidal, on coral reefs, in shallow waters. 
Odhner 1925: 20 (as Carpilodes rugatus); Hale 1929: 69 ( as C. rugatus); Serene 
1984: 62. 
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Paraclaea rufopunctata rufopunctala (H. Milne Edwards, 1834) 
W.A. (Pt. Quobba); lndo-Wesl Pacific (Reel Sea to 1ahiti, Samoan Is). Low tidal 
level to 50 m, on rocky bouoms. 
Black & Prince 1983: I l Pt. Quobba (as Aclaea rufopunctala); Serene 1981: 122. 

Pilodius areolatus (I .. 1. Milne Edwards, 1831!) 
N.S.W., N.T , W.A. (Swan River to Shark Bay); warmer Inc.lo-West Pacific (E 
Africa Lo Polynesia and Japan). Intertidal LO 3.5 m, on coral reds. 
Hale 1929: 70; Montgomery 1931: 443; Balss 1935: 139; Serene 1984: 241. 
WAM 549-86 Pt. Quobba. 

Psaumis cavipes (Dana, 1852) 
W.A. (Pt. Quobba); Indo-West Pacifi c (Red Sea to T;;1hiti and Samoan Is). Coral 
reds, shallow walers. 
Rathbun 19M: 658 (as G lyploxanlhu.s cymbzjer); Fialc 1929: 69 (as Aclaea cavipes); 
Black & Prince 1983: 1 l (as A. cavipes). 

Xanthias elegans Stimpson, 1858 
Eastern Australia (Capricorn Gp. to Port Jackson), W.A. (Rottnest I. to Monte 
Bello Is) , Norfolk I.; south-eastern Japan, Taiwan. Liuoral to 35 m, on boltorns 
of rock or broken shells; facultative symbiont of living and dead coral, and 
occurring in a variety of red habi.Lats. 
Hal_e 1929: 69; Montgomery 1931: 11111 ; Balss 1935: 135; GriUin 1972: 79; Black 
& Prince 1983: 140 (as Paraxanthias elegans). 

Xanthias lamarchi (H. Milne Edwards, 1834) 
Qld. , W.A. (Shark Bay); warmer areas of the Indo-West Pacil:ic (Mozambique 
to Polynesia). In 0.5 to 3.5 m. 
Flale 1929: 69; Balss 1935: 131; Serene 1984: 196. 

Xantho danae Odhnc1~ 1925 
Australia - W.A. (Shark Bay); Inclo-West Pacific (Madagascar lO Hawaii , Caroline 
1 s ). 
Odhner 1925: 80; Balss 1935: 133. 

Zozynwdes cavipes (Dana, 1852) 
Ausualia - W.A. (Shark Bay); lnclo-West Pacific (Reel. Sea, Zanzibar to Penang, 
Christmas I., Bonin Is, Palau Berhala). In 0.3 to 5.0 m. 
Balss 1935: 132 (as Xanlho (Leplodius) cav£pes); Serene 1981: 153. 

PILUMNlDAE Sarnoucllc, 1819 

Actumnus setifer (de Haan , 1835) 
Torres Str., W.A. (Broome, Shark Bay); Inclo-West Paci fic (Red Sea and E Africa 
to Japan and T.:1hiti). Intertidal Lo 50 m, rocks and coral. 
Miers 1884: 226; Rathbun 1914: 660. 
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Pilumnus semilanatus Miers, 1884 
Northern Australia, WA. (Hou tman Abrolhos Is, Shark Bay, Port Hedland), S. 
Aust. Dredged in deeper waters. 
Miers 1884: 222; Montgomery 1931: 446; Balss 1935: H5. 
WAM 49-72 NE corner of Dirk Hartog I. 

TRAPEZIIDAE Miers, 1886 

Trapezia cymodoce (Herbst, 1799) 
Qld., W.A. (Shark Bay to Fremantle area); Indo-West Pacific (Red Sea to Tahiti, 
Society Is). Associated with coral reefs in shallow waters. Obligate symbiont of 
living pocilloporid corals. 
Balss 1935: 139; Black & Prince 1983: 140. 
WAM 11-82, 14-82, 510-86, 517-86 Pt. Quobba; 502-86 Monkey Mia; 518-86 
Carnarvon. 

GRAPSIDAE MacLeay, 1838 

Cyclograpsus audouinii H. Milne Edwards, 1837 
Qld. (to Hervey Bay); N.S.W., Vic., S. Aust., W.A. (to Shark Bay); New Guinea. 
Supralittoral and intertidal to 6-10 m, amongst heaped stones and boulders, or 
associated with seaweed or logs; on rocky platforms, beaches; on reefs and 
es tuarine flats; from high tide level into shallow waters. 
Balss 1935: 143 (as C. punctatus audouinii); Campbell & Griffin 1966: 152; Griffin 
& Yaldwyn 1971 : 59. 

Grapsus albolineatus (Lamarck, 1818) 
WA. (Pt. Quobba); Indo-West Pacific (Red Sea, E Africa to Japan, Hawaii). 
Above high tidal levels, on rocky beaches or coral reefs. 
Sakai 1976: 630. 
WAM 18'12-85 Pt. Quobba. 

*Leptograpsus variegatus (Fabricius, 1793) 
Qld. (to Rockhampton)), N.S .W., Vic., Tas., S. Aust., W.A. (to North West Cape); 
sou thern warm temperate Inda-West Pacific (W.A. to Peru, Chile). Intertidal (high 
tide to lower mid-tidal) on exposed rocky shores. 
Montgomery 1931: '152; Balss 1935: 142; Griffin & Yaldwyn 1971: 58; Griffin 1973b: 
418. 
WAM 15L1-63 Pt. Gregory, NE end of Peron Pen. 

Metopograpsus messor (Forskal, 1775) 
Qld., W.A. (Shark Bay to King Sound); warmer Inda-West Pacific (Red Sea, E 
Africa to Japan, Hawaii)) . Occurring near high tidal levels, amongst stones, 
pebbles. 
Miers 188'1: 245; Balss 1935: Ml. 

* Synonym Grapsus personatus Lamarck. Type, dry, "New Holland"; Lype not extant. 
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l'ercnon planissimum (Hnbst, 18011) 
Torres Str., W.A. (Roun cst r., Abrolhos Is, Shark Hay) , Norfolk L; warmer Indo
West Pacific (Madagascar to Hawaii) and Atlantic. In 0.5 Lo 3.5 m on rocky 
beaches and platforms. 
Hale 1929: 70; Montgomery 1931: 1157; Balss 1935: WJ. 

Plagusia depressa tuberculata Larnarck, 1818 
N.S.W., W.A . (Shark Bay); warmer lndo-Wcst Pacilic (E Africa Lo Hawaii, Chile) 
and Atlantic. Near high tidal levels on rocky beaches, also occasiona lly attached 
10 floating Limber. 
Montgomery 193 1: 1157; Balss 19:.Vi: H:>. 

Vanina Lillerala (Fab ric ius, 1798) 
W.A. (Shark Bay); l11do-W('sl Pacilic (E Africa, Mctdagascar to Japan). Usually 
cs lua rinc, sometimes lound c lin g ing lo floating timber. 
Sakai 1976: G+1. 
WAM 1876-85 Carnarvon. 

MICTYRIDAE Dana, 1801 

Miclyris longicarjJus I ,; 11 r!'i I le, 1806 
N.S.W. (southern ), Qlcl., N.T , W.A. (to Shark Bay); l11do-Wes1 Pac ilic (Malay 
Arch., Nicobar, Anclarnans, Ne'"' Caledonia, Japan, Hong Kong, Philippines). 
Sandy or 111uddy lbts, on protected shores. 
Ratlibu11 19H : (i61; Griffin 1972: 87. 
WAM 578-39 Carnarvon; 151-62 Monkey Mia. 

PINNOTHERIDAE de Haan, 1833 

Pinnotheres edwardsi (de Ma11, 1888) 
W.A. (Houtman Abrolhos Is , Shark Bay); Mcrgui Arch., Kei ls. 
Montgomery 1931: 1151. 
WAM 1883-86 Shark Bay. 

l'innotheres hichmani (G uilcr, 1950) 
Vic (eastern), Tas., W.A. (to Shark Bay). Com mensal of bivalves, especially 
Mytilus eduli.1. 
Griffin & Yaldwyn 1971 : 57 (as P. pisum); Prcge111.er 1979: 23; Phillips el al. 
19811: 116. 
WAM 1891-86 Useless Loop. 

l'innotheres spinidactylus Gordon , 19% 
Qld. (Moreton Bay), VY.A. (S hark Bay); Singapore, ?Phi lippines. Commensal o[ 
bivalves; in 3-10 m. 
Griffin & Campbell 1969: 156. 
WAM 1873-86 SE corner o f Dirk 1-Iartog I.; 1884-86 Peron Pen. 
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OCYPODIDAE Rafinesque, 1815 

Macrophthalmus verreauxi H. Milne Edwards, 1848 
W.A. (Shark Bay); Inda-West Pacific (Red Sea, Madagascar to Japan, Hawaii). 
Mud flats or to 10-20 m, on soft substrates. 
Sakai 1976: 611. 
WAM 1413-86, Hl5-86, 1'123-86, 142Ll-86 Shark Bay. 

Ocypode eeratophthalma (Pallas, 1772) 
N.S.W. (to Port Macquarie), Qld., N.T, W.A. (to Shark Bay); Inda-West Pacific 
(E and S. Africa, Red Sea to sou thern Japan, Hawaii). On sandy beaches at 
high tidal levels; mostly nocturnal. 
Miers 1884: 237 (as 0. lmhlii (part.)); George & Knott 1965: 17; Allender 1969: 
63. 
WAM 83-63 Ocean Beach Reef, NW end of Dorre I.; 143-63, 19-6Ll, 20-64 Hospital 
Beach, Bernier I.; 202-73 Monkey Mia. 

Oeypode convexa Quoy & Gaimard, 1824 Type Locality 
W.A. (North West Cape and Barrow I. to Yallingup). Burrows high on sandy 
beaches, above strand line; mostly nocturnal. 
Quoy & Gaimard 1824: 525; Miers 1882: 237; (as 0. kuhlii (part.)); Montgomery 
1931: L151 (as 0. pygoides); Ride 1962: 17 (as 0 . pygoides); George & Knoll 1965: 
20; Allender 1969: 61. 
WAM 95-60, 97-60, 53-63, 70-63 Quoin Bluff, Dorn~ I.; 98-60, 50-63, 51-63 Bernier 
I.; 52-63 Pt. Quobba; 58-63 Pt. Gregory, NW end of Peron Pen.; 60-63, 44-5-
88 Shark Bay; 64-63, 444-88 Dirk Hartog I. ; 77-63 Dorre I.; 206-73 Monkey Mia. 

Ocypode fabrieii H. Milne Edwards, 1837 
North and west coasts of Australia (west of Darwin to Shark Bay). 
Balss 1935: MO (as 0 . aegyptiaca); George & Knott 1965: 18; Allender 1969: 63. 
WAM 101-63 Shark Bay; 1'14-63 Denham Hummock; 145-63 Denham (donated 
to PM); 4-64 3 kms N of Denham; 18-64 1 km N of Denham; 357-74 Monkey 
Mia. 

Vea elegans George & Jones, 1982 
N.T (to Gove), W.A. (to Shark Bay). Landward of mangroves on salt flats . 
George & Jones 1982: 22; Jones 1986: 36. 
WAM 654-65 (P) Teggs Channel; 656-65 (P) Denham Hummock; 181-62, 118-
68 (P) Faure I.; 124-68 (P) Quobba; 22-77 (P), 23-77 (P) Vendoo Ck., S of 
Camarvon; 181-78 (P) Shark Bay or Exmouth Gulf; 73-82 Kaiboolia Ck., nr 
Carnarvon; 75-82 Monkey Mia. 

Vea mjoebergi Rathbun, 1914 
N.T (to Gove), W.A. (to Carnarvon). On edges of mangroves (usually landward), 
on coarse, sandy substrates. 
George & Jones 1982: 83. (as U. mjobergi). 
WAM 71-82, 72-82 Kaiboolia Ck., nr Carnarvon. 
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Discussion 

Although historically Shark Bay was one ol the first areas of Western Australia 
Lo be visited by early naturalists, and crustaceans were recorded and collected 
here by these scien Li fie pioneers, 1 here has been no formal clocumenlaLion of 
the crustacean fauna ol the area. The present checklisL is an attempt Lo solve 
this dilemma. Due Lo a dearth or information (and collections) of non-dccapod 
crustacean groups in Western Australia these taxa have been omiuccl lrom the 
chccklist. Even within clecapod groups, certain taxa remain virtually unclcscribecl , 
or arc absent or poorly represented in the WAM crustacean collection. Other 
groups, however, whi ch have u1H..lergonc major revisions, arc well represent.eel 
(e.g. Alphciclae, Ponunidac, Majiclac). For these reasons the checklist must be 
regmdcd as preliminary, incomplete and biased towards certain taxa . It will 
ddinitcly be exp<inded as further collections in Shark Bay, as well as taxonomic 
revisions of Laxa at present undescribed, arc undertaken . At present 232 species 
arc listed from the Shark Bay area . Shark Bay is the type locality for M holotypes, 
l allotypc and 10 paratypcs. 

The marine fauna of Western Australia is clearly partitioned into tropical 
and temperate components. The tropical componen L occurs 011 the northern 
coastline ;111d h;1s clear l;11111is1ic affinities with the much wider Inclo-WesL Pacific 
region , with the Inda-Malayan Archipelago and with nonhcrn Austra lia. Only 
a small proportion of these tropical species extends southwards and few species 
arc ('IHkmic to nonhcrn Australian waters. On the southern coast a temperate 
fauna occurs which is pan ol the wider southern Australian faunisLic area. Some 
ol l hcse Lcmpera tc species arc of widespread occurrence and there is a relatively 
large proportion of species endem ic Lo southern Australian waters. The west 
coast or Western Australia rcpresen Ls an overlap area beL ween the tropical and 
the temperate fauna, and species endemic to the west coast also occur here. 

The bulk of species (115) occurring at Shark Bay show Inda-West Pacific fauna] 
affinities (50%). Fifty-seven species (25%) show affinities Lo the Indo-Malayan 
J\rchipclago, and 26 species (11 %) Lo northern Australia. Only 7% (17 species) 
show faunistic aff inities to temperate southern Australian species and 16 species 
(7%) arc endemic to Western Australia . 

The hydrological dfecLs of the Leeuwin CurrenL on the west coast of Australia 
are well clocumentccl (Hodgkin & Phillips 1969; Cresswell & Golding 1980). The 
increased water temperatures of the southerly flowing current significantly in
fluence the distribution of tropical marine larvae from northern waters clown 
the west coast of Wes tern Australia and this influence extends well imo the Great 
Australian Bight (Maxwe ll & Creswell 1981 ). Consider ing the latitudes of Shark 
Bay it is not surprising that the bulk of species (50%) occurring Lhere exhibiL 
Lropical rather Lhan temperate affinities. However, considering the preliminary 
nature of the above checklist, (urther comment on the faunistic affinities of the 
clecapod crustaceans of Shark Bay and their biogeographical implications would 
be unwise. 
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RESEARCH IN SHARK BAY 
Report of the France-Australe Bicentenary Expedition Committee 

A guide to the shallow-water barnacles 
(Cirripedia: Lepadomorpha, Balanomorpha) 
of the Shark Bay area, Western Australia. 

Diana S. Jones* 

Abstract 

Sixteen species of shore and shallow-water barnacles have been collected from the 
Shark Bay region. A key and general no tes are provided for identifica tion of these 
species. From literatme records 27 species could possibly occur in the region. Shark 
Bay barnacles exhibit distinct fauna] affinities to the Indian Ocean/ Malay Archipelago 
area and the wider Inclo-West Pacific region. 

Resume 

Seize especes de bernaches littoraux et d'eau superficielle ont ete ramassees dans la region de la 
Baie des Chiens Marins. U ne clef et des notes generales sont fournis pour I' identification de ces 
especes. D'apres les recensements disponibles, 27 especes pourraient probablement apparaitre 
dans la region. Les bernaches de la Baie des Chiens Marins presentent des affinites fauniques 
distinctes avec la region de l'Ocean lndien et de l'Archipel Malais ainsi qu'avec la plus large 
region indo-pacifique occidentale. 

futroduction 

The early French expeditions of discovery made the first collections of barnacles in 
Australia. Barnacles were collected by the scientists Peron and Lesueur in New Holland 
(southern Australia) between 1800 and 1804, during the voyage of the French corvette 
"Geographe", under the command of Nicholas Baudin. In Western Australia the 
expedition explored and collected specimens at King George Sound (Albany), 
Georgaphe Bay and Shark Bay between February and March, 1803. Lamarck (1818) 
described seven species of barnacles from the material collected by Peron and Lesueur. 
In Western Australia only "baie des chiens marins" (Shark Bay) was nominated as type 
locality for two barnacle species - Ba/anus subimbricatus and Acosta sulcata. 

Reporting on barnacles housed in the Berlin Muse um, Weltner ( 1897) made mention 
of specimens of Acosta cyathus Darwin and Oxynaspis celata Darwin (now 
synonymized with 0. indica Annandale) which had been collected in Shark Bay. Kruger 
( 1914) reported on the barnacles collected by the Hamburg Expedition of 1905 in 
south-west Australia, between Shark Bay and Princess Royal Harbour, Albany. No new 
species were described but 11 species were recorded, including six from Shark Bay - viz. 
Smilium peronii Gray, Chthamalus stellatus Poli var. communis Darwin, Ba/anus 
tintinnabulum Linnaeus var. validus Darwin, B. concavus Bronn, Acosta nitida Hoek 
and Tetraclita porosa Gmelin var. viridis Darwin. The record of Chthama/us stellatus 
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va r. cornmunis probably rcpr('sents C. malayensi.1 Pilsbry since the laLLer 1s now 
known to occur in this loca lity, whilst C. stellalu.1· is a northern hem isphere 
species. Balanus lintinna/mlwn var. validu.s is now recogn izecl as 1\11 egabalanu.1· 
vahdus, B. mnphitrile var. slulsburi as /3. variegatus Darwin, A . nitida as A. 
peclinipes Pilsbry ;111d T poro.1a var. viridis as Telraditella purpurascens (Wood). 
The record of /3 . concavus from Shark Bay is pu1.1ling since this species is not 
known from Austra I ia n waters. Darwin 's record of B. concavus from Austra I ia 
(Darwin 1851) musl a lso be considered anoma lous since the known distribution 
of this species is C hina, India and the Persian Gul f (Newman & Ross 1976). 
However, B. arnphitrile Darwin , a spec ies super fi c ia ll y similar to B. concavus 
is now kn own to occur in Shark Bay a nd the two species may have been con fused . 

Since these early exped itio ns there have been lcw studies on Western Austra lian 
ci rripcdes. Several sludics h <.1vc 111cn tio11cd fouling species occurrin g in Cockb urn 
Sound (Russ & Wake 197.S; Dunstan 1978; Lewis 1981, 1982; C ha lmer 1982) o r 
the Swan River (Jones 1987a, 1987b), or species which occur on the limestone 
reef's and rocky shores o f Western Australia (Marsh 1%5; Hodgkin 1959, 1960; 
Hodgkin el al. 1959; Marsh & Hodgkin 1962). E ighly-one cirripede species were 
recorded from Weslern Austra li a n waters by Jones ( 1987c) and , more recently, 
Jones et al. (in press ) have listed 23 species which could be expecled lo occur 
o n the centra l wes t coast. of Wes tern /\11s1rali;1 - an area which includes Shark 
Bay. 

The France-Australe Expedition lo Shark Bay in Jul y, 1988, provided an 
cxccllcn L opponunity for a study ol the loca l cirripede fauna . T his report 
describes the 16 species which have been co llcclcd lrorn the Sha rk Bay region 
o f Western Australia . These barnacles b elong to l wo suborders of Lhe subclass 
C irripedia - namely the Lepaclomorpha and lhc Ba lanomorpha. T he former 
arc more commonly known as goose or stalked ba rnacl es, the la ucr as acorn 
or sessile barnacles. Using the [ollowing key Lhese fo ur lepaclomorph and 12 
balanomorph species may be readily identified. 

T he lenninology used in lhe key a nd notes for species identification is lhal 
o f Jones (l987b, l987c). Complete synonymies, descr ip tions a nd litera ture records 
Lo Lhe barnacles lisLcd in the present contribution may be found in J ones (l987c). 
Measurements refer to lhose o f the largest specimen exam ined. 

J(cy 
L Ped uncl e and ca piLulum present, lauer with or 

wiLhoul calcified plates . ..... . ........ .. . .. .. . .... .. (Lepadomorpha) 2 

Peduncl e a bsent, calcified plates a u ached directly Lo 
subsU"ate .. .. ..... .. ... .... . . ... ... ... . .. ........... ... (Ba lanomo rpha) 5 

2.(1) Peduncle with small, peg- like scales embedded in 
rows in inLegumen l (Figure l) ..... ... ... ........ ... . . Calantica studeri 

Peduncle naked, withoul peg-like scales .... . . .... . .......... .... ..... 3 
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3.(2) Capitulum with 13 calcified capitu lar plates 
(Figure 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Smilium peronii 

Capitulum wi th less than 13 calcified capitular 
plates ......... ...... ................................... 4 

4.(3) Capitulum with five calcified capitular plates; tubular 
ear-like appendages absent from capitulum (Figure 3) 

Capitulum with two rudimentary (and of ten absent) 
plates; two tubular ear-like appendages occurring 
behind these two rudimentary plates (Figure 4) ... 

Lepas anatif era 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Conchoderma auritum 

5.(1) Balanomorph with four discrete parietal plates in 
shell or with sutures between plates obliterated 
externally but visible internally (Figure 5) ...... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Tetraclita squamosa squamosa 

Balanomorph wi th six parietal plates in shell, sutures 
between plates visible externally . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

6.(5) Rostrum with two alae (Figure 6) ......... Chthamalus malayensis 

Rostrum with two radii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

7.(6) Opercular valves reduced, not occluding orifice; 
scutum and tergum (if present) not articulating; 
attached to marine mammals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Opercular valves complete, occluding orifice; scutum 
and tergum present, articula ting; attached to sponges 
and hard substrates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

8.(7) Shell flattened, parietal plates with broad, flat ribs; 
orifice small compared to basis (Figure 7). . . . Cetopirus complanatus 

Shell tall, parietal plates with longitudinal, convex 
ribs; orifice larger than basis (Figure 8) ......... Coronula diadema 

9.(7) Walls of parietal plates solid, not tubiferous . . . . . . . . . . . . . . . . . . 10 

Walls of parietal plates tubiferous, tubes in single 
unifonn row . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

10.(9) Attached to hard substrates; basis flat . . . . . . . . . . . . . . . . . . . . . . . 11 
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Attached to sponges; basis cup-shaped . . . . . . . . . . . . . . . . . . . . . . . 12 

11.(10) Parietal plates bright pink Lo pinkish Lo whitish, with 
transverse growth lines and narrow pink Lo brown 
longitudinal striations; orifice rhomboidal, deeply 
toothed (Figure 9) ........................ . ........... Chirona amaryllis 

Pariet.al plates while, with faint transverse growth 
lines and some longitudinal striations in older 
specimens; orifice pentagonal, deeply but 
irregularly toothed (Figure 10) .... .. .. .............. . . Chirona lenuis 

12.( 10) Parietal pl<1Les orange-while or pinkish, externa lly 
with longitudinal ribs bearing small Leeth which arc 
less prominent in older specimens (Figure 11 ) ...... Acasta peclinipes 

Parietal plates white, sometimes tinged pink towards 
apex, ex ternally smooth or with small ca lcareous 
spines in irregular lines (Figure 12) ...... .. ... .. ..... ... Aca.1la sulcala 

13.(9) Parietal plates and basis 111hilcro11s; radii not 
permeated by pores . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

P;1ric1al plates Lubiferous; basis tubiferous or solid; 
racLii well developed with transverse tubes between 
denticulate sepwe . .. . ...... . ........ . .. . . . ............. ... . .... . ... . .. 15 

14.( 13) Parietal plates externally white with groups of well
spacecl purple, grey-brown or purple pjnk vertical 
stripes; carina noL spout-like (Figure 13) . ..... .. . . Balanus amphztrile 

Parietal plates externally whitish, crosshatchecl w ith 
mauve-brown stripes a nd circular bands; carina 
spout-Ii ke (Figure 14) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Balanus variegatus 

15. (13) Parietal plates smooth, roughened or plicated, 
pinkish white to pinkish purple, usually with reddish 
brown broken longitudinal striations (Figure 15) 
.. . . . . .. . .. . .. . . . ... . .... . .. . . ............... Megabalanus linlinnabulurn 

P a ri e tal plates rugose or coa rsely ribbed , ribs 
flexuous;parieties pinkish red to choco late purple, 
ribs white (Figure 16) ..... . .... . ..... . . ... ..... .. Megabalanus val£dus 
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Additional notes for species identification 

Suborder Lepadomorpha Pilsbry, 1916 
SCALPELLIDAE Pilsbry, 1916 

Calantica studeri (Wellner, 1922) 
(Figure 1) 

Scalpellum (Calantica) studeri Weltne1~ 1922: 100, Pl. 3 Figs 13-13b 
Calantica studeri; ULinomi 1968: 161 

Figure 1 Calantica studeri (Weltner); laLeral view. 

Remarks 
Capitulum with 13 plates. In life the integument of the capitulum is lemon 

yellow with some pinkish tinges, and the penduncle brownish yellow. Material 
described here is the first collected in Australian waters since collection of the 
type specimens. The present material was collected 153 km northwest of Shark 
Bay at a depth of 155 m from a sponge substrate. 

C. studeri was originally described from specimens collected from three 
separate localities - off north-western Australia (85-110 m), five miles south of 
Three Kings Islands, New Zealand (165 m) and from Japan, probably from 
Sagami Bay (Weltner 1922). The Western Australian type locality is off Dirk 
Hartog Island, Shark Bay. 

Distribution 
Australia (W.A. - Shark Bay), New Zealand, ? Japan. Depth range 60-248 m. 

Dimensions 
Capitular height 13.0 mm, width 11.0 mm; peduncular length 7.0 mm. 

Western Australian Records 
Weltner 1922: 100; Foster 1978: 45; 1980: 524; Jones et al. (in press). 
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Smilium peronii G ray, 1825 
(Figmc 2) 

S·1nili11.i11 /H'm11.li Cr;iy, 182ri: 100; IH'Hl: Pl. ri'l Vig. 10 

Figure 2 .'i111iliu111. jJ n-011.ii Cr<1y; L11n;il vil'w. 

Remarks 
In life Lhe integument o r the capi Lulurn may sometimes be <t character ist ic 

my<il or claret -purple, a I though it is usual! y du! I brow11 ish purple. I 11 Wes tern 
Australia the species has been ro und attached to seagrasses, corallines, wooden 
stakes and asc idia ns, on sa ndy substrates, in cleplhs ol 11 to 118 metres. Darwin 
( 1851) reported 011 1n<1tni<il co ll ected in Ausl ralia ( incl udin g Lhc Sw<111 Riwr) 
b y "Astro la be", a nd Kri.igcr ( 19M) described 111<1tcr i<1 I collected fro m Shark Bay. 

Distribution 
Austral ia, Ke i Is, Arnboina Bay, J edan Is. 111 Australi a - W.A., Vic., N.S. W. , 

Q ld . Dep th range 0-1 35 m. 

Dimensions 
Cap itula r he ight 19.0 mm, width 12.5 rnrn; pedunculcir length 12.5 mm. 

Western Austrnlian Records 
Darwin 1851: 265; Hoek 1883: 32; Krijger, 1911: 15; 1914: 431; Broch 1931 : 13, 

126: .Jones (in press ); J o nes et al. (in press). 

LEPADIDAE Darwin , 185 1 

Lepas anatifera Linnaeus, 1758 
(Figure 3) 

/_e/J11 .. 1· m1.11.l if1:m L i1111<1( '11s. 17!'i8: GG8 ; Darwi11 18!'i l : 7:l, Pl. I ri g. la-c 
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Figure 3 Lepas anatifera Linnaeus; lateral view. 

Remarks 
Capitulum with five smooth or finely striated plates. In life capitular plates 

white-bluish, sometimes with diagonal band(s) of brown-green squares from 
umbo to carina, edges of orifice bright scarlet, areas between valves dull orange
brown. Pelagic habitat, attached to floating objects and pelagic animals and 
plants in open water; never found living on the shore. 

Distribution 
Cosmopolitan in temperate and u-opical seas. In Australia - W.A., Tas., Vic., 

N.S.W., Qld. 

Dimensions 
Capitular height to 50.0 mm, capitular width 25.0 mm; peduncular length 

to 190.0 mm. 

Western Australian Records 
Nilsson-Cantell 1927: 752; Jones (in press); Jones et al. (in press). 

Conchoderma auritum (Linnaeus, 1767) 
(Figure 4) 

Lepas aurita Linnaeus, 1767: lllO 
Conchoderma aurita; Darwin 1851: 141, Pl. 3 Fig. 4 

Remarks 
The two tubular, ear-like appendages behind the rudimentary (and often 

absent) terga on the capitulum are charactertistic for the species. In life the 
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l'igtu-c 4 <:m11'/f()dn11111 11.1tril11111 ( I .i1111:1l'lis ): l;1tn;d vi('w. 

capiLulurn <1nd peduncle arc brown-grey, rnoulcd wiLh cream. T he species is 
pelagic on lloaLing objects, floating and usually living animals. It is specifically 
known 10 al l<tch to wh<iles where it is usually associaLecl with the balanid 
Coronula chaderna. C. aurilum is also often found fouling slow-moving boats. 

Disu·iburion 
Cosmopolitan in all seas. In Austra lia - W.J\., N.S.W., Qlcl. 

Dimensions 
Capitular height 110.0 mm, width 25.0 mm; pcduncular length 70.0 mm , 

cliameLer 18.0 mm. 

Western Australian Records 
Jones (in press); Jones el al. (in press). 

Suborder Balanomorpha Pilsbry, 1916 
Cl·frT-lJ\MAUDAE Darwin, 18511 

Chthanialus malayensis Pilsbry, 1916 
(Figure 6) 

C:h.tlw.rnalus 111.11/11)w11sis Pilsbry, )()((): .~ 10, Pl. 72 Fig-s 0-!'>a 

Remarks 
Shell low, conical, parietal plates smooth or with a few broad ribs in young, 

uneroded specimens, ma rkedly ribbed in young eroded specimens, or wiL11 black 
crosses in longitudinal rows in larger, eroded specimens. Epibiotic, occurring 
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Figure 6 Chthamalus malayensis Pilsbry; apical view. 

between high water spring and low water neap tidal levels in positions of semi 
to full wave exposw-e. Attached to mollusc shells, rocks, mangrove trees and 
harbour installations. 

Distribution 
Tropical and subtropical regions of Inda-Pacific. In Australia from Garden 

I., W.A., north to Shark Bay, north east and east along the tropical northern 
coasts to Torres Strait and south to H ervey Bay, Qld. 

Dimensions 
Carino-rostral diameter 17.0 mm; height 6A mm. 

Westem Australian Records 
Kruger 1914: 1135 (as C. stellatus var. communis); Broch 1916: M (as C. 

antennatus); Pope 1965: 51; Fosler 1974: 43; Lewis 1981: 4; Jones et al. (in press). 

CORONULIDAE Leach, 1817 

Cetopirus complanatus (Morch, 1852) 
(Figure 7) 

Cetopirns complanatus Morch , 1852: 67; Newman & Ross 1976: 45 

Remarks 
Shell depressed, six parietal plates with very flat, broad ribs, subdivided 

towards base, radii very thick, moderately wide. Thick opercular membrane 
supporting small terga and elongated, contiguous scuta. Attached to whales, 
barnacle well embedded in skin of the whale. 

Distribution 
Norway, Chile, West Africa, Cape of Good Hope, Kei Is, Amboina, Australia, 

Tasmania, Kerguelen I. In Australia - W.A., Tas., N.S.W. 
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Figure 7 C:f'/o /1 irt1s 1w11 /J/111 w l 11.1 Mi'm Ii: ;1picd v il'w (n ·dr;1w 11 J'rn111 D ;1rw i11 IW>·I). 

Dimensions 
Basal dia1nctc1 n.O mm; hei ght 18.0 tnm. 

Western Australian Records 
Jones et al. (in p ress). 

Coronula diadenia (Linnarns, 1767) 
(Figure 8) 

f .1' /HI.\' r/i11r/1°1/lll [ .i11 11 ;H'll.'>. 17fi7 : ( 1()8 
<:11rn1111.lu rli1ulr·11111.; La1n;1r<k 18 18: :187; [);11 wi n l 8r1·l : ·11 7, !'I. l 'i Figs '.l-!lli , l'I. Iii Figs I. 2. 7 

Figmc 8 Com11u.la 1h1uit'r11.a (Li11n ;1(' 11 s) ; api c d vit·w. 

Rcmark5 
Shell symmetrical, tall and crown -like, six parietal p lates externall y with 

longitudina l convex ribs , transversed by na rrow , beaded growth lines, radii very 
broad, opercu lar membrane thick, brown , supporting small scuta a nd vestigial 
(o(ten absent) terga. Attached Lo fin , blue, spe rm and humpback whales, with 
only basal regions o[ parietal p lates cmbcdclc<l in the skin of the whale. 
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Distribution 
Probably cosmopolitan. In Australia - N.S.W., W.A. 

Dimensions 
Carino-rosrral diameter 67.0 mm; height 40.0 mm. 

Western Australian Records 
Jones (in press); Jones et al. (in press). 

TETRACLITIDAE Gruvel, 1903 

Tetraclita squamosa squamosa (Bruguiere, 1789) 
(Figure 5) 

Balanus squamosus Bruguiere, 1789: 170, Pl. 165 Figs 9-IO 
Telraclila squamosa squamosa; Pilsbry 1916: 251 

Figure 5 Tetraclita squamosa squamosa (Bruguiere); apical view. 

Remarks 
Shell shape and colour variable, usually steeply conical, light gray to purple

black. Four parietal plates obvious in juveniles but older, eroded specimens have 
sutures obliterated and outer lamina eroded, exposing partially filled parietal 
tubes which appear as finely beaded, longitudinal ridges. Epibiotic, in semi
sheltered situations, occurring from mid tidal areas to 5 m depth. Attached to 
rocks, coral reefs, molluscs, wooden posts and sometimes mangrove trees. 

T squamosa was first collected in 'Nouvelle-Hollande' by Peron in 1802 (Gruvel 
1903; Lamy & Andre 1932) and three examples remain in the Museum National 
d'Histoire Naturelle, Paris. The species was again collected in Western Australia 
at Shark Bay, as var. viridis, by the 1905 Hamburg Expedition to south-western 
Australia led by Michaelsen and Hartmeyer, "Station 26, Shark Bay, Surf Point, 
Yz-3Yz m; 16.vi.05 (1 Exemplar)." (Kruger 1914). 
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The cxLcrnal appearance (shape, size and colour) may vary in Lhis species 
- for example on rial surfaces Lhc barnacle assumes a low, spreading form; 
in younger specimens the ouler lamina may be only parLially removed from 
Lhe shell; radii rnay be disLincL or indi sLincl. 

Distribution 
Tropical and subLropical regions of Lhe lndo-Pac ific region. In J\usLralia from 

Sandy Cape (norLh of Juri en Bay), W.J\.., nonh Lo N.T and exLending Lo I-fayman 
l., Qld. 

Dimensions 
Basal diameLer 50.0 mm; heigh! 37.0 mm. 

Western Australian Records 
Krl.iger 1911: 60; 1911: '1 1ll ; Broch 1916: 11; Jon es el al. (in press). 

J\RCHJ\EOBJ\.LJ\NIDAE Newman & Ross , 1976 

Chirona (Striatobalanus) amaryllis (Darwin, 1851) 
(l'igure 9) 

/!11./11.uus 1t11uiryllis v;1r. a , var. Ii D;1rwin. 1854: 279, Pl. 7 Figs Ga-c 
Chiro11.11. (Slri11.lo lml11.11.11.s) 11.111.11.ryllis; Nnv111;111 & Ross 1971i: !JO 

Figure 9 Chiron.rt (Slrialo/Jalanu.I') 11.nu1.ryllis (D<1rwi11 ); lat.nal view. 

Remarks 
This species is usually bright pink buL Lhe colour G ill be variable. I-IabiLat 

mostly subliLLoral, although Lhe species is known Lo exLend into the low imenidal 
in nonh-wesLern Australia and Queensland. Auached Lo sLones, gorgonians, 
alcyonarians, molluscs, echinoids, crabs, wood and reefs. Also known as a fouling 
species on ships. 
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Disrribution 
E Africa, Madagascar, Indian Ocean , Malayan Arch., Jedan Is, Arafura Sea, 

Australia, Torres Str., Philippines, S Japan, China, Hong Kong. In Australia 
- W.A., N.T, Qld. 

Dimensions 
Carino-rostral diameter 30.0 mm; height 35.0 mm. 

Western Australian Records 
Jones et al. (in press). 

Chirona (Striatobalanus) tenuis (Hoek, 1883) 
(Figure 10) 

Balanus tenuis Hoek, 1883: 154, Pl. 13 Figs 29-33 
Chirona (Striatobalanw) tenuis; Newman & Ross 1976: 50 

'-..._ 

':---

Figure 10 Chirona (Str iatobalanus) tenuis (H oek); la tera l view. 

Remarks 
Shell glossy snow-white or dirty white. Sublittoral species, depth range 7 to 

522 m. Attached to molluscs, bryozoans, decapod crustaceans and clinker. 

Disrribution 
Indo-west Pacific. In Australia - W.A. 

Dimensions 
Carino-rostral diameter 18.0 mm; height 17.0 mm. 

Western Australian Records 
Jones et al. (in press) . 
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Acasta pectinipes Pilsbry, 1912 
(Figure 11 ) 

Acasla pr,ctin i f)('S l'ilsbr y, 191 2: 2911 

Figure II Arn.sin P<'clini/Jt's Pi lsbry ; l;1 1cr;tl view. 

Remarks 
Parietal plates ora nge-while or pinkish, curved towards ori.fice. Orifice small, 

toothed , sometimes blue-green due Lo algal growth. Occurring in sponges from 
10 Lo 170 m, on sand and cora l substrates. 

T he only record of this species occurring in \t\fes Lern Australia is LhaL of Kri_iger 
( 19111) who described A. pectinipes (as A. nitida) from material co llected by Lhe 
Hamburg South-Western Austra lian Expedition of 1905 led by Michaelsen and 
1-lanmeyer~ al Shark Bay, Western Australi a - "S tation 7, Sharks Bay, ea. 2l-'2 
cngl. Meil , SW Denham; 10.vi.05 (1 Exemplar). - Station 28, Sharks Bay, vor 
Dirk Hartog bei Brown Station, 2l-'2 - 4 )-'2 m; 17.vi.05 (2 Exemplare)". 

Distribution 
lnclo-wesl Pacific. In Australia - WA. , Qld. 

Dimensions 
Basal diameter 6.5 mm; height 8.5 mm . 

Western Auslrnlian Records 
Kri_iger 1914: 438 (as A. nilida); Jones et al. (in press). 

Acasta sulcata Laman:k, 1818 
(Figure 12) 

!l east.a. sulca./.a Lnnan:k, 1818: 398: Darwin 1854 : 310, Pl. 9 Fi gs 2a-cl 

Remarks 
She ll subglobular, white, sometimes with pink tinges apically. Fo und 

associated with sponges, depth range 4 Lo 25 m. T his species was first described 
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Figure 12 Acasta sulcata Lamarck; lateral view. 

from Western Australia in latitude 25°S by Lamarck (1818), from material collected 
by Peron at Shark Bay. 

Distribution 
Inda-west Pacific. In Australia - W.A., southern Australia, N.S.W. 

Dimensions 
Carino-rostral diameter 6.3 mm; height 8.0 mm. 

Western Australian Records 
Lamarck 1818: 398; Hoek 1883: 32; Gruvel 1905: 164; Kruger 1911: 57; Barnard 

1924: 82; Jones (in press); Jones et al. (in press). 

BALANIDAE Leach, 1817 

Balanus amphitrite Darwin, 1854 
(Figure 13) 

Ba/anus amphitrite var. (I) communis Darwin, 1854: 240 (part.), Pl. 5 Figs 2a-d, Fig. i-k , m-o 

Figure 13 Balanus amphitrite Darwin; lateral view. 
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Remarks 
Shell round, conical, vertical striping on parieties character istic. Intertidal to 

depth of 9 m, occurring in sheltered situations. Known as a fouling species of 
boats and harbour installations, and also attached Lo roc ks, molluscs and 
crustaceans. 

Distribution 
Cosmopolitan in tropical and warm temperate seas. In Australia - W.A., 

S.Aust., Vic., N.S. W., Qld. 

Dimensions 
Basal diameter 12.8 mm; height 12.2 mm. 

Weslem Australian Records 
Broch 1916: 5 (as var. cornm:unis); Lewis 1981: 8; Jones 1987a: 1117; l987b: 159; 

Jones el al. (in press). 

Balanus variegatus Darwin, 185'1 
(Figure H) 

Balanus ain.phitrile var. (8) variegatus Darwin , 18511: 2111 
fl11/(1.1111 .. 1· 11(1.rir',i!,!1.lus; I bnli11g ll)(i2: 291 , Pl. 10 Figs ;1- k 

Figure 14 lfo.lan11 .. 1 1H1.rieg(1.l'lts Darwin ; la1cral view. 

Remarks 
Shell steeply conical, tubular in crowded populations, cross-hatched bands 

on parietal plates characteristic. Occurring at low tidal levels Lo 9 m depth, in 
sheltered conditions. Auached to rocks and molluscs, and occasionally to 
crustaceans. Also known as a fouling species of harbour installations and boa ts. 

Distribution 
Australia, New Zealand. In Australia from Carnarvon, W.A., around southern 

coastline to Coffs Harbour, N.S.W. 
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Dimensions 
Basal diameter 18.0 mm; height 25.0 mm. 

Western Australian Records 
Kr"li.ger 1914: 437 (as B. amphitrite var. stutsburi); Nilsson-Cantell 1931: 125 

(as B. amphitrite stutsburi); Lewis 1981: 10; 1982: 14; Chalmer 1982: 75; Marine 
Research Group of Victoria 1984: 108; Lewis 1985: 119; Jones 1987a: 147; 1987b: 
160; Jones et al. (in press). 

Megabalanus tintinnabulum (Linnaeus, 1758) 
(Figure 15) 

Lepas tintinnabulum Linnaeus, 1758: 668 
Megabalanus tintinnabulwn: Newman & Ross 1976: 68 

Figw-c 15 Megabalanus tintinnabulum (Linnaeus); lateral view. 

Remarks 
Shell conic or tubulo-conic. Six parietal plates varying in colour from pinkish 

white to pinkish purple, radii blue violet to dark purple. Submerged epibiotic 
fouling species occuring from low water neap levels to 40 m depth . Attached 
to rocks, echinoids and molluscs and known as one of the most common ship 
fouling barnacles. 

Distribution 
Cosmopolitan fouling species. In Australia - W.A., N.S.W. 

Dimensions 
Carino-rostral diameter 35.0 mm; basal diameter 65.0 mm, height 50.0 mm. 

Western Australian Records 
Jones (in press); Jones et al. (in press). 
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Megabalanus validus (Darwin, 1854) 
(Figure 16) 

/311ll/.111ts tintin.nalmhun var. (:l) valid1.1.1 Darwi11 , 18!)4: 19'.J. Pl. I 
Meg11b11/l/.n11s 1m.hd11.s: Nt'w111;111 & Ross 197G: 69 

Figure Hi Mep,11./ml1111.11s u11 /id11s (Darwi11 ); L11nal vi('W (alln D;irwi11 I W1'l ). 

Remarks 
Shell conica l. Six parietal plales coarse ly ribbed, co lour varying from pale 

brown-purplish pink, pink 10 ri ch purple, ribs pale pink or while. Attached 
Lo rocks, slones and iron , dcplh range from low water mark lo 13 rn . 

M. vali:dus has been collected only once in Auslralia, by Lhc 1905 Hamburg 
Soulh-Weslcrn Auslralian Research Expedition under Drs W. Michaelsen and 
R. lla11mcyn. Kri'1 gcr (191 11: 1135) recorded 011c speci men co llecled by Lhe 
exped iLion al Shark Bay. " ... Slation 16, Sharks Bay, NW 1-Ieirisson Prong; 
13.ix.05. l l-1212 rn". Newman & Ross' record ( 1976) of M. vali:dus in south-western 
Austr;:ilia is prcs11rnably lh<1 I of Kri..igc1. 

Distribution 
Auslralia, Taiwan , Malay Arch., Gulf of Mannar, Anclarnans. In Auslralia -

W.A. 

Dimensions 
Basal diameter 75.0 rnrn. 

Western Australian Records 
Kruger 191'1 : 1135; Newman & Ross 1976: 69; Jones et al . (in press). 

Dismssion 

Sixteen barnacle species are recorded from Lhe Shark Bay area of Weslern Australia 
in the presenl repon. From liLeralurc records Lhe following species could also 
possibly occur in Lhe area - Lepas an.serif era Linnaeus, L. peclinala Spengler, 
Oxynaspis indica Annandale, Octolas1nis orthogonia (Darwin), Chelonibia 
lestudinaria (Linnaeus), Platylepas ophiophilus LanchesLcr, Acasta C)Wlhus 
Darwin, Savigniuin dentalum (Darwin), Ba/anus trigonus Darwin, B. concavus 
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Brown and Megabalanus rosa (Pilsbry) (Weltner 1897; Kruger 1914; Jones 1987c; 
Jones et al . in press). 

The Shark Bay barnacles described in the present study show a large 
cosmopolitan element (six species) and an equally large component exhibiting 
affinities to species from the broad Indo-west Pacific region (six species) . Two 
species have distinct faunal affinities with the Australia/ Malay Archipelago 
region, and the remaining two species show temperate Australasian affinities. 
If the zoogeographic affinities of the 27 species which could possibly occur in 
the area are considered the following pattern emerges - distinct affinities with 
cirripede faunas of the Indo-west Pacific region and the Indian Ocean/ Malay 
Archipelago area, and small numbers of species with faunal affinities to southern 
Australia and New Zealand species. This pattern contrasts with that described 
for barnacles collected from the Albany region, W.A. (Jones, in press) and for 
south-western Australian cirripedes in general (Jones 1987c), where distinct faunal 
affinities with southern Australian and New Zealand cirripedes axe exhibited. 

Considering the latitude of Shark Bay, the zoogeographic affinities displayed 
by the barnacles are not surprising. In Western Australia marine organisms fall 
into three general distributional patterns. A warm temperate fauna is present 
on the south coast of ·western Australia, which is continuous with the fauna 
of the southern Australian coastline to the east. The majority of these temperate 
forms extend westwards to Cape Leeuwin. On the northern coast a tropical fauna 
occurs, which is part of the broad Indo-west Pacific faunal region. Most of these 
tropical species extend westwards to the North West Cape region. Between Cape 
Leeuwin and North West Cape the southern temperate and northern tropical 
faunas overlap along the west coast, wiLh temperate species predominating in 
the south and u-opical species predominating in the north. In general in western 
Australian coastal waters, sea curren ts tend to favour the spread of warm water 
species into cooler areas. The vvarm, southerly flowing Leeuwin cwTent has 
been proposed as a possible vecLor for transporting various tropical marine 
species much further south then would otherwise be expected (Legeckis & 
Cresswell 1981). Temperate species are likely to be prevented from dispersing 
northwards by temperature and the availability of suitable substrata. 
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RESEARCH IN SHARK BAY 
Re port of the Francc-Australc Bicentenary Expedition Committee 

Spiders of the Shark Bay area, Western Australia 

Barbara York Main* 

Abstract 
The 21 species of spiders previously recorded from Shark Bay are listed and their 
present status and distribution noted. Mygalomorphs a re recorded from the region 
[or the first time; eight species including four new species are recorded. 

Resume 

Les 21 especes d'araignees recensees anteneurement dans la Baie des Chiens Marins sont 
enumerees et leur statut et repartition actuels sont notes. Les Mygalomorphes de la region sont 
repertories pour la premiere fois; huit especes, y compris quatre nouvelles especes, sont 
repertoriees. 

futnxlucrion 

In spite of the Shark Bay region being the site of the first Australian landfall 
for Europeans, it is still not well known by arachnologists. The only published 
systematic records of spiders from the region are those of Simon (1908, 1909). 
The specimens on which Simon's records were based were collected by the Berlin 
& H amburg Museums ' joint expedition of 1905. T he collections were divided 
between the Berlin, Hamburg, Paris and Western Australian Museums with most 
of the primary types being lodged in the Paris Natural History Museum. These 
species are listed in Table 1 and commented on in the following section. 

The ·western Austalian Museum and my collections contain specimens of 
species additional to those recorded by Simon. The araneomorph specimens have 
not been fully sorted and identified and will not be discussed here. No burrowing 
spiders apart from one lycosid and no mygalomorphs were recorded by Simon. 
Nor have any m ygalomorphs from the region been recorded subsequently in 
the literature. Therefore those species of mygalomorphs which I have in my 
collection are listed below. 

Araneornoiphae 

Simon (1908, 1909) recorded 21 species including 15 which he newly described 
and of which five were endemic to the area (see Table 1). Of the already named 
species, one, Pholcus phalangioides is cosmopolitan and was probably introduced 
to the area (Denham) by the settlers; at least three species, the Nephila, Olios 
calligaster and Clubiona robusta were already recognised as widely distributed 

*Zoology Department, Universi ty of ' 'Vestern Australia, Nedlands, Western Australia, 6009. 
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"fable I The 21 speci t·s nTonlcd by Simon (1908, 1909) from the Shark Bay a rea . Of the five 
species noted by Simon as en dem ic 10 Shark Bay locali ties, on ly o ne (Phryganoporus 
t.u.hicola = B11.dumn11. candidu.s (L. Koch )) has s11liseq uently been recorded fmm elsewhere. 
B. candidu.1· is wi despread across l he con I inen L 

Simon's locali ties 
(& Expedition 
Station No., sec 
ma p, p . 362, 
Simon 1908) 

ti!i. Dc11h:1111 

m. Dirk I lartog 
Isla nd , Brow n 
Sta tion 

G9. lidel L and, 
Baba I-lead 

70. l del La nd, 
"ll1rna la 

Spccjes (Simon's design ation) 
•endemic 10 loca lity al ti me of 
Si rnon 's des ig na l ion 

*Clu.bionn lm.1.da lrilis Simo n , 1909 
*Diponw. (L11.sf/.eolf/.) nuslrra Simon, 

1908 
I frnrtoeothefr 111.icf/.ns S imon , 1908 
Litli.y/Jhm1/.1:.1· 11.iv1:0-si.r.!;rw.l11s Simon, 

1908 

Ne/J hilo. irnperf/.lrix L. Koch 

O lios w .ll ignsler (Thorell ) 
l' fwln1s /Jh1df/.11,r.>,iuirll's (Fucss lin ) 
*P!tryganoporus lu/11colf/. Si 1110 11 , 

1908 

Lycusn 11u:r11c11lo Si mon. 190!J 

C tUTCllt taxonomic 
sta tus (if d 1;mgcd) 
and authority 

= Str:atoda niueo
signa.lus (S imon) (sec 
Levi 19'17, 1%2) 
=Nephila edulis 
(La bil. ) (see Bonnel 
1%8. p.30GG) 

=Badu.rnna. candidus 
(L. Koch ) (see Gray 
1982) 

*1l jJ!tyclo.1cluu:mf/. velifenm1 S imo n , 1908 =/11u/11.11ma 

Bu mi.1· lar va/a L. Koch 
Clubirma robusla L. Koch 
Doloplwnes con.if era (Keyser Ii ng) 
Larn./Jona quinqueplagiala Si mo n, 1908 
L 11rini11 eln.1rneiven tri.\" Simon, 1908 
''Parapleclanoides cerula Simo n, 1908 

Arif/.dna lhyriant hina Simon , 1908 

Arif/.dna thyriant hina Simo n, 1908 
lsopoda nigrigularis S imo n, 1908 
Megarnyrrn.aecion perjn1sillurn Simon, 

1908 

Milurga. occidentalis Si mon, 1909 
Re/Jilus caslaneus Simon, 1908 
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across the continent. Dirk Hartog Island (the first European landfall) for this 
expedition yielded seven species, other sites eg Denham, nine species and Baba 
Head and Tamala (Edel land) one and five species respectively (of which one 
was common to both the latter sites). Several others were recorded from a wide 
range of other sites within Western Australia in Simon's study eg Lycosa 
meracula, Ariadna thyrianthina, Rebilus castaneus, Megamyrmaecion perpusil
lum, Isopeda nigrigularis and Miturga occidentalis. 

Table 1 lists the species recorded by Simon (under the name used by him), 
indicates the endemics (to the Shark Bay area) and gives the localities. The current 
nomenclatural status of each species is also given. Of the endemics, one species, 
Phryganoporus tubicola, has subsequently been synonymised with Badumna 
candidus (L. Koch) (see Gray 1982), a species known to be widespread across 
the continent and of interest because of its social behaviow'. There are no later 
records of the other four endemics. Of the other newly described species only 
Lycosa meracula, Ariadna thyrianthina and Rebilus castaneus have been recorded 
subsequently. Lycosa meracula has been collected from various localities on the 
peninsulas and islands of the Shark Bay area and islands farther north (McKay 
1979). Ariadna thyrianthina and Rebilus castaeneus has each been recorded from 
a locality other than the Shark Bay region - Reevesby Island in South Australia 
and the Wongan Hills respectively (Hickman 1950; Main 1977). All of these 
species except the lycosid are foliage, litter or bark dwelling spiders and include 
both webweavers and vagrant spiders. 

Mygalomorphae: species and localities 
Barychelidae 
Species I 

Identity uncertain. A juvenile specimen in poor condition. The almost square 
eye grouping and absence of a tubercle suggests it may be Idioctis. Absence of 
a stridulating lyre determines that at least it is not Idiommata which is the only 
other barychelid known from the region. 

Dorre Island, Quoin Bluff campsite. 20 August 1977. R.I.T Prince (BYM 
1978/ 9). 

Idiommata blackwalli (Cambridge) ? 
Two trapdoors with attached parchment-like silk tubes from burrows clearly 

identify the presence of an Idiommata. To date the only species identified from 
the west coast is blackwalli. 
Dirk Hartog Island, May 1978. R.I.T Prince. 

Ctenizidae 
Eucyrtops sp. 

A single male specimen of an undescribed species which bears no close 
morphological resemblance to any of the named (or recognised but unnamed 
species). 
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Carrarang Bay. False Entrance Well: near sto11c tank; from pil traps. 31 May 
1980. J.D. Roberts. (BYM 1980/ 23). 

Arbrmitis hogg1: (Sirnon) ? 
A single male specimen. The type locality ol this species is Eradu (see Simon 

1908; M<1in 1980). It is dist.ribut.cd throughout 1hc valleys and salt lake systems 
cast of Ceraldton (Main 19611). The Dirk Haring Island spccirnc11 shows some 
differences from the type specimen o f A. /wggz and may in fan be a diflercnt 
species. 

Dirk Hartog Jsl<1nd. J Warham. Early .June 1907. (BYM 1907/ 188). 

Dipluridac 
Cethegn1 fugax (Si 111on ) ? 

To da1e the only species o f Cethegu..1 cksnilied from Western Australia is /ugax 
(or iginally PaLaevagrus fugax Simon) of which the type locality is Mt. Helena 
(formerly Lion Mill) (sec Raven 1981; Main 1980). l-Iowever the type series 
included some specimens from Geralclton (.S imo11 1908; Main 1960). Urnil the 
southern Western Australian specimens (author's collccLio n ) arc fully examined 
1hey arc incluclecl in this species. 

Dirk Hanog lslancl. Quoin Bluff. 9 November 1976. R.I.T Prince. Juvenile 
specimen (BYM 1976 / 11). 
Bernier Island. I-Iospital Valley area. 13 March 1981. R.1.T Prince. Two lernales. 
(BYM 1981/ 1211, 120). 

Ncmrsiidae 
Ch.enistonia. sp. (?j 

A single female specimen ol an undescribed species. This specimen is very 
tentatively auributed to Chenislonia. It possesses most character is tics of the genus 
but has several spines (instead of a pa ir) on the ventral face o[ the palp tarsus. 

Bernier Island. Pit line west or Hospital Valley. Eucalypts. 11 March 1981. 
R.l.T Prince (BYM 19811126). 

Ana.rne diversicolor (Hogg) 
T his specific name is being used in the sense of Main (1982, 1980), not that 

or Raven (1980). The species as diagnosed by Main (1982) is widespread from 
Eyre Peninsula in Soul h Australia to the west coas l or Western Australia. However 
i L is cloubtlul whether the species in q ucstion is corTcctl y idemi fi ed, 1 he 1 ype 
(from Delta Station in Queensland?) is lost (sec Main 1976, 1982, 1985 and Raven 
1980 [or discussion on the st<ttus of Aname diversiculur (Hogg)). Umi l a new 
name is lormally proposed for Eyre Peninsula/ Western Australian populations 
(Main in preparation) they will continue Lo be attr ibuted Lo A. diversicolor. 

Shark Bay Road, 111.25 l<rns west o[ "The Overlandcr". February 1970. Chuck 
1.~1ylor. Single male specimen. (BYM 1970/ 2). Dirk Hartog fsland. Gate between 
Two Wells and Big Horse Paddocks. 19 January 1978. R.I.T Prince. Single male 
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specimen, collected while specimen wandering on trail at 9.03 pm. (BYM 1978/ 
20). Dirk Hartog Island. Ransonnet Yard. 21 September 1980. R.I.T Prince. Single 
pre-penultimate male dug from wishbone shaped burrow. (BYM 1980/ 56). 

A. diversicolor (?) 
False Entrance. Carrarang Station. 1 November 1980. D. Roberts. Single female 

specimen from pitfall trap. Tentatively identified as conspecific with above speci
mens. (BYM 1980/ 55 ). 

A name undescribed species 
Shark Bay Road, 44.25 kms west of "The Overlander". February 1970. Chuck 

Taylor. Single male specimen. (BYM 1970/ 3). False Entrance. Carrarang Station. 
8-10 August 1980. D. Roberts. Three male specimens from pit trap. (BYM 1980/ 
26, 27, 28). Hamelin Pool Station. 9 March 1983. S.D. Bradshaw. Single male 
specimen, wandering 9.30 pm. (BYM 1983/146). Hamelin and Nanga Stations 
boundary, 2 kms south of Denham Ro<id. 2 March 1984. P. Kendrick. Single 
male specimen from pit trap. (BYM 1984/17). 

Description of species in preparation (Main unpublished). 

Aname sp. 
Single specimen, poor condition, fragments only. Dorre Island, August 1978. 

R.I.T Prince. (B. Y.M. 1978/ 8). 
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RESEARCH IN SHARK BAY 
Report of the France-Australe Bicentenary Expedition Committee 

A new genus and species of cicada 
(lnsecta, Homoptera, Tibicinidae) from Western Australia 

Michel Boulard* 

Abstract 

Chrysocicada fran ceaustralae gen. nov. et sp. nov. is described from the western 
Kimberley region o[ Western Australia. 

Resume 
La Chrysocicada franceaustralae gen. nov. et sp. nov. vivant dans la region de Kimber ley 
occidental en Australie-Occidentale est decrite. 

Introduction 

In the context of the "France-Australe Expedition" to Shark Bay, 'Western 
Australia, in July and August 1988, it was hoped to survey the insect fauna 
of this interesting region, first described by the French scientists accompanying 
the "Nicolas Baudin Expedition" of 1800-1804. However, because of inclement 
weather this proved impractical as few insects were active. Particular attention 
was given to cicadas (Cicadoidea) and tree-hoppers (Membracoidea) but none 
was collected at Shark Bay. 

During a short exploratory trip in the Kimberley, east of Derby, one species 
of cicada was collected on a track to Meda Station. This represents a new genus 
and species belonging to the family Tibicinidae and the tribe Parnisini. It is 
described herein and named Chrysocicada franceaustralae, (Golden Cicada of 
the France-Australe Expedition) in honour of the French-Western Australian 
Expedition celebrating Australia's Bicentenary. 

Systematics 

Tibicinidae: Pamisini 

Tymbal covers totally absent: family Tibicinidae. 
Eyes not projecting beyond anterior angles of subquadrate pronotum; fore

wings with fused radial and median veins and first cubital vein emerging in 
two distinct points from basal cell: tribe Parnisini. 

" Ecole pratique des Hautes Etudes et Museum national d 'Histoire Naturelle, Biologie et Evolution 
des Insectes, 45, rue Buffon, Fr-75005 Paris France. 
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Chrysocicada gen. nov. 

Type-species: Chrysucicada fran ceauslralae sp. nov. (sec be lo w ). 

Diagnosis 
Chrysocicada is most similar to the Gondwanan genus Quintilia Stal from which it 
differs in the shape of the abdomen (apex not strongly conical) and genitalia (hypandium 
not longer than 6 + 7 sternites; edeagus strong and short, without long spines as in 
Quintilia carinatus for instance. 

f-l ead: as wide as Lhe meso no wm; a ntenna! a rcades wiLl1 accenLuatecl curves 
joining the dorsa l part o f the postcl ypcus nearl y a l righL a ng les; occlli rela tivel y 
widel y spaced la tera l occlli slightly more distant from each other than each eye; 
media n occllus situa Led quasi-do rsa lly. 

Thorax: leng th 2.S Limes l ha ! or head, w itho ut exlended paranota . 
Wings: fore wing with <t long and wide basa l ce ll , ex tremity formin g a Lri ang lc; 

R+M aboul as lon g as basa l ce ll ; pos tcosLa l ce ll and a p ical cubital cell pa rticularly 
broad; most cross veins o bliq ue, Lhat al base of ap ica l a rea 5 us ua lly meeting 
lo ng iLudinal vein at a right angle; 8 apica l cells. l ·lind wing with anal a rea 
a .~ wide or almost as wide as cubital cell ; 6 api ca l cells. 

L egs: alllerior femora usua lly with three unequa l subcarena l spines. 
A bdU'm en: equal lo or sli g htl y longer tha n Lho rax plus head , not larger than 

lll e SOllOLUlll in mak. 
Male genitalia.: pha llicophore (uriLe X ) witho ut superior-posterio r lo bes, 

poster ior lobes developed in Lo scleroLised hooks. Phallus robust, tubul ar. 

Chrysocicada franceaustralae !.p. nov. 
Figures 1-10 

Diagnosis 
T he uniform light ye llow ochre colour, body sprinkled with short golden hairs , 
blackish alllennac, obsole te m esonotal spots and re la tively short tra nspa rent 
w ings, easily distinguish C. fran ceauslrnlae from o ther Australian Pamisini. 

Holotypc 
Male: WAM 89/ 4!Vi; near iVkd ;1 Station ( 17°22'S. 121l0 12'E) Kirnhcrlcy Divi s ion , Western Austr<tli ;i; 

('ol lcct cd Michel Brndanl. 22/ 7/ J<J88; Wcstcrn A1 1stralia11 M11 sc111n. 

l'aratyp< .. "l 
Two mal es; Museum 11a1 io11;tl d ' l-Iistoir(' Na111relle de Pari s (E nL01nologie ); one 111ale, Aus trnli a 11 

M11sc11111, Syd11c.:y. Other dc.: ta ils ;1s l'or holotypc. 

Description of holotype 
l-lea.d: bearing a mixture o f black and golden ha irs; vertex hunched . Eyes 

almost globular. Antennae with seven segm ents, scape yellow, apical ha lf o f 
pedice l dark bro wn , (i agcllum mo llled with da rk bro wn , the lasL segmelH 
minuscule and conica l. Postclypeus prominent, very rou nded, media n groove 
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Figures l &: 2 

10 mm 

Chrysocicada franceaustralae sp. nov., male holotype; 1 =dorsal view, resting position, 2 = lateral 
view, characteris tic posture of the species when calling. 
(Photographs by Michel Boulard). 
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long and deep, embedding even the dorsal pan; anLcclypeus dark brown apica ll y; 
roslrulll brown , beCOlll i n g d;uker lOvV<trd apex <t nd reach i Ilg bases Of in lcnncdiale 
1rod1<1 11 Lers. 

Th.urnx: pro11ot11111 as long as hcctd, the i1mer areas deeply obl iquely grooved; 
outer ;irea or prnno t<tl coll ar n;11Tow, prod uced in Lo relatively wide supra humcra l 
lobes but 11ot very overhanging. Mes01 1o turn slightly longer than hem! a nd firsl 
thoracic segment LogeLlicr; subtrian g1tla r spots obsokll'. Opncu la slightly larger 
t h<tn h;ilf-111oon sh<tpe, dearly separated (Figure 1l). 

J!llings: hya linc: venation as in Figure '..i . Apex o f fore wings sli ghLly amber; 
lme wing .~li ghtl y exceeding apex of abdomen when retracLed cosla , cross veins, 
apica l porlion or the longitud i11al veins and ~11nbicn t vein black ish brown, 
remaining ve ins ye ll ow; ap ica l a rea slightly smoked, mainly at and around the 
noss ve in s. Hi nd wings ve in .~ d<irk brown except Im yellow tnl·d i;m a nd lir~t 
an; tl veins. 

FigurL-; :l & 4 

. .. , / 

~1\~_ 
' I ~ ~ ~w~.-;g;; ~·~ S;:_ 

A1i\J(}; ~ 

~'© 
Chry.1·oric11da fr1111 u'a//.s/ralar sp . 11ov., 111ak hol o 1ypc; 3 = dors;il v iew wit h 
w in gs spread ; 'i = vt ·111ra l view. 
(Drawings by Hele ne Le Ruyct-Ta n. Museum Paris). 

Legs: ;tlmos t ent irel y yellow , anterior Libi <te brown w ith short, black sp in y 
hairs; a lew similar ha irs on anLerior fcmora, these with Lhree shon sub-care11al 
sp ines (Figrne 5); apex of tarsi b row n. 

A hdornen: unifo rml y ye! low; very rounded wiLh seven lon g , brown, curved 
ribs and five sho rL, brown, inte rmed iate ribs (L lw fir sL int<:'rcosta l space has none) 
i11 the shape ol an clongalc S toward base o f ribs a 10 11giLudinal groove rn11s 
the length of the tyrnba ls. from which Lhe p rincipal ribs divide in10 two. 
(F ig u re 8); 

Genilali:a.: Pygophore yellow , without caudal process but having two re latively 
lo n g rneclio -posLer ior la tera l lobes in fin ger shape. Phallicophore (u ritc X) yellO\·v 
above, superio r lobes bare ly developed and scarcely pigmented, the inlcrim lobes 
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hook-like, pigmented becoming ever darker. Phallus particularly robust, 
phallotreme in shape of wide crown with two opposed and sclerotized spinulae 
(Figures 6 and 7). 

® 

0 
Figures 5 to 7 Chrysocicada .fi"anceaustralae sp. nov. , male para type; 5 = left anterior femur , 6 = genital 

urites in lateral view. UlX = pygophore; UX = phallicophore; (scale in millimetres) . 
Drawings by Michel Boulard) . 

Figure 8 Chrrocicada.fi-anceaustralae sp. nov., male holotype showing the tymbale of the right side. 
(Photographs by Michel Boulard). 
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Figures !J & IO Cltrysocicada frn.nce11.u.1·tralae sp. nov., ma le ho lo t ype; so11ogTam s of the ea 11 i ng song, 
9 = frequency rnnge or recorded s igna l and its remarkable eHee1 ivencss in quite clistanl 
bands, 10 = lower frequency hand enla rger showing bas ic signal a nd first corn po rH'nl.. 

Dirnensions of h o lo type (in rnillimelres): Lota! length (including wings when 
at res l) = 21.5; body length = 16.25; wingspan = 36; width of head (incl uding 
eyes)= 1.6; width o f mesonolum = 1±.1; distance between the la teral ocelli = 0.7; 
distance from eye lo nearest ocellus = 0.5; greates t width o f fore wings = 6. 

Female unknown. 

Etymology 
Named in hono ur o f the "France-Auslrale" Expedition ce lebra ting Australia 's 

Bicentenary and Lhe sci.enLific links between the lwo na tions. 

Natural history notes 
Al the time of discovery, the Meda population of Chrysocicada fra.nceau.slralae 

appeared sma ll with individuals widely dispersed. During Lwo clays of searching 
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only four males were collected, all of which appeared newly-emerged. The males 
called singly and were difficult to see because of their coloration which closely 
matched that of the dead grasses and small shrubs on which they perched, 
approximately OA to 1.3 metres above the ground. The characteristic "singing 
posture" adopted by the males, with the wings pushed down and separated from 
body contact and the abdomen raised, is shown in Figure 2. 

The call or "song" (in French: "cymbalisation") of the males is soft and low 
pitched to the human ear and of irregular duration lasting anywhere between 
one and three minutes, with short periods of silence interspersed. Two sonograms 
of the call are reproduced in Figmes 9 and 10 and these show that the call 
has three distinctive components: a su·ong fundamental signal between 100 and 
1300 Hz; a first harmonic between 1650 and 2200 Hz of much weaker intensity; 
and a second harmonic of medium intensity around 12,000 Hz. 
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RESEARCH IN SHARK BAY 
Report of the Francc-Australc Bicentenary Ex pedition Commiucc 

Fishes and benthos of near-shore seagras.s and sandflat habitats 
at Monkey Mia Shark Bay, Western Australia 

Robert Black*, Alistar I. Robertsont 
Charles H . Peterson§ and Nancy M. Peterson** 

Abstrad 

In February and June 1983 [i[ty-eiglu species o ( (ish were captured by beach seining 
in inteniclal seagrass (Amphibol is ) and adj acenL sand flats characteri sed by benthos 
domina ted by sma ll gas tropods and by larger gastropods and bivalves respecti ve ly. 
Catches in seine hauls covl"ring 380m2 contained an average of 224 individuals in 
seag rass, significa ntly more than the average o[ 139 caught on the sand flat, a nd m ore 
in February than in June (229 compared with 134). T he average number o f species, 
adjusted to ca tches o[ 100 individua ls, was gwa test in seagrass in February (15), and 
grea ter a t night ( 13) than dming the day (9). Seven of the 14 most abundant fi shes 
were most numerous in seagrass, 4 wt>re most abundant on the sand Uat and 3 were 
equall y abundant in the two habita ts. or the rare species, 23 were most abundant 
in seagrass at night and 10 in seagrass durin g the clay; 9 species were most abundant 
on the sand Uats at night but no ne were most abundant there during daytime. 

Resume 

En fi:vrier etjuin 1983 cinquante-huit especes de poissons f urent prises par pee he a la seine dans 
des herbes marines intertidales (Amphibolis) et dans des bas-fonds sableux adjacents 
caracterises par le benthos domine respectivement par de petits gastropodes et par de plus 
grands gastropodes et des bivalves. Les prises par halage de seines couvrant 380 m2 contenaient 
une moyenne de 224 individus dans les herbes marines , ce qui est largement superieur a la 
moyenne de 139 pris sur le bas-fond sableux et plus en fevrier qu'en juin (229 par rapport a 
134). Le nombre moyen d'especes, ajuste aux prises de 100 individus, etait plus grand dans les 
herbes marines en fi:vrier ( 15), et plus grand la nuit ( 13) que lejour (9). Sept des 14 poissons les 
plus abondants etaient plus nombreux dans les herbes marines , 4 etaient plus abondants sur le 
bas-fond et 3 etaient abondants de facon egale dans les deux habitats. Ence qui concerne les 
especes rares, 23 etaient plus abondantes dans les herbes marines la nuit et 10 dans les herbes 
marines le jour; 9 especes etaient plus abondantes sur les bas-fonds la nuit mais aucune n'y 
etaient plus abondantes le jour. 

Des 50 especes identifiees de facon precise, 7, 5 et 30 sont respectivement reparties en 
Australie mi:ridionale, occidentale et septentrionale. Peut-etre que ce melange d'especes avec 
des affinites geographiques differentes contribue-t-il a rend re les poissons littoraux de Monkey 
Mia plus varies que ceux d'ha bitats similaires ailleurs meme si l'abondance de poissons n'est 
pas grande. 

·•DepartmenL o[ Zoo logy, T he U niversity of Wes tern Austra lia, Necllands, WA 6009 
\·Division o[ Fisheries Research , CSIRO, Marine Research L aboratories, P.O. Box 20, North Beach, 
W.A. 6020 
§Present address: Austra lian Ins titute of Marine Science, PMB No. 3 To wnsvill e, M.S.O . 
Q ueensla nd, Australia '1810 
**Permanent address: Institute of Marine Sciences, University o f North Carolina at Chapel Hill , 
Morehead City, North Carolina, U.S.A. 28557 
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Fishes and hcnthos of si.:agrass and sand nat habitats 

Of the !>O specifically identified species, 7, :, and 30 have distributious in southern, 
western and northern A11str;dia , rcspenivcly. l'nfo1ps thi s 111ixt111e of species with 
different gcogr~1ph i c affinities hC'lps rn;1kc the near-shore fishes lrolll Moukey Mia more 
diverse than those from similar habitats clscwhen: C::Vl'll though the abundance or fish 
is not great. 

Introdm.:tion 

Shark Bay is characterised by two important features: extensive intertidal and 
shallow subtidal sandllats with seagrass beds containing a remarkable number 
of species or plants and a gradient or increasingly saline water which reaches 
65 ppt in the distal parts or the lx1y farthest from the open sea (Logan and 
Cebulski 1970, Smith and Atkinson 198:~. Walker el al. 1988). Shark Bay is the 
subject of an increasing number ol studies which focus on the consequences 
or these unusual features (Harlin 1:1 al. 198!">. Kimrncrcr el al. 1985, Srn;th and 
Atkinson 1983, Walker 1985). 

The species of phytoplankton and zooplankton found in the eastern gulf of 
Shark Bay in winter were listed in Kirnrnerer el al. (198S). The invertebrate fauna 
of the intertidal sand Uats and subticlal Pusidonia seagrass beds sand have been 
documented (Wells el al. l98!i ) ;1t Monkey Mia, mid way along the salinity 
g radient in Shark B;1y 011 tile eastern shore of the Peron Peninsula which divides 
the bay into two main gulfs. Other studies Oil til e g rowth ra tes or intertidal , 
suspension-leeding bivalves and their intcr~tctions with each other and small 
rnacroinvcnchratcs provide additional inlonnation about the fauna (Black and 
Peterson 1988, Peterson and Black 1987. l~J88 ) . Besides some information available 
about the fish caught commercially in Sh;1rk Bay (.Johnson, Moran & Creagh 
1986), the only published record k11ow1 1 lo us for fish of the bay is Lenanton 
(1977), which describes the few fish found in the extremely high salinities of 
Hamelin Pool at the extreme southern end of eastern gulf of the bay. In this 
paper we contribute detailed additional information about the fish caught by 
beach-seining in intertidal beds or the seagrass Amphibolis spp. and on adjacent 
sand rials at Monkey Mia and abo ut the lwnthic fauna occurring in these two 
habitats . In particular, we provide quantitative estimates of densities and volumes 
of the bent.hie invertebrate animals and biomass of the seagrass in summer, as 
well as abundances of the fishes occurring during the clay and night and in 
both summer and winter in Amplti/Juli.1 beds and sand flats . 

Materials and methods 

Study Site 
We conducted this study al the same "Subticlal site" to the west of the Monkey 
Mia Caravan Park on the Peron Pl'ninsula of Shark Bay that is described in 
Peterson and Black (1987, Figure l) and that is within about 800 m of the subtidal 
site stucbecl by Wells el al. (1985). During extrem e spring tides in summer the 
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sand flats and beds of Amphibolis around this site are exposed, but they remained 
flooded during neap tides and the winter spring tides. The site was very gently 
sloping at the low spring tide level where we conducted our sampling. The 
beach rose abruptly at its landward margin so that most of the intertidal area 
was flat at the lower tidal levels. 

Samples of fishes 
Our basic equipment was a 14 m wide seine of 8 mm stretch mesh, 1.8 m high, 
with a footrope of light chain, a heaclrope with enough floats to keep the top 
of the seine at the surface and with a pocket in the middle extending 3.5 m 
from the footrope to the cod end. We carried the seine to the location of the 
sample, stretched it to its full width, hauled it 50 paces (38 m) with the ends 
of the seine 10 m apart, on average, brought the wings together rapidly and 
lifted the entrance to the cod end out of the water and carried the trapped fish 
back to shore. On shore we emptied the catch and identified and counted all 
individuals. We preserved the entire catch of early samples so we could confirm 
om identifications and retain voucher species. In later samples we kept all the 
rarer species but released most individuals of abundant species. 

The design of om seining scheme was to sample the two habitats (intertidal 
beds of Amphibolis and adjacent sand flats), at two times (day and night)) and 
at two seasons (summer (14-16 February 1983) and winter (26 June 1983)); we 
took 3 replicate samples for each of these eight categories, making 24 seine hauls 
in total. 

Samples of benthos 
Seagrass beds are thought to provide food, shelter and protection from predators 
for fishes which live there. In order to describe the habitats where we caught 
fishes, we used three separate techniques in obtaining the information about 
the plants and animals on and in the substratum of the seagrass beds and sand 
flats . First, on 15 and 16 February 1983 we sampled ten 1 m 2 areas as described 
in Peterson and Black (1987) by excavating the top 10 cm of sediments with 
om fingers to remove the large animals and by sieving these sediments through 
a 3 mm metal sieve to remove the smaller animals. In addition to counting 
the animals, we also used graduated cylinders to determine the displacement 
volume of all the individuals of each species. These samples are, in fact, a subset 
of those reported for the subtidal site in February in Peterson and Black (1987, 
Table 4) . 

Second, on 14 and 15 February 1983 we used a 27 cm diameter metal pail 
with the bottom removed as a coring device to take samples of 0.057 m 2, 20 
cm deep. We sieved the material from six cores taken from the beds of Amphibolis 
through a 1 mm square-mesh screen and counted and measmed the volume 
of the animals, of the above - and below - ground portions of the Amphibolis 
and of the detritus, as described previously for the animals on the sand flats . 
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Finally, on 15 February 1983 we used a small plastic coring device 85 cm2 
in area and 15 cm deep to coll ect 6 samples of the seagrass whi ch we weighed 
a lter shaking to remove superficial water. 

R~-ults 

Uenthic organisms of the seagrass and sandflat 
Compared with the subtidal seagrass beds, composed largely of Posidonia spp. 
the intertidal Am.ph.ibolzs beds a t o ur study site did not appear lush . Nevertheless, 

1l1blc l. Mean abundanct' o r plants and animals in seagr;1ss (Am j; h ibolis) beds al Monkey M ia, 
Shark Bay in February 1983 li s ted in o rd('r o r tk:neas ing volume retai ned o n a sieve 
w ith I mm mesh. The est ima Les expressed per I m 2 ca me from 6 cores or 0.057 m 2, 
20 Clll dt'('p ror the vo lume or seagrnss a nd vol11111<' and nt11nbers or a nimals and from 
6 <.:ores 8!i cm2, l!i cm deep ror till' biomass or plant s. Num bers in pa ren theses after 
totals ar<' sta ndard errors o r th e means. and a rt er species na mes a rc t<i xonom ir codes 
(I' = pol ychactc, G = gastropod, B = bivalv(', C = crustacea n ). 

Plants 

A mf>hibolis above grou nd 
dctrit1 1s 
A 11 1./J/ti/)(J/ is below g rrn 111d 

T<>ta l 
-n11al in o rig ina l 
llllit of lll('<! Slff('lllt'nt 

Animals 

ho lot h 1 irian 
asc idian 
Clypeomorn.s cf. 

inonihferwn. (G) 
CLypeomorw sp. I (C ) 
Porl11.nis pelr1.gic11..1 (C) 
Ii hinoclm1i.1 lwch i (G) 
a nemone 
TltaLolia nwdeslu111 ( G ) 
C lypeomoru.s sp. 2 (C ) 
Canl lw.ru.s crylhrosloma (G) 
/Vi inoclavis vertagw (G ) 
hermit cra b 
Morul11. nw.rginalba. (C ) 
Fragwn hem.icardiwn (B) 
N ephtys sp. (P) 
spider crab 
urchin 

Total animals 
/ m2 
/ 0.057 111 2 

Volrunc (ml/m2) 

IGl8 
138!> 
5 !0 

35 15 

200.8( 19.9)/ 0.057m2 

Volrnnc (m1Jm2) 

52.5 
35.0 

32. 1 
32. 1 
1'1. 6 
I:). 7 
8.8 
7.0 
!i.9 
5.8 
5.8 
3.'I 
1. 5 

0.1 
0.1 
0.1 
0.1 

206.4 
11.8 (4.61 ) 
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l~ioma.ss (wcl glm2) 

233'1.4 
117 .G 

2'15.0 

2697.0 

22.9( 1.95 )/ 85cm2 

Numbcr/ m2 

5.8 
5.8 

186.7 
8 1.7 
8.8 

35.0 
2.9 
8.8 

'10.8 
2.9 
8.8 
5.8 
5.8 
2.9 
!°> .8 
5.8 
5.8 

1117. 1 
23.8 ( 17 .7!°>) 
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there was about 3.5 litres of plant material in each square metre of seagrass 
bed, or about 2. 7 kg of wet material (Table 1 ). 

In contrast to the plants, the fauna of the seagrass bed took up very little 
volume, only about 0.2 litres, and numbered only 400 individuals per square 
metre (Table 1). The two biggest species averaged less than 10 ml volume in 
aggregate and all the others were much smaller. Gastropods were the most 
abundant individuals, and bivalves were represented by one rare species (Table 
1 ). 

Volumetrically, bivalves dominated the sand flats with four species averaging 
more than 10 ml per species and with all 12 species of bivalves (out of 24) making 
up 60% of the total volume (Table 2). The numerically most abundant species 
was a gastropod which alone made up about 55% of the total number of 

Tuble 2. Abundances of animals found in February 1983 in ten l m 2 quadrals on sand fl a ts al 
Monkey Mia, Shark Bay lisLecl in order of decreasing mean volume. The quaclrats were 
sieved to a depth of 8 cm with 3 mm mesh. Species with Latin bionomials are bivalves 
unless indicated otherwise (G = gastropods, S = scaphopocl). 

Species Volume (m1Jm2) Number/m2 

Mean S.E. Mean S.E. 

Callista impar 93.9 15.78 5.1 0.94 
Rhinoclavis fascia.ta (G) 93.7 8.53 26.3 2.31 
Circe lenticularis 19.6 '1.81 1.7 0.30 
Placamen gravescens 17.0 3.61 2.8 0.55 
Anomalocardia squamosus 14.9 2.82 2.0 0.39 
hermit crab 2.3 1.07 3.1 1.14 
anemone 1.5 1.49 O. l 0.10 
Dosinia sculpta 1.2 0.81 0.2 0.13 
Pilar citrina 0.8 0.79 0.2 0.13 
Clypeomorus d . 

monilif erum (G) 0.7 0.49 2.2 1.27 
Circe sulcata 0.6 0.60 0.1 0.10 
Dosinia biscocta 0.6 0.60 0.1 0.10 
Fragum unedo 0.5 0.40 0.2 0.13 
Rhinoclavis lwchi (G) 0.3 0.10 1.3 0.39 
Clypeomorus spp. (G) 0.2 0.11 0.2 0.13 
Dentaliwn sp. (S) 0.1 0.06 0.4 0.16 
Thalotia modestwn (G) 0.1 0.10 0.2 0.13 
Tellina robusta 0.1 0.05 0.2 0.13 
Eucithara sp. (G) 0.1 0.04 0.2 0.13 
Clypeomoms cf. 

zonatus ( G) 0.01 0.05 0.1 0.10 
Tellina pema 0.04 0.04 0.1 0.10 
Polychaete sp. 0.02 0.01 0.4 0.22 
Odostomia sp. (G) 0.02 0.02 0.2 0.20 
Linga pisif onnis 0.01 0.01 0.2 0.20 

Total 248.21 18.86 47.9 2.87 
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individuals, and, a l an average of 3.5 ml each , was very much larger than Lhc 
very small gastropods of the seagrass bed (fable 2). 

In summary, the fauna of the two habitats occupied about the same volume, 
but clilfered in both dominant species and average size: there were large bivalves 
and gastropods on the sand flats and small gastropods in the seagrass. Therefore, 
besides the presence of the seagrass and the three dimensional structure it provides, 
the seagrass habitat differed considerably in the community of animals compared 
lo that of the sand flats. 

Numbers of individuals and species of fish 
Figure 1 shows l he relationship between the numbers o f species caught in each 
of the 211 seine hauls and the number of individual fish , and it follows the pallern 
o f all such collections; the more individua ls caught al once, the more species 
there were. FurLhenno rc, given the scatter o( a ll the po in ls on the graph, there 
is no obvio us tendency for the number of species lo slop increasing as the number 
o( individuals increases. On the other hand, if the samples from the seagrass 
and sand nat arc considered separately, the increase in species with increase in 
individuals is not greaL. Nevertheless, our samples probably did not collect all 

'fable 3a. Mc-an 1111mlwr of individ11;1l fish ;it IVIonkl'y Mi ;1, Sh;1rk R1 y ca 11g ht in seines slre td1ed 
IO 111 wide and hauled 38 Ill. Sample size in each combination of Month (February or 
.Jun<·), Habit ;1t (SeC1g1«1ss Bed or S;111d Flat) OJ Time (Day or Nigln) is three. The analysis 
of varian ce is for all Lhree fac t.ors fixed and ort.hogu nal. The rn agnitucks of experim ental 
df'ects wl'rC c ilndatcd followi11g lllcthods i11 Wi11l'r 1'171 , pp. '128-·'l'IO. 

Fehru;1ry 
.J u11c 

. [(Hal 

Source: 

Mor!lh (M ) 
Habitat (H ) 
MxH 
Ti1nc (T ) 
MxT 
f-1 x T 
Mxf-IxT 
Errnr 

Day 

27'1.7 
152.0 

21:l .') 

df 

I 
I 
I 

16 

Mean Number of individuals 

Scagrnss lied 
Nigh1 

2'12 .3 
228.0 

2:i!J.2 

Tola I 

258.'i 
190.0 

22'1.:I 
17'1.2 Day 

Day 

189.0 
810 

1.35.0 

Analysis of variance 

Mean Square F-l<'Sl 

!">386!">. 375 15.!">25 
4:l9'17.042 12.666 

413'1. 375 1.192 
1276.0,12 0.368 
2542.042 0.733 

3 15.375 0.091 
6767.042 1.950 
3469.667 
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Sarni Flat 
Nigh! 

209.3 
75.3 

1'12.3 

P value 

0 .0012 
0.0026 
0.291 2 
0.5527 
0.4047 
0.7669 
0 . 1816 

Tola) 
Toial 
- -
199.2 228.8 
78.2 134.l 

i:rn.7 181.5 
188.8 Night 

Magnitude of 
cxperimcnlal effecl (%) 

28. 3 
22 7 

0. 'I 

1.9 
'19.8 
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'L'lble 3b. Mean expected number of species of fi sh a l Monkey Mia , Shark Bay caught in seines 
stretched JO m wide and hauled 38 m. The expected number of species was ca lcula ted 
using the rarefac tion method of Sirnberlorf (1978) [or a sam ple of JOO individuals in 
each sei ne; in 4 seine hauls in which the ca tch was less than JOO individuals we used 
the observed number of species as a conservative estimate o[ how many species a ca tch 
of JOO individuals would have contained. Sample size in each combination of Month 
(February or June), Habitat (Seagrass Bed or Sand Fial) or Time (Day or Night) is three. 
The analysis of var iance is [or all three fac tors fixed and orthogonal. The magnitudes 
of experimenta l effects were calculated followini:?: methods in Winer 1971, pp. '128-430. 

Mean expected number of species in a sample of 100 individuals 

Scagras.s Bed Sand Flat Month 
Day Night Total Day Night Total Total 

February 12.3 16.8 14.5 8.5 10.0 9.3 11.9 
June 9.2 11.9 J0.6 7.0 12.0 9.5 10.0 

1() tal J0.8 1'1.'l 12.6 7. 8 11.0 9.4 110 
9. 3 Day 12.7 Night 

Analysis of variance 

Source: elf Mean Square F-tcst P value Magnitude of 
experimental eUect (%) 

Month (M) 1 20.535 5.575 0.0312 6.5 
Habita t (H ) 1 60. 167 16.335 0.0009 21.9 
M x I-I 1 26.882 7.298 0.01 57 9.0 
Time (T ) 1 70.0'12 19.016 0.0005 25.7 
MxT 1 1. 307 0. 355 0.5598 
I-l x T 1 0.202 0.055 0.818 
MxI-IxT I 10.667 2.896 0.1082 2.7 
Error 16 3.683 34.2 

the rare species of fish occmring in the intertidal habitats at Monkey Mia. The 
second pattern obvious in Figme 1 is that the samples form two groups with 
those from the seagrass having more individua ls and species than those from 
the sand flats. v\Te analysed this feature of our collections in two ways. 

First, we analysed the variability in the number of individuals caught per 
seine haul associated with the three factors of our sampling design (Table 3a). 
The patterns in the m ean numbers of individual fish per seine are uncomplicated 
and supported by the formal analysis of variance. Averaged over both habitats 
and both months, the time of day made no difference in the number of fish 
caught, about 180 per seine haul. On the other hand, the catches were more 
than 1.5 times greater in February than in June, averaged over both time of 
day and both habitats, and more than 1.6 times greater in seagrass than on the 
sand flat averaged over bo th months and both times of day (Table 3a). 

A general pattern in collections of organisms, which also appear to be 
displayed by Figure 1, is that the number of species increases with the number 
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of individuals so that the number o[ species in a sample depends on the number 
o[ individuals in the sample. We corrected for this pattern by using the rarefaction 
technique described by Sirnberlo[[ (1978) Lo es timate how many species of fish 
a ll our samples would have had ii th ey had contained 100 individuals, and Table 
.% shows the average expected number of species for all cornbinations of the 
levels ol the three !ac tors in our sampling des ign . T he interpretation of these 
data depends on the significant statistical interaction between the fa ctors o f 
month and habitat. The mean number of species expected in a sample of 100 
individuals was about. the same al 9 Lo 11 on the sand flat in February and 
.June and in the seagrass in June, but was more than 14 species in the seagrass 
in February. The inUucncc o l the February seagrass combination extends to the 
overa ll means for the different months and habitats, making the expected number 
ol species larger in February than in June and larger in the seagrass than on 
the sand flats . 111 contrast to the result for number of individuals, the expected 
number or species was significantly greater in the night than in the day, a pattern 
that was consistent in both habitats and both months ('Table 3b). In summary, 
these results follow the conventional wisdom abou t the fish: they are more 
abundant and more diverse in vegetated habitats and a t night than in open 
habitats or in daytime. 

·~ ·~ ·~ ·~ 

n • 
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N111nlier of I11divid11al s 

Figure 1. The relationship betwt•e11 number of inclivicluals and the number o[ species ol fish caugh1 
al Monkey Mia, Shark Bay in seines stretched 10 m wide haul ed 38 m.Water depth varied 
from 0.75 LO 1.25 m. There are three replicates of each com bination of month (Febru;1ry 
(F) or June CJ )), habi1at (seagrass (G) or sa nd flat (S)) and time of clay (clay (D) o r night 
(N)); the fil led square poin1 (FSD) for 170 individuals a nd 10 species is co inciclen l wi th 
the third lilied circle point (FSN). 
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Table 4. Mean numbers of the 14 most abundant fishes at Monkey Mia, Shark Bay caught in 
seines stretched 10 m wide hauled 38 m. Sample size in each combination of habitat 
and time is six (3 in each of February and June). Superscripts after the mean totals 
indicate the results of lwo-way ana lyses of variance on the raw numbers of the log (x+l) 
transformations necessary lo reduce heterogeneity of variances as tested by Cochran's C 
test: main effect of habitat significa n l, with fish more abundant in seagrass (1) or on 
the sand flat (2), main effect of time of day significant, with fish more abundant during 
the clay CJ or at night (4), and interaction between habitat and time of day significant 
( 5). Water depth varied depending on the state of the tide from 0.75 - 1.25 m. * indicates 
the species which are in Hutchins and Swainston (1986) "!' indicates the species which 
are in Allen and Swainston (1988) . ?elates spp. are * P. sexlineatus (Quoy & Gaimarcl, 
1824) and *"!' Pelates qL£adrilineatus (Bloch, 1790) and Callionymus spp. are '!- C. grossi 
Ogilby, 1910, and C. calliste Jordan and Fowler; these pairs of species were nol 
distinguished in the field. 

Family and Species Sea grass Sand Flat Total (S.E.) 
Day Night Day Night 

Teraponidae 
?elates spp. 47.8 6'1.8 0.3 0 28.2 (8.0) l 

Gerreidae 
*'!-Gerres subfasciatus Cuvier, 
1830 0.7 4.5 47.2 46.8 24.8 (6.2) 2 

Apogoniclae 
*'!-AtJogon rueppellii Gunther, 
1859 38.2 52.8 0 2.2 23 .3 (7.4) 1, ·1 

Sillaginidae 
*'!-Sillago rnaculata Quoy & 
Gairnard, 1824 0.5 3.8 49.5 34.8 22.2 (6.3) 2 

Monacanthiclae 
*"j'!VIonacanthus chinensis 
(Osbeck, 1765) 26.8 39.3 0.7 0 16. 7 (3 .8)1,4,5 

Atheriniclae 
·fA llanetta mugiloides 
(McCuloch, 1913) 42.8 2.3 0 1.3 l l.6 (5 .9) 3 

·retrodon tidae 
*Polyspzna piosae Whitley, 1955 1.2 0.3 18.7 25.5 11.4 (3.5) 2 

N emi plericlae 
*Pentapodus villa Quoy & Gai-
rnard, 1824 15.2 9.8 5.2 l.5 7.9 (l.5) 1, 3 

Serranidae 
"f"Centrogenys vaigiensis (Quoy 
& Gaimarcl, 182'1) 3.7 20.2 0.3 0.3 6.1 (3.1) l 

Gobiidae 
* Amblygobius phalaena (Valen-
ciennes, 1837) 6.0 8.6 0.2 0.3 4.4 (J.8) I 

Atherinidae 
*"f"Pranesus ogilbyi Whilley, 1930 0.2 3.2 13.0 1.0 4.3 ( 1.8) 5 

Cynoglossidae 
Cynoglossus maculipjJinis Ren-
clahl, 1921 0 13.3 0 0 3.3 ( 1.9) 

continued 
253 



Table 4 (continued) 

family and Spcdcs 

Gobiid;ie 
·1· Yurn1g1·ir:l1.tlt.ys 11.1·/ntlos11.s 
(h1rssbl , 177!i) 
( :;i I I ion yrnida<· 
C11.lliouy11ms spp. 

Fishes and bcnlhos of scagrass arn.J sand llat hahitats 

Scag1•iss Sarni Flat Tbtal (S.E.) 
Day Night Day Night 

'.!. 7 6.7 () 2 'l.2 '.J.2 ( I. I ) I I 

0.:1 0.8 '1.'l :J.2 2.2 (0. 7) 2 

'fable!>. "l i>la l n11111hns of r;tn· fi sh l's al Monkl'y Mi;1 , Sh;trk Ba y cn1gl11 in seinl's s1re1ched 10 
Ill wide hauled '18 Ill. Sample size in c;ich n>1 11l1i11a1io11 of hahit ;11 and lime is six ('l 
in l";wh of Fdmi;11 y ;iml .l111H'). Wa tlT dl'plh v;11ied depend ing 01 1 lhl' stale of 1hc Lide 
from 0.7!i - l.2!i 111. 
'' inclic1lcs 1he species wh ich arc in Hu1 c hins and Swains1011 ( 1986). l indicates the spec ies 
which arc in A l kn and Swai11s1rn1 ( 1988). There were no r;1 re sp ccics which were rnosl 
ab1111d;in1 on 1hc s;md lb! dming· 1hc d;1y. 

(A) Sand Fla1 Night 

Family and Species Scagrns.s Sand Flat Total 
Day Night Day Night 

Cobiid;l(' 
11 11 idl'1 ll i fil'cl sp. () :1 7 19 29 
Bol hid;w 
Cra.111.111.11.lobot It.us sp. () :, 0 12 17 
·I.e t rodrn 11 idae 
·• 7inqttig;r:ncr /1lr·uro.r.>;r1.111.11u1. 
( Reg;m , 190!\) () 0 0 8 8 
Sole icla(' 
Asr:raggodes sp. () I 0 7 8 
S i I lagi 11 iclac 
·x Sill11p;o sclt.011t.lm.rgkii 
Pc·tcrs, 186!i () 0 2 Cl !i 
Mo11ac1111 hid at· 
l !lnnca:nlhu..1 barbrr.lus 
(G ray, 1836) I I () ;3 !i 
I krnirhamphidae 
l f-l ypor/i.arn.plt:u.s g;u.oyi 
(V;ikncil"llllCS, 18'17) () I I 2 •I 
Pkurrn1ccLidae 
•··1· Pse1.1dorlw rn/m.1· JCll-)'1/..l"ll 

(B leeker, l8:1!i ) () I 2 2 !i 
Urn lophidac 
"!" f-1 inwnlura. ua.nwh 
(Forsskal , 1775) () () 0 
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Table 5 (continued) 

(B) Seagrass Day 

Family and Species Sea grass Sand Flat Total 
Day Night Day Night 

Labridae 
" Halichoeres brownfieldi 
(Whitley, 1945) 17 0 0 0 17 
Blenniidae 
*°!' Petroscirtes breviceps 
(Valenciennes, 1836) ll 6 0 0 17 
Clupeidae 
I-Jerklotsichthys sp. 7 2 1 0 lO 
Plat ycephaliclae 
"°!' Platycephalus 
endrachtensis Quay & 
Gairnard, 1824 4 0 3 0 7 
Nemipteridae 
t Scaevius milii (Bory, 1823) 3 0 l 3 7 
Pseudochromidae 
"°!" Labracinus lineatus 
(Castelnau, 1875) 2 0 0 0 2 
Scorpicliclae 
"°!' Microcanthus strigatus 
(Cuvier, 1831 ) 2 0 0 0 2 
Syngnathiclae 
-1- Festucalex scalaris 
(Gunther, 1870) l l 0 0 2 
Ostraciidae 
t Rhyncostracion nasus 
(Bloch, 1785) l 0 0 0 
Orectolobidae 
Orectolobus sp. l 0 0 0 

(C) Seagrass Night 

Family and Species Seagrass Sand Flat Total 
Day Night Day Night 

Apogom ae 
" Apogon victoriae Gunther, 
1859 0 19 0 0 19 
Pia tycephaliclae 
Cymbacephalus 
nematophtalmus (Gunther, 
1860) 0 16 0 3 19 
Mulliclae 
"°!' Upeneus tragula 
Richardson, 1846 3 11 2 4 20 
Siganidae 
t Siganus fuscescens 
(Houttyn, 1782) 3 10 0 0 13 
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(C) ScagrJSS Nighl 

Family and Spcdcs 

La briclac 
(,' lwcrodvn s p. 
Plat ycepha I idac 
Pla/.ycephali1.~ i.1·a.u 1·11././tus 
C uvier, 1829 
Ce11tropo midae 
·• -i- Psa.m.1 nopn-u1. w 11.igi<'ns1 .. 1· 
(Cuvic r, 1828) 
Sphyr;1(·nid;1c 
Spli.yrnc·11a f l1mirn:11.1ln 
(R11 p pcll , 183!i) 
l'scudoch rom idae 
l Psr:udoclmnn.is jJu.nc/.11./. 11.s 
(Rich a rdson , 1830) 
Clinidac 
l-lelerocli11:11s an li11.1:cles 
(Gunther) 
I .clhrinici<w 
l Lei /i. ri1111s f ra.e11.11.l 11.s 
(Valcncicnncs, 1830) 
i\pogon idae 
I' llpup;on moki (Madea y, 
188 1) 
' ICrnpo nidac 
'' A rnni11.taba rn.11d1will11.lu.1· 
(Richard son, 18'1[1) 
i\pogon iclac 
Si jJ/wrn. ia cuneicc/Js (Whitky, 
1941 ) 
Monacanthidae 
I' Colu.rodontis jJ11xm.11.n i 
I l111d1ins, 1977 
Scorpaenidac 
I' Parru:en l ro jJog;on v r:sjJa 
(O g ilby, 1910) 
C haetodo n ticlac 
I' Paracluu:lodon oce llalus 
(C 11vicr & Valencicnncs, 1831) 
Plo1osidae 
•t ParajJlo l1.1su.s al /J ilabris 
(Val enciennes, 18'10) 
Ophicht hyidae 
unidentified sp . 
Pornat o midae 
*'I" P0111.alorrms sallalor 
(Linnaeus, 1766) 

Fishes a nc.l bcnlhos of scagrass and s~rnd ll ~tl habitat s 

Scagt<tS~ Sarni Flat T<>lal 
Day Nigh! Day Nigfo 

4 () () () I.) 

() 7 () 3 10 

0 !i 0 0 !i 

0 !i () (i 

2 3 () () !i 

.'l () () 4 

2 () 0 .'l 

2 () () :l 

2 () 0 3 

() 2 0 0 2 

2 0 0 3 

0 2 () () 2 

0 () () 

() 0 () 

0 0 () 

() () 0 
continued 
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Table S (continued) 

(C) Sea.grass Night 

Family and Species Sea.grass Sand flat Total 
Day Night Day Night 

Chaetoclon ticlae 
* Chelmon rostratus 
(Linnaeus, 1758) 0 l 0 0 
Callionymiclae 
*"!' Dactylopus dactylopus 
(Valenciennes, 1837) 0 l 0 0 
Syngnathidae 
unidentified sp. 0 l 0 0 

Identity and distribution of fishes 
Although Figure 1 shows no more than 23 species of fish in a single seine haul, 
the 2'1 catches yielded 4357 individuals distributed among 58 species belonging 
to 38 families. However, most of these species were rare and 52 species were 
represented by 29 or fewer individuals each in the total catch. The 14 most 
abundant species are listed in Table 4 together with their average abundance 
per seine and the mean numbers caught in the four combinations of habitat 
and time of day. Seven fishes were clearly fish of the seagrass (?elates spp., Apogon 
rueppellii, Monacanthus chinensis, Pentapodus vitta, Centrogenys vaigiensis, 
Amblygobius phalaena and Youngeichthys nebulosus), four species were found 
on the sand flats (Gerres subfasciatus, Sillago Maculata, Polyspina piosae and 
Callionymus spp.) and Pranesus ogilbyi was most abundant in seagrass at night 
and on the sand flat during the day (Table 4). In addition, Pentapodus vitta, 
was most abundant in the day and Youngeichthys nebulosus was most abundant 
at night. The remaining abundant species were absent or rare on the sand flat. 

It is more difficult to judge the habitat preferences of the rare species of fish, 
but the L!2 rare species are listed in Table 5 according to the combination of 
habitat and time of day in which they were most abundant. Nine species were 
most abundant on sand flats at night compared to 23 species in seagrass at night; 
the remaining 10 species were fish of the seagrass in daytime (Table 5). 

Discussion 
Benthos 
Although many studies have estimated the abundance of benthic fauna in seagrass 
beds and on sand flats, only a few have measured the volume occupied by the 
animals and, therefore, it is difficult to compare our data with other studies. 
Nevertheless, as a rough guide, the mean volume of animals in the seagrass 
at Monkey Mia (11.8 ml/0.057 m 2) is about the same as the volume on the sand 
flats (8.9, 12.5, 12.4 ml/0.057 m 2, depending on water depth) but very much less 
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than in the intertidal l-lelerozoslera beds (l05 .7 ml/0.057 m 2) al Careening Bay, 
Western Australia (32°S) (Peterson and Black 1986). Interestingly, in contrast to 
expectations from studies elsewhere, the mean volume of animals in the seagrass 
was no greater than on the sand flat despite the use of a smaller mesh size 
( l mm instead of 3 mm) in the seagrass sampling. 

T hese observations bear on two major ideas aboul the be11Lhos in seagrass 
beds and sand flats . First, if we assume that the animals live in the Lop 5 cm 
of sediments, they occupy only about 4% o f the volume of our 0.057 m 2 samples. 
This is a very small proportion and as well the absolute volumes are low. Perhaps 
ii is nol surprising that Black a nd Peterson (1988) fail ed to detect competitive 
i111 eractions among benthic groups when space is apparently not in short supply. 
Second, benthos is usually more <tbundant in seagrass beds than on sand flats 
(sec Wells el al. 1985 a1H.l references cited in Peterson and Black 1986) a nd several 
cxperiment; tl studies have exami ned mechanisms that produce this pallern. 
Seagrasses provide structural complex ity which can inhibit predation and thus 
protect inverLebrales and juvenile fish, and which may enhance availability of 
food and intensity of selllemenl o[ invertebrates and fish (for example, Peterson 
1982, 1986; Reise 1977; Summerson and Peterson 19811). The dillerenLial between 
abundances of be11Lhos inside and outside inter tidal Arnphibolis beds al Monkey 
Mi<t docs nol seem ;is grGtl as mighl be expected from other studies, even in 
compar ison lo the pallerns around subtidal Posidonia. beds al Monkey Mia (Wells 
et a.I. 1985 ). 

Diversity and abundance of fishes 
Table 6 helps pul Lhc samples of fishes from Monkey Mia, Shark Bay into a 
perspective provided by other studies of near-shore fish. Clearly, compared with 
these oLher studies, the number of individual fish collected in our study is small, 
an order of magnitude less than the other sludies listed. Even so, the diversity 
of fishes caught in o ur study is largest, judged by the aclua l number of species 
caught or very much larger, judged by the expected number o[ species in a 
collection of 11000 individuals (Simberloff 1978). One reason for such a diversiLy 
of fishes may be that the fauna is a mixture o[ tempera te, tropical and endemic 
species. Forty-three of the 50 fishes identified Lo the species level are well known 
from Western Australia (Allen and Swainslon 1988, 1-Iutchins and Swainston 
1986); 70, 16 and 12% respectively have nort hern, southern and western Australian 
distributions. In addition, only 9 species of fishes al Monkey Mia occur in seine
ca ughL fish in the Peel Harvey system in soulh-wesl Australia, the site closest 
10 Monkey Mia \·vith pub lished information on extensive collections of fish shown 
in Table 6. Although the diversity of fi sh is high , Lhe density of fish al Monkey 
Mia seems rather low, with a rank of third lowes t of the six values shown in 
T1ble 6. 

The l.6-folcl greater abundance of fish in Lhe seinings in the seagrass compared 
\·Vilh the sand fl ats al Monkey Mia also agrees wiLh a similar pallern observed 
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for seagrass beds elsewhere (eg. Orth and Heck 1980, Orth et al. 1984). Howeve1~ 
in contrast to the many other studies reviewed in Pollard (1984), our preliminary 
studies in intertidal seagrass beds did not indicate that they are important nursery 
areas for commercially important species. None of the 14 most abundant species 
captured in our study are harvested commercially. Further work will be required 
to determine whether this is generally true for seagrass beds in Shark Bay. 

Table 6. Summary of selected studies of diversity and abundance of near-shore fishes caught in 
habitats with seagrass beds and sand or mud nats. A "-" indicates that the original data 
were not in a [orm appropriate [or calculating the missing parameter. 

Location & Habitats Number of Estimated Density Reference 
Latitude Individuals Species Species (m-2) 

per 4000 
individuals 

N.E. United States 

Rehoboth and sand with 28308 38 28.2 - Derickson 
Indian River Bays, some red and 13440 41 32.9 - & Price 
Delaware, 38.5°N green algae, 1973 

Ruppia 

Lower Chesapeake eelgrass with 24182 48 35.5 - Onh & 
Bay, 37.3°N some Ruppia H eck 

1980 

West Coast, 
North America 

Morro Bay, mud-sand 11627 21 18.2 0.21 Horn 
California, 35.2°N covered by eel- 1979 

gTass, reel and 
green algae 

Mugu Lagoon, sand, muddy - 36 - 0.81 Onuf & 
California, 34.2°N sand, mud, Quammen 

eelgrass 1983 

H uizache-Caimanero fine mud 73192 44 - 2.73 Warburton 
Lagoon, Mexico, 1978 
23°N 

Ausu-alia 

v\Testern Port Bay, eelgrass and - 48 - 1.00 Robenson 
Victoria, 38.3°S bare mudflats 1980 

Peel-Harvey Estuary mud, green 69818 43 33.6 0.26 Potter 
\'\lestern Australia algae et al. 
32.7°S 1983 

Monkey Mia, seagrass and 4357 58 5'!.2 0.48 This 
Shark Bay, i 1\Testern sand flats study 
Australia, 25.8°S 
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T he a p parenll y great divers ity o f near-shore fishes a t Shark Bay a lso prov ides 
a n as yet unexplored opportunity Lo in vest igate the m echan isms, incl uding 
dietary specia lisation, determining the observed paLLerns of temporal and habitat 
segregation among these fishes; comparisons with less diverse assem blages o f 
fish es could provide im portant insig h ts into how much o f the diversity of these 
fishes can be a LLributcd Lo competitive par1itioni11g of resources as opposed to 
alternative ex planations. 
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RESEARCH IN SHARK BAY 
Report of the Francc-Australc Bicentenary Expedition Committee 

Fish survey of South Passage, Shark Bay, 
Western Australia 

J. Barry Hutchins* 

Abstract 

In April 1979, 323 species of fish were recorded from the South Passage area of Shark 
Bay. The majority of these are tropical species (83%), with smaller numbers of warm 
temperate (11 %) and cool temperate (6%) species. Many of the tropical species, however, 
were found Lo be present in only low numbers, while some warm temperate and one 
cool temperate species were abundant. The fishes of South Passage, therefore, are 
considered Lo belong Lo an impoverished tropical fauna . Fmthermore, South Passage 
is the southernmost mainland area of vVestern Australia which supports a preclom
inanLly tropical fish fauna. Its fauna is even more diverse than that of the Houtman 
Abrolhos, a very much larger area of offshore islands and coral reefs located Lo the 
south off Geralcllon. 

Resume 
En avril 1979, 323 especes de poissons furent repertoriees dans la region de South Passage de la 
Baie des Chiens Marins. La majorite d'entre elles sont des especes tropicales (83%), avec de plus 
petits nombres d'especes temperees chaudes ( 11 %) et temperees froides. Beaucoup d'especes 
tropicales, cependant, furent trouvees presentes en petits nombres seulement, tandis que 
certaines especes temperees chaudes et une seule espece temperee froide abondaient. Les 
poissons de South Passage, par consequent, sont consideres corn me appartenant a une faune 
tropicale appauvrie. En outre, South Passage est la region continentale la plus meridionale 
d'Australie-Occidentale qui entretient une faune de poissons principalement tropicaux. Sa 
faune est meme plus variee que celle de Houtman Abrolhos, une region beaucoup plus vastc 
d'iles continentales, et aussi de recifs coralliens situe au sud de Geraldton. 

Introduction 

Although some of the earliest collections of Australian fishes were made in the 
Shark Bay area (e.g. Dampier in 1699), the fish fauna of this region is still poorly 
known. Many new species descriptions have been published based on material 
from the area, but these are scattered throughout the literature. The only 
published fish list for Shark Bay reports a small collection of species from 
Hamelin Pool (Lenanton 1977). Collections made during the 1960's by staff of 
the Fisheries Department, mostly of trawl-caught material, remain largely 
unreported. In 1979, the present author conducted a survey of the South Passage 
area of Shark Bay (Figure 1) as part of a zoogeographical study of the coastal 
reef fish fauna of Australia's southern half. This paper reports the results of 
the survey as a contribution to the knowledge of the fish fauna of Shark Bay. 
It is also supplemented by a report on the near-shore fishes at Monkey Mia 
included elsewhere in this publication (Black et al.) . 

*Department of Aquatic Vertebrates, Western Ausu·alian Museum, Francis SL, Perth, vVestern 
Australia 6000. 
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Methods 
Study Site 
South Passage is that portion of Shark Bay loca ted between the southern 
extremity of Dirk Hartog Island and the mainland. For the purposes of this 
investigation the passage is delinea ted by Surf Point and Steep Point to the 
wes t, and Cape Ransonnel and Wright's anchorage to the east (Figure 1). It 
is approximately six km long by four km al its wides t point T he passage is 
mostly shallow, the main channel being up to 12 m deep in parts. A rocky 
bar approximately 6 m in depth is located in the wes tern portion, to the north
east of Monkey Rocle The bottom falls away rather quickly Lo the west of thi s 
bar, with a promi nen t vertica l d rop-off to 18 m just to the north of Monkey 
Rock. Th is drop-off continues westward to the base o f Steep Point where, on 
the western side, the bottom drops al most vertically to 28 m. T he seaward side 
of Surf Poi nt is 11-M m in depth. During spr ing tides, the current in the centre 
o f the channel is strong, and creates an obvious area of disturbed water over 
the shallow !Ja r (the spring ran ge for Denham, loca ted in th e middle of Shark 
Bay (Figure 1 ), is about 1.2 m ). Coral growth is concentra ted in the shallow 
area Lo the south-cas t o f Surf Po int, where co lo nies of staghorn Acropora 
predominate, and in the lee of Steep Po in t where plate Acropora is common. 
T11.rbino.rio. nmtl is concc11 1rn1cd in the eastern encl o f the passage, particu larly 
around Ransonnet Rocks (see Ma rsh, this publication, for further details on the 
cora l fauna of South Passage). The northern an d southern portions of the passage 
to the cas t of the bar arc sha llow , with low rocky ledges, some coral growth, 
and also areas of Sa.rgasswn weed. Meadows o f A1nphibo lus and Posidonia are 
a lso present in the eastern portion ol the passage on both sides. Mangroves arc 
located Lo the cast of the passage in the Mount Direction area. 

T he investigation occupied 17 clays (4-20 April), a lthough one clay's work was 
losL due to indemenL weather. A base camp was established a t Wright's anchorage, 
with transporta ti on being provided by vessels from the Fisheri es Department 
and the Wes tern Australi an Museum (6.4 and 5.4 m respectively) . 

Sampling 
T he method of survey was uasecl 0 11 the visual census technique described by 
Wilson and Marsh (1979). During the course of a dive, all observed fishes were 
identified Lo species, classed in to several categories (i.e. j uvenilc, female, and 
male), habitat preferences noted, and subjective graded estima tes ol their relative 
abundance tabulated (i .e. abundanL, frequent, occasional, and rare) . A brief 
description of each site was a lso made, including data on air and water 
tempera tures, na ture of the substrate, wa ter movements, wind direction and 
approximate strength, wa ter clarity, and depth range. T his method enabled 
reasonably accurate correlations to be made between the numerous sites surveyed. 
In addition, collections were made with spear, nets, and rotenone. Details of 
a ll visual surveys and collections are provided in Table I, and their locations 
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Figure l. Map of the South Passage area of Shark Bay. Numbers 1-49 refer to the sites sampled 
(see Table l) and leuers A-D denote a reas where three or more surveys took place (see 
box in lower right hand corner). Insert shows position of South Passage in relation 
to Denham and Monkey Mia . 
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arc indicated in Figure l (these pos1llons were checked using an aeria l 
photograph, but some are possibly not precisely located). The surveys 
concentrated on areas o [ coral and rocky reef, but some seagrass, sand, and 
mangrove areas were a lso investigated. The deepest dive was Lo 28 m at the 
western en trance Lo the passage. 

1i1blc I. Sampl ing st<itions at S011th Pass<igl', Sh;1rk Bay (sl't' Figu re I) 

Stal- Date LoGdit y Habitat Depth Method 
ion (Ill ) 

II/ I Monkey Rock Cora l, rock 1-(i Visua l 
2 1IA Monkey Rock, N of Coral. rnck 8-21 Visua l 
'l 11.11 Passagl', S side Weed, rock 'l -'I Vis ua l, spear 
11 !"i.4 Sml Point , W of R oclc cor;d 11-1 11 Vis1i;d 
!") !"i .'i Surf Po int. F of Cm;tl , s;llld 2 Visua l, spear 
() !'> -'I Surf Point, inside S;tnd, rock , cora l I Visua l, spear 
7 <i. 11 Monkey Rock, E of Coral. rock 12 Visual , spear 
8 6. 11 Passage, N side Coral , rock, weed 1-!"i Visual , spear 
9 G.11 Wright's anchmag·e Rock , sa nd I Hanel net 
JO 7.'I Monkey Rock, E of Co r;tl, rock 9-1:> Visual 
II 7. 11 Ransonnet Rocks Rock, weed , cora l 5- 10 Visual, spear 
12 7.·I P;iss;igt'. N sidl' Cm;d. rol'k. wt•t·d !") Visual , spl'ar 
13 8.'I Steep Point, W of Rock, umd, sa nd 28 Visual 
111 8. 11 Steep Point , N side Rock, coral l!"i Visual 
l!"i 8.4 Mount Direction, N of Sand, mangrove, rock I Visual 
J(j ~H Stl'l'J> Poi n 1, N sidl' Rock , cor;d 15 Vis11 ;d 
17 ~H Steep Point, N side Rock, coral l:l-1:> Ro tenonc 
18 9.4 Passage. N side Sarni, weed !"i-6 Dredge 
19 ~H Passage, N s ide Sa nd , weed :>-G Dredge 
20 l).11 Cape Ransonn et, NE of Sand !"i-6 Dredge 
2 1 10.'I Steep Point, N of At sea's sur face 0 I-la nd net 
22 10.4 Monkey Rock, N of Rock, cora l l!i-18 Visual 
2'l I0.4 Mon key Rock, N of Cave 12-I S IZotenone 
24 10. 11 Monkey Rock Rock , cora l (i Spear 
2:) 10.11 Wright 's anchorage , E of Sand 1-S Dredge 
26 11.4 Steep Point., N side Rock, coral l!"i-20 Visua l 
27 11. ' i Steep Point, N side Rock , cmal l'i Rot eone, spea r 
28 11/1 Wright 's anchor;;1ge Sa rni, weed, rock 1-7 Visual 
29 12. 11 Ransonnet Rocks Weed, rock . sand 11-9 Visual 
.'JO 12 11 Sur i Point, E o f Cor;d, sand 1-2 Visual, spea r, 

hand 
:11 12.'i Wright 's anchorage Sand, weed 1-12 Visu al, spear, 

hand 
32 13.4 Sunday Island S<ind , coral , weed 1-2 Visua I 
33 13'1 Sunday Island Cora l, weed 1-2 Rotenone, 

spear 
'l4 13.'J Wright 's anchorage, N o f Sand, weed 10 Visu<il 
.'JS 14A Surf Point, E o f Corn I 2 Roten one 
36 111. 4 Monkey Rock, N of Rock, cora l IS- 18 Visua l 
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Table I (continued) 

Stat- Date Locality Habitat Depth Method 
ion (m) 

37 15.4 Monkey .Rock, N o[ Rock, coral 15-18 Visual 
38 15.4 Monkey Rock, N o[ Rock, coral 14 Rotenone, 

spear 
39 15.4 Wright's anchorage Rock, coral 1 Visual 
40 15.4 Wright's anchorage Rock Intertidal Visual 
41 17.'l Wright's anchorage Sand, weed 2 Box trawl 
42 17A Ransonnet Rocks Weed, rock, sand l-2 Visual 
43 17.4 Wright's anchorage Sand, weed 1-2 Set net 
44 17.4 Wriglu's anchorage Washed up 
45 18.4 Sur( Point, W side Rock In terticlal Rotenone 
'16 18.4 Sur( Point, inside Sand, rock 1 Rotenone 
47 19.4 Wright 's anchorage Rock, cor;i l 1-2 Ro tenone 
'18 19.4 Wright's anchorage Weed, sand 1-2 Rotenone 
'19 20.4 Monkey Rock, N o[ Rock, coral 15-19 Visu;il 

Presentation 
The fish list presented below follows the phylogenetic arrangement of Paxton 
et al. (1989) up to and including the family Carangidae, and thereafter mostly 
follows Nelson (1976). Of the species recorded visually, only those positively 
identified to species are included (an additional ten species were observed, but 
their correct identities could not be determined). Species which are possibly 
undescribed are listed under the most appropriate genus as "species". The graded 
es timates of relative abundance are based on the estimated numbers found in 
the study area during the investigation. Howeve1~ estimates of secretive species 
are always difficult to determine, and must here be considered as only tentative. 
A more thorough collecting program would probably reveal some of the species 
listed as rare to be considerably more numerous. 

All the material collected during this survey is at the Western Australian 
Museum. 

List of Fishes 

Key to symbols: 
Number = sampling station where collected (see Table I ); p = photographed; + = collected but 
not retained; * = report [rom Learn member other than JBI-1; blank = visual record; a = abundant; 
f = frequent; o = occasional; and r = rare. 

DASYATIDIDAE 
Dasyatis brevicaudata (Hutton, 1875) 
I-I iman lura uarnak (Forsska l, 1775) 
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Fishes of South Passage 

IVIYLIOBKl'IDIDAE 
!letobl/.lu.1· 11.l/.ri1w.ri (E uphrasl·n , 1790) 

IVIOBULID/\F 
Ml/.nla biroslris (Donndo rll, 1798) 

RHINOBA:TIDAE 
Rhynchobatus djiddensis (Forssbll. 1775) 

C/\RCH/\Rl-IINID/\E 
Carclw.rhinus brevipinn.I/. (!VI i'1 Iler a 11cl H en It', 
Gl/.ll'ucndo 1·1.nner (Pl:mn a nd Lesul' tll', 1822) 
Hhiw/Jrionodon l/.l' lll1.1s (Riippe ll , 18;)7) 

ORl'.C IOLOBID/\F 
Chi lusry lliu:111. fJ'/1.1/.1.ll/.l'l/.1/l Mii lkr and Hmll' . 
Ora lololm.s onwl11s ( lk Vis , 188'1) 

RHINCODON'l 'IDi\E 
Hhin1.m lon lypus (Sm ith , 1828) 

MUR/\ENID/\E 
Cyr11.11.ullwrnx eu.rosl1.1,,1· (Ab bo t, 1861 ) 
C. fm1.sinus (Ri chardson, 18118) 
C . H1ul11.illl11.s (Lacepcdc, 1803) 
Sid1·r1'11 lhyroidl'lls ( Rid1a rdso11, 18115) 

CLUPl•:IDAE 

1s:l9) 

18:1s 

H l'rhlutsicltlhys q·1wdri1nl/.C1.tll/./'ll.s (Ri'1ppe ll , 18:17) 
Sarchnella gibbo.rn (Bkeker, IWl9) 
S/nl/.tdl11i1frs rulms/11.1· Ogilhy, 1897 

l'LOTOSID1\E 
Pl/.rafJ/.olo.m.s a.l/1ilahri.1· (Valencicn ncs, 1840) 
Ploio.1·1.t.1· linenlus (ThunlH'rg , 179 1) 

SYNODON' l 'ID/\E 
Synod1.1s vl/.rieglll'us ( Lirepcde, 180:l) 

BJ\1 'R ACl-.10 ID IDA E 
l-J l/.lophryne dier11.ensis (Lesu eur, 18211) 

i\NTENNARllDA E 
Anlennl/.rius n11:111:1n ifer (Cuvi l'r. 181 7) 

BYTHrl'IDAE 
Dipulus ca.ecus Waill', 1905 

J\ l'l-1 EIU N ID/\ E 
Alla.netla mllgiloides (McCulloch , 1912) 
Atlu:rinornorus ogilbyi (W hitl ey, 1930) 
Crnteroceplw.lu s jJ1tuciradi11l11.s (Giin the r, 1861 ) 

HOLOCENTRID/\E 
Myripristis rn'll.rdjl/.n (Forssk;°il, 177:, ) 
Smg ocenlron rubru.m (Forssk;'\ I, 1775) 

FISTULARllDAE 
Fislularia comm.ersonii Rii ppel I, 1838 

SYNGNATHIDAE 
Festucalex scalaris (Gi.in Lher, 1870) 
f-la.liwmpus brochi (l-l eralcl , 1953) 
l-l i/1/Jocampus species 
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SCORPAENIDAE 
Dendrochirus zebra (Cuvier, 1829) 
Pterois vohtans (Linnaeus, 1758) 
Scorpaena picta Kuhl and van Hassell, 1829 
Scorpaena species 

Scorpaenodes scaber (Ramsay and Ogilby, 1886) 
Scorpaenopsis venosa (Cuvier, 1829) 

APLOACTINIDAE 
Neoaploactis tridorsahs Eschmeyer and Allen, 1978 

PLATYCEPHALIDAE 
Leviprora inops (Jenyns, 1840) 
Platycephalus endrachtensis Quoy and Gaimard, 1825 

CENTROPOMIDAE 
Psammoperca waigiensis (Cuvier, 1828) 

SERRANIDAE 
Acanthistius pardalotus Hutchins, 1981 
Anthias cooperi Regan, 1902 
Cephalopholis miniata (Forsskal, 1775) 
C. sonnera.ti (Valenciennes, 1828) 
Chromileptes altivehs (Valenciennes, 1828) 
Ellerkeldia rubra Allen, 1976 
Epinephelides armatus (Castelnau, 1875) 
Epinephelus bilobatus Randall and Allen, 1987 
E. fasciatus (Forsskal, 1775) 
E. lanceolatus (Bloch, 1790) 
E. multinotatus (Peters, 1877) 
E. quoyanus (Valenciennes, 1830) 
E. rivulatus (Valenciennes, 1830) 
E. suillus (Valenciennes, 1828) 
Plectropomus maculatus (Bloch, 1790) 
Vario la louti (Forsskal, 177 5) 

GRAMMISTIDAE 
Grammistes sexlineatus (Thunberg, 1792) 

PSEUDOCHROMIDAE 
Blennodesmus scapularis Giinther, 1871 

Congrogadus subducens (Richardson, 1843) 
Labracinus lineatus (CasLelnau, 1875) 
Pseudochromis punctatus (Richardson, 1846) 
P. wilsoni (Whitley, 1929) 

TERAPONTIDAE 
Amniataba caudavittata (Richardson, 1845) 
Pelates sexlineatus (Quay and Gaimard, 1824) 

PRIACANTHIDAE 
I-Ieteropriacanthus cruentatus (Lacepede, 1801) 

APOGONIDAE 
Apogon aureus (Lacepede, 1802) 
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Fishes of South Passage 

A. coccineu,s Ri.ippe ll, 18:)8 

A. cookii Mackay, 1881 
A. cy11noso11111 (Bleeker, I 85:J) 
II. doedaleini .Jonl<m and Snydt'I, 1901 
//. Jrnenatus Valenciennes, 18:32 
A. n.u:ppcllii Gi.111ther, 1859 
//. serniornatu.1· Peters, 1876 
// . trwnio/J /wru.s Regan, 1908 
A. 1n:ctoriae G ii 11 t h er, 1859 
A. Sl)('CICS 

Archarnia Ju.cat.a (Cm Im. I 8:>0) 
Clu:ilorliptenls line11l11.s Lacepcde. 1801 
Si/Jlw.rni11. r:ep lw.lotes (C1s1el nau , 1875) 

SILLJ\GINIDJ\E 
Sill11go .w:hondn.irgk ii Pl'te rs , 1865 

POMJ\TOMIDAE 
Pmn11lo111us s11.lt11lrix (Linnaeus, 17(i6) 

F.CH ENE!l)J\l•: 
licheneis naucrn/.r:s Li nnaeus, 1758 

CJ\RJ\NGIDAE 
Carangoidr:s fulvogultalus ( Forsskiil, 1775) 
C:arn.nx ignolnlis (Forssk<l l, 1775) 
C. sr~xf11.sn 11.lus Quoy and Gairnarcl , 1825 
Der:a/Jturu.s 111.acroso111.11. Bkl'kcr, 185 I 
Gnalhanodon speciosus (Forssk iil , 1775) 
Pse1u lorn:ranx de1tlex (Bloch and Schne ider, 1801) 
Selaroirles leptolepis (Kuh l and van Hassel l, 1833) 
Serio/a dunu:rili (Risso, 1810) 
S. hippos Gi.inthe1; 1876 
S. l11l11.ruli Valenciennes, l8:l3 
Trachino/.us bolla (Shaw, 1803) 
Trach11rus novaezr:landiae Rick1rclson , 18 '1 ~3 

CJ\ESIONJDJ\L'.: 
C11esio caern.la:11.rea Lacq,ccle, 1801 
C. cuning (Bloch, 1791) 
Pleiocaesio cli11grn:mrna (B leeker, 1865) 

CAES!OSCORPIDIDAE 
Caesioscorpis I heagrnes Wh i I ky, 1945 

LUT.JANIDAE 
Lu.ljan'l.ls boh11r (Forsskiil , 1775) 
L. carponulal11.s (Richardson, 1842) 
L. fu.lviflam.rna. (Forssk~tl , 1775) 
L. lwsmir11 (Forsski\l, 1775) 
L. Lemnisca.lus (Valenciennes, 1828) 

NEMTPTERIDAE 
Pentapodtts porosus (Valenciennes, 1830) 
P. villa Quoy and Gaimarcl , 1824 
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Scaevius milii (Bory, 1823) 
Scolopsis bilineatus (Bloch, 1793) 

HAEMULIDAE 

J.B. Hutchins 

Diagramma pictwn (Thunberg, 1792) 
Plectorhinchus flavomaculatus (Ehrenberg, 1830) 
P. m.ultivittatum (Macleay, 1878) 
P. schotaf (ForsskaI, 1775) 

LETHRINIDAE 
Lethrinus atkinsoni Seale, 1909 
L. genivillatus Yalenciennes, 1830 
L. /aticaudis Alleyne and Macleay, 1877 
L. miniatus (Schneider, 1801) 
L. nebulas us ( F orsskal, 1775) 

SPARIDAE 
Acanthopagrus lat.us (Houttuyn, 1782) 
Chrysophrys aural us (Schneider, 1801) 
Rhabdosargus sarba (Forsska l, 1775) 

SCIAENIDAE 
Argyrosomus hololepidotus (Lacepede, 1801) 

MULLIDAE 
Parupeneus ch.rysopleuron (Temminck and Schlegel, 18'13) 
P. indicus (Shaw, 1803) 
P. pleura.stigma (Bennett, 1831 ) 
P. signatus (Gi.inthe1~ 1867) 
Upeneus tragula Richardson , 1846 

MONODACTYLIDAE 
Schuettea woodwardi (Waite, 1905) 

PEMPHERIDAE 
Parapriacanthus ransonneti Steindachne1~ 1870 
Pempheris analis \'\laite, 1910 
P. klunzingeri McCulloch, 1911 
P. ottalensis Cuvier, 1831 
P. schwenkii Bleeker, 1855 

KYPHOSIDAE 
Kyphosus cornelii (Whitley, 19'14) 
K. gibsoni Ogilby, 1912 
K. sydneyanus (Gunther, 1886) 

SCORPIDIDAE 
iVIicrocanthus strigatus (Cuvie1; 1831) 
Neatypus obliquus Waite, 1905 
Scorpis aequipinnis Richardson, 1848 

EPHIPPIDAE 
Platax tefra (Forsska l, 1775) 

CHAETODONTIDAE 
Chaetodon assarius Waite, 1905 
C. auriga Forsskal, 1775 
C. lineolatus Cuvier, 1831 
C. lumila (Lacepede, 1802) 
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Fishes of Soul h Passage 

C. /Jleb('/:ll.\ Cuv ic1; 18!l 1 
C. sp1'c11hu11. C u vicr, IH!l l 
C. lnfr1sciafi.1· Q 11oy a11d Ga i rnarcl , 18211 
Ch.dirwn roslral11..1· (Linn aeus, 1758) 
C:ltelrnonops curiosu.s KuiLn, 1987 
Corarlion chry.wzom.1.s (Cuv icr, 183 1) 
Forcip1:ger fla11issim11s Jonla11 ;md McGregor, 
llenioc/1.11.1· ac11:1nh1.11.tus (Linn at"us , 1758) 
l le11iol'h1i1· di/Jh.r1'11./.1's Jordan , 1903 
/-leniod1.us sig11.l11.rius S111i1h and Radcliff, 1 ~) 11 

POMAC:J\NTI l!DJ\1". 
CnilrofJygc lihiU'n (Cuvicr, 18!! I) 
Ch.11.1'lodo11.to/Jl1.1.1 du/)1)11/11.yi (G i.1 n 1hn. 18li7) 
C. jxrso//.if a ( McCl d loch, 191 11) 
l-'or11.r1.c11.u.th11.s i111./J1"rnlor (Blocli , 1787) 
P. se1nicircull/.lu.1· (Cuvin , I 8!l I ) 
P. sexslriatus (Cuvier, 18!11) 

ENO PI .OSIDJ\F 
l~noplosm annal1is (Shaw, 17~JO ) 

POIVIACI•:N··1 ·R1 DAI·: 
11/Ju.dejduf bengl/.lew;1.s (Bloch. 1787) 
//. s1'xf11.sci11lu.1 (Laccpcd(', 1802) 
A . sordiclu.1· (Jiorssktil , 1775) 
/I. 11aip)1"11.sis (Q11oy and Ga i111;1rd. 18211) 
1/111/Jltiprion cll/.rkii (Bc1 111\'ll, 1830) 

1898 

C:h.ro 111.is 11lripeclor11lis Welander a nd Schultz, 195 1 
C. u1.arg11.rilif1"r Fowler, lfJtl(i 
C. wl'i1eri Fowler a nd Bca 11 , 1928 
C. wesl11:1.1.slrnlis Allen , 197!i 
Dascyllus reticul11.lus (Richardson, 18116) 
D. lrinw.cul11.l11.s (RLippc ll , 1828) 
Neopo111.ace'lllnis azysron (Bleeker. 1877) 
N. cy11://.011 1.o.1· (Blcckt'r, IWJ6) 
N. fila111.e11lo.rn.s (Mackay, 1882) 
Parm.11. occidenl.11.lis J\llc11 ;1ml Hm·st', 197!'J 
Pleclroglyphidodon dickii ( L.ic11<1rd, 1839) 
P. johnstonuinus Fowler and Ball, 19211 
/>. l11cryrnlllus (Quoy ;111d Ga imard , 18211) 
P. Le1.1.cozo11.a (Bleeker, 1859) 
Pon1.11a:nlru .. 1· co<:lr:sli.1· Jo rdan and Siarks, 1901 
P. 1nilleri "fay lor, 1964 
P. ·m.olluccr:11sis Blecker. 1853 
/-'. vaiuli .Jordan and Sea le, 190(i 
Stegaslcs ubreplus (Whi1ley, 1948) 

CI RRHITIDAE 
Cirrhilich lhys aprinw (Cu vie r, 1829) 
C. oxycep lw.lus (Bleeker, 1855) 
Cyprinocirrhitcs jJolyaclis (B leeker, 1875) 
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J.B. Hutchins 

Paracirrhites forsteri (Schneider, 1801) 
CHEILODACTYLIDAE 

Cheilodactylus gibbostts Richardson, 1841 
C. rubrolabiatus Allen and Heemsu-a, 1976 

SPHYRAENIDAE 
Sphyraena obtusata Cuvier, 1829 

LABRIDAE 
Anampses caeruleopunctatus RLippell , 1829 
A . geograjJhiws Valenciennes, 1839 
A. lennardi Scoll, 1959 
A. meleagrides Valenciennes, 1839 
Austrolabrus mawlatus (Macleay, 1881) 
Bodianus axillaris (Bennett, 1831) 
B. bilunulatw (Lacepede, 1802) 
Cheilinus bimawlatus Valenciennes, 1839 
C. chlorurus (Bloch, 1791) 
Cheilio inerrnis (ForsskaI, 1775) 
Choerodon cauteroma Gamon and Allen, 1987 
C. jordani (Snyder, 1908) 
C. rubescens (Giinlher, 1862) 
C. schoenleinii (Valenciennes, 1839) 
Cirrhilabrus temmincki Bleeker, 1852 
Caris auricularis (Valenciennes, 1839) 
C. aygula Lacepede, 1802 
C. caudimacula (Quoy and Gaimarcl, 183'1) 
Gomphosus varius Lacepede, 1802 
Halichoeres brownfieldi (Whitley, 1945) 
H. marginatu.s Ri.ippell , 1835 
I-I. nebulosus (Valenciennes, 1839) 
I-Jemigymnus fasciatus (Bloch , 1792) 
I-I. melapterus (Bloch, 1791) 
Hologymnosus annulatus (Lacepede, 1801) 
Labroides dimidiatus (Valenciennes, 1839) 
Macropharyngodon ornatus Randall , 1978 
Notolabrus panlus (Richardson, 1850) 
Pseudojuloides elongalus Ayling and Russell, 1977 
Pteragogm f lagellifera (Valenciennes, 1839) 
Slethojulis bandanensis (B leeke1~ 1851 ) 
S. interrupta (Bleeke1; 1851) 
S. st.rigiven ter (Bennett, 1832) 
Suezichthys cyanolaemus Russell, 1985 
Thalassoma amblycephalwn (Bleeker, 1856) 
T hardwichei (Bennett, 1830) 
T jansenii ( Bleeker, 1856) 
T lunare (Linnaeus, 1758) 
T lutescens (Lay and Bennett, 1839) 
T jmrpureum (ForsskM, 1775) 
T septemfasciata Scott, 1959 
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Fishes of Soul h Passage 

SCI\ RID/\ E 
/,e/Jloso1r11s 11aig;if'nsis (Q11oy and C;iimanl. 18211) 
Scan.1 .. 1· f1's/itn 1s V;ill'11Cil'111 1l·s. 18110 
S . fre1111.l11s I ,;1cq ii'< le ., 1802 
S. g lwb/Jl/.'/I. Jiorsskiil . I 77ri 
S . gi /J/111.1 Ri.'1 p pcl l, 1828 
S. rim.i./11.tn .1· Va lrncic11 m·s. I 8cllJ 
S. r11.ln1roiol111Tus Blecker, 18119 
S. Sl'h l1·gl'ii (Blecker, I 8(i I ) 
S . . mrrlid11.s Fmssk<11 , 1775 

M llC I LO JDI DJ\F 
l'11.r11.pnl'is cl11.iltm.t11. Ogilliy, 191 0 
I'. lw11.c/11' i (S1 ci 11cl;1cl111CT, 18811) 
P. 11.dm.los11. (Q11oy ;i11cl C:;1i111anl. 18211) 

C RF EDIIDJ\ F. 
Squ11.m icr1·edi11. obt11s11. Rc11dahl , 192 1 

BI .ENNIID!\E 
l lspidonlus /a1'11.i11.t.11s Q11oy ;111d Gai m;ml , l8:l1l 
<:irripel'l1:s fi/11.11u:u/.o .rn.1 (J\ llcy11c a nd Madcay, 1877) 
<:. lt11.tclti11.1'/ W illi:i111 s. 1 ~)88 

/',csmiu.1 l1iw l.m (D;1y, 1888) 
V ncul.u .. 1 Spri ngn, I CJ7 I 
b1.lor11.11.crodus striat.us (Quoy and Gairnarcl. 1836) 
l.1ti/Jll'1mi11s l'lil'11l11!11s (Bloch ;111cl Schnl'iclcr, 1801) 
I. 111.1'11'11.gris (\!;dl'!lci l'1 lll l'S, 1 H'lli) 
l .. ia.f1 /wgn.11.t h 11.1 111.ulti111arnl11.tus Smith , 1%5 
1\fri11.c1111.t/1.11.s gra.111111.ist.l's (V; tl c11 cic11 1H·s. 18%) 
011 10/m1.'/l.l'h 11s g;ern111.i11 i (S;1 u vagc, 188:l ) 
l'etro.1·cirtes lnevin:/Js Valc-11cic:1111es , 18:l6 
I '. 111ilrn.l't.1s Ri'1ppl'll , 18cl0 
l' l11gio t.rr:111.11.s rh inorhyndws ( Blcckn. 1852) 
/ '. t11./1ti1wso1n11. (B lecker, I 8!i7) 
:'i11.l11.rias f11.sci11.tus (B loch , 178ti) 
S tm1 11.lus 111.ll)()fi Spr in ger. 19(i8 

· 1 ·R1 p · rFRYG I JD!\I<: 
//drngrn.11w1.11. df'nrrre11.s McC1dloch :ind W;1itc, ll) l8 

I I dcogmrn:111.11 spC'ocs 
Norfolki11. hrachyle/Jis (SdHill z, 1%0) 

J•:11·11.e11./J/1•rygi11s spt •t ·it·s 
CLIN IDJ\E 

/-frt r:roclin11s species 
GOBIIDJ\E 

Arn./J ryg;n/Jius p lwlar:na (Valc11 cic1111es, 18.?7 ) 
/Jathygo/Jius cornse11.si.1· ( Blcckc.:1; I 8!i4) 
Cryptocenlni.s fasciatus (Pla ybi1; 1866) 
f'.viola him11c11./11.t11. L 1drnc1 and IC1mcll <1, 1980 
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E. smaragdus Jordan and Seale, 1906 
E. storthynx (Rofen, 1959) 
Eviota species 1 
Eviota species 2 

FttSigobius duospilttS Hoese and Reader, 1985 
Fusigobius species 
Gnatholepis inconsequens Whitley, 1958 
Gobiodon citrinus (Ri.ippell, 1838) 
G. quinquestrigatus (Valenciennes, 1837) 
lstigobhts decoratus (Herre, 1927) 
l. nigroocellatus (Gi.inther, 1873) 
Priolepis cinctus (Regan, 1908) 
P. nuchifasciatus (Gi.inther, 1873) 
P. semidoliatw (Valenciennes, 1837) 
P. species 
Ptereleotris evides (Jordan and Hubbs, 1925) 
Trimma okinawae (Aoyagi, 1949) 
Valenciennea immaculatus Ni Yong, 1981 
TI. longipinnis (Lay and Bennett, 1839) 
V. Jntellaris (Tomiyama, 1956) 
V. species 

ACANTHURIDAE 
Acanthurns grammoptilus Richardson, 1843 
A. mata (Cuvier, 1829) 
11. olivaceus Sclmeide1~ 1801 
A. t.riostegus (Linnaeus, 1758) 
Naso tuberosus Lacepede, 1802 
N. unicornis (Forsskal, 1775) 
Zebrasoma veliferum (Bloch, 1797) 

SIGANIDAE 
Sigamts fuscescens (Houlluyn, 1782) 

SCOMBRIDAE 
Grammatorcynus bicarinatw (Quoy and Gaimard, 1824) 
Scomberomorus commerson (Lacepede, 1800) 

GOBIESOCIDAE 
Lepadichthys sandaracatus Whitley, 1943 

CALLIONYMIDAE 
Callionymus calcaralus Macleay, 1881 
C. goodladi (WhiLiey, 1944) 

BOTHIDAE 
Engyprosopon species 

CYNOGLOSSIDAE 
Cynoglossus maculipinnis Renclahl, 1921 

BALISTIDAE 
Su/flamen chrysopterus (Bloch and Schneider, 1801) 
S. fraenatus (Latreille, 1804) 
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J\ Lotal of 323 fish species were recorded for Lhe Soulh Passage area of Shark 
Bay d uring this survey. The la una is preclominen1ly Lropical (83%), wiLh small 
warm Lcmpcralc ( 11 %) and cool Lempcralc (6%) e lemenls. The area wilh Lhe 
grcaLesl diversily of species was in Lhe region of Lhe Monkey Rock drop-off (70-
80 species observed per dive) . However, prominen l numbers of fishes were a lso 
found on Lhe South Passage bar, in Lhc shallow a rea Lo Lhe easl or Surf Poim, 
and al R a nsonnel R ocks. Surveys or areas LO Lhe wesl or bolh Steep Point a nd 
Sur[ Po int produced rela tively low numbers o[ fi sh species (bolh o f these areas 
a rc subjected Lo cons LanL pounding by la rge waves, a nd. consequently have a 
much poorer habitat diversity). Sunday lsl and, to the north-eas t of South Passage, 
was [ound Lo support a relative ly rich fi sh fau na , a lthough considerably lower 
in both species and numbers of individuals when compared to similar sites in 
the passage. Species with the larges t numbers of observed individua ls were mosliy 
trop ica l (e.g . Parupeneus signalus, Neoponiacenlrus filamentosus, Slelhojulis 
bandanensis, and Thalassom.a lunare), but ma ny tropica]s which are common 
in more northern areas o f Lhe stale, such as Lhe Ningaloo region (latiLude 22° '12'S), 
were rarely sig hted (e.g . Chaetodon trifascialus, Po1nacanlhus sextriatus, Chromis 
alripecloralis, and Gomphosus varius). Some warm temperate species were also 
abundan t (e.g . Chromis weslaustralis, Choerodon rubescens, and Kyphosus 
cornelii), but cool temperate species were mosLly found in low numbers, 
J-lelcogramma decurrens b eing the o nl y exception Lo this. Many of the species 
which were rarely sighted arc considered to b e transi en Ls from breeding 
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populations to the north of Shark Bay, in the case of tropicals, and to the south 
of the bay for cool temperate species. Therefore the fish fauna of South Passage 
could be best classed as an impoverished tropical fauna with an obvious warm 
temperate element. 

Comparison with other surveys conducted along the west coast of Western 
Australia indicate that South Passage is the most southerly mainland region 
of the state which supports a diverse tropical fish fauna. The tropical element 
at Kalbarri (latitude 27°42'S) was found to be 423, while at Port Gregory (latitude 
28°12'S), where areas of rich coral growth occur in a lagoonal situation, it was 
553. However, in the latter area, the most conspicuous fishes were found to 
consist equally of tropical and temperate species. The survey of Port Denison 
(latitude 29°16'S) produced a tropical element of only 373, and at Jurien Bay 
(latitude 30°18'S), this had fallen to 283. However, at the offshore location of 
the Houtman Abrolhos (latitudinal range 28°18'S - 29°00'S), tropical species made 
up 693 of the fauna. As at South Passage, the most conspicuous fishes at the 
Houtman Abrolhos were tropical, but many of the temperate species, particularly 
those belonging to the warm temperate element (143 of the fauna), were also 
in very large numbers. Nevertheless, the fish fauna at the Houtman Abrolhos 
was not as diverse as that found in South Passage during this study. A total 
of only 254 fish species were recorded from the former region employing the 
same techniques as used at South Passage (36 additional species have been 
recorded from the Houtman Abrolhos (Allen 1984), mostly on the basis of 
collections taken by trawlers). The area surveyed at the Houtman Abrolhos was 
many times larger in size, possessed a far greater diversity of habitats, especially 
with respect to corals (see Wilson and Marsh 1979), and was subjected to a much 
greater sampling effort (Allen, 1984). The close proximity to South Passage of 
the rich northern breeding grounds for tropical fishes (e.g. the Ningaloo area 
(Allen, pers. comm.)), in addition to its lower latitude and therefore higher water 
temperatures, obviously contribute to this difference in fish diversity. 

Brief surveys were also conducted in other parts of Shark Bay, particularly 
near Denham and Monkey Mia (Figure 1). These indicated that the more internal 
areas of Shark Bay possess far less diverse fish faunas than South Passage, the 
tropical element being considerably smaller (Hutchins, unpublished data). This 
lack of tropical species led Logan and Cebulski (1970) to describe the Shark 
Bay fauna as "subtropical" ( warm temperate). Shark Bay is located near the 
northern limit of a transistion region between temperate and tropical faunas 
(see Wilson and Gillett 1971), the northernmost limit being just to the north 
of Coral Bay (latitude 23°05'S) (Hutchins, unpublished data). Whereas the fauna 
inhabiting the more protected portions of Shark Bay may have a higher 
proportion of temperate species, and therefore be more "subtropical", there is 
little doubt that the more exposed South Passage area has a predominently 
tropical fauna. 
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RESEARCH IN SHARK BAY 
Report of the France-Australe Bicentenary Expedition Committee 

Amphibians and reptiles of the Shark Bay area, Western Australia 

G.M. Storr* and G. Haroldt 

Abstract 

Brief notes are given on the 118 species and subspecies recorded from the area. 

Resume 

Des notes breves sont donni:es sur les 118 especes et sous-especes recensi:es dans la region. 

futroduction 

This paper is based on Storr and Harold (1978). They divided the area into 
three longitudinal zones. 

The western zone comprises the large islands Dirk Hartog, Dorre and Bernier, 
Edel Land and the small islands in Freycinet Estuary. The soils are mainly white 
sands over limestone. Mean annual rainfall is about 30 cm, most of it falling 
in winter. There is no surface fresh water. The vegetation consists of the coarse 
dune grass Spinifex longifolius and low shrubs. 

The central zone comprises Peron Peninsula, Faure Island and the country 
immediately south and south-east of Freycinet Estuary. The soils are mostly 
reddish sands and sandy loams. Mean annual rainfall ranges from 20 to 28 cm, 
and there is ordinarily no surface fresh water. In the south the dunes and swales 
are densely wooded with low trees and tall shrubs of Acacia, Eucalyptus, 
Nlelaleuca and various Proteaceae, broken by glades of soft spinifex Plectrachne. 
Further north the country is more open - mainly rolling plains of hard spinifex 
Triodia and saltbush Atriplex; open Acacia scrubs are more plentiful in the far 
north of Peron Peninsula. 

The eastern zone comprises the coastal plains east of Hamelin Pool. Red clays 
and loams predominate. Mean annual rainfall ranges from 19 to 23 cm, much 
more of it falling in summer than further west. Lowlying areas are covered with 
fresh water after heavy rain. In the south there are moderately dense Acacia scrubs. 
Northwards the vegetation becomes more open and dominated by chenopods, 
Aizoaceae and grasses. The Gascoyne and vVooramel Rivers are lined with river 
gums Eucalyptus camaldulensis. The low lying muddy coasts between these rivers 
are fringed by the mangrove Avicennia marina. 

Brief notes are given on local distribution, habitat preferences and abundance, 
including data from Storr and Harold (1980a,b), King and Roberts (1982), Maryan 
et al. (1984), Shea (1985), Morris and Alford (in press), recent taxonomic revisions 
by G.M. Storr and recent surveys by P.G. Kendrick and G. Harold. We are grateful 
to M. Peterson for criticizing the manuscript. 

*C/ o Western Australian Museum, Francis Street, Penh, ·western Australia 6000. 
'!'111 Parkes Street, Yangebup, Western Australia 616'1. 
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Amphihi;.ins and n.:ptiks 

Annotated List 
Leptodactylidae (grnu 11d frogs ) 
Arenophryne rotunda Tylcr. Conlined Lo western zone (Edel Lrnd and Dirk 

HarLOg 1. ). 
Neobatrnchu.1 antra.tis (Parker). T his and the following five frogs arc confined 

to eastern 1.011c. 
Neobalrachus sulor Main. 
Neobalrachus wds1norei (Par ker). 
PseuclojJhryne occidenlahs Parker. 

Hylidac (lice frogs ) 
Cyclora.na ·1nai11.i Tykr and Manin. 
Liloria rubella (Cray). 

Cheloniidac ( rn a r in c tu rt les) 
Carella carella (Li11n;icus). Apart from strngglcrs, marine turtles do not occur 

south of Shark Bay. 
Cfu~lonia m.yclas (Linnaeus). 

Cheluidae (side-necked turtles) 
Cheloclina stei1ulac/1.neri Siebenrock. Co11fi11ed lo eastern wnc. 

Gekkonidae (wxkos) 
Crnwdaclylu.1 ocellatus lwrni (Lucas and Frost). Common in western and cen tra l 

zones, mainly in spinifcx a11d limcstom·. 
Diplodaclylus alhogultalus vVerner. Common on Peron Peninsula, uncommon 

on Ede l Land; main ly in Trioclia and open Acacia. 
Diplodacl)1lus rnichael.1eni Werner. Common in far south of Peron Peninsula; 

also furth er north al Eagle Blull. 
Diplodactylus ornalus Gray. Moderately common in western and cen tral wnes. 
Diplodaclylus pulcher (Steindachner). Mainly in eastern zone; also on Peron 

Peninsula and Faure 1. 
niplodaclylus ranhini Storr. Confined to Bernier 1. and extreme north of eastern 

zone. 
Diplodaclylus spinigerus spinigerus Gray. Common in western zone. 
Diplodactylus squarrosus Kluge. Moderately common in Acacia scrubs of eastern 

zone; a lso on Faure I. 
Diplodactylus strophurus (Dumcril and Bibron). Mainly AcaO:a scrubs ol Peron 

Peninsula. Also far north of eastern zone. 
Gehyra variegala (Dumeril and Bibron). This and the next species arc very 

common throughout the a rea. 
H eleronotia binoei (Gray). 
Nephrurus Levis occidenlalis Storr. Common in western and central zones. 
Phyllodactylus marmoralus mannoralus (Gray). Conlined Lo Ede l Land. 
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Rhynchoedura ornata Gunther. Central and eastern zones, where rare. 
Underwoodisaurus milii (Bory). Common in western zone, mainly in limestone. 

Pygopodidae (legless lizards) 
Aclys concinna major Storr. Endemic to far south of central zone. 
Aprasia haroldi Storr. Endemic to Edel Land. 
Aprasia smithi Storr. Confined to far south of Edel Land. 
Delma australis Kluge. Far south of central zone. 
Delma butleri Storr. Western and central zones, where rare. 
Delma fraseri Gray. Far south of Edel Land. 
Delma nasuta Kluge. Confined to central zone, where rare. 
Delma tincta DeVis. Confined to eastern zone, where scarce. 
Lialis burtonis Gray. Common in much of area, but not Peron Peninsula. 
Pletholax gracilis edelensis Storr. Endemic to Edel Land. 
Pygopus lepidopodus lepidopodus (Lacepede) . Uncommon in western and 

central zones, mainly in Triodia . 
Pygopus nigriceps nigriceps (Fischer). Mainly in open Acacia in eastern zone. 

Agamidae (dragons) 
Ctenophorus inermis (DeVis). Common in sparsely wooded parts of eastern zone. 
Ctenophorus maculatus badius (Storr). Moderately common on low ridges of 

sandy loam in northern half of eastern zone. 
Ctenophorus macula.tus maculatus (Gray). Western and central zones, in low 

open vegetation. 
Ctenophorus reticulatus (Gray). Common in coastal limestone and all well

vegetated habitats. 
Ctenophorus rubens (Storr). Confined to small area of Eucalyptus-Triodia 

between Hamelin and Coburn. 
Ctenophorus scutulatus (Stirling and Zietz). Eastern zone, especially where soil 

lighter and woody vegetation better developed. 
Gemmatophora longirostris (Boulenger). Eastern zone, mainly in river gums. 
Maloch horridus Gray. Uncommon in central and eastern zones. 
Pogona minor minor (Sternfeld). Moderately common in a wide variety of 

habitats. 
Tympanocryptis butleri (Storr). Common in low open vegetation on Edel Land 

and Dirk Hartog I. 
Tympanocrytis parviceps Storr. Common in low open vegetation on Bernier I. 

Scincidae (skinks) 
Cryptoblepharus carnabyi Storr. Mainly in coastal limestone of western zone. 
Cryptoblepharus plagiocepahlus (Cocteau). Only recorded from far south of Edel 

Land. 
Ctenotus fallens Storr. Moderately common in western zone and on both coasts 

of Peron Peninsula. 
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Ctenolus lesueurii (Dumeril and Bibron). MocleraLely common on Bernier, Dorre, 
Dirk Hanog and SaluLaLion Is and in Edel Land; mainly in white coasLal 
dunes. 

Ctenolus mimeles SLOrr. Uncommon in far south of east.cm zone. 
Ctenolus panlherinus panlherinus (PcLers). ModeraLely common m Triodia on 

Peron Peninsula; scarce in far souLh of easLem zone. 
Ctenolus schomburghii (PeLcrs). Rare. 
Clenolus severus SLorr. Scarce in soULh of casLcrn zone. 
Clenolus you.ngsoni SLOrr. Endemic LO Dirk Hartog I. and Edel Land including 

SaluLaLion and T hree Bays ls. 
Clenolus zasliclus Storr. Endemic Lo small area of Eucalyplus-Triodia between 

Hamelin and Coburn. 
Cyclodoinorphus bra.nchialis (GCinLhcr). Common in wesLern wnc on coasLs and 

on Peron Peninsula. 
Egemia badia SLOrr. Confined to Dirk Hartog I. 
Egernia bas Storr Confined Lo Bernier I., where common on sparsely vegetated 

sanclplains. 
Egemia depressa (Gi.inlher). Confined lo eastern zone, where uncommon. 
Egernia forrnosa Fry. Confined to far souLh of eastern zone, where rare. 
Ji,gernia inornala Rosen. Only k11own [mm one localiLy in central zone (a sand 

dune 17 km SE Nanga). 
Egernia hingii (Gray). Confined Lo Three Bays I. in FreycineL Estuary. 
Egernia slohesii aelhiops SLorr. Endemic Lo Baudin 1. in FreycineL Estuary, where 

common under slabs of limestone. 
Eremia.scincus rich.ardsonii (Gray). Confined lo easLern zone, where rare. 
Lerista connivens SLorr. Far south of wcsLem zone and Faure I. 
Lerisla elegans (Gray). Widespread in lighLly wooded sanely counLry. 
Lerisla hendrichi SLorr. Common in central zone and south of easLem zone. 
Lerista lineojnmclulala (Dumeril and Bibron). Common in western zone. 
Lerista macropisthopus fusciceps Storr. Common in cen Lral and eastern zones. 
Lerista maculosa. Storr. Endemic lo far south of eas tern zone. ApparenLly very 

rare. 
Lerisla. muelleri (Fischer). Moderately common in Acacia scrubs in souLh of 

mainland. 
Lerisla planivenlralis decora Storr. Confined to centra l zone. 
Lerisla planivenlralis planivenlralis (Lucas and FrosL). Moderately common m 

western zone. 
Lerisla praepedila (Boulenger). Very common in sanely counLry. 
Lerisla uniduo SLorr. Common in east.em zone. 
Lerisla varia Storr. Western and central zones. 
Menetia ama.ura Storr. Endemic to Edel Land, where rare. 
Menelia greyii Gray. Widespread and moderaLely common. 
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Menetia surda Storr. Moderately common in spinifex on Bernier I. and Peron 
Peninsula. 

Morethia butleri (Storr). Far south of eastern zone, where rare. 
Morethia lineoocellata (Dumeril and Bibron). Common in coastal dunes and 

limestone of western zone; patchily distributed further east. 
Morethia obscura Storr. Uncommon in Edel Land and south of Peron Peninsula. 
Tiliqua occipitalis (Peters). In low open Acacia on sandy loams in north of 

Peron Peninsula and far north of eastern zone. 
Tiliqua rugosa rugosa (Gray). Moderately common in western zone, northern 

Peron Peninsula and extreme north of eastern zone. 

Varaniclae (monitors) 
Varanus brevicauda Boulenger. In Triodia on central Peron Peninsula. 
Varanus caudolineatus Boulenger. Uncommon in eastern zone in open Acacia 

scrub. 
Varanus eremius Lucas and Frost. Scarce in eastern zone and northern Peron 

Peninsula in open Acacia scrub. 
Varanus giganteus (Gray). Confined to eastern zone, where rare. 
Varanus gouldii (Gray). Widespread, including Bernier, Dorre, Dirk Hartog and 

Faure Is. 

Typhlopiclae (blind snakes) 
Ramphotyphlops australis (Gray). Confined to Edel Land. 
Ramphotyphlops grypus (Waite). Central and eastern zones. 
Ramphotyphlops leptosoma (Robb). Confined to eastern zone. 
Ramphotyphlops waitii (Boulenger). Confined to far south of western zone. 

Boiclae (pythons) 
Aspidites ramsayi (Macleay). One record from Peron Peninsula. 
Morelia stimsoni stimsoni (L.A. Smith). Moderately common in western and 

eastern zones; also central zone. 

Elapiclae (elapid snakes) 
Demansia calodera Storr. Widespread and moderately common. 
Demansia psamniophis cupreiceps Storr. Uncommon in eastern zone. 
Demansia psammophis reticulata (Gray). Confined to Dirk Hartog I. and Edel 

Land, where moderately common. 
Denisonia fasciata Rosen. Confined to eastern zone, where rare. 
Furina ornata (Gray). Rare in central and eastern zones. 
Pseudechis australis (Gray). Moderately common in western and eastern zones. 
Pseudonaja modesta (Gunther). Moderately common in open Acacia in eastern 

zone. 
Pseudonaja nuchalis Gunther. Common in eastern zone and northern Peron 

Peninsula. Recently found on Dirk Hartog I. 
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Amphibians an<l n;ptih:s 

Rhinoplocephalus rnonachus (Storr). Uncommon in easlern zone and on Peron 
Peninsula. 

Verrnicella approxirnans (Glauert). Con[ined Lo easlern zone, where rare. 
Vennicella bertholdi (J an). Confined Lo easlcrn zone, where uncommon. 
Verrnicella biniaculata (Dumeril, Bibron ;rnd Dumeril). Confined Lo far soulh 

of Edel Land. 
Verrnicella fasciolata fasciolala (Gi.inther). Only recorded from Dirk Hanog I. , 

northern Edel Land and northern Peron Peninsula. 
Verrnicella lilloralis Storr. On while coastal sands of wesLern zone, Peron 

Peninsula and Faure I. 

Hydrophiidae (sea snakes) 
Aipysurus fJooleorurn L.A. SmiLh. Endemic to Shark Bay, where common. 
Emydocephalus annulalus Krefft. Only one record. 
EjJ halophis greyi£ M.A. SmiLh. Only reporLed [rom Carnarvon, where possibly 

common in mangrove · creeks. 
Hydrophis elegans (Gray). Common. 
Hydrophis nu1.jor (Shaw). Very common. 
Pelarnis plalura (Linnaeus). Only one record. 

Discussion 

Few pans of Western Australia have so diverse a herpetofauna as Lhe Shark Bay 
area. T his richness is panly clue Lo Lhe localion o [ Shark Bay al the meeting 
point of the State's three main nalural regions: Lhe south-wesLern wiLh iLs 
relaLivcly mild summers and wel winLers; Lhe northern wilh ils hol rainy summers 
and warm winLcrs; and the eremaean with ils hol summers, cold winters and 
low rainfall. 

Many souLhern species are at their nonhern limit at Shark Bay, viz. the 
leptoclactyl id frog Pseudophryne occidentalis, the geckos Diplodaclylus 
rnichaelseni, D. spinigerus, Phyllodaclylus rnarrnoratus and Underwoodisaurus 
rnilii, the pygopodid lizards llclys concinna, Aprasia smithi, Delma australis, 
D. fraseri, Pletholax gracilis and Pygopus lepidopodus, Lhe agamicl lizard 
Tyrnpanocryptis butleri, the skinks Ctenolus fallens, C. lesueurii, Egemia badia, 
E. bos, E. hingii, E. stokesii, Morethia obscura and Tiliqua rugosa, Lhe blind 
snake R.amphotyphlops leptosorna, Lhe python Aspidites rarnsayi and the elapid 
snakes Verrnicella birnaculata and V fasciolata. The souLhern elemen l is largely 
confined to the western and central zones, i.e. Lo Lhe coun Lry wesl and souLh 
of the mulga-eucalypt line. 

Northern species at their southern limit in the Shark Bay area include the 
hylid frog Litoria rubella, the pygopoclid Delma nasula, the agamid Ctenophorus 
rubens, Lhe blind snake Rarnphotyphlops grypus, the elapicl Deniansia calodera 
and all the marine LurLles and sea snakes. 
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Several species characteristic of the arid interior reach the coast in the Shark 
Bay area, e.g. the leptoclactylid Neobatrachus wilsm.orei, the hylid Cyclorana 
maini, the geckos Diplodactylus squarrosus and D. strophurus, the skinks Egernia 
depressa, E. fonnosa, E. inornata, Lerista muelleri and NI orethia butleri and 
the monitors Varanus b;·evicauda, V caudolineatus, V eremius and V giganteus. 
The eremaean element is almost entirely res tricted to the eastern zone. 

The islands, peninsulas and gulfs of the area provide a refuge for nine relict 
or endemic species and subspecies: the pygopoclids Aclys concinna maj01~ Aprasia 
haroldi and Pletholax gracilis edelensis, the skinks Ctenotus ;1oungsoni, C. 
zastictus, Egernia stokesii aethiops, Lerista maculosa and Nlenetia amaura and 
the sea snake A ipysurus pooleorum. 

The area is rich in old Australian elements, e.g. 12 species of diplodactyline 
geckos and 12 species of pygopodid lizards. ll is especially rich in fossorial species, 
viz. the frog Arenophryne (almost endemic), two species of the pygopodid genus 
Aprasia (one endemic, one almost so), ten species of the scincid genus Lerista 
(two endemic, one almost so), four blind snakes (Ramphotyphlops) and five 
species of the elapicl genus Vermicella. 
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RESEARCH IN SHARK BAY 
Rcporl of the Francc-Australc Bicentenary Expedition Committee 

The biology of Arenophryne rotunda (Anura: Myobatrachidae): 
a burrowing frog from Shark Bay, Western Australia 

]. D. Roberts * 

Absn-act 

T his paper summarises currem knowledge o( the natural history, breeding biology, 
population structure, physiology and relationships of Arenophryne rotunda. T his frog 
has only been known lo science since 1976 but it has been ex tensively studied in 
the last twelve years and it is the only anuran currently listed as rare or in need 
of special protection in ·western Australia. 

Resume 

Cet article resume la connaissance actue lle sur l'histoire naturelle, la biologie reproductrice, la 
structure de population, la physiologie et les relations de /'Arenophryne ro tunda. Cette 
grenouille n'est connue de la science que depuis 1976 mais elle a ete considerablement etudiee 
durant ces douze dernieres annees et est le seul grenouille classe actuellement parmi les especes 
rares ou necessitant une protection speciale en A ustralie-Occidentale. 

Introduction 

The frog fauna of southwestern Australia contains 22 described species (excluding 
taxa with a primarily desert range, Tyler et al . 1984) with most species being 
restricted to the wetter southwest forest block. Only six widespread species, 
Limnodynastes dorsalis, H eleioporus albopunctatus, Neobatrachus pelobatoides, 
Nlyobatrachus gouldii, Pseudophryne guentheri and Crinia pseudinsignifera 
occur in the drier areas of the eastern and north-eastern wheatbelt. The fauna 
is discrete with the southwest fauna being rapidly replaced geographically along 
the eastern and northeastern boundaries of the wheatbelt by species which are 
widespread in the western and central deserts (Tyler et al. 1984). The most recent 
addition to the southwest fauna is Arenophryne rotunda, (Arenophryne is a 
monotypic genus) described by Tyler (1976) from Shark Bay, Western Australia. 
This species has a relatively restricted range from Kalbarri north to Shark Bay 
and Dirk Hartog Island (Figure l; Roberts 1985). 

The isolated range of A. rotunda clearly contributed to its failure to be 
recognised earlier as it is the only species occurring outside the major forest 
blocks which lacks a wide distribution over a major portion of the southwest 
land division (Figure l ; see distribution maps for other species in Tyler et al. 
1984; Roberts 1985 for a detailed distribution for A . rotunda). 

* Department of Zoology, University of Western Australia, Necllancls, W.A. 6009 
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Carnarvon 

figlll'c I. Probable dist1il>utio11 or A. rol1111da (black, ;tlttT Roberts 1985) 1rbtl'll to tot;d ann11al 
rninrat l ( isollycts in mm). 

A. rolunda occurs on the northern margin of the south west botanical province 
(Beard 1978) and therefore on the edge of the arid zone but does not extend 
into areas traditionally recognised as desert in classifications of the Australian 
climate (Gentilli 1971; Bradshaw 1986). However, the range of A. rotunda is in 
a region where severe summer droughts are only occasiona lly broken by cyclon ic 
rains (rainfall data summarised in Burbidge and George 1978; Roberts 1981). 
This is a demanding environment for frogs and from the areas where A. rotunda 
was initially collected al the northern encl of its range (Tyler 1976; Tyler el al. 
1980). A. rotunda is the only frog species known: none of the desert species 
occur there (Storr and Harold 1978; 1980). Therefore, it is not surprising that 
A. rotunda has a number ol unique features in its biology. These arc summarised 
below. 

Natural History 

A . rotunda is unusual in many respects. It burrows but it bmrows forward rather 
than the more usual backwards burrowing found in frogs (Tyler et al. 1980). 
In the family Myobatrachiclac this habit is only shared with Myobatrachus gouldii 
(Tyler et al. 1980). A. rotunda is active at night on the dune systems close to 
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the coast and evidence of that activity is readily seen in the frequent tracks found 
on the dunes (Tyler et al. 1980; Roberts 1984). This feature makes this species 
particularly amenable to sampling by pit traps or a combination of pits and 
drift fences (Roberts 1985). During daylight frogs we.re found at the dry/ moist 
sand interface when excavated at the end of tracks in August (Tyler et al. 1980). 
Over summer, frogs dig deeper as the summer progresses but always are deep 
enough to be found in noticeably moist sand (Roberts 198L!). There is no evidence 
of a cocoon found in many desert frogs that burrow (e.g. Lee and Mercer 1967) 
or of any other devices that might reduce water loss. 

Analysis of 74 faecal samples from 92 juveniles and 65 adults collected in 
July-August 1981 and 8 adults collected in May-June 1980 showed that the diet 
consists mainly of ants (Aphaenogaster spp): workers occurred in 923 of faecal 
samples, winged, breeding males in 313 and winged queens in 203 of the samples. 
Beetles occurred in L193 of the same samples, arachnids in 83, hemipterans in 
2. 73 and one sample contained part of a mollusc shell. Prey items vary 
dramatically in size: male ants averaged 7.9 mm long (n = 4, S.E. = .36), females 
12.9 mm (n = 4, S.E. = .31) but workers only 3.7 mm (n = 5, S.E. = .14). Composition 
of 8 faecal samples from adults was compared with data from 22 juvenile samples 
using four prey categories: worker ants, males, queens and others . There was 
no significant difference (Chi2 = 0.38, p>0.9). Dietary items reported here are 
similar to those recorded by Tyler et al. (1980) . The diet is probably catholic 
and opportunistic. 

There is no direct evidence of predation on this species though it occurs 
sympatrically with the carnivorous dasyurid Sniinthopsis murina (King and 
Roberts 1982) and is often seen with the gecko Nephrurus levis which has a 
gape large enough to consume at least juvenile frogs . Roberts (1985) reported 
injuries to toes of 5.83 of frogs captured in pit traps suggesting the frogs may 
be subject to some predator pressure. When severely provoked, e.g. by blood 
sampling, the frogs release a clear yellow liquid with a strange smell which 
may help to deter predators. 

Breeding biology 

Roberts (1984) has described the breeding biology of this species in some detail. 
A. rotunda has direct-developing eggs which are deposited ea. 80 cm under
ground. Howeve1~ egg deposition and pairing are separated by at least 5 months. 
Scattered calling males have been heard in July-August and in November but 
serious calling activity has only been observed after rain in late August (Baynes, 
pers. comm.). The call of this species has three phases with varying pulse rates 
and is very similar to the published calls of Pseudophryne species. However, 
it is important to note that this basic call type with a low pulse rate introductory 
section and a faster pulse rate in latter sections also occurs in many other 
myobatrachine frogs and may represent a primitive call type for this subfamily 
(c.f. calls of some Crinia species, Littlejohn 1959; some Uperoleia species, Tyler 
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et al. 1981 ). Pairs form by early November bul lhe mechanism of pairing and 
lhe cven ls lhal lead to loca lised aggregations of pairs are unknown. In November 
1980, pairs were excava led a t lwo sites from mean cleplhs of 11 and 115 cm with 
11 and 8 pairs found a l each sile. These aggregations were still apparen t in 
February al the end o f summer but frogs were considerably deeper in lhe sand 
(an average depth of 78 on; Roberts 198'1). The sizes of members of a pair is 
significantly correlated (Roberts 1984) bul the significa nce of lhis fac l is unclea r. 
In olher anurans wilh aqualic egg cleposilion, close corrclalions of the sizes o f 
members of a pair facililal.e dfeclivc fer lilizalion of the eggs (e.g. Davies and 
r-Ialliday 1977 ). Presumably Arenophryne has ex lernal fertilisa tio n of Lhe eggs 
buL in Eleutherodaclylus coqui, which also has direct developing eggs, there 
is ev idence o f int e rn a l fertiliza t ion (Townse nd el al. 1981 ). The eggs o f 
J\rcnophr yne arc la rge, wilh an exlerna l diameter of 5.5 mm al field hydra tion 
levels (Robens 1981). 
Deta iled dala on clutch sizes a rc nol available bul one pair thaL deposited in 
capliviLy laid 11 eggs. Developmen t is inLracaps ular and Look 73 clays al room 
lemperaLurc (15 - 20°C).Two ha tchlings had a mean weighl of .234 g and a mean 
snout-vent length of 10.2 mm. This clcvelopmenl period results in ha tching elates 
lhal co incide wilh the weuest period of Lhe year (Fig ure 2). Little else is known 
o f development cxccpl that unfertil iscd eggs mature in fema les over summer 
when males and females a re paired underground. T he breeding biology o f lhis 
species is summarised in Figure 2, redrawn from Robcns (1984). 
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Figure 2. Breeding b io logy o f / I. ro lunda re L11 ed 10 1hc 111on 1h ly di sLriliu1 io n of rain f;dl. 

Population size and structure 

Roberts (1984, 1985) reponecl da ta on population slruclure a long wiLh eslima Les 
of dens ily for Lhis species. Popula tions in !ale winler (July) are splil aboul half 
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and half between juveniles, presumably hatched the preceding autumn, and frogs 
that are large enough to be breeding (based on sizes of pairs excavated in 
November). The size dichotomy is marked but there is no direct evidence that 
all animals in the lower size category are less than one year old. This might 
be obtained from controlled studies on growth rings in bones (c.f. Halliday and 
Verrell 1988). Comparing sizes of animals found paired with the population size 
distribution, Roberts (1984) concluded that most breeding frogs were at least 
two years old but that some males may have been paired at less than one year 
old and therefore might have been breeding at an age of about one year. 
Comparable data on age at first breeding are only available for Heleioporus 
species amongst the Australian frog fauna (Lee 1967) where a very similar 
situation applies: most frogs probably first breed at two years of age but some 
may be large enough to breed at one year. Age structw-e data are limited to 
Heleioporus (Lee 1967) and Nlyobatrachus (Davidge 1980). However, unless the 
analysis of age structure is developed further into an analysis of survival, age 
structure data tell us little in isolation as the structure is most likely largely 
determined by the proximity of sampling to breeding and subsequent patterns 
of mortality in the young: commonly high in aquatic breeding anurans (e.g. 
Calef 1973; Smith 1983) but not documented for species with direct-developing 
eggs. Comparisons of direct-developing forms with conventional pond breeders 
may provide interesting data on the proximate factors maintaining terrestrial 
egg deposition in frogs. 

Population densities are frequently high, at least in comparison with data 
published for other Australian frogs . However, it is difficult to make broader 
comparisons as most published data on frog populations are based on numbers 
of animals aggregated at breeding sites rather than densities of animals spread 
over a uniformly used habitat (Duellman and Trueb 1986). Roberts (1985) reported 
density estimates as high as 277.6 frogs.ha- 1 based on frogs known to be alive. 
Density estimates from mark-release-recapture population estimates were much 
higher. There are no comparable data available for other Australian frog species 
as most other studies generating data of this type have not concentrated on frogs 
and have not necessarily been designed to maximise capture rates by working 
at relevant times of the year. For example, Davidge (1979) trapped all terrestrial 
vertebrates in March to early May when most anurans are not active in south
western W.A. The limited data are summarised in Roberts ( 1985 ). By comparison 
with direct-developing forms found in tropical habitats, A. rotunda is abundant: 
the average density of seven Eleutherodactylus species in Costa Rica was only 
77.5 frogs.ha- 1 (Scott 1976; quoted in Duellman and Trueb, 1986). The densities 
of A. rotunda are more comparable with the very high densities of many terrestrial 
salamander species (see summary in Table 11.6 of Duellman and Trueb 1986). 
However, the dearth of data for Australian frog species experiencing similar 
climates makes it impossible to assess accurately the status of A. rotunda as rare 
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or endangered fauna, though this species is clearly loca lly abundant (Robens 
l985). 

Water reJations 

T he habitat of this lrog is seasonally arid and even in periods of peak activity, 
in spr ing, the dune surlace is generally dry and may subject Lhe frogs Lo 
dehydraLion stress. Burrowing anurans commonly respond lo waLer sLress by 
clevaLion o[ plasma urea levels resulLing in enha nced water upLa ke from even 
relaLivcly dry soils or Lhe prevention of Joss of waLer lo soils (e.g. McClanahan 
1972; KaLz and Gabbay 1986). As not.eel above, there is no evidence of cocoons 
oft.he form seen in other burrowing anurans buL o ne cannot. exclude Lhe possible 
occurrence o l wat.erprool ba rriers like the lipid layer found in Phyllomedusa 
(Blaylock et al. 1976). I investigated t.he physiological response ol frogs Lo seasonal 
aricliLy by sampling blood a nd urine on fo ur occasions during the period 1980 
- 1981 a nd measuring tota l osmolalities and urea levels. These data are presented 
below in some de tail and their signifi cance discussed. An absu·acl summarising 
t.hese data was published by Roberts and Bradshaw (1981 ). 

For this study blood plasma and urine samples were coll ected lrom animals 
in the field , either when Lhey were active al night. o n the surface, or from frogs 
cxc;1v<1Lecl from sites 11ndcrgrouncl . Nol a ll frogs collected were successfully 
sampled for both blood and urine. Some samples were Loo small for analysis 
of bot.h osmolality and urea levels: osmolaliLies were measured preferentialJy. 
Sample sizes therefore differ between the Four ca Legories in the data presenLecl 
below. Samples were collecLecl on lour occasions: 31.v Lo l.vi 1980; 7-12.viii 1980; 
28.x - 2.xi 1980 and 11-15.ii 1981. Blood was collecLecl into heparinized capillary 
Lubes aft.e r puncLuring Lhe orbital sinus. Plasma was separaLed from reel cells 
by centr ifugaLion in Lhe lie ld a nd sLOred frozen unLil analysed. Urine was sampled 
by inserting a glass capillary Lube into Lhe cloaca and gently stimula Ling Lhe 
bladder papillae. Plasma and urine osmolaliLies were measured on a Wescor 
Model 5100B Vapor Pressure Osmometer. Urea levels were determined by an urease 
Lechnique. I assume thaL no frogs were resa mplecl a nd have treated the four 
samples as being independent. though as frogs were not marked Lhe possibi li ty 
of rccapLurc cannot. be excluded. T he data are presemed in 'Table I. 

Ana lysis ol variance with a posteriori comparisons a mongst means by the 
StudenL-Newman-Keuls Les t. shows that. for three of the four da ta seLs there were 
significant differences between the mean values for one or more of the fom 
seasonal samples. The seLs of means not differing significantly a re given in Table 
l along with cleLai ls of anova. 

Plasma osmola lities vary liule wiLh o nly the extrem e values differing signifi
cantly. Interes Lingly, the highest values occurred in August. when animals were 
a ll collected active on the dunes at night or were excavated al the encl of trails 
indicating recenL activ it y. In May-June frogs were again active but in heavy rain. 
All frogs sampled in February were excavated from sites where pairs ,,vcre found 
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Table l. Plasma and urine osmolalities (mOsm.kg ·1) and urea levels (mM). Data are given as 
mean ± S.E. Means are ranked from lowest to highest with means that do not differ 
significantly bracketed (S.N.K. test at the .05 significance level). Sample sizes are given 
as a number in brackets under each month. 

Plasma Osmolality 

June February November August FJ.52 
(9) (17) (16) (14) 

I '1!J7 ± 6 291 ± s, 307 ± 17 326 ± 16 3.55 (p < 0.05) 
I 

Urine Osmolality 

June November February August Fl.JO 
(6) (8) (12) (8) 

184 ± 17, ,124 ± 12 137 ± 15, 1203 ± 21 1 7.36 (p < 0.01 ) 

Plasma Urea 

February November August June F 2.•n 
(1'1) (17) (14) --

113.6 ± 1.6, 125. '1 ± 2.1 , , 57.7 ± 7.9 , no data 20.42 (p < 0.01 ) 

Urinary Urea 

February June November August Fi.20 
(8) (4) (8) (6) 

, 21.4 ± 4.9 25.l ± ll.1 36.6 ± 4.2 38.8 ± 9.3 I 1.72 (p > 0.05) 

(see section on Breeding biology above) and ten of seventeen frogs sampled in 
November were excavated from similar sites. If high plasma osmolalities reflect 
water shortage, then water stress must be highest in August when frogs were 
most active on the dune surface (see Roberts 1984 for detailed data on activity 
from track analysis). 

Urine osmolalities exhibited much more seasonal variation with highest and 
lowest values in June and August differing significantly and both values differing 
significantly from the November and February samples. The low values in May
June may reflect high water uptakes from very moist soils or rainfall. The high 
value in August may again reflect a seasonal water stress but there is a partial 
contribution from the relatively high urea level. 

Insufficient blood plasma was available to assess urea levels in the May-June 
sample. All other mean values differed significantly. However, contrary to the 
prediction in the introduction to this section, highest values do not occur in 
summer but again are found in August. This may reflect patterns of metabolism 
with animals actively ingesting insects with a relatively high protein input in 

293 



Biology or A /"l'llO/Jhrynt• /'Oli llllltl 

Augusl but wilh a reliann' on fal metabolism in acs1iv<1Ling animals excavaled 
in Novcrnbcr and Fcbru<1ry. T he lowcsL values occurring in February arc 
consisLcnL wiLh this inlerprcla tion as Lhcre rn ay haw been some recent feed.i ng 
in some of lhc anirnals sampled i11 November bul no ne in February. 

Urinary llt'l'CI levels did not vary s ignificantly between L11c four samples. 
In con cl us io n , elcva ted plasma osrnola 1 i t.ics in AugusL may re lien season a 1 

watn stress due to activiLy with a sma ll c lcva lion due to in creased prolein 
metabolism ca using high produclion ra tes lo r urea. T hese predicLions cou ld eas ily 
be tested as lhc potential lor exarn in<1li o n of field waler loss ralcs and water 
Lurnovcr is high in this spec ies beca use of Lhc rda1ivc case with which it. can 
be tracked across the dunes. This mea ns that individuals could be fo llowed wiLh 
minima l disturbance through marking. Lee ( 19G8) published da ta consislenl with 
1-la.leioporu.s eyrez los ing water during nighLly acliviLy and thi s rnighl be a 
problem lor m<1ny ;ict ivc anurans. A. rotunda among them. 

Evolution and relationships 

Tyler ( 1976) suggest.eel from morpho logica l com par isons LhaL !lrenophryne was 
closely re laLcd Lo Myobalrachus or Pseudophryne. Analysis o f relationships using 
;1n immunological technique (miuo-co111pk1ncn L fi xaLion, MC F) fo r comparison 
of serum a lbumins, (Maxson and Roberts, 1985) confinT1s this suggcs Li o n wiLh 
a runhcr refin e mcnL LhaL th e re lationship of Arenoph.ryne is close r LO 

M ynhairach:u.s and Lo Melacrinia 1h;111 10 Pseudophryne (Maxso n and Ro bclls 
1985). Ana lys is ol breeding biologies confirms lhis re lati o nship as boLh 
Myoha.lrachus and f\!fela.crinia have direct developing eggs a nd from lirniLed daLa 
it seems LhaL M31obalrachus also has a separaLion o f male-female pairing time 
(spring) and egg deposition (auLumn; Robens 1981 ; Maxson and Roberts 198S). 
H owever, compleLe dcLails or Lhe breeding bio logy of Nlelacrinia are unknown. 

Th is pa LLcrn or rclaLionships is noL con tradicLecl by data on chromosome 
morphology and nucleo lar organiser region pos ition (Maho ny and Robinso n 
1986). 

As lhe amino acid sequen ce of ;.tlburnin evolves a l a n a pproximaLely consta nt 
rate as a [unc:Lio n o f Lim~ (Wilson el al. 1977; T ho rpe 1982) divergence in a lbumin 
strucLure ca n b e used Lo eslima te divergence da les for re lated species o f frogs. 
Maxson a nd R o bens (1985) applied this Lechnique Lo Lhe albumin comparisons 
made by MC'F a nd concluded Lhat. Arenophryne and Nlyo balrachus lasL shared 
a common a ncestor 8-9 million years ago - i.e. in Lhe mid-M iocene. The divergence 
date from PseudojJhr3me was esLimaLecl as even ear li er~ claling Lo the early 
Miocene. U these dales arc even approximaLcly correcL, iL impli es LhaL similariLies 
of call slructure found bclween Arenophryne a nd Pseudophryne arc symplcsi
omorphies, i.e. rclaincd primiLive sim ilariLi es , and Lhat lhere has been liule 
sclecLi o n acting on call slrucLure in Lhis g roup o f frogs. However, Lhe divergence 
in oLher aspecls a l breeding bio logy is drarnaLic as in a ll Pseudophryne species 
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pamng and egg deposition occur close together, and in all species except P. 
douglasi, eggs may undergo partial development on land but completion of 
development involves an aquatic tadpole (Pengilley 1973). P. douglasi has aquatic 
egg deposition and development (Main 1964). 

Prospects for the future 

Arenophryne rotunda is the only frog species currently listed as rare or in need 
of special protection under the W.A. Wildlife Conservation Act. As such, 
assessmen t of its true range and population densities is of some importance. 
The preliminary study reported by Roberts (1985) demonstrates the feasibility 
of at least short-term population studies. Track counts might be useful as an 
indicator of relative abundance (c.f. Roberts 1984). The most relevant comparisons 
are probably with Myobatrachus gouldii as this species shares many features 
of breeding biology and natural history. Comparisons might also be usefully 
made with Pseudophryne species, critically P. guentheri, as this species occupies 
at least part of a similar climatic zone. An understanding of factors limiting 
the distribution of A. rotunda will also contribute to an appreciation of how 
this species might respond to the climatic changes predicted as a result of the 
Greenhouse Effect. These are particularly relevant in areas like Shark Bay where 
reduced winter rainfall and enhanced summer rain from cyclonic activity are 
predicted, shifting the climate towards that currently experienced by desert areas 
to the north and northeast (Arnold 1988; Pittock 1988). 

A. rotunda also offers some interesting prospects for work on water loss/ gain 
in a field situation. Although not subject to severe seasonal water stress associated 
with summer drought, the relatively high plasma osmolalities found in spring 
suggest this frog may have a chronic problem with water loss during activity. 
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RESEARCH IN SHARK BAY 
Report of the France-Australc Bicentenary Expedition Committee 

Birds of Shark Bay area, Western Australia 

G.M. Storr* 

Abstract 

Brief notes are given on the 236 species reliably recorded from the area. 

Resume 

Des note breves sont donnees sur Jes 236 especes d'oiseaux recensees avec fiabilite dans la 
region. 

Introduction 

This paper is based on Storr (1985 ). It also incorporates data in subsequent 
publications, notably Brooker (1989). 

Local status is given for each species and subspecies. Distribution is also 
indicated where a taxon is locally restricted to one or two of the three zones, 
namely the western (Bernier, Dorre and Dirk Hartog Islands, Edel Land and 
the small islands of Freycinet Estuary), the central (Peron Peninsula, Faure Island 
and the country immediately south and south-east of Freycinet Estuary) and 
eastern (the coastal plains between Carnarvon and Hamelin). 

Annotated List 

Casuariidae 
Emu (Dromaius novaehollandiae). Resident throughout mainland and on Faure 

I. 

Diomedeidae 
Yellow-nosed Albatross (Diomedea chlororhynchos bassi). Common winter visitor 

to open seas. 

Procellariidae 
Southern Giant Petrel (Nlacronectes giganteus). Scarce winter visitor to open 

seas. 
Cape Petrel (Daption capense). Scarce winter visitor to open seas. 
White-headed Petrel (Pterodroma lessonii). Rare winter visitor to seas well 

offshore. 
Soft-plumaged Petrel (Pterodroma mollis). Common winter visitor to seas well 

offshore. 
Streaked Shearwater (Calonectris leucomelaena). Summer visitor to open seas. 

* Cl o Western Australian Museum, Francis Street, Perth, Western Australia 6000. 
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Wedge-I.ailed ShcarwaLcr (Puffinus pacificu .1). Common breeding v1s1Lor Lo 
islands in Freyc:inel Es Luary and adjacelll seas. This is Lhc only dimorphi c 
population in Australia, 20% of the birds being white-breasted. 

Liulc Shearwaler (Pujfinu.1 a.1si11iilis). Rare visi1or Lo open seas. 

Occanitidac 
Wilson 's Stoi111 Petrel (O ceanites oceanicus). Moderately common passage 

migrant over open seas. 

Podicipcdidac 
Black-I hroaled Grebe (Tac hybaptus novaehollaiu:liae novaelwllandiae). Rare 

visitor lo l'<lslnn 1.011<·. 

l-loary-hcC1dcd Crclic (Poli:ucejJ/wlu.s poliocephalus). Rare visitor Lo eastern zone. 

Frcgatidac 
Lesser FrigaLebird (Fregala ariel ). Vagrant 

Phalaaocorncidac 
Greal Cormoranl (Phalacrocorn:x: carbo novaehollanchae). U ncommon v1s1Lor. 
Pini Con11or;1111 (Phalacrocorax varius). Very com111011 res ident of shelLcred seas 

(but not the highly saline Hamel in Pool ), breeding mainly on small islands 
off Dirk Hartog 1. and in Freycinel Estuary. 

l.i11lc Bl<1ck Co nn01<111L (Plwlacrocornx sulciro.1 tri.1). Uncommon visitor Lo the 
lower Cascoyne. 

Lillie Pied CorrnoranL (Plw.lacrocurax rnelanoleucos). U11comrnon resident., 
breeding on islands in Freycinel Estuary. 

Anhingidac 
Darter (!lnhinga melanogasler novaehollandiae). Uncommon along the lower 

Gascoyne. 

Sulidac 
AusLra lian Gannet (Marus serrator). Rare winter v1s1Lor'. 

Pclccanidac 
Australian Pelican (Pelecanus consjn:cillatus). Common visitor Lo sheltered seas. 

Breeding on Pelica n I. 

Ardcidac 
Pac ific Heron (Ardea pacifica). Uncommon v1sllor lo eastern zone. 
White-faced I-kron (Ardea novaehollandiae). Common resiclenl. 
Grcal Egret ( Ardea alba). Moderately common along the lower Gascoyne. 
Intermcclialc Egret (Ardea £nlermedia). Vagrant. 
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Little Egret (Ardea garzetta nigripes). Moderately common resident of coast 
between the Gascoyne and v\Tooramel Rivers. 

Eastern Reef Heron (Ardea sacra). Moderately common resident of most coasts, 
but not Hamelin Pool. 

Mangrove Heron (Butorides striatus stagnatilis). Common resident of mangroves. 
Rufous Night Heron (Nycticora.x caledonicus hilli). Moderately common on the 

lower Gascoyne. 

Threskiomithidae 
Glossy Ibis (Plegadis falcinellus). Only recorded at bore overflow near Hamelin. 
Sacred Ibis (Threskiornis aethiopicus moluccus). Vagrant. 
Straw-necked Ibis (Threskiornis spinicollis). Visitor, mainly to eastern zone. 
Yellow-billed Spoonbill (Platalea flavipes) . Uncommon visitor to eastern zone. 

Anatidae 
Pied Goose (Anseranas semipalmala). Vagrant. 
Plumed Whistling Duck (Dendrocygna eytoni). Rare visitor to eastern zone. 
Black Swan (Cygnus atratus). Uncommon visitor to eastern zone. 
Freckled Duck (Stictonetta naevosa). Rare visitor to the lower Gascoyne. 
Mountain Duck (Tadorna tadornoides). Uncommon visitor. 
Wood Duck (Chenonetta jubata). Uncommon visitor. 
Grey Teal (Anas gracilis). Moderately common breeding visitor. 
Chestnut Teal (Anas castanea). Formerly occurring in mangrove creeks near 

Carnarvon. 
Black Duck (Anas superciliosa). Uncommon visitor. 
Blue-winged Shoveler (Anas rhynchotis rhynchotis). Scarce visitor. 
Pink-eared Duck (Malacorhynchus membranaceus). Scarce visitor. 
Hardhead (Aythya australis). Scarce visitor. 

Accipitridae 
Osprey (Pandion haliaetus cristatus). Common resident on islands. 
Black-shouldered Kite (Elanus caeruleus notatus). Uncommon visitor. 
Black-breasted Kite (Hmnirostra isura). Uncommon visitor. 
Black Kite (Milvus 111igrans a/finis). Rare visitor to the lower Gascoyne. 
Whistling Kite (Haliastur sphenurus). Common resident of eastern zone. 
Brahminy Kite (Haliastur indus girrenera). Uncommon resident at Camarvon. 
White-bellied Sea Eagle (Haliaeetus leucogaster). Resident, common on larger 

islands. 
Spotted Harrier (Circus assimilis). Uncommon visitor. 
Swamp Harrier (Circus approximans). Rare visitor. 
Brown Goshawk (Accipiter fascial'us fasciatus). Uncommon resident. 
Collared Sparrowhawk (Accipiter cirrocephalus cirrocephalus). Uncommon 

resident. 
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Weclgc-lailcd Eagle (Aquila audax). Common resident. 
LiLLle Eagle (Aquila morphnoides morphnoides). Uncommon residenl o[ cenlral 

and eas tern zones. 

Falconidae 
Brown Falcon (Falco berigora berigora). Common rcs idenl. 
Australian Kcslre l (Falco cenchroide.1 cench.roides) . Common resident and 

aulumn-w1nler v1sllor. 
Auslralian I-lobby (Falco longipennis longijJennis). Moderalely cornmon residenL 

and aulumn-w inLer visitor. 
Grey Falcon (Falco hypoleucos). Rare visilor Lo caslern wne. 
Peregrine (Falco peregrinus rnacropu.1). Scarce visitor. 

Mcgapodiidac 
Malice Fowl (Leipoa ocellala). Now confined Lo lar south ol cenlral zone. 

Phasianidac 
S1 ubblc Quail (Colurnix novaezelandia.e pecloralis). U ncommo11 v1sllor. 
Brown Quail (Colurnix ypsilojJ /wra auslralis). Reponed near Carnarvon. 

Turnicidac 
Liule Buuon-quail (Twnix velox ). Visitor Lo easLern zone, common in weL years. 

Gruidae 
Brolga (Grus rubicu.nda.). Rare visitor lo caslem zone. 

Rallidac 
Buff-banded Rail (Gallirallus philijJpensis niellori). Rare v1s1Lor. 
Baillon's C rake (Porzana pusilla. paluslris). Uncommon resiclenL of easlern zone. 
Spollcd Crakc (Porzana fluminea). Common resident of easlern zone. 
Spot less Crake ( Porzana labuensis). U ncomrnon rcs iden t o[ eastern zone. 
Purple Swamphen (Porphy rio porphyno). Reponed near Yaringa . 
Black-Lailcd NaLive H en (Gallinula ven lralis). Irregular visitor, common in wel 

years. 
Cool ( Fulica alra auslralis). Uncommon residenl of easlern zone. 

Otididae 
Australian Bustard (Olis auslralis). U ncorn mon. 

Roslralulidac 
P;:iinlecl Snipe (Roslralula. benghalensis auslralis). Reponed near C;:irn;:irvon. 
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llaernatopodidae 
Pied Oystercatcher (Haematopus ostralegus longirostris). Resident on most coasts, 

but not Hamelin Pool. 
Sooty Oystercatcher (Haematopus fuliginosus). Resident, mainly on rocky coasts. 

Charadriidae 
Banded Lapwing (Vanellus tricolor). Common resident and autumn-winter 

visitor. 
Grey Plover (Pluvialis squatarola). Uncommon summer v1sltor to most coasts. 
Eastern Golden Plover (Pluvialis fulva). Rare summer visitor. 
Red-capped Plover (Charadrius ruficapillus). Common resident. 
Mongolian Plover (Charadrius mongolus 1110ngolus). Rare summer visitor. 
Large Sand Plover (Charadrius leschenaultii). Moderately common summer 

visitor. 
Black-fronted Plover (Charadrius melanops). Moderately common resident of 

eastern zone. 
Oriental Plover (Charadrius veredus). Rare summer visitor to eastern zone. 
Red-kneed Dotterel (Erythrogonys cinctus). Uncommon visitor to eastern zone. 
Australian Dotterel (Peltohyas australis). Scarce visitor, mainly to eastern zone. 

Scolopacidae 
Little Whimbrel (Numenius niinutus). Rare visitor to eastern zone. 
Whimbrel (Numenius phaeopus variegatus). Common visitor to most coasts, but 

not Hamelin Pool. 
Eastern Curlew (Numenius madagascariensis). Moderately common visitor to 

most coasts, but not Hamelin Pool. 
Black-tailed Godwit (Limosa limosa melanuroides). Rare summer visitor. 
Bar-tailed Godwit (Limosa lapponica baueri). Common visitor to most coasts, 

but not Hamelin Pool. 
Marsh Sandpiper (Tringa stagnatilis). Uncommon visitor, mainly to eastern zone. 
Greenshank (Tringa nebularia). Moderately common visitor. 
Wood Sandpiper (Tringa glareola). Summer visitor to eastern zone. 
Terek Sandpiper (Tringa tereh). Scarce summer visitor to eastern zone. 
Common Sandpiper (Tringa hypoleucos). Moderately common summer visitor. 
Grey-tailed Tattler (Tringa brevipes). Moderately common visitor to most coasts, 

but not Hamelin Pool. 
Ruddy Turnstone (Arenaria interpres interpres). Moderately common visitor to 

most coasts, but not Hamelin Pool. 
Red Knot (Calidris canutus). Moderately common summer visitor to most coasts, 

but not Hamelin Pool. 
Great Knot (Calidris tenuirostris). Moderately common summer visitor to most 

coasts, but not Hamelin Pool. 
Sanderling (Calidris alba). Rare summer visitor. 
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Red-necked SLinL (Calidris rufzcollis). Common visiLOr. 
Long-Loed StinL (Cahdris subminula). Rare visilor, mainly Lo easlern zone. 
Sharp-Lailed Sandµiper (Ca lidris acwninata). Moderalely common summer 

v1sllor. 
Curlew Sandpiper (Calidris ferruginea). Moderalely common summer visilor. 
Ruff (Philomachus pugnax). Reponed al Hamelin bore owrrlow. 

Recurvirostridae 
Black-winged SLilL (T-Ji11ianlofnts hiinantopus leucocephalus). Visitor Lo easlern 

zone, common and breeding in weL years. 
Banded Still (C ladorhynchus leucocephalus). Uncommon visiLor. 
Red-necked Avocel (Recurviroslra novaehollandiae). Uncommon visilor. 

Uurhinidae 
Bush Slane-curlew (Burhinus grallarius). Uncommon resident 

Glareolidae 
Auslralian PraLincolc (Stiltia isabella). Rare visll.or to eastern zone. 
OricnLal Pralincole (G lareo la 1nalcl£-/lo.r11.m). Rare summn visiLOr Lo eas tern zone. 

Laridac 
Great Sirna (Slercorarius shua lonnbergi). Rare winlcr visitor Lo sheltered seas. 
Silver Gul l (Larus novaehollandiae novaelwllandiae). Common residcnl, mainly 

on islands and around towns. 
Kelp Gull (Larus do1ninicanus). Vagranl. 
Pacilic Gull (Larus pacificus georgii). Moderately common residenl, mainly on 

islands and around Lawns. 
Gull-billed Tern (Sterna. nilolica macro la.rsa). Scarce visitor~ mainly to easlem 

zone. 
Caspian Tern (Sterna caspia). ModeraLely common in mosL seas, bul not Hamelin 

Pool. 
Crested Tern (Sterna bergii). Common in mosl seas, but not Hamelin Pool. 
Lesser Crested Tern (Sterna bengalensis). Rare visitor Lo far northern seas. 
Common 1ern (Sterna hirundo longipennis). Moderately common summer 

visitor Lo seas around Carnarvon. 
Roseale Tern (Sterna dougallii). Moderately common residenl of blue-water seas. 
Bridled 1e rn (Sterna anaelhelus ana.elhetus). Common visitor Lo blue-water seas, 

breeding on sma ll rocky islands. 
Whiskered Tern (Sterna hybrida java.nica). ModeraLely common visilor, mainly 

Lo eastern zone. 
White-winged Black Tern (S terna leucoplera). Irregular summer visitor Lo eastern 

zone. 
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Little Tern (Sterna sinensis). Probably rare summer visitor, but only reported 
from Carnarvon. 

Fairy Tern (Sterna nereis nereis). Uncommon resident of sheltered blue-water 
seas. 

Columbidae 
Laughing Dove (Streptopelia senegalensis senegalensis). Occasional visitor, 

sometimes breeding. 
Peaceful Dove (Geopelia striata placida). Resident on the lower Gascoyne. 
Diamond Dove (Geopelia cuneata). Uncommon visitor to eastern zone. 
Common Bronze-vving (Phaps chalcojJtera). Uncommon resident. 
Flock Pigeon (Phaps histrion1ca). Irregular visitor to Carnarvon district. 
Crested Pigeon (Ocyphaps lophotes). Moderately common resident. 

Psittacidae 
Regent Parrot (Polytelis anthopeplus westralis). Rare visitor to central zone. 
Ring-necked Parrot (Platycercus zonarius zonarius). Moderately common along 

the lower Gascoyne. 
Mulga Parrot (Platycercus varius). Scarce resident of eastern zone. 
Elegant Parrot (Neophema elegans). Scarce autumn visitor to eastern zone. 
Rock Parrot (Neophenia petrophila). Very common resident on small islands 

in Freycinet Estuary. 
Bourke's Parrot (Neophema bourhii). Scarce resident of eastern zone. 
Budgerigar (Nielopsittacus undulatus). Visitor to eastern zone, common and 

breeding in wet years; uncommon visitor to central zone. 
Cockatiel (Nymphicus hollandicus). Visitor to eastern zone, moderately common 

and breeding in wet years. 
Red-tailed Black Cockatoo (Calyptorhynchus magnificus samueli). Uncommon 

resident of far south-east. 
Galah (Cacatua roseicapilla roseicapilla). Resident, common in eastern zone, 

uncom.mon on Peron Peninsula. 
Little Corella (Cacatua sanguinea westralensis). Resident of eastern zone, common 

on the lower Gascoyne. 
Major Mitchell's Cockatoo (Cacatua leadbeateri). Formerly occurring on the 

Wooramel. 

Curulidae 
Pallid Cuckoo (Cuculus pallidus). Uncommon breeding v1slt01~ 
Black-eared Cuckoo (Chrysococcyx osculans). Uncommon breeding visitor. 
Horsfield's Bronze Cuckoo (Chrysococcyx basalis). Moderately common breeding 

visit01~ 

Shining Bronze Cuckoo (Chrysococcyx lucidus plagosus). Rare passage migrant. 
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Strigidae 
Barn Owl (Tylo alba delicalula). Rare v1s1lor. 
Boobook Owl (Ninox nova.eseela.ndia.e boobook). Uncommon visilor or passage 

migrant in easlern zone. 

Podargidae 
Tawny Frogmoulh (Podargus slrigoides brachyplerus). Uncommon, mainly m 

eastern zone. 

Aegot.helidae 
Auslralian Owlel-nighljar (Aego theles crislalus crislalus). Uncommon residenl, 

mainly of easlcrn zone. 

Caprimulgidac 
Spolled N igh~j ar ( Euroslopodus a.rgus). Scarce au lumn-win ter visi LOr. 

Apodidae 
Fork-tailed Sw ill (Apus paczjicus pa.czficus). Uncommon summer visitor. 

Akeclinidae 
Blue-winged Kookaburra (Dacelo leachii leachii). ResidenL on lhe lower Gascoyne 

;me! Wooramcl Rivers . 
Red-backed Ki nglisher ( l-lalcyon pyrrho/Jygia). Mod era lei y common residcn l, 

mainly in easlern zone. 
Sacred Kingfisher (Halcyon sancta sancta). Uncommon passage migrant. 

Meropidae 
Rainbow Bee-ea lcr (Merops ornalus). Scarce breeding visiLOr and passage migrant. 

Alaudidae 
Horsfield 's Bushlark (Mirafra javanica javanica). U ncommon resident of nonh 

of caslern zone. 

Hirunclinidae 
While-backed Swallow (Cheram.oeca leucosterna). Cornman resident. 
Barn Swallow (Hirundo ruslica gulturalis). Rare summer vi siLOr lo Carnarvon. 
Welcome Swa llow (T-lirundo neoxena). Common residenl. 
Tree Manin (Hirundo nigricans nigricans). Mainly a passage migrant 
Fairy Marlin (l--/irundo ariel). Uncommon res iclenl of easlern wne. 

Motacillidae 
Richard's Pipil (Anthus novaeseelandiae australis). Cornm.on resident 
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Campephagidae 
Black-faced Cuckoo-shrike (Coracina novaehollandiae). Common resident and 

passage migrant. 
White-winged Triller (Lalage sueurii tricolor). Visitor and passage migrant, 

common and breeding in wet years. 

Pachycephalidae 
Red-capped Robin (Petroica goodenovii). Scarce, mainly a winter visitor. 
Hooded Robin (Petroica cucullata). Uncommon resident. 
Yellow Robin (Eopsaltria australis griseogularis). Uncommon resident of far 

south. 
Golden Whistler (Pachycephala pectoralis fuliginosa). Moderately common 

resident of far south. 
Rufous Whistler (Pachycephala rufiventris rufiventris). Moderately common 

resident and winter visitor in eastern zone; scarce winter visitor to central zone. 
White-breasted Whistler (Pachycephala lanioides). Scarce resident in mangroves 

around Carnarvon. 
Grey Shrike-thrush (Colluricincla harmonica rufiventris). Moderately common 

resident. 
Crested Bellbird (Oreoica gutturalis). Common resident. 
Western Wedgebill (Psophodes occidentalis). Common resident. 

Monarchidae 
Mangrove Grey Fantail (Rhipidura phasiana). Common resident of mangroves 

of Carnarvon district and northern Peron Peninsula. 
Grey Fantail (Rhipidura fuliginosa preiss1). Common winter visitor. 
Willie Wagtail (Rhipidura leucophrys leucophrys). Common resident, winter 

visitor and passage migrant. 
Australian Magpie-lark (Grallina cyanoleuca). Uncommon resident and winter 

visitor, mainly in eastern zone. 

Orthonychidae 
Chestnut Quail-thrush (Cinclosoma castanotum). Common resident of far south 

of Peron Peninsula. 
Southern Scrub-robin (Drymodes brunneopygius). Common resident of central 

zone. 
White-browed Babbler (Pomatostomus superciliosus). Common resident. 

Acanthizidae 
Southern Whiteface (AjJhelocephala leucopsis castaneiventris). Common resident 

of eastern zone. 
Western Flyeater (Gerygone fusca fusca) . Uncommon winter visitor and passage 

migrant. 
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Dusky Flyeat.er (Gerygone lenebrosa). Common resident of mangroves of 
Carnarvon district. 

Weebill (Srnicrornis breviroslris). MoclcraLely common resident of far southern 
malice scrubs. 

Broad-tailed Thornbill (Acanlhiza apicalis). Moderately cornmon resident (but 
not on E.dcl Land or islands). 

ChesLnuL-rumpecl Thornbill (Acanthiza uropygiali.1). Common resident of eastern 
zone. 

Samphire Thornbill (Acanlhiza iredalei iredalei). Resident, mainly on near
coastal flats between the Gascoyne and Wooramel Rivers. 

Ycllow-rumpecl Thornbill (Acanlhiza chryorrhoa). Uncommon resident in far 
south. 

Red1hroat (Pyrrholaernus brunneus). Moderately cornmon resident. 
White-browed Scrub-wren (Sericornis frontafrs balsloni). Common resident. 
Striated Fieldwren (Ca lam.anlhus fuliginosus canipeslris). Moderately common 

residen L. 

Maluridae 
Thick-billed Grasswren (Amytornis lexlilis lextilis). Common resiclenL of far 

north of Peron Peninsula . Extinct on Dirk Hartog T. 
Splendid Fairy-wren (Maluru.1 splendens spleltllens). Common resident of eastern 

zone. 
Variegated Fairy-wren (Malurus Lamberti). The subspecies M. l. assimilis is 

common 011 mainland and Dirk HarLOg I. , and the subspecies i\!I. l. bernieri 
is common on and endemic lo Bernier and Dorre ls. 

Blue-breasted Fairy-wren (Nlalurus pulcherrimus). Common resident of far south. 
White-winged Fairy-wren (Malurus leucoplerus). The subspecies M. l. leuconolus 

is common on mainland. The subspecies M. l. leucoplerus is common on 
and endemic to Dirk Hartog I. 

Southern Emu-wren (StipilurtlS tnalachurus harlogi). Moderately common on 
and endemic lo Dirk Hartog I. 

Sylviidac 
Clamorous Reed Warbler (A croceph.alus slenloreus austral is). Residen l in eastern 

zone, where suitable habitat is very limited. 
Li ule Grassbird ( M egalurus grarnineus). Moderate! y common resident of coastal 

areas in eastern zone. 
Rufous Songlark (Cinclora:mphus malhewsi). Uncommon visitor to eastern zone. 
Brown Songlark (Cincloramph.us cruralis). Visitor, common and breeding in wet 

years. 

Dicaeidac 
Mistlet.oebircl (Dicaeum. hirundinaceum hirundinacewn). Uncommon breeding 

visi Lor~ 
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Pardalotidae 
Striated Pardalote (Pardalotus striatus westraliensis). Moderately common 

resident in mallee scrubs of far south. 

Zosteropidae 
Yellow White-eye (Zosterops lutea). Common resident of mangroves of Carnarvon 

district and northern Peron Peninsula. 
Grey-breasted White-eye (Zosterops lateralis gouldi). Common resident. 

Meliphagidae 
Brown Honeyeater (Lichmera indistincta indistincta). Uncommon resident of 

western and central zones. 
Black Honeyeater (Certhionyx niger). Rare visitor to eastern zone. 
Pied Honeyeater (Certhionyx variegatus) . Irregular visitor, common in wet years. 
Singing Honeyeater (i\!Ieliphaga virescens). Very common resident. 
Yellow-fronted Honeyeater (Meliphaga plumula). Common resident of mallee 

scrubs in far south. 
White-plumed Honeyeater (Nlelip haga penicillata). Resident of eastern zone, 

common on the lower Gascoyne and vVooramel Rivers. 
Brown-headed Honeyeater (Melithreptus brevirostris leucogenys). Moderately 

common resident of mallee scrubs in far south. 
White-fronted Honeyeater (Phy lidonyris albifrons). Irregular visitor, common in 

wet years. 
Yellow-throated Miner (Manorina flavigula). Uncommon resident of eastern zone. 
Spiny-cheeked Honeyeater (Acanthagenys rufogularis). Scarce. 
White-fronted Chat (Epthianura albifrons). Moderately common resident. 
Orange Chat (Epthianura aurifrons). Moderately common resident, mainly m 

eastern zone. 
Crimson Chat (Epthianura tricolor). Irregular visitor, common in wet years. 

Ploceidae 
Zebra Finch (Taeniopygia guttata castanotis). Common resident of pastoral 

country (owing to avai lability of water). 
Star Finch (Neochmia ruficauda). Rare visitor to the lo-wer Gascoyne. 

Artamidae 
White-breasted Woodswallow (Artamus leucorhynchus). Common resident of 

vicinity of Carnarvon. 
Masked Woodswallow (Artamus personatus). Visitm~ common and breeding in 

wet years. 
Black-faced Woodswallow (Artamus cinerew melanops). Uncommon resident. 
Dusky Woodswallow (Artamus cyanopterus). Scarce winter visitor to far south. 
Little Woodswallow (Artamus minor). Scarce visitor. 
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Cracticidae 
Grey Butcherb ircl (Crac t£cus torquatus torqualus). Moderately common residenl. 
Australian Magpie (Cracticus tibicen dorsa.lis). Moderately common about the 

lower Wooramel. 
Grey Currawong (S trepera versico lor plurnbea). Scarce resident of far south. 

Corvidae 
Western Crow (Corvus cecilae). Uncommon res ident of eas tern zone (mainly 

about the lower Gascoyne and Wooramel Rivers). 
Lillie Crow (Corvus bennetti). Common residenl. 

Discussion 
Considering its dry climate, physiographic uniformity and scarcity o( fres h water 
and woodlands, the Shark Bay a rea has a modcratcly rich avifauna. Some of 
this diversity is clue t.o its straddling the mulga-cucalypt line, which marks the 
boundary between acacia-dominated vegetation LO the north and eucalypt
dominatecl vegetation Lo the south . Severa l southern birds auain their northern 
limit al or near the mu lga -cuc-tl ypl line, e.g. Regen! Parrot, Yellow Robin, 
Golden Whistler, Southern Scrub-robin, Blue-breasted Fairy-wren, Striated 
ParclaloLe (subspecies westraliensis) and Brown-headed Honeycatcr. Additionally 
Malice Fowl, Chest.nut Quail-thrush, Yellow-fronted Honeyca tcr and Grey 
Currawong do not cross the line in this area (although they extend north o[ 

i L furth er cast in the St.ate). Also the Rock Parrot and Southern Emu-wren occw· 
no further north than Shark Bay. 

Apart from smal l stands in the I-foutman Abrolhos and near Bunbury, there 
arc no mangroves south of Shark Bay. Consequently seven northern birds wholly 
or largely dependent on mangroves have th eir southern limit. in th e area: 
Mangrove Heron, Brahminy Kite, White-breasted Whistler, Mangrove Grey 
Fantail, Dusky Flyeater, Yellow White-eye and White-breasted Wooclswal low. 
Four other northern species extend south Lo Shark Bay: Brolga, Flock Pigeon, 
Blue-winged Kookaburra and Horsfield's Bushlark. 

Eleven marine birds breed in the area: Wedge-tailed Shcarwater, Pied 
Cormorant, Eastern Red H eron, Osprey, White-bellied Sea Eagle, Silver Gull, 
Pacific Gull, Caspian Tern, Crested Tern, Bridled Tern and Fairy Tern. It will 
be noticed that this list docs not include such widespread warm-water birds as 
the Red-tai led Tropicbird, Common Noddy and Sooty Tern . Yet these species 
nest in the Houtman Abrolhos, despite the more southerly location of those 
islands. The explanation lies in the fact that the Abrolhos, but not the land
locked waters of Shark Bay, are warmed by the south-flowing Lceuwin Curren l. 
Seabirds shun the highly saline waters o[ Hamelin Pool, and its beaches and 
mudflats are a lmost. bcref t of shorebirds. 
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Three insular birds (all malmids) are endemic to the area: the Bernier and 
Dorre race of the Variegated Fairy-wren and the Dirk Hartog races of the White
winged Fairy-wren and Southern Emu-wren. 

Two birds are now locally extinct, namely the Chestnut Teal and Major 
Mitchell's Cockatoo. The Thick-billed Grasswren, no longer extant on Dirk 
Hartog Island (or in most parts of its former range in Western Australia), is 
still plentiful in the far north of Peron Peninsula. 
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RESEARCH IN SHARK BAY 
Report of the Francc-Australc Bicentenary Expedition Committee 

The mammals of Shark Bay, Western Australia 

Alexander Baynes* 

Abstract 

Seven marine mammal species have been recorded from Shark Bay, and 37 native 
terrestrial mammal species have been recorded from the islands, peninsulas and 
mainland around the Bay. The islands are all landbridge islands cul off from the 
mainland by rising sea level since the last glacial. The numbers of native species 
recorded from islands is as follows: Dirk Hartog Island: 7 marsupials, 5 rodents and 
2 bats; Dorre Island: 4 marsupials, 1 rodent and 1 bat; Bernier Island: 4 marsupials, 
3 rodents and 2 bats. AILhough Shark Bay marks the northern range limit of south
western mammal species, the distributions of only five of these reach Lhe Bay. The 
majority of the native land mammal fauna is composed of species that were originally 
widespread in both the south-west and arid zone. Shark Bay is thus not as 
biogeographically significant (or mammals as it is (or plants. 

Resume 

Sept especes de mammiferes marins ont ete recensees dans la Baie des Chiens Marins, et 37 
especes de mammiferes terrestres indigenes ont ete recensees sur les iles, les peninsules et le 
continent autour de la Baie. Toutes les iles sont un chapelet d'iles continentales separees du 
continent par la montee du niveau de la mer depuis la derniere glaciation. Les nombres 
d'especes indigenes recenses sur les iles sont les suivants: lie Dirk Hartog: 7 marsupiaux, 5 
rongeurs et 2 chauves-souris; lie Dorre: 4 marsupiaux, I rongeur et I chauve-souris; lie 
Bernier: 4 marsupiaux, 3 rongeurs et 2 chauves-souris. Bien que la Baie des Chiens Marins 
marque la Ii mite septentrionale des repartitions des mammiferes du sud-ouest, seulement cinq 
d'entre eux atteignent la Baie. La majorite de la faune mammifere terrestre indigene est 
composee d'especes qui etaie nt originellement repandues a la fois dans la zone du sud-ouest et 
la region aride. La Baie des Chiens Marins n'est done pas aussi biogeographiquement 
importante pour les mammiferes qu'elle ne !'est pour les plantes. 

futroduction 

Shark Bay is a significant area from the biogeographic point of view. It has 
been known since the mid 19th centmy that it marks the northern limit of 
the South-west Botanical Province, through the work of von Mueller and Diels, 
with later refinements by Gardner and Beard (Beard 1980). 

The pattern of land mammal distribution has been less clearly understood. 
Some of the mammals that occm on the islands were amongst the earliest 
Australian species known to Europeans, following the publications of the 
scientists and illustrators accompanying the French explorers, but few mammals 
were collected on the mainland. Shortridge (1910) noted that by the beginning 
of the 20th cen tmy many mammal species had become very rare on the mainland, 

*Research Associate, Department of Earth and Planetary Sciences, 'Nestern Austsalian Museum, 
Francis Street, Penh, W.A. 6000. 
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bul considered Lhal Lhe faunas of Lhe Shark Bay islands held Lhe key Lo Lhe 
original mainland disLribuLions of Lhe species occurring on Lhem, and regarded 
Lhe island faunas as corresponding wil h LhaL of Lhe sand plain habilals of soulh
weslern Australia. 

T he silualion described by Shortridge for sou Lh-wesLern Auslralia is pan of 
an Australia-wide pallern o f devastaling local or general extincLion which many 
native mammal species have suffered since Lhe arrival of .European man (Ride 
1968). For some decades it has no longer been possible to make meaningful sLuclies 
of mammal zoogeography by collecLing from living populalions in most of 
mainland Australia. lL is one of the main reasons for the ignorance of mainland 
mammals in the Shark Bay area. Forlunalely this problem can be largely 
overcome by making use of mammal remains from Lhe surface of deposils in 
small caves and rock shellers, which are quile common arou nd Shark Bay. A 
substanl ial proporLion of the clala presenled in Lhe fauna! Lables in this paper 
is derived from such surface deposils. Full deLails of sources and materials will 
be published elsewhere (Baynes and Smith in prep.). The majority of such 
deposits are the rema ins of pellels casl by Barn Owls (Tyto alba); consequently, 
small mammals tend LO have been sampled more completely than medium Lo 
large-sized species. 

T lw climate al Shark Bay (Beard 1076) varies fro m dry warm MecLi1erra nea11 
on the weslern peninsula (Edel Land) and the western islands, Lo hot semi-deserL 
Mediterranean on the Peron Peninsula a nd the mainland on the easlem side. 
Mean annual rainfall exceeds 300 mm on the wcsl coast and decreases rapidly 
Lo less Lhan 200 mrn on the eastern side. The limestone diUs of the west coast 
probably ca use an orographic effect which locally increases Lhe quantity of 
rainfal l from the reliable winter wesLerly wind syslems, and thereby create a rain
shadow which exaggera les Lhe gradienl to Lhe casl, where rainfall is much more 
variable and includes a substantial summer componen t. The easlern side of Shark 
Bay marks the wcsLern edge of Lhe arid zone (Slatyer and Perry 1969). 

Mammal faunas 

The nomenclature used for the mammal species follows that of Walton (1988), 
cxcepl for bats of Lhe genus Eptesicus which follows KiLchene1~ Jones and Caputi 
(1987), a nd Lhe Shark Bay Mouse which is discussed in some detail below. 

The mammal faunas of Shark Bay are given in Tables 1 and 2. The extents 
of the original ranges of the terrestria l species in south-wesLern Australia and 
Lhc arid zone are also indicated, based upon SLrahan (1983), Baynes (1984, 1987a) 
and a subsLantial body o f unpublished data from cave surface mammal remains 
collecled in 1985 and 1986. 

Faure Island has nol been included as a separaLe entity, even Lhough one 
skull of Bettongia penicillata (W~A. Museum J\.19544) has been found there. The 
Island appears Lo have been part of Peron Peninsula in the geologically very 
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Table 1: Terres trial mammals recorded from the islands and peninsulas of Shark Bay BI = Bernier 
Island; DI = Dorre Island; Dlil = Dirk Hartog Island; EL = Edel Lan.cl peninsula; PP 
= Peron Peninsula; ME = mainland lO the east. ../ = recorded and still present: ( ../) = 
recorded but locally extinct; [( ../ )] = recorded but totally extinct except [or island 
populations; [[..; ]] = recorded but lOtally extinct; .. = not recorded. X = extensive original 
range or x = restricted original range in solllh-west (SW) and/ or arid zone (Al). 

Kullarr 
Antechinom.ys laniger 

Mulgara 
Dasycercus cristicauda 

Western Quoll 
Dasyurus geoffroii 

Dibbler 
Parantechinus ajJicalis 

Red-tailed Phascogale 
Phascogale calura 

[Dunnan with no common name] 
Sminthopsis dolichura 

Stripe-faced Dunnan 
Sminthopsis macroura 

Pig-footed Banclicoot 
Chaeropus ecaudatus 

Golden Banclicoot 
lsoodon auratus 

Southern Brown Bandicoot 
lsoodon obesulus 

Western Barred Banclicoot 
Pera.meles bougainville 

Bilby 
Macrotis lagotis 

Bmrowing Bet tong 
Bettongia lesueur 

Brush-tailed Bettong 
Bettongia penicillata 

Rufous Hare-wallaby 
Lagorchestes hirsutus 

Banded Hare-wallaby 
Lagostrophus fascia /us 

Common i'Vallaroo 
!Vlacropus robustus 

Red Kangaroo 
Nlacropus rufus 

Crescent Nailtail Wallaby 
Onychogalea lunata 

" J ·v··1 
SW EL Dlil DI 
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Table I (continued) 

lsw EL DHJ DI m pp ME AZ 

Black Flying· fox 
Pi<~ropus alecto I .. ./ x 

Li11lc Red Flying-l'ox 
Plcropus srnpula.l11.s I ./ x 

[Eptcsicus with no common name] 
Epli:sicus f i1111lysoni I ./ ./ ./ x 

Lesser Long-eared Bm 
Nyclopli.ilu.s gcof froyi I x ./ ./ ./ ./ x 

Greater Long-cared Bat 
Nyf'i.ophilus li111orie11.sis I x ./ x 

Whitl'-stripcd Mastiff-b~1t 

Nyr:ti-11.0111.us a.uslrn.lis I x ./ x 
Lesser Stick-nest Rat 

Lc/Jor illus aj1irn.lis x ll ./ ]] [[ ./]] [[ ./]] x 
Greater St ick-nesl Ral 

LcjJOrillus condilor x [( ./ )] [( ./ )] [( ./ )] l( ./ )] x 
Spinifcx J lopping-mouse 

Nolorny.1· 11.lcxis x ( ./) ./ ./ x 
Long-tailnl I loppi11g·-111oi1s<' 

N o/.urnys longiwudatu.1· I x ll ./ ]] x 
Ash-grey Mouse 

Pscudomys alboci11.crc1.1.s I x ./ ./ ./ ./ 

()('Sl'l't MOl ISl' 

P.1·e11.dU"1nys dcserlor I ( ./) ( ./) x 
Shark Bay Mouse/Alice Springs Mouse 

Pscudomy.1· f ieldi I x l(./)] \(./)] ./ [( ./ )] [( ./ )) x 
Sandy Inl a nd Mo11sc 

Pscudmnys hen1w:11.11.sb·11.rge11.sis I x ./ ./ ./ ./ x 
Western Chestnut Mouse 

Pseudom.y.1· nan1.1..1· x ( ./ ) ( ./ ) x 
H ea th R at 

Pseu.dm11.ys s/1.ortridgci x ( ./) ( ./) 
Pale field-rat 

lfo.Uus l11:11:11cyi x ./ .. ( ./ ) ( ./ ) x 
House Mouse 

l\1us m.1.1.sculus x ./ ./ ? ./ ./ x 
Rabbit 

Orydolagus cu:1 iicu.l1.1.s I x ./ ./ ./ x 
Dingo 

Cani.1· f a:mili11.ri.1· I x .. ./ x 
Fox 

Ganis ( Vulpcs) 1ru.lpes I x ./ ./ ./ x 
Ca t 

Felis rn.lus x ./ ./ ./ ./ x 
Total No. native spec ies 21 14 5 7 18 23 
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recent past. B. penicillata originally occurred on Peron Peninsula, and it is quite 
possible Lhat the specimen predates island formation rather than representing 
an island population. No other native mammal species has been recorded from 
Faure Island. 

Ride and Tyndale-Biscoe (1962) noted that lVIus musculus was recorded from 
Bernier Island by Shortridge, although they did not find any at the time of 
their visit in 1959. The absence of this species from the surface remains in the 
site on Bernier Island is consistent with a 20th century introduction. 

The short list of marine mammals recorded from Shark Bay (Table 2) is 
probably incomplete. The most commonly observed are the Bottle-nose Dolphins 
(TursiojJs truncatus), which have become well known as a result of their 
interactions with humans at the Monkey Mia beach (Connor and Smolker 1985). 
T he Humpback Whales (Megaptera novaeangliae) were exploited intermittently 
between 1912 and 1963 by shore-based hunting operations from Point Cloates 
and Carnarvon (Chittleborough 1965). The record of Orcinus area derives from 
the reports of Anderson and Prince (1985). The Dugong is the subject of ongoing 
research (Prince et al. 1981, and Anderson 1986). 

Table 2 Marine mammals recorded in Shark Bay. 

Cetacea 
Unidentified Beaked Whale, (Ziphiiclae indel. ) 
Pygmy Sperm v\Thale (Kogia breviceps) 
Unidentified Pilot Whale (GlobicejJlwla sp.) 
Killer Whale (Orcinus area) 
Bottle-nose Dolphin (Twsiops truncatus) 
Humpback Whale (Megaptera novaeangliae) 

Si.rcnia 
Dugong (Dugong dugon) 

Systematics of the Shark Bay Mouse 
For much of this century the Shark Bay Mouse '"'as thought to be restricted 
to Shark Bay. Howeve1~ recognition of its remains in cave deposits all along 
Lhe west coast south of Shark Bay (Archer and Baynes 1973, Baynes 1982), not 
only showed a much wider original distribution but also raised questions on 
its specific status. 

In 1910, Oldfield Thomas described Pseudomys praeconis on the basis of a 
specimen from Peron Peninsula, and also referred to the same species a skull 
collected on Bernier Island by G.C. Shortridge in 1906 (Thomas 1910). Shortridge 
(1936) himself listed the skull under "Nlus gouldi", although he seems to have 
been a little confused because he mentioned " .. . original type-specimen (from 
the Peron Peninsula, Shark's Bay) ... ". (The lectotype of Pseudomys gouldii 
originated in New South Wales.) This suggests that Oldfield Thomas originally 
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idenLifi ed Lhe Shark Bay specimens as P. gouldii, and Lha t in naming P. praeconis 
as a separale species Thomas was spliuing his t:onner concepl of P. gouldii. 
Mahoney (1969) iden l died as P. gouldii some mice col lecLed in 1813 fro m the 
Victoria Plains near New Norcia. Specimens from Lhis area which I exa mined 
in Lhe BriLish Museum (Nalural History) showed Lhat these fell within my 
ddiniLion of P. jJraecon1:s. Pursuing the investigation led me Lo suggest (Baynes 
1980) that Pseudornys fi eldi (Waile, 1896), long known from only a single 
specimen from near Alice Springs, in Lhe Northern TerriLory, was closely rela Led 
Lo o r conspecifi c with P. praeconis, and thal bolh were related to P. goulchi 
from New South Wales. 

LaLer work extended the original distributi on or P. praeconis inland inLo Lhe 
arid wne (Baynes 1984) . MaLcri<tl rnlkctecl in 198!'> and 1986 has now shown 
that l he original dis1 ribution ol iP. pra.econis extended \across the upper Gascoyne, 
nonhern goldliclds and Gibson Desen (unpublished data). With Lhe recent 
discovery of remains ot: P. fieldi at Uluru (Baynes 1987b), it seems very likely 
that "P. praeconis" and P. fieldi were conLinuous and were one and Lhe same 
species. Specimens show no significanl morphological differences beLween east 
and wesl (unpublished observaLions), o r between Alice Springs and the Nullarbor 
(Baynes 1987a). For Lhese reasons Lhe scienLific na me used here for the Shark 
R1y Mouse is Pseudom)!S fiddi . 

Discussion 

Before discussing 1x 111crns in the distribu1ion of the species it is necessary to 
consider how well the recorded assemblages represent the original fa unas. 

Examination o t: 1~1blc I shows thal a number of species are not recorded 
from Lhe original faun as ot: areas where Lhey would be expected Lo have occurred. 
T hus, Lagostrophus fa.sialus a nd Bellongia. Lesueur have not yet been recorded 
from Edel Land, even Lhough both were originally widespread .in south-western 
Auslrali a and were on all or rnosl or Lhe maj or islands, a nd Lagostrophus is 
recorded from Peron Peninsula. Both species were probably members of the 
original t:auna or Edel Land: Lhe currenl lack or records rclkcting Lhe fact that 
the deposits which have so far been found on this peninsula are mainly owl 
pcllcl accumulaLions. T he same may apply Lo Lagorchesles hirsulus, bul it was 
less widespread in Lhe south-wesl and rnay represent an ar id zone elernen l at 
Shark Bay. Sm.inth.ofJsis dolichura., Lagorchesles hirsulus, Onychoga.lea lunala 
and Pseudoniys desertor have not. yel been recorded from sur face deposi ts on 
Lhe eas tern, mainland, side o f Shark Bay. T here .i s a modern specimen of S . 
dolichura t:rorn the a rea, and the species occurred in the a rid zone nearby 
(Kitchener et al. 198tl). The two wal labics were widespread in the arid zone. 
In the case of L. hirsutus and Pseuclomys deserlor absence may be l rue and 
reflect lack of suiLable ha biLal. 

The species richness of Lhe recorded baL fauna is relatively low. This probab ly 
reUecLs Lhe absence of trees in Lhe region, bul may be a parLly false picture 
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resulting from the lack of biological survey in the area. The Pteropus scapulatus 
record probably represents a vagrant individual. The colony of Pteropus alecto 
around Carnarvon is probably dependent upon fruiL from the plantations and 
street trees, and so may be regarded as commensal. 

These considerations suggest that there are species still to be added to the 
original faunas of all areas except the smaller islands . Knowledge of the faunas 
appears sufficient to permit the general patterns to be elucidated, but the data 
are probably still not robust enough to investigate parameters as subtle as possible 
peninsula effecLs. 

Island and peninsula effects 
As expected, the figures of original total native mammal species (Table l) show 
that the islands have smaller faunas than the peninsulas and eastern mainland. 
The original figures for the islands are close to the theoretical saturation figures 
for islands of those sizes (Kitchener et al. 1980). The faunas of the peninsulas 
would also be expected to be smaller than that of the adjacent mainland (the 
peninsula effect) but this is not clear from the figures. 

Which macropods originally occurred on Dirk Hartog Island? 
All authors of papers on the mammals of Dirk Hartog Island in the 20th century 
have assumed that Lagostrophus fasciatus occurred on the island, and some have 
also included Lagorchestes hirsutus in the fauna (see Burbidge and George 1978). 
I can find no evidence that Lagorchestes hirsutus originally occurred on the 
Island and I consider that there are good grounds for doubting that LagostrojJhus 
fasciatus originally occurred there eithe1~ Peron, who with Lesueur named L. 
fasicatus , stated that it occurred in large numbers on Bernier, Dorre and Dirk 
Hartog Islands (Ride and Tyndale-Biscoe 1962); yet the party from the Geographe, 
in which Peron sailed, only visited Bernier and Dorre Islands (see Horner 1987). 
During Baudin's expedition it was a party from the NaturaListe, under the 
command of Hamelin, that visited Dirk Hartog Island. The Naturaliste zoologist 
Levillain was less than enthusiastic abouL Dirk Hartog Island and appears to 
have made only a poor collection of natural history specimens (Horner 1987). 
The source locality of the original material of L. fasciatus was Bernier Island 
(Calaby and Richardson 1988). During Freycinet's second visit to Shark Bay, in 
the Uranie, Quoy and Gaimard visited Dirk Hartog Island, and found skulls 
o[ the animal they named Hypsiprymnus (= Bettongia) Lesueur along with debris 
of birds, reptiles and fish beneath an Osprey's nest (see Ride and Tyndale-Biscoe 
1962). A bird of prey capable of taking a B. lesueur would be able to catch 
young L. fasciatus or L. hirsutus fresh out of the pouch. If either had been 
present on the Island it would be surprising if their remains were not included 
in the Osprey midden, and if so were not collected and remarked upon by Quoy 
and Gaimard. F.M. Rayner also collected skulls of B. Lesueur on Dirk Hartog 
Island, during the Herald expedition in 1858 (see Thomas 1888, p.114), but 
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apparenLly found skulls of neiLher L. fasciatus nor L. hirsulus. No remains of 
eiLher species have been found in cave deposiLs or sand dune blowouLs on Dirk 
Hanog Island, which have yielded several more B. lesu.eur specimens and remains 
of JO oLher species (see Burbidge and G eorge 1978). 

1L may have been a liLLlc premalurc Lo atLempL Lo re-inLroduce, or more 
probably inLroduce, Lagoslrophus fascialus Lo Dirk l-IarLog Island (sec Burbidge 
and George 1978). 1L is Lo be hoped LhaL skcleLal remains from Lhe introduced 
animals will noL confuse future allempls Lo esLablish wheLher L. fascialus was 
originally presem on Lhc Island. 

Patterns of mammal distribution 
As 'fa ble 3 shows, al leasL half of Lhe non-volanL naLive land mammals recorded 
lrom Lhc Shark Bay area a rc wider-ranging species for which Lhe Bay does noL 
rcprcscnL a geographic limit For several ar id zone species Shark Bay is a poin L 
on 1he wesLcrn limiL of Lheir ranges. For only live souLh-wesLern species is iL 
Lhcir northern range limit 

'fable 3: Numbers of 11011-volaut 11ative terrestrial 1nam11ia l spec ies fo llow i11g various hiogeographic 
p:1t ter11s across Shark Bay: SW to Sll = sot1t Ii -west ern species for which Shar k Bay marks 
the 11o rth ern r;111 ge limit; WIDE = species widespread in both the south-west and a rid 
zone; AZ to SI~ = :1rid W il l' species for which Shark B:1y 111:1rks the srn1th -wl'sl limi t. 

Number of species 
Percent 

Species pairs 

SW to Sll 
5 

17.iJ 

WIDE 
15 

5 3.5 

AZ to Sll 
8 

28.6 

T hree or four oul of these five souLh-wcstern species al Lheir nonhern limiLs 
are members of pairs of ecological vicar species in which both members arc 
recorded in Lhc or igina l mammal fauna of Shark Bay (Table 4). In rnosL cases 
Lhe members o[ Lhe pairs are closely related and have very similar morphology, 
particularly in siz.e and form of tcclh. Lagorchesles is included as Lhe arid zone 
vicar of Lagoslrophus 1..:.1iLh less cerLainLy (indicaLed by paranLheses) because Lhe 
Lwo species arc less closely rdaLcd and arc rather less similar morphologically 
Lhan Lhe members of Lhe oLher pairs. 

'Jl1blc 4: The south-western mam1mil species which reach the ir northern range lim it. at Shark 
Bay, a nd the ecological vica r species whi ch repl aces each across Shark Bay and in the 
arid wne. 

Soulh-wcstem 
Para:1ilechi11us apicali.s 
lsoodon obe.mlus 
Lagostroph.us fasciatus 
Pse1.idom)1.1· albociru:1e-11.s 
P.w:udom)'S slwrtridgei 

Arid wne viGll'S 
?7 

lsoodon aurn.tus 
( Lagorclu:sles h.irsutu.s) 
P. lwrnw.11.11.slnage11.sis 
Psewlom.ys deserlo r 
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The direct, vicarious, replacement of Pseudomys shortridgei in the arid zone 
is probably P. desertor. In south-western Australia, Pseudomys shortridgei forms 
a mutually exclusive pair with P. nanus. P. shortridgei is restricted to the heaths 
of the Swan Coastal Plain and southern Yilgam Block, and P. nan-us is restricted 
to different habitats on the more northerly Yilgarn Block. This pattern continues 
into the Shark Bay area. On Edel Land, and Dirk Hartog Island its geomor
phological continuation, P. shortridgei appears to have been restricted to the 
western coastal edge and absent from the eastern coasts, where, at least at the 
southern limit of the peninsula, it was replaced by P. nanus (Baynes and Smith 
in prep.) . P. nanus is also a member of the mainland fauna, but has not been 
recorded from Peron Peninsula. 

It would be very interesting to investigate the fine details of the sympatry 
of the members of species pairs which are recorded from the same areas. 
Ecological separation by primary habitat would be expected. For example, 
Pseudomys albocinereus and P. hermannsburgensis are the small mice of the 
sand substrate habitats of respectively the south-west and the arid zone. P. 
albocinereus is adapted to the reliable winter rainfall of the south-west, whereas 
P. hermannsburgensis is adapted to the very variable but occasionally heavy rain 
experienced in the arid zone. Their distributions intermingle on the western 
side of Shark Bay. It seems likely that P. hermannsburgensis would be found 
to occur on the red sand dunes, whereas P. albocinereus is probably restricted 
to the white sands bearing south-western plant species. Both species still occur 
on Dirk Hartog Island where they are stated by Burbidge and George (1978) 
to occur in the same habitat. 

Zoogeography 
Shortridge (1910, p . 819) made three crucial points about the faunas of the islands 
off the coasts of vVestern Australia. Following a discussion of the extent and 
causes of post-European extinction of much of the native mammal fauna, he 
stated that " ... the abundance of native mammals on the small islands off the 
coast, ... is very marked, and forms a key to the original distribution of many 
of them." "Insular forms of South-Western mammals extend as far north as the 
Shark Bay Islands in the West; " and "The mammals on the islands off Shark 
Bay correspond with the originally widely spread "sand-plain fauna" of the 
South-West. " 

Ride and Tyndale-Biscoe ( 1962) reviewed the then known mainland records 
of the species recorded from Bernier and Dorre Islands and concluded that: "The 
distributions of the various species thus indicate that the island fauna is not 
a South-western fauna which is, as a result of being "stranded" on an island, 
out of place in relation to its latitudinal position along the v\Testern Australian 
coast." 

The new information on the mammal faunas of Shark Bay presented in this 
paper supports Shortridge's generalizations. The idea of a "stranded" fauna 
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appea rs Lo be reading a meaning into Shonridge's words whi ch is not jusLi[ied. 
All seven of the 111;1 rn mal species recorded fro m Bernier a nd Don c Islands were 
i11dccd rncmbers of thc origina l faunas of the Shark Bay peninsulas a nd/ or 
mainland. Four o f these , Pera.1neles bougainv dl e, Lagorchesles hirsulus, 
LagoslrojJhu.s fa.1 cial'l.ts and Pseudmn.;Js albocinereus origi na II y occurred in Lhc 
sand plains of south-wesltTn /\ustralic1; and fo m (the rema ining Lhrce plus 
Lagorchesles h irsu.lus again) were origin;dly widesprcad in Lhe arid zone, a l leasl 
two in s~mdy ha bitats. One of t.he a rid wne group (Pseudomys deserlor) was 
unknown to ShorLr idgc. The exact. compositions o[ the island faunas are probably 
best explained in terms of Lhe th eory of isl and biogeography (Kitchener el al. 
1980). I-lowevc1~ a ll tlm.'C major islands <trc principal ly composed of sand substrate 
habitats and so it is not surprising that. their original faun as arc largel y composed 
of sandy habitat species of both south-western and arid zone a ffinities. Four of 
the five smith-western species which reach their northern limits al Sha rk Bay 
('fa ble 11), arc recorded from one or more of t.he islands. The lour const.it.ut.e 
all of Lh e sand pbi n species in tha t group. 

O:mclusions 

The cl1 ;111 g<' from srnrl h-wcsltTll lo ;1rid ZOil( ' 1n;11nrn;il f<1un a acro.~s Shark Bay 
is not <1s dramat ic as Lhe llori st. ic change between the South-wes t a nd Eremean 
Botanica l Provinces. Although t.he Bay marks Lile no rthern limit o[ soulh-western 
ckrncnls in thf' m ;nnm al fa11n :1, not. many sou1h-western species ' o rigina l ra nge 
limits rc<1ched as far north along the coast as Sha rk Ba y. 

For mammals, Sh<trk Bay is Lhus jusl one point on the South-wesl Prov ince/ 
arid l.Olll' boundary, but iL is an import.a nl Olle for Lhe undersLanding of mammal 
wogcography because Ll1f' original fauna is rclaLively well known , and there 
is a sharp climatic gradient across t.he Bay. Bernier and Dorre Isla nds preserve 
thei r or igina l faunas, and the geology o[ t.he region is suitab le for the CormaLion 
o[ many small coasLCl l caves which contain remains or t.he original mammal 
fauna. In this respec:L it is comparable wit.h the eastern end o[ the Sout.h-wes1 
Botanic Province, where the caves o r Lhe souLhcrn Nullarbor an d adjacent regions 
provide ;.1 good record of Lhc original occurrence o f south-western e lements al 
t.hal limi L of the Province (Baynes 1987a). As can be seen in Table 5, a ll t.he 
south-weslern m a mmals whi ch o riginally reached Lh eir norLhern limits al Shark 
Ba y, reached their eastern limit. in wcslern Auslralia al Lhe Bighl. T he BighL 
fauna incl udes a further lour species. Tar.1ipes roslralu.1 has not been detected 
al Shark Bay, but might havc originally occunecl Lhcre also: iL is mo re cliliiculL 
LO dc t.ccl in cave surlace remains Lhan t.he other species beca use its tooth-bearing 
struclures are vanishingly small and fragil e, a nd it.s identi fi cation depends upon 
postcran ial cl em en Ls . T he other t.h ree aclclit.io nal species reaching Lheir Ii mit.s 
a l t.he Bight generally had a more southerly distribution within t.he south -west 
(none has been recorded from north ol 29°5 la t.i Lude). T he or iginal ranges of 

322 



A. Baynes 

most south-western mammals appear to have been limiced by rainfall, but at 
least one of the three (Pseudomys occidentalis) appears to have been limited 
by temperature - probably summer maxima. 

Because both Shark Bay and the western Bight lie across the boundary, and there is an 
intermingling of south-western and arid zone elements, the levels of mammal 
species richness, at an assemblage level, are exceptionally high in both areas 
(Morton and Baynes 1985, Baynes 1987a). 

The original mammal faunas of the Shark Bay islands relate directly to those 
of the peninsulas and mainland, and are not "s tranded" examples of a fauna 
from higher latitudes. 

Table 5: The south-western mammal species which reach the northern limit o[ the South-west 
Botanic Province at Shark Bay, compared with those that reach the eastern limit of the 
Province on the Great Australian Bight. 

Shark Bay 
Parrznlechinus apicalis 
lsoodon obesulus 

Lagostroplws f ascia.tus 
Pseudomys albocinereus 

Pseudomys shortridgei 

Future work 

night 
Paranlechinus apicalis 
lsoodon obesulus 
Ta.rsipes rostralus 
Potorous pla.tyops 
Lagostrophus fasciatus 
Pseudom)'S albocinereus 
Pseudomys occidentalis 
Pseudomys shortridgei 
Rattus fuscifxs 

As the discussions above show, more data are badly needed in several categories: 
particularly the original mammal faunas of Edel Land and the mainland to 
the east, which are inadequately known; the original mammal fauna of the 
mainland to the south, which is not known at all; and on the vexed question 
of the original occurrence of Lagostrophus fasciatus on Dirk Hartog Island. 

Skeletal remains from the surfaces of cave deposits represent the only possible 
source of many of the data required. Most of such material is accumulated by 
predators. Owls, particularly the Barn Owl Tyto alba, produce large accumu
lations of remains which can provide a rich source of information on most or 
all of the small mammals which occur in an area. Remains of medium to large
sized mammals are accumulated mainly by mammalian predators, whose lairs 
tend to contain remains of far fewer individuals. The discovery of one or two 
large owl pellet accumulations in critical localities will provide many of the 
missing data on small mammals, but the question about original presence of 
species of wallabies in various faunas will require substantially more time
consuming searches. Especially large samples are needed convincingly to 
demonstrate absence from a fauna (see Baynes 1987a). Any Lagostrophus fasciatus 
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remains lo und on Dirk Hartog Island will need lo be r;icliocarbon da Lecl Lo 
dis Linguish original lrorn introduced rnalerial. 

A survey of Lhc present day mammal fauna ol Shark Bay is clearly needed ; 
and indeed a survey or Lhl' Ca111<1rvo n Basin is high O il the lisl or priorities 
of Lhe biologicdl surwy group <II the Wcslcrn Australian Wildlife Research Cen Lre 
(N.L. McKenzie pns. corn lll. ). 
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